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Preliminary Amendment 
Amendment dated: June 6, 2018 

IN THE UNITE► STATES PATENT AND TRADEMARK OFFICE 

Applicant 

Filing Date 

Title 

Customer No. 
Docket No 

: Philippe SALAH et al. 

: Herewith 

METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

108676 
N&P-51411 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Preliminary Amendment 

Sir: 

Prior to examination please amend the above identified application as follows: 

Amendments to the Abstract begin on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims that begins on 
page 3 of this paper. 

Remarks 1 Arguments begin on page 6 of this paper. 
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Preliminary Amendment 
Amendment dated: June 6, 2018 

IN THE ABSTRACT 

Please replace the Abstract with the enclosed new Abstract enclosed herewith 

on a separate page. 
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Preliminary Amendment 
Amendment dated: June 6, 2018 

Listing of Claims: 

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

application: 

CLAIMS: 

1. (Original) A method for evaluating the shape of an orthodontic aligner worn by a 

patient, said method comprising the following steps: 

1) acquisition of at least one two-dimensional image of teeth of said patient, referred 

to as "updated image", under actual acquisition conditions; 

at least one updated image referred to as "aligner image", at least partially 

representing the aligner in a service position in which it is worn by said teeth; and 

at least one updated image referred to as "dentition image", identical to or different 

from the aligner image, representing said teeth, 

2) if the dentition image is different from the aligner image, conversion of the dentition 

image so that it represents said teeth as seen under the acquisition conditions 

used during the acquisition of the aligner image in step 1); 

3) determination, for each of a plurality of teeth represented on the dentition and 

aligner images, of interior and exterior tooth outlines representing the outline of the 

free end of said tooth on the dentition and aligner images, respectively; 

4) comparison of the interior and exterior tooth outlines, followed by determination of 

at least one score according to said comparison. 

2. (Original) The method as claimed in claim 1, comprising, after step 4), the following 

step: 

5) comparison of the score against an acceptability threshold and the emission of 

information according to the result of the comparison. 

3. (Original) The method as claimed in claim 1, in which the dentition and aligner images 

are different, the method comprising the following steps: 
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Preliminary Amendment 
Amendment dated: June 6, 2018 

(a) prior to step 1), the creation of a digital three-dimensional model of at least part 

of a dental arch bearing said teeth, or "initial reference model" and, for each 

tooth of the initial reference model, definition of a digital three-dimensional 

reference model of said tooth, or "tooth model"; 

(b) modification of the initial reference model by moving the tooth models until a final 

reference model compatible with the dentition image is obtained; 

(c) search for a two-dimensional view of the final reference model that is compatible 

with the aligner image; 

(d) conversion of the dentition image into said view. 

4. (Currently Amended) The method as claimed in clairnG claim 1. in which the dentition 

and aligner images are the same image. 

5. (Original) The method as claimed in claim 1, in which step 4) comprises the following 

steps: 

for each of a plurality of teeth for which the interior and exterior tooth outlines have 

been determined; 

i) determination of a distance between the interior and exterior tooth outlines; 

ii) determination of a distance threshold, preferably using the distances determined 

in the immediately preceding step; 

iii) for each of said teeth, determination of a distance score dependent on 

- the distance between the interior and exterior teeth outlines, and 

- the distance threshold. 

6. (Original) The method as claimed in claim 1, in which the distances are measured in 

pixels. 

7. (Original) The method as claimed in claim 5, in which, in step ii), the distance 

threshold is dependent on the smallest of the distances determined in step i). 

8. (Original) The method as claimed in claim 1, in which step 4) comprises the following 

steps: 
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Preliminary Amendment 
Amendment dated: June 6, 2018 

i') for each pair of an adjacent left-hand tooth and of an adjacent right-hand tooth in 

at least a triplet of adjacent first, second and third teeth, for each of which interior 

and exterior tooth outlines have been determined, the first and third teeth being 

adjacent to the second tooth, 

determination of an offset between the interior teeth outline of said left-hand tooth 

and the interior teeth outline of said right-hand tooth, referred to as "interior offset", 

and determination of an offset between the exterior teeth outline of said left-hand 

tooth and the exterior teeth outline of said right-hand tooth, referred to as the 

"exterior offset", 

then 

determination of the difference between the interior offset and the exterior offset, 

known as the "offset difference"; 

ii') determination of an offset-difference threshold, preferably using the offset 

differences determined in step i'); 

iii') the determination, for each tooth of said triplet, of at least one offset score, 

dependent on the offset difference with an adjacent tooth, and on the offset-

difference threshold. 

9. (Original) The method as claimed in claim 8, in which the interior and exterior offsets 

are measured in pixels. 

10. (Original) The method as claimed in claim 9, in which, in step iii'), the offset-difference 

threshold is dependent on the smallest of the offset differences determined in step 

ii'). 

Preliminary Amendment 
Amendment dated: June 6, 2018 
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Preliminary Amendment 
Amendment dated: June 6, 2018 

REMARKS/ARGUMENTS 

If there are any fees resulting from this communication, please charge same to 

our Deposit Account No. 505088, our Order No. N&P-51411. 

Respectfully submitted, 
Cooper Legal Group 

By:  /Ronald M. Kachmarik/ 
Ronald M. Kachmarik, Reg. No. 34512 

6505 Rockside Road 
Suite 330 
Cleveland Ohio 44131 
(216) 654-0090 
June 6, 2018 
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Preliminary Amendment 
Amendment dated: June 6, 2018 

Abstract 

A method for evaluating the shape of an orthodontic aligner worn by a patient. 

Acquisition of at least one two-dimensional image of teeth of the patient as "updated 

image." At least one updated image as "aligner image," at least partially representing 

the aligner in a service position. At least one updated image as "dentition image," 

representing the teeth. If the dentition image is different from the aligner image, 

conversion of the dentition image so that it represents the teeth as seen under the 

acquisition conditions used during the acquisition of the aligner image. Determination, 

for each of a plurality of teeth represented on the dentition and aligner images, of 

interior and exterior tooth outlines representing the outline of the free end of the tooth on 

the dentition and aligner images. Comparison of the interior and exterior tooth outlines, 

followed by determination of at least one score according to the comparison. 
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METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Technical Field 

The present invention relates to a method of evaluating the shape of a tray-like orthodontic 

appliance known as an "aligner", worn by a patient, particularly so as to evaluate how well 

5 the shape of the orthodontic aligner conforms to the positioning of the teeth of said patient. 

The invention also relates to a method for adapting a treatment using orthodontic aligners. 

The invention finally relates to a computer program for implementing these methods. 

Prior Art 

Conventionally, at the start of orthodontic treatment, the orthodontist determines the 

10 positioning of the teeth, referred to as the "set-up", that he wishes to obtain at the end of 

the treatment. The set-up may be defined by means of an impression or from a three-

dimensional scan of the teeth of the patient. The orthodontist then accordingly 

manufactures an orthodontic appliance suited to this treatment. 

The orthodontic appliance may be a tray-like device known as an aligner. An aligner 

15 conventionally comes in the form of a removable monobloc appliance, conventionally 

made of a transparent polymer, which comprises a tray shaped in such a way that several 

teeth of a dental arch, generally all the teeth of an arch, can be housed therein. 

The shape of the aligner is tailored to hold the aligner in position on the teeth while at the 

same time applying an action towards correcting the positioning of certain teeth. 

20 The shapes that the various aligners at various stages in the treatment need to adopt are 

conventionally determined at the start of the treatment, then all of the corresponding 

aligners are manufactured. At predetermined moments, the patient changes aligner. 

Treatment using aligners is advantageously less of a burden on the patient. In particular, 

the number of orthodontist appointments is limited. Furthermore, the pain is less than with 

25 a metal orthodontic arch wire attached to the teeth. 

The market for orthodontic aligners is therefore growing. 

At regular intervals, the patient visits the orthodontist for a visual inspection, notably to 

check whether the movement of the teeth meets expectations and whether the aligner being 

worn by the patient is still suitable for the treatment. 
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25 a metal orthodontic arch wire attached to the teeth. 
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check whether the movement of the teeth meets expectations and whether the aligner being 

worn by the patient is still suitable for the treatment. 
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2 

If the orthodontist diagnoses that the treatment is inappropriate, he takes a new impression 

of the teeth, or as is equivalent, a new three-dimensional scan of the teeth, then orders a 

new series of aligners configured accordingly. It is reckoned that, on average, the number 

of aligners ultimately manufactured is around 45, rather than the 20 aligners 

5 conventionally intended at the start of the treatment. 

The need to travel to the orthodontist's is a burden on the patient. The patient's confidence 

in his orthodontist may also be undermined. The unsuitability may be inesthetic. Finally, 

this results in additional expense. 

The number of orthodontist check-ups needs therefore to be limited. 

10 There is a need for solutions that remedy these problems. 

One object of the invention is to provide an at least partial response to this need. 

Summary of the invention 

The invention provides a method for evaluating the shape of an orthodontic aligner worn 

by a patient, said method comprising the following steps: 

15 1) acquisition of at least one two-dimensional image of the teeth of said patient, 

referred to as "updated image", under actual acquisition conditions; 

at least one updated image referred to as "aligner image", at least partially 

representing the aligner in a service position in which it is worn by said teeth; and 

at least one updated image referred to as "dentition image", identical to or different 

20 from the aligner image, representing said teeth, 

2) if the dentition image is different from the aligner image, conversion of the dentition 

image so that it represents said teeth (represented on the dentition image) as seen 

under the acquisition conditions used during the acquisition of the aligner image in 

step 1); 

25 3) determination, for each of a plurality of teeth represented on the dentition and 

aligner images, of interior and exterior tooth outlines representing the outline of the 

free end of said tooth on the dentition and aligner images, respectively; 

4) comparison of the interior and exterior tooth outlines, followed by determination of 

at least one score according to said comparison. 

30 As will be seen in greater detail in what follows of the description, a method according to 

the invention makes it considerably easier to evaluate the suitability of the aligner for the 
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treatment, while at the same time making this evaluation particularly reliable. In particular, 

the method can be implemented using simple photographs or films, taken without special 

precaution, for example by the patient. The number of orthodontist appointments can 

therefore be limited. 

5 For preference, an evaluation method according to the invention also has one or more of 

the following optional features: 

- the method comprises, after step 4), the following step: 

5) comparison of the score against an acceptability threshold and the emission of 

information according to the result of the comparison; 

10 - the dentition and aligner images are different and the method comprises the following 

steps: 

(a) prior to step 1) for preference at the start of the treatment or before the start of the 

treatment, the creation of a digital three-dimensional model of at least part of a 

dental arch bearing said teeth, or "initial reference model" and, for each tooth of 

15 the initial reference model, definition of a digital three-dimensional reference 

model of said tooth, or "tooth model"; 

(b) modification of the initial reference model by moving the tooth models until a 

final reference model compatible with the dentition image is obtained; 

(c) search for a two-dimensional view of the final reference model that is compatible 

20 with the aligner image; 

(d) conversion of the dentition image into said view; 

- alternatively, said dentition and aligner images are one and the same image; 

- step 4) comprises the following steps: 

for each of a plurality of teeth for which the interior and exterior tooth outlines have 

25 been determined; 

i) determination of a distance between the interior and exterior tooth outlines; 

ii) determination of a distance threshold, preferably using the distances determined 

in step i); 

iii) for each of said teeth, determination of a distance score dependent on 

30 - the distance between the interior and exterior tooth outlines, and 

- the distance threshold; 

- said distances are measured in pixels; 
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- in step ii), the distance threshold is dependent on the smallest of the distances 

determined in step i); 

- alternatively, step 4) comprises the following steps: 

i') for each pair of an adjacent left-hand tooth and of an adjacent right-hand tooth in 

5 at least one triplet of adjacent first, second and third teeth, for each of which 

interior and exterior tooth outlines have been determined, the first and third teeth 

being adjacent to the second tooth, 

determination of an offset between the interior teeth outline of said left-hand tooth 

and the interior teeth outline of said right-hand tooth, referred to as "interior 

1.0 offset", and determination of an offset between the exterior teeth outline of said 

left-hand tooth and the exterior teeth outline of said right-hand tooth, referred to as 

"exterior offset", 

then 

determination of the difference between the interior offset and the exterior offset, 

15 known as the "offset difference"; 

ii') determination of an offset-difference threshold, preferably using the offset 

differences determined in step i'); 

iii') determination, for at least one, preferably for each, tooth of said triplet, of at least 

one offset score, dependent on the offset difference with an adjacent tooth, and on 

20 the offset-difference threshold; 

- the interior and exterior offsets are measured in pixels; 

- in step the offset-difference threshold is dependent on the smallest of the offset 

differences determined in step i'). 

The invention also relates to a method of adapting an orthodontic treatment, in which 

25 method an evaluation method according to the invention is implemented and then, 

according to the result of said evaluation, a new aligner is manufactured. 

The invention also relates to: 

— a computer program and, in particular, a specialist application for a mobile 

telephone, comprising program code instructions for executing one or more, 

30 preferably all, of steps 1) to 4), preferably 1.) to 5), when said program is run by 

a computer, 

— a computer medium on which such a program is recorded, for example a 

memory or a CD-ROM; and 

5 
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25 method an evaluation method according to the invention is implemented and then, 

30 

according to the result of said evaluation, a new aligner is manufactured. 

The invention also relates to: 

- a computer program and, in particular, a specialist application for a mobile 

telephone, comprising program code instructions for executing one or more, 

preferably all, of steps 1) to 4), preferably 1) to 5), when said program is nm by 

a computer, 

- a computer medium on which such a program is recorded, for example a 

rnemory or a CD-ROM; and 
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— a personal device, in particular a mobile phone or a tablet, on which such a 

program is loaded. 

The invention also relates to a system comprising: 

— a three-dimensional scanner able to implement step (a) described hereinbelow, 

5 and 

- a personal device, preferably a mobile telephone, loaded with a program 

according to the invention. 

Definitions 

A "dentition" is understood to mean a set of teeth. 

10 A "patient" is understood to mean any person for whom a method according to the 

invention is implemented, whether this person is sick or not. 

The "acquisition conditions" specify the position and orientation in space of an image 

acquisition apparatus relative to the patient's teeth (actual acquisition conditions) or to a 

three-dimensional model of the teeth of the patient (virtual acquisition conditions), and 

15 preferably the calibration of this image acquisition apparatus, and notably the values of 

aperture, exposure time, focal length and sensitivity. Acquisition conditions are said to be 

"virtual", or "theoretical", when they correspond to a simulation in which the acquisition 

apparatus would be under said acquisition conditions (theoretical positioning and 

preferably virtual calibration of the acquisition apparatus). 

20 A 3-D scanner is an apparatus that makes it possible to obtain a three-dimensional 

representation of an object. 

What is meant by an "image" is a two-dimensional im.age such as a photograph. An image 

is made up of pixels. 

A three-dimensional digital model of a set of teeth of a patient is "compatible" with an 

25 image when there is a view of this model that corresponds to said image, that is to say such 

that the elements of said model, for example the outlines of the tooth models, are 

positioned, relative to one another, like the actual elements that they are modeling, for 

example the outlines of said teeth, on said image. Thus, a final reference model is 

compatible with a dentition image if a view of the final reference model allows for the 

30 outlines of the tooth models to be viewed in such a way as to make them superposable on 

the outlines of said teeth on said dentition image. 
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- a personal device, in particular a mobile phone or a tablet, on which such a 

program is loaded. 

The invention also relates to a system comprising: 

--- a three-dimensional scanner able to implement step (a) described hereinbelow, 

5 and 

- a personal device, preferably a mobile telephone, loaded with a program 

according to the invention. 

Definitions 

A "dentition" is underswod lO mean a set of teeth. 

10 A "patient" is understood to mean any person for whom a method according to the 

invention is implemented, whether this person is sick or not 

The "acquisition conditions" specify the position and orientation m space of an image 

acquisition apparatus relative to the patient's teeth (actual acquisition conditions) or lO a 

three-dimensional model of the teeth of the patient (virtual acquisition conditions), and 

15 preferably the calibration of this image acquisition apparatus, and notably the values of 

aperture, exposure time, focal length and sensitivity. Acquisition conditions are said to be 

"virtual", or "theoreticar', when they correspond lO a simulation in which the acquisition 

apparatus would be under said acquisition conditions (theoretical positioning and 

preferably virtual calibration of the acquisition apparatus). 

20 A 3-D scanner is an apparatus that makes it possible to obtain a three-dirnensional 

representation of an object. 

What is meant by an "image" is a two-dimensional image such as a phowgraph. An image 

is made up of pixels. 

A three-dimensional digital model of a set of teeth of a patient is "compatible" with an 

25 image when there is a view of this model that corresponds to said irnage, that is to say such 

that the elements of said model, for example the outlines of the tooth rnodels, are 

positioned, relative to one another, like the actual elements that they are modeling, for 

example the outlines of said teeth, on said image. Thus, a final reference model is 

compatible with a dentition image if a view of the final reference model allows for the 

30 outlines of the tooth models to be viewed in such a way as to niake them superposable on 

the outlines of said teeth on said dentition image. 
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Said view may be observed by a virtual image acquisition device, under virtual acquisition 

conditions that may also be qualified as being "compatible" with the image. 

When a three-dimensional digital model is compatible with an image, the positioning of 

the tooth models in this model is also qualified as being "compatible" with the image. 

5 The "service position" is the position in which the aligner is worn by the patient. 

The terms "comprise", "include" or "have" should be interpreted broadly and without 

limitation, unless specified otherwise. 

Brief description of the figures 

Additional features and advantages of the invention will become further apparent upon 

10 reading the following detailed description and from studying the attached drawing, in 

which: 

— figures 1 and 2 depict an orthodontic aligner; 

— figure 3 depicts an updated image of a dental arch bearing an orthodontic aligner like 

that of figures 1 and 2; 

15 — figure 4 depicts the dentition outline defined from the image of figure 3; 

— figure 5 depicts the aligner outlines defined from the image of figure 3 and capable of 

being used according to the invention; 

— figure 6 depicts the aligner outline defined from the image of figure 3 and used in 

figures 7 and 8 for comparing against a dentition outline; 

20 — figures 7 and 8 depict the dentition and aligner outlines of figures 4 and 6 as depicted 

on the updated image of figure 3; 

— figure 9 schematically depicts a method according to the invention; 

— figure 10 schematically depicts step 2) of a method according to the invention. 

Detailed description 

25 As depicted in figure 1, an aligner 10 extends in such a way as to follow the successive 

teeth D of the dental arch to which it is fitted. It defines a tray in the overall shape of a 

The interior surface of the aligner is referred to as the "tray" 12. The shape of the tray is 

determined to fix the aligner on the teeth, but also according to a target positioning desired 

30 for the teeth. More specifically, the shape is determined in such a way that, when the 
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Said view may be observed by a virtual image acquisition device, under virtual acquisition 

conditions that may also be qualified as being "compatible" with the image. 

When a three-dirnensiona1 digital model is cornpalib1e with an image, the posilioning of 

the tooth models in this model is also qualified as being "compatible" with the image. 

5 The "service position" is the position in which the aligner is worn by the patient. 

The terms "comprise", "include" or "have" should be interpreted broadly and without 

limitation, unless specified otherwise. 

Brief description of the figures 

Additional fealUres and advantages of the invention will become further apparent upon 

10 reading the foUowing detailed description and from studying the attached drnv..,fog, in 

which: 

- figures 1 and 2 depict an orthodontic aligner; 

- figure 3 depicts an updated image of a dema1 arch bearing an onhodontic aligner like 

that of figures 1 and 2; 

15 --- figure 4 depicts the dentition outline defined from the image of figure 3; 

- figure 5 depicts the aligner outlines defined frorn the image of figure 3 and capable of 

being used according to the invemion; 

- figure 6 depicts the aligner outline defined from the image of figure 3 and used in 

figures 7 and 8 for comparing against a dentition outline; 

20 - figures 7 and 8 depict the dentition and aligner outlines of figures 4 and 6 as depicted 

on the updated image of figure 3; 

--- figure 9 schematically depicts a method according to the invention; 

--- figure 10 schematically depicts step 2) of a method according to the invention. 

Detailed description 

25 As depicted in figure L an aligner 10 extends in such a way as to follow the successive 

leelh D of lhe dental arch to which it is fitted. H defines a tray in the overall shape of a 

The interior smi'ace of the aligner is referred to as the "tray" 12. The shape of the tray is 

detem1ined to fix the aligner on the teeth, but also according to a target positioning desired 

30 for the teeth. More specifically, the shape is determined in such a way that, when the 
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aligner is in its service position, it applies forces that tend to move the treated teeth toward 

their target positioning. 

A "tooth outline" is understood to mean a line displaying the shape of a free end 22 of a 

tooth on an image. 

5 Of course, such a line may delimit the free end of this tooth. The tooth outline is then 

qualified as an "interior tooth outline" 14. A "dentition outline" 16 is made up of the set of 

interior tooth outlines of a set of teeth (figure 4). 

Such a line may also delimit part of the aligner. The tooth outline is then qualified as an 

"exterior tooth outline" 18. In particular, the bottom 20 of the tray has a shape that 

10 substantially compliments that of the free ends 22 of the teeth. As a result, in an image 

depicting the bottom of the tray, the tray-bottom outline defines a set of exterior tooth 

outlines 18. 

The aligner material that separates the exterior surface 24 of the aligner and the tray 12 

defines the thickness of the orthodontic aligner. This thickness may be seen in figure 5. 

15 Conventionally, the aligner has a substantially constant thickness. The exterior surface 24 

of the aligner, which extends facing the bottom 20 of the tray, is therefore also 

substantially the same shape as the bottom of the tray. As a result, in an image, the outline 

of the exterior surface 24 of the aligner also defines a set of exterior tooth outlines 18. 

An "aligner outline" 28 is made up of a set of exterior tooth outlines 18. It may therefore 

20 be defined by the bottom 20 of the tray or by the exterior surface 24 of the aligner. 

When a tooth is positioned in the tray in such a way that its free end 22 is in contact with 

the bottom of the tray, its interior tooth outline substantially coincides with the 

corresponding exterior tooth outline if the exterior tooth outline 18 is defined by the 

bottom 20 of the tray, or is offset and substantially parallel to the corresponding exterior 

25 tooth outline if the exterior tooth outline is defined by the exterior surface 24 of the aligner. 

For preference, the exterior tooth outlines used to define the aligner outline 28 are defined 

by the exterior surface 24 of the aligner, which is more visible. 

The method of the invention is aimed at detecting situations in which the free end 22 of a 

tooth is no longer in contact with the bottom of the tray, and at measuring the amplitude of 

30 this separation (figure 9). 

In step 1), at least one image of the teeth, referred to as "updated image" is taken, using an 

image acquisition apparatus. 
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"exterior tooth outline" 18. In particular, the bottom 20 of the tray has a shape that 

10 substantially complirnems that of the free ends 22 of the teeth. As a result, in an image 

depicting the bottom of the tray, the tray-bottom outline defines a set of exterior tooth 

outlines 18. 

The aligner material that separates the exterior surface 24 of the aligner and the tray 12 

defines the thickness of the orthodontic aligner. This thickness may be seen in figure 5. 

15 Conventionally, the aligner has a substantia11y constant thickness. The exterior surface 24 

of the aligner, which extends facing the bottom 20 of the tray, is therefore also 

substantially the same shape as the bottmn of the tray. As a result, in an image, the outline 

of the exterior surface 24 of the aligner also defines a set of exterior toOlh outlines 18. 

An ''aligner outline" 28 is made up of a set of exterior tooth outlines 18. It may therefore 

20 be defined by the bottom 20 of the tray or by the exterior surface 24 of the aligner. 

When a tooth is positioned in the tray in such a way that its free end 22 is in contact with 

the bottom of the tray, its interior tooth outline substantially coincides with the 

corresponding exterior tooth outline if the exterior tooth outline 18 is defined by the 

bottom 20 of the tray, or is offset and substantially parallel to the corresponding exterior 

25 tooth outline if the exterior tooth outline is defined by the exterior surface 24 of the aligner. 

For preference, the exterior tooth outlines used to define the aligner outline 28 are defined 

by the exterior surface 24 of the aligner, which is more visible. 

The method of the invention is aimed at detecting situations in which the free end 22 of a 

tooth is no longer in contact with the bottom of the tray, and at measuring the amplitude of 

30 this separation (figure 9). 

In step 1), at least one image of the teeth, referred to as "updated image" is taken, using an 

image acquisition apparatus. 
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For preference, at least one reminder informing the patient of the need to create an updated 

image is sent to the patient. This reminder may come on paper, or, for preference, comes in 

electronic form, for example in the form of an email, of an automatic alert on a specialist 

mobile application, or of an SMS. Such a reminder may be sent by the patient's 

5 orthodontist practice or laboratory or by his dentist or by his specialist mobile application, 

for example. 

Step 1) is performed at the instant that the evaluation of the shape of an aligner is desired, 

for example over 4 weeks after the start of the treatment using the aligner. 

The image acquisition apparatus is preferably a mobile phone, a "connected" camera, a 

10 smartwatch, a tablet or a desktop or laptop personal computer, including an image 

acquisition system, such as a webcam or a camera. 

The acquisition is preferably performed by the patient or someone close to the patient, but 

may be performed by any other individual, notably a dentist or orthodontist, preferably 

without imposing a requirement for the image acquisition apparatus to be positioned 

15 accurately with respect to the teeth. 

For preference, the updated image is a photograph or an image extracted from a film. It is 

preferably in color, preferably true color. 

According to the invention, the shape of the aligner is evaluated by comparing an outline 

of this aligner, in its service position, with an outline of the teeth wearing it. 

20 In step 1), it is therefore necessary to acquire enough updated images to be able to make 

this comparison, namely at least one image of the aligner in its service position, or "aligner 

image", and at least one image of teeth bearing this aligner in the service position, or 

"dentition image". 

In one embodiment, the dentition image is the aligner image. In other words, the same 

25 updated image makes it possible not only to see the aligner outline 28 but also to see the 

dentition outline 16, through the aligner (figure 3). This single image therefore makes it 

possible to compare aligner and dentition outlines. Advantageously, readjustment step 2), 

described later, is not needed. 

In another embodiment, the dentition image is an image of the teeth in the absence of the 

30 orthodontic aligner, referred to as the "bare dentition image". This embodiment is needed 

if the dentition outline 16 is not clearly visible, through the aligner, on the aligner image. 
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For preference, at least one reminder informing the patient of the need to create an updated 

image is sent to the patient This reminder may come on paper, or, for preference, comes in 

electronic form, for example in the form of an email, of an automatic alert on a specialist 

mobile application, or of an SMS. Such a reminder may be sent by the patient's 
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10 smartwatch, a tablet or a desktop or laptop personal computer, including an irnage 

acquisition system, such as a webcarn or a camera. 

The acquisition is preferably perfonned by the patient or someone close to the patient, but 

may be pe1formed by any other individual, notably a dentist or orthodontist, preferably 

without imposing a requirement for the image acquisition apparatus to be positioned 

15 accurately with respect to the teeth. 

For preference, the updated image is a photograph or an image extracted from a film. It is 

preferably in color, preferably true color. 

According to the invention, the shape of the aligner is evaluated by comparing an outline 

of this aligner, in its service position, with an outline of the teeth wearing it. 

20 In step 1), it is therefore necessary to acquire enough updated images to be able to rnake 

this comparison, namely at least one image of the aligner in its service position, or "aligner 

image", and at least one image of teeth bearing this aligner in the service position, or 

"dentition image". 

In one embodiment, the dentition image is the aligner image. In other words, the sarne 

25 updated image makes it possible not only to see the aligner outline 28 but also to see the 

dentition outline 16, through the aligner (figure 3). This single image therefore makes it 

possible to compare aligner and dentition outlines. Advantageously, readjustment step 2), 

described later, is not needed. 

In another embodiment, the dentition image is an image of the teeth in the absence of the 

30 orthodontic aligner, referred to as the "bare dentition image". This embodiment is needed 

if the dentition outline 16 is not clearly visible, through the aligner, on the aligner image. 
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The operator then takes a first image of the aligner in the service position and, at another 

moment, having removed the aligner, takes a second image of teeth that wear the part of 

the aligner depicted in the first image, namely the bare dentition image. 

Because the updated images are preferably taken without any special precautions, the bare 

5 dentition image is not normally acquired under the same acquisition conditions as the 

aligner image. In particular, the positions in space of the acquisition apparatus with respect 

to the teeth and/or the adjustment thereof ("the calibration" of the acquisition apparatus), 

for example the amount of zoom, may differ when acquiring these two images. The aligner 

and dentition outlines defined from the bare dentition and aligner images respectively, are 

10 therefore not normally immediately comparable. Step 2) is intended to make these outlines 

comparable by redefining the dentition image. 

In a particularly preferred embodiment, step 2) (figure 10) comprises the steps (a) to (d): 

Step (a) is prior to step 1). 

It is preferably performed at the start of the orthodontic treatment or before the start of the 

15 treatment. It may also be performed at the start of the treatment or before the start of the 

treatment using the aligner. 

Step (a) consists in creating a digital three-dimensional model of a dental arch bearing the 

teeth treated, or "initial reference model". 

The initial reference model is, for example, of the .stl or .Obj, .DXF 3D, IGES, STEP, 

20 VDA, or scattergram. type. Advantageously, such a model, referred to as a "3-D" model, 

can be viewed from any angle. 

The initial reference model can be prepared from measurements taken from the teeth of the 

patient or from a physical model of his teeth, for example a plaster cast. 

The initial reference model is preferably created by means of a professional device, for 

25 example by means of a 3-D scanner, preferably operated by a healthcare professional, for 

example by an orthodontist, or an orthodontistry laboratory. In an orthodontist practice, the 

patient or the physical model of his teeth may advantageously be arranged in a precise 

position and the professional apparatus may be perfected. This results in a highly accurate 

initial reference model. The initial reference model preferably provides information 

30 regarding the positioning of the teeth with an error of less than 5/10 mm, preferably less 

than 3/10 mm, preferably less than 1/10 mm. 
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The operator then takes a first image of the aligner in the service position and, at another 

mmnent, having removed the aligner, takes a second image of teeth that wear the part of 

the aligner depicted in the firsl image, narnely lhe bare dentilion image. 

Because lhe updated images are preferably taken without any special precautions, the bare 

5 dentition image is not nonnally acquired under the same acquisition conditions as the 

aligner image. In particular, the positions in space of the acquisition apparatus with respect 

lO the teeth and/or the adjustment thereof ("the calibration" of the acquisition appararns), 

for example lhe amount of zoom, may differ ,vhen acquiring these two images. The aligner 

and dentition outlines defined from the bare dentition and aligner images respectively, are 

10 therefore not normally immediately comparable. Step 2) is intended to rnake these outlines 

comparable by redefining the dentition image. 

In a particularly preferred embodiment, step 2) (figure 10) comprises lhe steps (a) to (d): 

Step (a) is prior to step l). 

It is preferably pe1formed at the start of the orthodontic treatment or before the start of the 

15 treatment. It may also be performed at the start of the treatment or before the start of the 

lreannent using lhe aligner. 

Step (a) consists in creating a digital three-dimensional model of a dental arch bearing lhe 

teeth treated, or "initial reference model". 

The initial reference model is, for example, of the .stl or .Obj, .DXF 3D, IGES, STEP, 

20 VDA, or scatlergram type. Advantageously, such a model, referred lO as a "3-D" model, 

can be viewed from any angle. 

The initial reference model can be prepared from measurements taken from the teelh of the 

patient or from a physical model of his teeth, for example a plaster cast. 

The initial reference model is preferably created by means of a professional device, for 

25 example by means of a 3-D scanner, preferably operaled by a heallhcare professional, for 

example by an orlhodontist, or an onhodontistry laboratory. In an orthodontist practice, the 

patient or the physical model of his teeth may advantageously be arranged in a precise 

position and the professional apparatus may be perfected. This results in a highly accurate 

initial reference modeL The initial reference model preferably provides information 

30 regarding the positioning of the teeth with an error of less than 5il0 mm, preferably less 

than 3/10 mm, preferably less than lilO mm. 
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In the initial reference model, a part which corresponds to a tooth is referred to as a "tooth 

model". The tooth models may be defined as described, for example, in international 

application PCT/EP2015/074896. 

Step (b) comprises modifying the initial reference model, by moving the tooth models, 

5 until a positioning of the tooth models that is compatible with the dentition image is 

obtained. 

For preference, step (b) is performed fewer than 4 weeks, fewer than 2 weeks, less than 

one week, preferably more or less immediately after the acquisition of the dentition image. 

It preferably consists in an iterative process in which, upon each iteration, one or more 

10 tooth models are moved, then optimum conditions for acquiring the initial model thus 

modified (referred to as the "reference model to be tested") are determined, the optimum 

conditions being defined as the conditions allowing the reference model to be tested to be 

observed in such a way that the view of said model is as close as possible to the dentition 

image. 

15 Steps c) to e) described in PCT/EP2015/074896 are preferably implemented: 

c) analysis of the dentition image (updated image in PCT/EP2015/074896) and 

creation of an updated map relating to discriminating information; 

d) optionally, determination, for the dentition image, of rough virtual acquisition 

conditions approximating the actual acquisition conditions of said dentition 

20 image; 

e) the search, using the updated map, for a final reference model corresponding to 

the positioning of the teeth at the time of the acquisition of the dentition image, 

the search preferably being carried out by means of a metaheuristic, preferably 

evolutionary method, preferably by simulated annealing. 

25 All the features of steps c) to e) described in PCT/EP2015/074896 are applicable. 

According to step c), the dentition image is analyzed so as to create an updated map 

relating to at least one item of discriminating information. 

"Discriminating information" is characteristic information that can be extracted from an 

image ("image feature"), conventionally through the computer processing of this image. 

30 Discriminating information may exhibit a variable number of values. For example, outline 

information may be equal to 1 or 0 according to whether or not a pixel belongs to an 
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In the initial reference model, a part which corresponds to a tooth is referred to as a "tooth 

moder'. The tooth models may be defined as described, for example, in international 

application PCT /EP2015/07 4896. 

Step (b) comprises modifying the initial reference mode], by moving the tooth models, 

5 until a positioning of the tooth models that is compatible with the dentition image is 

obtained. 

For preference, step (b) is perfonned fewer than 4 weeks, fewer than 2 weeks, less than 

one week, preferably more or less immediately after the acquisition of the dentition image. 

It preferably consists in an iterative process in which, upon each iteration, one or more 

10 tooth models are moved, then optimmn conditions for acquiring the initia] model thus 

modified (referred to as the "reference model to be tested") are determined, the optimum 

conditions being defined as the conditions allowing the reference model to be tested to be 

observed in such a way that the view of said mode] is as close as possible to the dentition 

image. 

15 Steps c) toe) described in PCT/EP2015/074896 are prefr~rab]y implemented: 

20 

c) analysis of the dentition image (updated image in PCT/EP2015/074896) and 

creation of an updated map relating to discriminating information; 

d) optional1y, determination, for the dentition image, of rough virtual acquisition 

conditions approximating the actual acquisition conditions of said dentition 

image; 

e) the search, using the updated map, for a final reference mode] corresponding to 

the positioning of the teeth at the tirne of the acquisition of the dentition image, 

the search preferably being carried om by means of a metahemistic, preferably 

evolutionary method, preferably by simulated annealing. 

25 All the features of steps c) toe) described in PCT/EP2015/074896 are applicable. 

According to step c), the dentition image is ana]yzed so as to create an updated map 

relating to at least one itern of discriminating information. 

''Discriminating information" is characteristic information that can be extracted from an 

image ("image feature"), conventionally through the computer processing of this image. 

30 Discriminating information may exhibit a variab]e number of values. For exarnp]e, out]ine 

information may be equal to l or 0 according to whether or not a pixel be]ongs to an 
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outline. Brightness information may adopt a great many values. Image processing makes it 

possible to extract and quantify the discriminating information. 

The updated map represents discriminating information in the frame of reference of the 

dentition image. The discriminating information is preferably chosen from the group 

5 consisting of outline information, color information, density information, distance 

information, brightness information, saturation information, information regarding 

reflections and combinations of this information. 

In optional step d), the actual acquisition conditions for the dentition image acquired in 

step 1), namely the position and orientation in space of the acquisition apparatus with 

10 respect to the teeth and the calibration thereof are evaluated, roughly. Step d) 

advantageously makes it possible to limit the number of tests on virtual acquisition 

conditions during step e) and therefore allows step e) to be speeded up considerably. 

Use is preferably made of one or more heuristic rules. For example, for preference, 

conditions that correspond to a position of the image acquisition apparatus behind the teeth 

15 or at a distance greater than 1 m away from the teeth, are excluded from the virtual 

acquisition conditions that can be tested for in step e). In a preferred embodiment, use is 

made of markers marked on the dentition image in order to determine a substantially 

conical region of the space that delimits the virtual acquisition conditions that can be tested 

for in step e), or "test cone". 

20 The objective of step e) is to modify the initial reference model until a final reference 

model is obtained that corresponds to the dentition image. Ideally, the final reference 

model is therefore a digital three-dimensional reference model from which the dentition 

image could have been taken had this model been real. 

A succession of reference models "to be tested" is therefore tested, the choice of a 

25 reference model to be tested being dependent preferably on the level of correspondence 

between the previously tested reference models "to be tested" and the dentition image. This 

choice is preferably made by following a known optimization method, particularly chosen 

from meta-heuristic optimization methods, preferably evolutionary methods, particularly 

from simulated annealing methods. 

30 For preference, step e) comprises the following steps: 

el) definition of a reference model to be tested as being the initial reference model, then 
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outline. Brightness information may adopt a great many values. Image processing makes it 

possible to extract and quantify the discriminating information. 

The updated map represents disc1iminating information in the frame of reference of the 

dentition image. The discriminating information is preferably chosen from the group 

5 consisting of outline information, color information, density information, distance 

information, brightness information, saturation information, information regarding 

reflections and combinations of this information. 

In optional step d), the actual acquisition conditions for the dentition image acquired in 

step 1), namely the position and orientation in space of the acquisition apparatus with 

10 respect to the teeth and the calibration thereof are evaluated, roughly. Step d) 

advantageously makes it possible to limit the number of tests on virtual acquisition 

conditions during step e) and therefore allows step e) to be speeded up considerably. 

Use is preferably made of one or more heuristic rnles. For example, for preference, 

conditions that correspond to a position of the image acquisition apparatus behind the teeth 

15 or at a distance greater than 1 m away from the teeth, are excluded from the virtual 

acquisition conditions that can be tested for in step e). In a preferred embodiment, use is 

made of markers marked on the dentition image in order to determine a substantially 

conical region of the space that delimits the virtual acquisition conditions that can be tested 

for in step e), or "test cone". 

20 The objective of step e) is to rnodify the initial reference model until a final reference 

model is obtained that corresponds to the dentition image. Ideally, the final reference 

rnodel is therefore a digital three-dimensional reference model from which the dentition 

image could have been taken had this model been real. 

A succession of reference models "to be tested" is therefore tested, the choice of a 

25 reference model to be tested being dependent preferably on the level of correspondence 

between the previously tested reference models "to be tested" and the dentition image. This 

choice is preferably made by foilowing a known optimization method, particularly chosen 

from meta-heuristic optimization methods, preferably evolutionary methods, particularly 

from simulated annealing methods. 

30 For preference, step e) comprises the fo11owing steps: 

el) definition of a reference model to be tested as being the initial refr~rence model, then 
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e2) following the subsequent steps, testing virtual acquisition conditions with the reference 

model to be tested in order to achieve a fine approximation of said actual 

acquisition conditions; 

e21) determining virtual acquisition conditions to be tested; 

5 e22) creation of a two-dimensional reference image of the reference model to be 

tested under said virtual acquisition conditions to be tested; 

e23) processing of the reference image to create at least a reference map at least 

partially representing said discriminating information; 

e24) comparison of the updated and reference maps so as to determine a value 

1.0 for a first evaluation function, said value for the first evaluation function being 

dependent on the differences between said updated and reference maps and 

corresponding to a decision as to whether to continue or stop the search for 

virtual acquisition conditions approximating said actual dentition-image 

acquisition conditions with greater precision than said virtual acquisition 

15 conditions to be tested as determined the last time step e21) was run; 

e25) if said value for the first evaluation function corresponds to a decision to 

continue said search, modification of the virtual acquisition conditions to be 

tested, then resumption from step e22); 

e3) determination of a value for a second evaluation function, said value for the second 

20 evaluation function being dependent on the differences between the dentition and 

reference maps under the virtual acquisition conditions best approximating said 

actual acquisition conditions and resulting from the last running of step e2), said 

value for the second evaluation function corresponding to a decision to continue or 

stop the search for a reference model approximating the positioning of the teeth at 

25 the time of the acquisition of the dentition image with greater precision than said 

reference model to be tested that was used the last time step e2) was run, and if said 

value for the second evaluation function corresponds to a decision to continue said 

search, modification of the reference model to be tested by moving one or more 

tooth models, followed by resumption from step e2). 

30 Steps el) to e3) are described in detail in PCT/EP2015/074896, or WO2016066651. 

The final reference model obtained at the end of step e) is a three-dimensional model 

resulting from successive modifications to the very precise initial reference model. 
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Advantageously, it is thus itself very precise, even though it has been obtained from simple 

photographs taken without any special precautions. 

Step (c), is a search for a view of the final reference model that corresponds to the aligner 

image. Specifically, the aligner image has been acquired under actual acquisition 

5 conditions in which the teeth were insufficiently visible. The purpose of step (c) is to 

determine a view of the final reference model that is compatible with the aligner image, 

namely a view representing the teeth as they would have been represented on the aligner 

image had they been sufficiently visible. 

In particular, this search leads to a virtual movement of a virtual image acquisition 

10 apparatus around the final reference model until a "readjusted" position compatible with 

the aligner image is found, namely a position in which teeth or parts of teeth can be 

observed as they would have been represented on the aligner image had the aligner been 

transparent. 

For preference, the search for the view of the final reference model that best corresponds to 

15 the aligner image is performed by iteration, preferably by means of a heuristic method, 

more preferably still by means of one of the methods described hereinafter. These methods 

advantageously make it possible to guide the virtual movement of the virtual image 

acquisition apparatus around the final reference model in order to speed up the 

determination of said readjusted position. 

20 In order to readjust the virtual image acquisition apparatus, it is necessary to identify, in 

the aligner image, markings of which the position in the final reference model is known. 

Such markings may generally be identified. Failing that, it is necessary to acquire a new 

aligner image and to repeat the search for such markings. 

The markings preferably belong to teeth that are known to be immobile, for example 

25 because they are not being treated (if such teeth are visible on the aligner image) or to parts 

of the aligner in contact with such teeth, which are therefore likewise immobile. The 

immobile teeth can be easily identified during step (c), because these are teeth the tooth 

model of which has not been moved during step (b). 

The readjustment entails the use of at least three non-aligned points as markers. 

30 The final reference model is then observed under various virtual acquisition conditions 

until a view of the final reference model is obtained that is compatible with the aligner 

image, which means to say in which the markers have identical relative positions. The 

virtual image acquisition apparatus is then in the readjusted position. 
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In step (d), the dentition image is replaced with the final view of the reference model 

observed in the readjusted position, namely under the virtual acquisition conditions 

determined in step (c). 

Indeed the final reference model represents, in three dimensions, the teeth in their 

5 positioning at the instant at which the dentition image was acquired, in step 1). Moreover, 

the virtual acquisition conditions determined in step (c) are substantially identical to the 

actual acquisition conditions at the instant at which the aligner image was taken in step 1). 

By observing the final reference model under the virtual acquisition conditions determined 

in step (c), the teeth are therefore observed at the moment at which the dentition image was 

10 taken, under the image acquisition conditions of the aligner image. The view of the final 

reference model under these virtual acquisition conditions is therefore comparable with the 

aligner image and therefore replaces the dentition image acquired in step 1). For the sake 

of clarity, this view is also referred to as "dentition image", which means to say that the 

view is converted into the dentition image. 

15 The shapes and dimensions of the outlines on the dentition image thus defined are 

therefore comparable with those of the outlines on the aligner image. 

Step 3), determines, for each of a plurality of teeth represented in the dentition and aligner 

images, the interior and exterior tooth outlines. 

A person skilled in the art knows how to process an image in order to isolate an outline. 

20 This processing for example involves the well-known application of masks or filters, 

which come with image processing software. Such processing operations for example 

make it possible to detect the regions of greatest contrast. 

These processing operations notably comprise one or more of the following known and 

preferred methods, namely: 

25 - by application of a Canny filter, notably to search for outlines using the Canny 

algorithm; 

- by application of a Sobel filter, notably for calculating derivatives by means of the 

extended Sobel operator; 

- by application of a Laplace filter to calculate the Laplacian of an image; 

30 — by detecting blobs on an image ("Blobdetecor") ; 

- by applying a "Threshold" to apply a fixed threshold to each element of a vector; 
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— by resizing, using relationships between pixel zones ("Resize(Area)") or bi-cubic 

interpolations on the pixel environment; 

— by image erosion by means of a specific structuring element; 

— by image expansion by means of a specific structuring element; 

5 — by image correction, particularly using regions in the vicinity of the restored zone; 

- by application of a bilateral filter; 

- by application of Gaussian blurring; 

- by application of an Otsu filter, to look for the threshold that minimizes variance 

between classes; 

10 — by application of an A*filter, to search for a path between points; 

— by application of an "Adaptive Threshold" for applying an adaptive threshold to a 

vector; 

— by application of a histogram equalization filter to an image in grayscale in 

particular; 

15 — by "BlurDetection", to calculate the entropy of an image using its laplacian; 

— by detecting outlines ("FindContour") of a binary image ; 

— by filling with color ("FloodFill"), notably to fill a connected element with a 

determined color. 

The following nonlimiting methods, although not preferred, can also be used: 

20 - by application of a "MeanShift" filter so as to find an object on a projection of the 

image; 

- by application of a "CLAHE" filter, which stands for "Contrast Limited Adaptive 

Histogram Equalization"; 

- by application of a "ICmeans" filter, to determine the center of clusters and of 

25 groups of samples around clusters; 

— by application of a DFT filter, so as to perform a direct or inverse Discrete Fourier 

Transform on a vector; 

— by calculating moments; 

— by application of a "HuMoments" filter to calculate invariant Hu invariants; 

30 - by calculating the integral of an image; 

- by application of a Scharr filter, making it possible to calculate a derivative of the 

image by using a Scharr operator; 

15 

- by resizing, using relationships between pixel zones ("Resize(Area)") or bi-cubic 

interpolations on the pixel environment; 

--- by image erosion by means of a specific structuring element; 

- by image expansion by means of a specific stmcturing element; 

5 - by image correction, particularly using regions in the vicinity of the restored zone; 

--- by application of a bilateral filter; 

-- by application of Gaussian b]urring; 

- by application of an Otsu filter, to look for the threshold that minimizes variance 

between classes; 

by application of an A *filter, to search for a path between points; 

-- by application of an ''Adaptive Threshokl" for applying an adaptive threshold to a 

vector; 

by application of a histogram equalization filter to an unage in grayscale in 

particular; 

15 --- by "B1urDetection", to calculate the entropy of an image using its laplacian; 

- by detecting outlines ("FindContour'') of a binary image ; 

- by filling with color ("FloodFill''), notably to fill a connected elernent with a 

determined color. 

The following nonlimiting methods, although not prefr~rred, can a]so be used: 

20 - by application of a "MeanShift'' filter so as to find an object on a projection of the 

25 

image; 

- by application of a ''CLAHE"' filter, which stands for "Contrast Limited Adaptive 

Histogram Equalization"; 

-- by application of a "Kmeans" filter, to determine the center of clusters and of 

groups of samples around clusters; 

- by application of a DPT filter, so as to perform a direct or inverse Discrete Fourier 

Transform on a vector; 

- by calculating moments; 

- by application of a "HuMornents'' filter to calculate invariant Hu invariants; 

30 - by calculating the integral of an image; 

--- by application of a Scharr filter, making it possible to calculate a derivative of the 

image by using a Scharr operator; 

Pg.023



16 

- by searching for the convex envelope of points ("ConvexHull"); 

- by searching for the set of convex points of an outline ("ConvexityDefects"); 

- by shape comparison ("MatchShapes"); 

- by checking whether points form a part of an outline ("PointPolygonTest") ; by 

5 Harris outline detection ("CornerHarris"); 

- by looking for minimum eigenvalues in matrices of gradients, in order to detect the 

corners ("CornerMinEigenVal"); 

- by application of a Hough transform in order to find circles in a grayscale image 

("HoughCircles"); 

1.0 - by "Active contour modeling" (plotting the outline of an object from a potentially 

"noisy" 2-D image); 

- by calculating a field of forces, termed GVF ("gradient vector flow"), in part of the 

image; 

- by "CascadeClassification". 

15 Tooth outline determination can be optimized by following the teachings of 

PCT/EP2015/074900. 

In step 4) of comparing the outlines, the procedure is preferably in accordance with one of 

the two particular embodiments hereinbelow, corresponding respectively to figures 7 and 

8: 

20 In a first particular embodiment, step 4) comprises steps i) to iii) for each of a plurality of 

teeth for which interior and exterior tooth outlines have been determined. 

In step i), a distance d between the interior and exterior tooth outlines of each of said teeth 

is determined (figure 7). 

The distance between the interior 14 and exterior 18 tooth outlines of a tooth may for 

25 example be the mean distance or the maximum distance between the pixels of said outlines 

corresponding to one and the same point on the tooth. 

The distance is preferably measured in pixels, which advantageously avoids the need to 

establish the scale of the dentition and aligner images. 

In step ii), a distance threshold Sd is determined, preferably using the distances determined 

30 in step i). 

For preference, in step ii), the distance threshold Sd is substantially equal to the smallest of 

the distances determined in step i) (chnin). Conventionally, in step 1), at least one of the 

teeth being treated is in contact with the bottom of the tray in which it is inserted. The 

5 
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distance between the interior and exterior tooth outlines of this tooth is then equal to a 

minimum distance dmin corresponding to a normal situation. It can therefore be used as a 

benchmark in order, in step iii), to evaluate the distances between the interior and exterior 

teeth outlines of the other teeth. 

5 In step iii), a score known as the "distance score" S(d,Sd), is determined, for each of the 

teeth, as a function 

- of the distance d between the interior and exterior tooth outlines and 

- of the distance threshold Sd. 

For preference, the distance score for a tooth is equal to S(d,Sd) namely the difference 

10 between the distance between the interior and exterior tooth outlines for this tooth and the 

distance threshold. The higher the distance score, the greater the separation of the tooth 

concerned from the tray. 

Figure 7 illustrates one example of implementation of steps i) to iii), in which a tooth DI 

has separated from the bottom. of the tray and such that d-d,,,in > Sd. 

15 In a second particular embodiment, step 4) comprises the steps i') to iii'). 

Step i') considers at least one triplet made up of first, second and third teeth, D1, D2 and 

D3 respectively, the first and third teeth being adjacent to the second tooth, which means to 

say that the first, second and third teeth succeed one another along a dental arch. 

The dentition and aligner outlines comprising the respective interior tooth oulinesl4i, 142 

20 and 143, and respective exterior tooth outlines 181, 182 and 183, of respective teeth D1, D2 

and D3, are determined. 

An interior or exterior "offset" respectively, represents a distance between the, respectively 

interior or exterior, tooth outlines of two adjacent teeth. 

The following are determined 

25 - an offset between the interior tooth outline of said first tooth 141 and the interior 

tooth outline of said second tooth 142, and referred to as the "first interior offset", 

1-2i 

- an offset between the interior tooth outline of said second tooth 142 and the interior 

tooth outline of said third tooth 143, and referred to as the "second interior offset", 

30 A2-3i; 

- an offset between the exterior tooth outline of said first tooth 181 and the exterior 

tooth outline of said second tooth 182, and referred to as the "first exterior offset", 

01.2e; 
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- an offset between the exterior tooth outline of said second tooth 182 and the exterior 

tooth outline of said third tooth 183, and referred to as the "second exterior offset", 

A2-3e ; 

The interior offset between the interior tooth outlines of two adjacent teeth is preferably 

5 equal to the largest distance between the interior tooth outlines of these two teeth on the 

dentition outline. 

The exterior offset between the exterior tooth outlines of two adjacent teeth is preferably 

equal to the largest distance between the exterior tooth outlines of these two teeth on the 

aligner outline. 

10 The interior offsets and the exterior offsets are preferably measured in pixels, which 

advantageously avoids the need to establish the scale of the dentition and aligner images. 

The following are then determined: 

- the difference between the first interior offset A1.21 and the first exterior offset Al-2e, 

referred to as "first offset difference" Aj_2 A1-2i - A1-20; 

15 — the difference between the second interior offset c\2-3i and the second exterior offset 

A -).3e, referred to as "second offset difference" A2-3 (= A2-3i - :A2-3e); 

In the example of figure 8, A1.2 is far smaller than A2_3. 

Step ii'), determines an offset-difference threshold St\, preferably from the first and second 

offset differences A I-2 and A2_3 determined in step i'). 

20 For preference, in step ii'), the offset threshold is substantially equal to the smallest of the 

offset differences determined in step i'). 

Conventionally, in step 1), at least two adjacent teeth being treated are in contact with the 

bottom of the tray in which they are inserted. The difference in offset between these two 

treated teeth is then substantially zero. This zero difference in offset corresponds to a 

25 normal situation and can therefore be used as a benchmark for evaluating the differences in 

offset between adjacent treated teeth. 

In figure 8, the difference in offset between two teeth Di and D2 is substantially zero. 

In step iii'), at least one score known as the "offset score", is determined, for each pair of 

teeth of said triplet, as a function of the difference in offset with a tooth adjacent to said 

30 tooth and of the offset-difference threshold. 

In particular, the difference in offset of the first tooth with the second tooth may be 

compared against the offset-difference threshold SA, for example of zero. The offset-

difference threshold may notably be subtracted from the offset difference of the first tooth 
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25 nonnal situation and can therefore be used as a benchmark for evaluating the differences in 

offset between adjacent treated teeth. 

In figure 8, the difference in offset between two teeth D1 and D2 is substantially zero. 

In step iii'), at least one score known as the "off set score", is determined, for each pair of 

teeth of said triplet, as a function of the difference in offset with a tooth adjacent to said 

30 tooth and of the offset-difference threshold. 

In particular, the difference in offset of the first tooth with the second tooth may be 

compared against the offset-difference threshold S1'\, for example of zero. The offset­

difference threshold may notably be subtracted from the off set difference of the first tooth 
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with respect to the second tooth in order to determine a score for the offset between the 

first and second teeth. 

This offset score indicates, for example if it is positive, that one or each of the first and 

second teeth is liable to be separated from the bottom of the tray. 

5 In figure 8, the difference in offset between the two teeth D2 and D3 is positive, which is an 

indication that the second or third tooth has separated. 

In figure 8, since the difference in offset between the two teeth Di and Di is substantially 

zero, the positive difference in offset between the two teeth Di and D3 therefore indicates 

that the third tooth has separated. 

10 In general, when a first offset score for first and second teeth indicates the separation of 

one of these two teeth, a second offset score is determined for the second tooth and a third 

tooth adjacent to the second tooth. If the second offset score is lower than the first offset 

score, it is probable that it is the first tooth that has separated from the bottom of the tray. If 

not, it is probably the second tooth that has separated. 

15 In step 5), information, for example an alert, is sent to an operator to inform him, if 

appropriate, that the situation is abnormal. The information relating to a tooth is dependent 

on the score or scores established in step 4). For preference, the information comprises a 

value making it possible to quantify, for at least one tooth, the level of separation of the 

aligner over this tooth, this value preferably being established from the score or scores 

20 calculated for this tooth in step 4). 

In one embodiment, this information is used to establish a diagnosis and/or to modify the 

treatment, particularly to recommend a change in aligner and/or to determine the 

characteristics of a future aligner for the patient. 

As is now clearly apparent, a method according to the invention makes it possible, from 

25 simple photos or a simple film, to determine the regions in which the aligner has come 

away from the teeth and evaluate the extent of this separation. 

Of course, the invention is not restricted to the embodiments described hereinabove and 

depicted. 

Finally, the patient is not limited to a human being. In particular, a method according to the 

30 invention can be used on another animal. 
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with respect to the second tooth in order to determine a score for the offset between the 

first and second teeth. 

This offsel score indicates, for exarnple if il is positive, lhat one or each of the first and 

second teeth is liable to be separated from the bottom of lhe tray. 

5 In figure 8, the difference in offset between the two teeth D2 and D3 is positive, which is an 

indication that the second or third tooth has separated. 

In figure 8, since the difference in offset between the two teelh D1 and D2 is subslantially 

zero, the positive difference in offsel belween the lwo teeth D2 and D3 therefore indicates 

that the third tooth has separated. 

10 In general, when a first offset score for first and second teeth indicates the separation of 

one of these tvv'O teeth, a second offset score is determined for the second toolh and a third 

tooth adjacent to the second tooth. If the second offset score is lower than the first offset 

score, it is probable that it is the first tooth that has separated from the bottom of the tray. If 

nol, it is probably lhe second tomh lhat has separated. 

15 In step 5), information, for example an alert, is senl to an operator to inform him, if 

appropriate, that the situation is abnormal. The information relating to a tooth is dependent 

on the score or scores established in step 4). For preference, the information comprises a 

value making it possible to quantify, for al least one woth, the level of separation of the 

aligner over this tooth, this value preferably being eslablished from the score or scores 

20 calculated for this tooth in step 4). 

In one embodiment, this information is used to establish a diagnosis and/or to modify the 

lreannent, panicularly to recornmend a change in aligner and/or to determine lhe 

characteristics of a future aligner for the patient 

As is now clearly apparent, a method according lo the invention makes it possible, from 

25 simple photos or a simple film, to detem1ine the regions in which the aligner has come 

away from the teeth and evaluate the extent of this separation. 

Of course, lhe invention is not restricted to the embodiments described hereinabove and 

depicted. 

Finally, the patient is not limited to a human being. ln particular, a method according to the 

30 invention can be used on another animal. 
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CLAIMS 

1. A method for evaluating the shape of an orthodontic aligner worn by a patient, said 

method comprising the following steps: 

5 1) acquisition of at least one two-dimensional image of teeth of said patient, referred to 

as "updated image", under actual acquisition conditions; 

at least one updated image referred to as "aligner image", at least partially 

representing the aligner in a service position in which it is worn by said teeth; and 

at least one updated image referred to as "dentition image", identical to or different 

10 from the aligner image, representing said teeth, 

2) if the dentition image is different from the aligner image, conversion of the dentition 

image so that it represents said teeth as seen under the acquisition conditions used 

during the acquisition of the aligner image in step 1); 

3) determination, for each of a plurality of teeth represented on the dentition and 

15 aligner images, of interior and exterior tooth outlines representing the outline of the 

free end of said tooth on the dentition and aligner images, respectively; 

4) comparison of the interior and exterior tooth outlines, followed by determination of 

at least one score according to said comparison. 

2. The method as claimed in claim 1, comprising, after step 4), the following step: 

20 5) comparison of the score against an acceptability threshold and the emission of 

information according to the result of the comparison. 

3. The method as claimed in claim 1, in which the dentition and aligner images are 

different, the method comprising the following steps: 

(a) prior to step 1), the creation of a digital three-dimensional model of at least part 

25 of a dental arch bearing said teeth, or "initial reference model" and, for each 

tooth of the initial reference model, definition of a digital three-dimensional 

reference model of said tooth, or "tooth model"; 

(b) modification of the initial reference model by moving the tooth models until a 

final reference model compatible with the dentition image is obtained; 

30 (c) search for a two-dimensional view of the final reference model that is compatible 

with the aligner image; 

20 

CLAIMS 

1. A method for evaluating the shape of an orthodontic aligner worn by a patient, said 

method comprising the following steps: 

5 1) acquisition of at least one two-dimensional image of teeth of said patient, referred to 

10 

15 

as "updated image'', under actual acquisition conditions; 

at least one updated irnage referred to as "aligner image", at least partially 

representing the aligner in a service position in which it is worn by said teeth; and 

at least one updated image referred to as ''dentition image", identical to or different 

from the aligner image, representing said teeth, 

2) if the dentition image is different from the aligner image, conversion of the dentition 

irnage so that it represents said teeth as seen under the acquisition conditions used 

during the acquisition of the aligner image in step 1 ); 

3) determination, for each of a plurality of teeth represented on the dentition and 

aligner images, of interior and exterior tooth outlines representing the outline of the 

free end of said tooth on the dentition and aligner images, respectively; 

4) comparison of the interior and exterior tooth outlines, followed by determination of 

at least one score according to said comparison. 

2. The method as claimed in claim L cmnprising, after step 4), the following step: 

20 5) comparison of the score against an acceptability threshold and the emission of 

25 

30 

information according to the result of the comparison. 

3. The method as claimed in claim 1, in which the dentition and aligner images are 

different, the method comprising the following steps: 

(a) prior to step 1), the creation of a digital three-dimensional rnodel of at least part 

of a dental arch bearing said teeth, or "initial reference model" and, for each 

tooth of the initial reference model, definition of a digital three-dimensional 

reference model of said tooth, or "tooth model"; 

(b) modification of the initial reference model by moving the tooth models until a 

final reference model compatible with the dentition irnage is obtained; 

( c) search for a two--dimensional view of the final reference model that is compatible 

with the aligner image; 
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(d) conversion of the dentition image into said view. 

4. The method as claimed in claims 1, in which the dentition and aligner images are the 

same image. 

5. The method as claimed in claim 1, in which step 4) comprises the following steps: 

5 for each of a plurality of teeth for which the interior and exterior tooth outlines have 

been determined; 

i) determination of a distance between the interior and exterior tooth outlines; 

ii) determination of a distance threshold, preferably using the distances determined 

in the immediately preceding step; 

10 iii) for each of said teeth, determination of a distance score dependent on 

— the distance between the interior and exterior teeth outlines, and 

— the distance threshold. 

6. The method as claimed in claim 1, in which the distances are measured in pixels. 

7. The method as claimed in claim 5, in which, in step ii), the distance threshold is 

15 dependent on the smallest of the distances determined in step i). 

8. The method as claimed in claim 1, in which step 4) comprises the following steps: 

i') for each pair of an adjacent left-hand tooth and of an adjacent right-hand tooth in 

at least a triplet of adjacent first, second and third teeth, for each of which interior 

and exterior tooth outlines have been determined, the first and third teeth being 

20 adjacent to the second tooth, 

determination of an offset between the interior teeth outline of said left-hand tooth 

and the interior teeth outline of said right-hand tooth, referred to as "interior 

offset", and determination of an offset between the exterior teeth outline of said 

left-hand tooth and the exterior teeth outline of said right-hand tooth, referred to as 

25 the "exterior offset", 

then 

determination of the difference between the interior offset and the exterior offset, 

known as the "offset difference"; 

ii') determination of an offset-difference threshold, preferably using the offset 

30 differences determined in step i'); 

21 

(d) conversion of the dentition image into said view. 

4. The method as claimed in claims 1, in which the dentition and aligner images are the 

same image. 

5. The method as claimed in claim Lin which step 4) comprises the following steps: 

5 for each of a plurality of teeth for which the interior and exterior tooth outlines have 

been determined; 

10 

i) determination of a distance between the interior and exterior tooth outlines; 

ii) determination of a distance threshold, preferably using the distances determined 

in the immediately preceding step; 

iii) for each of said teeth, detennination of a distance score dependent on 

- the distance between the interior and exterior teeth outlines, and 

-- the disrnnce threshold. 

6. The method as claimed in claim 1, in which the distances are measured in pixels. 

7. The rnethod as claimed in claim 5, in which, in step ii), the distance threshold is 

15 dependent on the smallest of the distances determined in step i). 

20 

25 

8. The method as claimed in claim 1, in which step 4) comprises the following steps: 

i') for each pair of an adjacent left-hand tooth and of an adjacent right-hand tooth in 

at least a triplet of adjacent first, second and third teeth, for each of which interior 

and exterior tooth outlines have been detennined, the first and third teeth being 

adjacent to the second tooth, 

determination of an offset between the interior teeth outline of said left•-hand tooth 

and the interior teeth outline of said right-hand tooth, referred to as "interior 

offset", and determination of an offset between the exterior teeth outline of said 

left-hand tooth and the exterior teeth outline of said right-hand tooth, referred to as 

the "exterior offset", 

then 

detem1ination of the difference between the interior offset and the exterior offset, 

known as the "offset difference"; 

ii') detennination of an offset-difference threshold, preferably using the offset 

30 differences determined in step i' ); 
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iii') the determination, for each tooth of said triplet, of at least one offset score, 

dependent on the offset difference with an adjacent tooth, and on the offset-

difference threshold. 

9. The method as claimed in claim 8, in which the interior and exterior offsets are 

5 measured in pixels. 

10. The method as claimed in claim 9, in which, in step iii'), the offset-difference 

threshold is dependent on the smallest of the offset differences determined in step ii'). 

22 

iii') the determination, for each tooth of said triplet, of at least one offset score, 

dependent on the offset difference with an adjacent tooth, and on the otfset­

difference threshold. 

9. The method as claimed in claim 8, in which the interior and exterior offsets are 

5 measured in pixels. 

10. The method as claimed in claim 9, in which, in step iii'), the offset-difference 

threshold is dependent on the smailest of the offset differences determined in step ii'). 
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AS FILED 

ABSTRACT 

DENTAL MONITORING 

METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

The invention relates to a method for evaluating the shape of an orthodontic aligner 

worn by a patient, said method comprising the following steps: 

1) acquisition of at least one two-dimensional image of teeth of said patient, referred to 

as "updated image", under actual acquisition conditions; 

at least one updated image referred to as "aligner image", at least partially 

representing the aligner in a service position in which it is worn by said teeth; and 

at least one updated image referred to as "dentition image", identical to or different 

from the aligner image, representing said teeth, 

2) if the dentition image is different from the aligner image, conversion of the dentition 

image so that it represents said teeth as seen under the acquisition conditions used 

during the acquisition of the aligner image in step 1); 

3) determination, for each of a plurality of teeth represented on the dentition and 

aligner images, of interior and exterior tooth outlines representing the outline of the 

free end of said tooth on the dentition and aligner images, respectively; 

4) comparison of the interior and exterior tooth outlines, followed by determination of 

at least one score according to said comparison. 

No figure for the abstract 

AS FILED 

ABSTRACT 

DENTAL MONITORING 

METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

The invention relates to a method for evaluating the shape of an orthodontic aligner 

worn by a patient, said method comprising the following steps: 

1) acquisition of at least one two--dimensional image of teeth of said patient, referred to 

as "updated image'', under actual acquisition conditions; 

at least one updated image referred to as "aligner image", at least partially 

representing the aligner in a service position in which it is worn by said teeth; and 

at least one updated image referred to as "dentition image", identical to or different 

from the aligner image, representing said teeth, 

2) if the dentition irnage is different from the aligner image, conversion of the dentition 

image so that it represents said teeth as seen under the acquisition conditions used 

during the acquisition of the aligner image in step 1 ); 

3) determination, for each of a plurality of teeth represented on the dentition and 

aligner images, of interior and exterior tooth outlines representing the outline of the 

free end of said tooth on the dentition and aligner images, respectively; 

4) comparison of the interior and exterior tooth outlines, followed by detennination of 

at least one score according to said comparison. 

No figure for the abstract 
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(a) creation of an initial reference model 

(b) movement of the tooth models of the initial reference model unti l a final reference model 
is obtained that is compatible with the dentition image 

(c) search fora view of the final reference model that is compatible with the aligner image 

(d) replacement of the dentition image by said view 

Fig. 10 

4 14• I 
1 

(a) creation of an initial rnfemnce model 

(b) movement of the tooth models of the initial rnference model until a final reference model 
is obtained that is compatible with the dentitior1 image 

! 
(c) :sea1·ch fo1· ;i vie,,1 of the final re:ference mode:I that is compatible ,,1ith the aligner image: 

! 
(d) replacement of the dentition image by said viev,1 
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(54) Title : METHOD FOR MONITORING AN ORTHODONTIC TREATMENT 

(54) Titre : PROCEDE DE CONTROLE D'UN TRAITEMENT ORTHODONTIQUE 

(57) Abstract : The invention relates to a method for monitoring the positioning of the teeth of a patient, said method including the 
following steps: a) less than three months after the start of an orthodontic treatment, producing an initial reference model of the 
arches of the patient, and, for each tooth, defining, from the initial reference model, a tooth model; b) acquiring at least one updated 
image of said arches, under actual acquisition conditions; c) analysing each updated image and producing, for each updated image, 
an updated map relative to a piece of discriminating information; d) optionally determining, for each updated image, rough virtual 
acquisition conditions that approximate said actual acquisition conditions; e) searching each updated image for a fmal reference mo -
del corresponding to the positioning of the teeth during the acquisition of the updated image, and; f) for each tooth model, compa-
ring the positions of said tooth model in the initial reference model and in the reference model obtained at the end of the preceding 
steps, in order to determine the movement of the teeth between steps a) and b). 

(57) Abrege : L'invention concerne un procede de contrede du positionnement de dents d'un patient, ledit procede comportant les 
&apes suivantes; a) moins de 3 mois apres le debut d'un traitement orthodontique, realisation d'un modele de reference initial des ar - 
caties du patient, et, pour chaque dent, definition, a partir du modele de reference initial, d'un modele de dent; b) acquisition d'au 
moins une image actualisee desdites arcades, dans des conditions d'acquisition reelles; c) analyse de chaque image actualisee et reali - 
sation, pour chaque image actualisee, d'une carte actualisee relative a une information discriminante; d) optionnellement, determina-
tion, pour chaque image actualisee, de conditions d'acquisition virtuelles grossieres approximant lesdites conditions d'acquisition 
reelles; e) recherche, pour chaque image actualisee, d'un modele de reference final correspondant au positionnement des dents lors 
de l'acquisition de l'image actualisee, et; f) pour chaque modele de dent, comparaison des positionnements dudit modele de dent dans 
le modele de reference initial et dans le modele de reference obtenu a l'issue des &apes precedentes, din de determiner le deplace - 
ment des dents entre les &apes a) et b). 
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tion, pour chaque image actualisee, de conditions d'acquisition virtuelles grossieres approximant lesdites conditions d'acquisition 
reelles; e) recherche, pour chaque image actualisee, d'un modele de reference final correspondant au positionnement des dents lors 
de !'acquisition de l'image actualisee, et; f) pour chaque modele de dent, comparaison des positionnements dudit modele de dent dans 
le modele de reference initial et dans le modele de reference obtenu a l'issue des etapes precedentes, afin de determiner le deplace -
ment des dents entre les etapes a) et b ). 
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PROCEDE DE CONTROLE D'UN TRAITEMENT ORTHODONTIQUE 

Domaine technique 

La presente invention conceme un procede de contrOle du positionnement de dents d'un 

patient et un programme informatique pour la mise en oeuvre de cc procede. 

5 Etat de la technique 

11 est souhaitable que chacun fasse regulierement contrOler sa dentition, notamment afin de 

verifier que la position de ses dents n'evolue pas defavorablement. Lors d'un traitement 

orthodontique, cette evolution defavorable peut notamment conduire a modifier le 

traitement. Apres un traitement orthodontique, cette evolution &favorable, appelee 

10 « recidive », peut conduire a une reprise d'un traitement. Enfin, de maniere plus generale et 

independamment de tout traitement, chacun peut souhaiter suivre les &placements 

eventuels de ses dents. 

Classiquernent, les controles sant effectues par un orthodontiste ou un dentiste qui seuls 

disposent d'un appareillage adapte. Ces controles sont done couteux. En outre, les visites 

15 sont contraignantes. 

US 2009/0291417 decrit un procede permettant de creer, puis de modifier des modeles 

tridimensionnels, notamment pour la fabrication d'appareils orthodontiques. 

Un objectif de la presente invention est de repondre, au mains partiellement, aux 

problemes susmentionnos. 

20 Résumé de !Invention 

L'invention fournit un procede de contrOle du positionnement de dents d'un patient, ledit 

procede comportant les etapes suivantes : 

a) realisation d'un modele de reference tridirnensionnel numerique des arcades du 

patient, ou « modele de reference initial » et, pour chaque dent, definition, A 

25 partir du modele de reference initial, d'un modele de reference tridimensionnel 

numerique de ladite dent, ou « modele de dent » ; 

b) acquisition d'au mains une image bidimensionnelle desdites arcades, dite 

« image actualisee », dans des conditions d'acquisition reelles ; 

c) analyse de chaque image actualise& et realisation, pour chaque image actualisee, 

30 d'une carte actualisee relative a une information discriminante ; 
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PROCEDE DE CONTROLE D'UN TRAITEivIBNT ORTHODONTIQUE 

Domaine technique 

La presente invention concerne un precede de controle du positionnement de dents d'un 

patient et un programme informatique pour la mise en ceuvre de cc procede. 

5 Etat de la technique 

TI est souhaitable que chacun fasse regulierement controler sa dentition, notamment afin de 

verifier que la position de ses dents n'evolue pas defavorablement. Lors d 'un traitement 

orthodontique, cette evolution defavorable peut notamment conduire a modifier le 

traitement. Apres un traitement orthodontique, cette evolution defavorable, appelee 

10 « recidive », peut conduire a une reprise d'un traitement. Enfin, de maniere plus generale et 

independamment de tout traitement, chacun peut souhaiter suivre les deplacements 

eventuels de ses dents. 

Classiquement, les controles sont effectues par un orthodontiste ou un dentiste qui seuls 

disposent d'un appareillage adapte. Ces controles sont done couteux. En outre, les visites 

15 sont contra.ignantes. 

US 2009/0291417 decrit un procede permettant de cree:r, puis de modifier des modeles 

tridimensionnels, notamment pour la fabrication d'appareils orthodontiques. 

Un objectif de la presente invention est de repondre, au moins partiellement, aux 

problemes susmentionnes. 

20 Resume de !'invention 

25 

30 

L'invention foumit un procede de controle du positionnement de dents dun patient, ledit 

procede comportant les etapes suivantes : 

a) realisation d'un modele de reference tridimensionnel numerique des arcades du 

patient, OU (( modele de reference initial » et, pour chaque dent, definition, a 
partir du modele de reference initial, d'un modele de reference tridimensionnel 

numerique de ladite dent, ou « modele de dent » ; 

b) acquisition d'au moins une image bidimensionnelle desdites arcades, <lite 

« image actualisee », dans des conditions d'acquisition reelles; 

c) analyse de chaque image actualisee et realisation, pour chaque image actualisee, 

d'une carte actualisee :relative a une information discriminante; 
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d) optionnellement, determination, pour chaque image actualisee, de conditions 

d'acquisition virtuelles grossieres approximant lesdites conditions d'acquisition 

reelles ; 

e) recherche, pour chaque image actualisee, d'un modele de reference final 

5 correspondant au positionnement des dents lors de l'acquisition de l'image 

actualisee, la recherche etant de preference effectuee au moyen d'une methode 

metaheuristique, de preference evolutionniste, de preference par recuit simule, et 

f) pour chaque modele de dent, comparaison des positionnements dudit modele de 

dent dans le modele de reference initial et dans le modele de reference obtenu a 

10 l'issue des stapes precedentes, dit « modele de reference final », afin de 

determiner le deplacement des dents entre les stapes a) et b). 

Comme on le verra plus en detail dans la suite de la description, un procede selon 

l'invention permet, a partir d'une simple image des dents, prise sans pre-positionnement 

precis des dents par rapport a l'appareil d'acquisition d'images, par exemple d'une 

15 photographie prise par le patient, d'evaluer avec precision le deplacement des dents depuis 

la realisation du modele de reference initial. Cette evaluation peut en outre etre effectuee 

par un simple ordinateur ou un telephone mobile. 

De preference, l'etape e) comporte 

une premiere operation d'optimisation permettant de rechercher des conditions 

20 d'acquisition virtuelles correspondant au mieux aux conditions d'acquisition reelles 

dans un modele de reference a tester determine a partir du modele de reference initial, et 

une deuxieme operation d'optimisation permettant de rechercher, en testant une 

pluralite de dits modeles de reference a tester, le modele de reference correspondant au 

mieux au positionnement des dents du patient lors de l'acquisition de l'image actualisee 

25 a l'etape b). 

De preference, une premiere operation d'optimisation est effectuee pour chaque test d'un 

modele de reference a tester lors de la deuxieme operation d'optimisation. 

De preference, la premiere operation d'optimisation et/ou la deuxieme operation 

d'optimisation, de preference la premiere operation d'optimisation et la deuxieme 

30 operation d'optimisation mettent en oeuvre une methode metaheuristique, de preference 

evolutionniste, de preference un recuit simule. 

5 

10 
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d) optionnellement, determination, pour chaque image actualisee, de conditions 

d'acquisition virtuelles grossieres approximant lesdites conditions d'acquisition 

reelles; 

e) recherche, pour chaque image actualisee, d'un modele de reference final 

correspondant au positionnement des dents lors de l'acquisition de l 'image 

actualisee, Ia recherche etant de preference effectuee au mo yen d 'une methode 

metaheuristique, de preference evolutionniste, de preference par recuit simule, et 

f) pour chaque modele de dent, comparaison des positionnements dudit modele de 

dent dans le modele de reference initia1 et dans le modele de reference obtenu a 
l'issue des etapes precedentes, <lit « modele de reference final». afin de 

determiner le deplacement des dents entre les etapes a) et b ). 

Corn.me on le verra plus en detail dans la suite de la description, un procooe selon 

!'invention permet, a partir d'une simple image des dents, prise sans pre-positionnement 

precis des dents par rapport a l'appareil d'acquisition d1images, par exemple d'une 

15 photographie prise par le patient, d'evaluer avec precision le deplacement des dents depuis 

la realisation du modele de reference initial. Cette evaluation peut en outre etre effectuee 

par un simple ordinateur ou un telephone mobile. 

De preference, l 'etape e} comporte 

- une premiere operation d • optimisation permettant de rechercher des conditions 

20 d'acquisition virtuellcs correspondant au mieux aux conditions d'acquisition reelles 

dans un modele de reference a tester determine a partir du modele de reference :initial, et 

•· une deuxieme operation d'optimisation permettant de rechercher, en testant une 

pluralite de dits modeles de reference a tester, le modele de reference correspondant au 

mieux au positionnement des dents du patient lors de l'acquisition de l'image actualisee 

25 a l'etape b). 

De preference, une premiere operation d'optimisation est effectuee pour chaque test d'un 

modele de reference a tester lors de la deuxieme operation d'optimisation. 

De preference, la premiere operation d'optimisation evou la deuxieme operation 

d'optimisation, de preference la premiere operation d'optimisation et la deuxieme 

30 operation d'optimisat:ion mettent en reuvre une methode metaheuristique, de preference 

evolutionniste, de preference un recuit simule. 
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De preference, 1 'etape e) comporte les &apes suivantes : 

el) definition du modele de reference a tester comme &ant le modele de 

reference initial puis, 

e2) suivant les etapes suivantes, test de conditions d'acquisition virtuelles 

5 avec le modele de reference a tester afin d'approximer finement lesdites 

conditions d'acquisition reelles ; 

e21) determination de conditions d'acquisition virtuelles A tester; 

e22) realisation d'une image de reference bidimensionnelle du modele de 

reference a tester dans lesdites conditions d'acquisition virtuelles 

10 tester ; 

e23) traitement de l'irnage de reference pour realiser au moires une carte 

de reference representant ladite information discriminante ; 

e24) comparaison des cartes actualisee et de reference de maniere a 

determiner une valeur pour une premiere fonction d'evaluation, 

15 ladite valeur pour la premiere fonction d'evaluation dependant des 

differences entre lesdites cartes actualisee et de reference et 

correspondant a une decision de poursuivre ou de stopper la 

recherche de conditions d'acquisition virtuelles approximant lesdites 

conditions d'acquisition reelles avec plus d'exactitude que lesdites 

20 conditions d'acquisition virtuelles a tester determinees a la derniere 

occurrence de Petape e21) ; 

e25) si ladite valeur pour la premiere fonction d'evaluation correspond a 

une decision de poursuivre ladite recherche, modification des 

conditions d'acquisition virtuelles a tester, puis reprise a l'etape 

25 e22) ; 

e3) determination d'une valeur pour une deuxieme fonction d'evaluation, 

ladite valeur pour la deuxieme fonction d'evaluation dependant des 

differences entre les cartes actualisee et de reference dans les conditions 

d'acquisition virtuelles approximant au mieux lesdites conditions 

30 d'acquisition reelles et resultant de la demiere occurrence de l'etape e2), 

ladite valeur pour la deuxierne fonction d'evaluation correspondant a une 

decision de poursuivre ou de stopper la recherche d'un modele de 

reference approximant le positionnement des dents lors de l'acquisition 

5 

15 

20 

25 

30 
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De preference, 1'etape e) comporte les etapes suivantes: 

el) definition du modele de reference a tester comme etant le modele de 

reference initial puis, 

suivant les etapes suivantes, test de conditions d'acguisition virtuelles 

avec le modele de reference a tester afin d'approximer finement lesdites 

conditions d'acquisition reelles ; 

e21) determination de conditions d' acquisition virtue1les a tester; 

e22)realisation d'une image de reference bidimensionnelle du modele de 

reference a tester dans lesilites conilitions d' acquisition virtuelles a 
tester; 

e23)traitement de l'image de :reference pour realiser au moins une carte 

de reference representant ladite information discriminante; 

e24) comparaison cartes actualisee et de reference de maniere a 
determiner une va] eur pour une premiere fonction d' evaluation, 

ladite valeur pour la premiere fonction d'evaluation dependant des 

differences entre lesdites cartes actualisee et de reference et 

correspondant a une decision de poursuivre ou de stopper 

recherche de conditions d'acquisition virtuelles approximant Iesdites 

conditions d'acquisition :reelles avec plus d'exactitude que lesdites 

conditions d'acquisition virtuelles a tester determinees a la derniere 

occurrence de l 'etape e21) ; 

e25) si valeur pour la premiere fonction d'evaluation correspond a 
une decision de poursuivre ladite recherche, modification des 

conditions d'acquisition virtuelles a tester, puis reprise a l'etape 

e22); 

e3) determination d'une valeur pour une deuxieme fonction d'evaluation, 

ladite valeur pour la deuxieme fonction d'evaluation dependant des 

differences entre les cartes actualisee et de reference dans les conditions 

d' acquisition virtuelles approximant au mieux lesdites conditions 

d'acquisition reelles et resultant de la derniere occurrence de l'etape e2), 

ladite valeur pour la deuxieme fonction d 'evaluation correspondant a une 

decision de poursuivre ou de stopper la recherche d'un modele de 

reference approximant le positionnement des dents lors de l'acquisition 
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de l'image actualisee avec plus d'exactitude que ledit modele de 

reference a tester utilise a la derniere occurrence de l'etape e2), et si 

ladite valeur pour la deuxieme fonction d'evaluation correspond a une 

decision de poursuivre ladite recherche, modification du modele de 

5 reference a tester par deplacement d'un ou plusieurs modeles de dents 

puis reprise a l'etape e2). 

Un procede selon Pinvention peut encore comporter une ou plusieurs des caracteristiques 

optionnelles suivantes : 

- a l'etape a), on determine un plan d'occlusion suivant les operations suivantes : 

10 I. determination des points du modele de reference initial qui appartiennent a 

une arcade et qui sont a une distance de l'autre arcade qui est inferieure a 

une distance predetermine, de preference a une distance inferieure a 

3 nun de l'autre arcade, dits « points de contact » ; 

H. optiormellement, filtrage dune partie des points de contact, de preference 

15 de maniere que le nombre de points de contact appartenant a l'arcade 

superieure soit identique au nombre de points de contact appartenant a 

1'arcade inferieure, de preference en eliminant les points d'une arcade les 

plus oloignes de l'autre arcade ; 

III. regression lineaire, de preference par la methode des moindres carres, sur 

20 l'ensemble des points de contact restant de maniere a determiner le plan 

d'occlusion ; 

- a l'etape a), on effectue les operations suivantes : 

i. projection, dans un plan d'occlusion, des points de contact entre les dents 

des arcades superieure et inferieure du patient, les points de contact et/ou 

25 le plan d'occlusion etant de preference determines, suivant les &apes I a 

III; 

ii. determination du barycentre des projections desdits points de contact et 

creation d'un referentiel, dans le plan d'occlusion, centre sur ledit 

barycentre ; 

30 iii. determination, dans ledit referentiel, de la fonction parabolique, presentant 

le plus grand coefficient de correlation avec l'ensemble des projections des 

points de contact ; 

5 
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de l'image actualisee avec plus d'exactitude que ledit modele de 

reference a tester utilise a la demiere occurrence de l'etape e2), et si 

ladite valeur pour la deuxieme fonction d'evaluation correspond a une 

decision de pomsuivre ladite recherche, modification du modeie de 

reference a tester par deplacement d'un OU plusieurs modeles de dents 

puis reprise a l'etape e2). 

Un procede selon !'invention peut encore comporter une ou plusieurs des caracteristiques 

optionnelles suivantes: 

- a l'etape a), on determine un plan d'occlusion suivant les operations suivantes: 

10 l determination des points du modele de reference initial qui appartiennent a 
une arcade et qui sont a une distance de 1' autre arcade qui est inferieure a 
une distance predeterminee, de preference a une distance inferieure a 
3 mm de l'autre arcade, dits « points de contact»; 

15 

20 

25 

30 

Il. optionnellement, filtrage d'une partie des points de contact, de preference 

III. 

de manie:re que le nombre de points de contact appartcnant a !'arcade 

superieure soit identique au nombre de points de contact appartenant a 
l'arcade inferieure, de preference en eliminant les points d'une arcade 1es 

plus eloignes de l'autre arcade; 

regression lineaire, de preference par la methode des moindres carres, sur 

l' ensemble des points de contact restant de manie:re a determiner le plan 

d • occlusion ; 

- a l'etape a), on effectue les operations suivantes: 

i. projection, clans un plan d'ocdusion, des points de contact entre les dents 

des arcades superieure et inferieure du patient, les points de contact et/ou 

le plan d'occlusion etant de preference determines, suivant Jes etapes I a 
Ill; 

u. determination du barycentre des projections desdits points de contact et 

creation d'un referentiel, dans le plan d'occlusion, centre sur ledit 

barycentre; 

iii. determination, dans led.it referentiel, de la fonction parabolique, presentant 

le plus grand coefficient de correlation avec !'ensemble des projections des 

points de contact ; 
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iv. rotation de 1'ensemble des projections des points de contact autour du 

barycentre, et reprise de l'operation precedente iii jusqu'a ce que 

1'ensemble des projections des points de contact ait parcouru un secteur 

determine, de preference superieur a 90°, superieur a 180°, voire d'environ 

5 360' ; 

v. identification du coefficient de correlation le plus eleve pour 1'ensemble 

des positions angulaires de l'ensemble des projections des points de 

contact autour du barycentre, et de l'axe de la fonction parabolique 

correspondante ; 

10 vi. determination d'un plan longitudinal median du modele de reference initial, 

ledit plan passant par ledit axe et etant perpendiculaire au plan 

d'occlusion ; 

- a l'etape a), on delimite au moins partiellement un modele de dent en suivant les 

operations suivantes : 

15 determination, au moins partielle, des bords gingivaux interieur et exterieur 

de l'arcade de la dent concernee, de preference par analyse des variations 

de 1'orientation de la surface du modele de reference initial ; 

ii'. projection, dans le plan d'occlusion, des bords gingivaux interieur et 

exterieur ; 

20 iii'. identification des deformations des projections des bords gingivaux 

interieur et exterieur correspondant aux regions interdentaires, les sommets 

de ces deformations etant appeles « point de rapprochement » (dans une 

region interdentaire, les deux projections presentent chacune une pointe, 

les deux pointes pointant sensiblement l'une vers l'autre, l'extremite d'une 

25 pointe etant un point de rapprochement) ; 

iv'. determination du plus court chemin, a la surface du modele de reference 

initial, entre deux points de rapprochement de bords gingivaux interieur et 

exterieur, respectivement, d'une region interdentaire, de preference par 

une methode metaheuristique, de preference evolutiotmiste, de preference 

30 par recuit simile, ledit plus court chemin delimitant au moins 

partiellement un modele de dent ; 

- une image actualisee est acquise moins de 7 jours apres l'etape a), puis les &apes c) a f) 

sant mises en oeuvre a partir de cette image actualisee ; 

5 
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iv. rotation de Fensemble des projections des points de contact autour du 

barycentre, et reprise de l'operation precedente iii jusqu•a ce que 

!'ensemble des projections des points de contact ait parcouru un secteur 

determine, de preference superieur a 90°, superieur a l 80°, 

360°; 

d'environ 

v. identification du coefficient de correlation le plus eleve pour 1 'ensemble 

des positions angulaires de l 'ensemble des projections points de 

contact autour barycentre, et de l'axe de Ia fonction parabolique 

correspondante ; 

vi. determination d'un plan longitudinal median du modele de reference initial, 

ledit plan passant par ledit axe et etant perpendiculaire au plan 

d'occlusion; 

- a l'etape a), on delimite au moins partiellement modele de dent en suivant les 

operations suivantes: 

15 i1. determination, au moins partielle, des bords gingivaux interieur et exterieur 

20 

25 

30 

de Parcade de la dent concemee, de preference par analyse des variations 

de r orientation de la surface du modele de reference initial ; 

projection, dans le plan d'ocdusion, des bords gingivaux interieur et 

exterieur; 

iii'. identification des deformations des projections des bords gingivaux 

interieur et exterieur oorrespondant aux regions interdentaires, les sommets 

de ces deformations etant appeles « point de rapprochement » ( dans une 

region interdentaire, les deux projections presentent chacune une pointe, 

1es deux pointes pointant sensiblement l'une vers l'autre, l'extremite d'une 

pointe un point de rapprochement) ; 

. determination du plus court chemin, a la surface modele de reference 

initial, entre deux points de rapprochement de bords gingivaux interieur et 

exterieur, respectivement, d'une region interdentaire, de preference par 

une methode metaheuristique, de preference evolutionniste, de preference 

par recuit s1n1utie. ledit plus court chemin delimitant au moins 

partieHement un modele dent ; 

une image actualisee est acquise moins de 7 jours apres l'etape a), puis les etapes c) a f) 
sont mises en reuvre a partir de cette image actualisee ; 
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- a l'etape b), on utilise un appareil d'acquisition porte a la main (et en particulier qui 

n'est pas immobilise, par exemple au moyen d'un support reposant sur le sol) et/ou la 

tete du patient n'est pas immobilisee ; 

- a l'etape b), on utilise un appareil individuel choisi dans le groupe forme par un appareil 

5 photo connecte, une montre intelligente, une tablette numerique, un scanner 3D portable 

et un ordinateur couple un systeme d'acquisition d'images, telle une webcam ou un 

appareil photo nurnerique, pour mettre en ceuvre 1' &tape h) et, de preference au mains 

une des etapes, de preference toutes les &apes c) a f) ; 

- a l'etape b), on utilise un appareil d'acquisition d'images fournissant une image 

10 actualisee infrarouge ; 

- a l'etape b), on utilise un ecarteur comportant une, de preference plus de deux marques 

de reperage, de preference non alignees, et, de preference, on utilise la representation 

des marques de reperage sur l'image actualisee pour 

- a l'etape c), redecouper l' image et/ou, 

15 a l'etape d), evaluer grossierernent les conditions d'acquisition reelles

a l'etape c), !'information discriminante est choisie dans le groupe constitue par une 

information de contour, une information de couleur, une information de densite, une 

information de distance, une information de brillance, une information de saturation, 

une information sur les reflets et des combinaisons de ces informations ; 

20 - a l'etape d), on utilise des donnees fournies par Pappareil d'acquisition et, de preference, 

concernant son orientation ; 

- a l'etape e2), les conditions d'acquisition virtuelles recherchees comprennent des 

parametres de calibration de !'appareil d'acquisition mis en ceuvre a l'etape b) ; 

on met en ceuvre une optimisation par une methode metaheuristique, de preference 

25 ovolutionniste, de preference par recuit simule pour : 

a l'etape a), determiner au moins partiellement un bord gingival delimitant un 

modele de dent et/ou, 

- a l'etape e2), rechercher les conditions d'acquisition virtuelles correspondant 

aux conditions d'acquisition reelles et/ou, 

30 - a l'etape e), rechercher un modele de reference correspondant a l'image 

actualisee ; 
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- a l'etape b), on utilise un appareil d'acquisition porte a la main (et en particulier qui 

n'est pas immobilise, par exemple au moyen d'un support reposant sur le sol) et/ou la 

tete du patient n'est pas immobilisee; 

- a l'etape b), on utilise un appareil individuel choisi dans le groupe fonne par un appareil 

5 photo connecte, une montre intelligente, une tablette numerique, un scanner 3D portable 

et un ordinateur couple un systeme d'acquisition d'images, telle une webcam ou un 

appareil photo numerique, pour mettre en reuvre 1 'etape b) et) de preference au moins 

une des etapes, de preference toutes les etapes c) a f); 

a l'etape b), on utilise un appareil d'acquisition d'images foumissant une image 

1 0 actualisee infrarouge ; 

15 

- a l'etape b), on utilise un ecarteur comportant une, de preference plus de deux marques 

de reperage, de preference non alignees, et, de preference, on utilise la representation 

des marques de reperage sur I 'image actualisee pour 

- a l'etape c), redecouper l'image et/ou, 

- a l'etape d), evaluer grossierement les conditions d'acquisition reelles; 

- a l'etape c}, l'infonnation discriminante est choisie dans le groupe constitue par une 

information de contour, une information de couleur, une information de densite, une 

information de distance, une information de brillance, une information de saturation, 

une infonn.ation sur les reflets et des combinaisons de ces informations ; 

20 - a l'etape d), on utilise des donnees foumies par l'apparei1 d'acquisition et, de preference, 

concernant son orientation ; 

- a l'etape e2), les conditions d'acquisition virtuelles :recherchees comprennent des 

parametres de calibration de 1 'appareil d • acquisition mis en reuvre a l 'etape b) ; 

- on met en reuvre une optimisation par une methode metaheuristique, de preference 

25 cvolutionniste, de preference par recuit simule pour : 

30 

a l'etape a), determiner au moins partiellement un bord gingival delimitant un 

modele de dent et/ou, 

- a l'etape e2), :rechercher les conditions d'acquisition virtuelles correspondant 

aux conditions d'acquisition reelles et/ou, 

a 1 'etape e ), rechercher un modele de reference correspondant a l 'image 

actualisee ; 
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- ladite methode metaheuristique est choisie dans le groupe forme par 

les algorithmes evolutionnistes, de preference choisie parmi: 

les strategies d'evolution, les algorithmes genetiques, les algorithmes 

evolution differentielle, les algorithmes a estimation de distribution, les 

5 systernes immunitaires artificiels, la recomposition de chemin Shuffled 

Complex Evolution, le recuit simule, les algorithmes de colonies de fourmis, 

les algorithmes d'optimisation par essaims particulaires, la recherche avec 

tabous, et la methode GRASP ; 

l'algorithrne du kangourou, 

10 la methode de Fletcher et Powell, 

- la methode du bruitage, 

la tunnelisation stochastique, 

l'escalade de collines a recommencements aleatoires, 

- la methode de l'entropie croisee, et 

15 - les methodes hybrides entre les methodes metaheuristiques citees ci-dessus. 

De preference, l'etape b) est executee par uric personne sans formation universitaire 

Porthodontie et/ou en dehors de tout cabinet medical, de dentisterie ou d'orthodontie, et/ou 

sans recours a un dispositif de stabilisation mecanique de l'appareil d'acquisition et/ou 

sans recours a d'autres appareils qu'un telephone mobile et/ou sans recours a une jauge 

20 etalon de calibration. 

L'invention concerne aussi 1'utilisation d'un procede selon 1'invention pour 

detector une recidive, et/ou 

determiner une vitesse d'evolution d'un changement de positionnement des 

dents, et/ou 

25 - optimiser la date de prise de rendez-vous chez un orthodontiste ou un dentiste, 

et/ou 

- evaluer l'efficacite d'un traitement orthodontique, et/ou 

evaluer l'evolution du positionnement de dents vers un modele theorique 

correspondant a un positionnement determine des dents, en particulier un 

30 positionnement ameliore des dents, et/ou 

- en dentisterie. 

5 

10 

15 
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- ladite methode metaheuristique est choisie dans le groupe fonne par 

]es algorithmes evolutionnistes, de preference choisie panni: 

les strategies d'evolution, les algorithmes genetiques, les algorithmes a 
evolution differentielle, les algorithmes a estimation de distribution, les 

systemes immunitaires artificiels, la recomposition de chem.in Shuffled 

Complex Evolution, le recuit simule, les algorithmes de colonies de founnis, 

les algorithmes d'optimisation par essaims particulaires, la recherche avec 

tabous, et la methode GRASP ; 

- l'algorithme du kangourou, 

··~ la rnethode de Fletcher et Powell, 

- la rnethode du bruitage, 

- la tunne]isation stochastique, 

- l'escalade de collines a recommencements aleatoires, 

- la methode de l'entmpie croisee, et 

- les methodes hybrides entre les methodes metaheuristiques citees ci-dessus. 

De preference, l' etape b) est executee par unc personne sans fom1ation universitaire a 
l1orthodontie et/ou en dehors de tout cabinet medical, de dentisterie ou d1orthodontie, et/ou 

sans recours a un dispositif de stabilisation mecanique de l'appareil d'acquisition et/ou 

sans recours a d'autres appareils qu'un telephone mobile et/ou sans recours a une jauge 

20 etalon de calibration. 

25 

30 

L 'invention conceme aussi I 'utilisation d •un procede selon I 'invention pour 

- detectcr une recidive, et/ou 

determiner une vitesse d 'evolution d' un changement de positionnement des 

dents, etlou 

- optimiser la date de prise de rendez-vous chez un orthodontiste ou un dentiste, 

et/ou 

- evaluer l'efficacite d'un traitement orthodontique, et/ou 

- evaluer l'evolution du positionnement de dents vers un modele theorique 

correspondant a un positionnement determine des dents, en particulier un 

positionnement ameliore des dents, et/ou 

- en dentisterie. 
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Le procede pent notamment etre mis en oeuvre pendant un traitement orthodontique, 

notamment pour en controler le demulement, l'etape a) &ant mise en oeuvre moms de 3 

mois, moms de 2 mois, moms de 1 mois, moires d'une semaine, moms de 2 jours apres le 

debut du traitement, c'est-A-dire apres la pose d'un appareil destine a corriger le 

5 positionnement des dents du patient, dit « appareil de contention actif ». 

Le procede peut etre egalement mis en oeuvre apres un traitement orthodontique, pour 

verifier que le positionnement des dents n'evolue pas de facon defavorable recidive »). 

L'etape a) est alors de preference mise en oeuvre moires de 3 mois, moires de 2 mois, moires 

de 1 mois, moires d'une semaine, moires de 2 jours apres la fin du traitement, c'est-a-dire 

10 apres la pose d'un appareil destine maintenir les dents en position, dit « appareil de 

contention passif ». 

L'invention conceme egalement 

un programme d'ordinateur, et en particulier un applicatif specialise pour 

telephone mobile, comprenant des instructions de code de programme pour 

15 l'execution d'une ou plusieurs, de preference toutes les stapes b) a f), lorsque 

ledit programme est execute par un ordinateur, 

un support infonnatique sur lequel est enregistre un tel programme, par exemple 

une memoire ou un CD-ROM, et 

un appareil personnel, en particulier un telephone mobile ou une tablette, dans 

20 lequel est charge un tel programme. 

L'invention conceme enfin un systeme comportant 

un scanner tridimensionnel apte a mettre en oeuvre Petape a) d'un procede 

selon l'invention, 

un appareil personnel, de preference un telephone mobile, charge avec un 

25 programme scion l'invention. 

Definitions 

Par « patient », on entend toute personne pour laquelle un procede est mis en oeuvre afin 

d'en controler les dents, que cette personne soit malade on non. 

Par « professiormel des soins dentaires », on entend un dentiste, un orthodontiste ou un 

30 laboratoire d'orthodontie. 
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Le procede peut notamment etre mis en reuvre pendant un traitement orthodontique, 

notamment pour en controler le deroulement, l'etape a) etant mise en reuvre moins de 3 

mois, moins de 2 mois, moins de 1 mois, moins d'une semaine, moins de 2 jours apres le 

debut du traitement, c'est-a-dire apres la pose d'un appareil destine a corriger le 

5 positionnement des dents du patient, dit « appareil de contention actif ». 

Le procede peut etre egalement mis en reuvre apres un traitement orthodontique, pour 

verifier que le positionnement des dents n'evolue pas de fa1ton defavorable (<< recidive >>). 

L'etape a) est alors de preference mise en reuvre moins de 3 mois, moins de 2 mois, moins 

de l mois, moins d'une semaine, moins de 2 jours apres la fin du traitement, c'est-a-dire 

10 apres la pose d'un appareil destine maintenir les dents en position, dit « appareil de 

contention passif ». 

15 

20 

25 

L 'invention conceme egalement : 

- un programme d'ordinateur, et en particulier un applicatif specialise pour 

telephone mobile, comprenant des instructions de code de programme pour 

!'execution d'une ou plusieurs, de preference toutes les etapes b} a t), lorsque 

ledit programme est execute par un ordinateur, 

- un support infonnatique sur lequel est enregistre un tel programme, par exemple 

une memoire ou un CD-ROM, et 

- un appareil personnel, en particulier un telephone mobile ou une tablette, dans 

lequel est charge un tel programme. 

L'invention concerne enfin un systeme comportant 

Definitions 

un scanner tridimensionnel apte a mettre en ceuvre l'etape a) d'un procede 

selon !'invention, 

un appareil personnel, de preference un telephone mobile, charge avec un 

programme selon l 'invention. 

Par « patient », on en.tend toute personne pour laquelle un procede est mis en ceuvre afin 

d'en controler les dents, que cette personne soit malade ou non. 

Par « professionnel des soins dentaires >>, on entend un dentiste, un orthodontiste ou un 

30 laboratoire d'orthodontie. 
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Par « dentiste », on entend un dentiste ou un assistant dentaire travaillant sous la 

responsabilite d'un dentiste. 

Par « dentition », on entend les deux arcades dentaires du patient. 

On appelle "telephone mobile" un appareil de moins de 500 g, dote d'un capteur lui 

5 permettant de capturer des images, capable d'echanger des donnees avec un autre appareil 

eloigne de plus de 500 km du telephone mobile, et capable d'afficher lesdites donnees, et 

notamment lesdites images. 

Les « conditions d'acquisition » precisent la position et l'orientation dans l'espace d'un 

appareil d'acquisition d'images relativement aux dents du patient ou a un modele de dents 

10 du patient, et de preference la calibration de cet appareil d'acquisition d'images. 

La « calibration » d'un appareil d'acquisition est constitude par l'ensemble des valeurs des 

parametres de calibration. Un parametre de calibration est un parametre intrinseque a 

l'appareil d'acquisition (a la difference de sa position et de son orientation) dont la valeur 

influence l'image acquise. Par exemple, l'ouverture de diaphragme est un parametre de 

15 calibration qui modifie la profondeur de champ. Le temps d'exposition est un parametre de 

calibration qui modifie la luminosite (ou « l'exposition ») de 1'imagc. La distance focale 

est un parametre de calibration qui modifie I'angle de vue, c'est-h-dire le degre de 

« zoom ». La « sensibilite » est un pararnetre de calibration qui modifie la reaction du 

capteur d'un appareil d'acquisition numerique a la lumiere incidente. 

20 De preference, les pararnetres de calibration sont choisis dans le groupe forme par 

l'ouverture de diaphragme, le temps d'exposition, la distance focale et la sensibilite. 

Le "plan d'occlusion" est le plan qui fournit la meilleure correlation lineaire avec 

l'ensemble des points de contact entre les dents de l'arcade superieure dune part et les dents 

de l'arcade inferieure d'autre part. 

25 Le "plan longitudinal median" est le plan sensiblement vertical lorsque le patient tient la 

tete droite, qui se'pare de maniere sensiblement symetrique des parties droite et gauche de 

chaque arcade. 

Une « tablette » est un ordinateur portable a ecran tactile. 

Un scanner 3D est un appareil permettant d'obtenir une representation en trois dimensions 

30 d'un objet. 
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Par « dentiste >>, on entend un dentiste ou un assistant dentaire travaillant sous la 

responsabilite d 'un dentiste. 

Par « dentition », on entend les deu.""I: arcades dentaires du patient. 

On appelle "telephone mobile11 un appareil de moins de 500 g, dote dun capteur lui 

5 pennettant de capturer des images, capable d'echanger des donnees avec un autre appareil 

eloigne de plus de 500 km du telephone mobile, et capable d'afficher lesdites donnees, et 

notamment lesd:ites images. 

Les << conditions d'acquisition » precisent la position et l'orientation dans l'espace d'un 

appareil d'acquisition d'images relativement aux dents du patient ou a un modele de dents 

10 du patient, et de preference la calibration de cet appareil d'acquisition d'images. 

La« calibration>> d'un appareil d'acquisition est constituee par !'ensemble des valeurs des 

parametres de calibration. Un parametre de calibration est un parametre intrinseque a 
l'appareil d'acquisition (a la difference de sa position et de son orientation) dont la valeur 

influence l'image acquise. Par exemple, l'ouverture de diaphragme est un parametre de 

15 calibration qui modi fie la profondeur de champ. Le temps d' exposition est un parametre de 

calibration qui modifie la luminosite (ou <<!'exposition>>) de l'image. La distance focale 

est un parametre de calibration qui modi fie I' angle de vue, c'est-a-dire le degre de 

<<zoom>>. La << sensibilite » est un parametre de calibration qui modifie la reaction du 

capteu:r d'un appareil d'acquisition numerique a la lumiere incidente. 

20 De preference, les parametres de calibration sont choisis dans le groupe forme par 

l'ouverture de diaphragme, le temps d'exposition, la distance focale et la sensibilite. 

Le "plan d'occlusion" est le plan qui fournit la meilleure correlation lineaire avec 

rensemble des points de contact entre les dents de rarcade superieure d'une part et les dents 

de l'arcade inferieure d'autre part. 

25 Le "plan longitudinal mediann est le plan sensiblement vertical lorsque le patient tient la 

tete droite, qui separe de maniere sensiblement symetrique des parties droite et gauche de 

chaque arcade. 

Une << tablette » est un ordinateur portable a ecran tactile, 

Un scanner 3D est un appareil pennettant d'obtenir une representation en trois dimensions 

30 d 'un obj et. 
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Par "image", on entend une image en deux dimensions, comme tine photographie. Une 

image est formee de pixels. 

Une "information discriminante" est une information caracteristique qui peut Etre extraite 

d'une image ("image feature"), elassiquernent par un traitement informatique de cette 

5 image. 

Une information discriminante peut presenter un nombre variable de valeurs. Par exemple, 

une information de contour peut Eire egale a 1 ou 0 scion qu'un pixel appartient ou non a 

un contour. Une information de brillance peut prendre un grand nombre de valeurs. Le 

traitement de 1'image permet d'extraire et de quantifier l'information discriminante. 

10 Des conditions d'acquisition sont dites "virtuelles" lorsqu'elles correspondent a une 

simulation dans laquelle l'appareil d'acquisition serait dans lesdites conditions d'acquisition 

(positionnement et de preference calibration theoriques de l'appareil d'acquisition). 

Par "comprenant un" ou "comportant un" ou "presentant un", on entend "comportant au 

moins un", sauf indication contraire. 

15 Breve description des figures 

D'autres caraeteristiques et avantages de l'invention apparaitront encore a la lecture de la 

description detainee qui va suivre et a l'exarnen du dessin annexe dans lequel : 

la figure 1 represente un logigramme illustrant la raise en oeuvre d'un procede selon 

l'invention, 

20 la figure 2 represente un exemple de modele de reference initial, 

la figure 3 illustre le traitement effectue pour determiner le plan d'occlusion, 

la figure 4 (4a-4d) illustre Petape necessaire pour detenniner les modeles de dent 

dans un modele de reference, 

la figure 5 (5a-5d) illustre l'acquisition d'images actualisees, ainsi que l'operation de 

25 decoupage, 

la figure 6 (6a-6b) illustre le traitement d'une image actualisee permettant de 

determiner le contour des dents, et 

la figure 7 illustre schematiquement la position relative de marques de reperage 12 

stir des images actualisees 141 et 142 d'un ecarteur 10, selon la direction d'observation 

30 (trait interrompu), et 
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Par "image", on entend une image en deux dimensions, comme une photographie. Une 

image est formee de pixels. 

Une "information discriminante" est une information caracteristique qui peut etre extraite 

d'une image ("image feature.''), classiquement par un traitement informatique de cette 

5 image. 

Une information discriminante peut presenter un nombre variable de valeurs. Par exemple, 

une information de contour peut ette egale a 1 ou O sdon qu'un pixei appartient ou non a 
un contour. Une information de brillance peut prendre un grand nombre de valeurs. Le 

traitement de !'image permet d'extraire et de quantifier Pinformation discriminante. 

10 Des conditions d'acquisition sont <lites "virtuelles" lorsqu'elles correspondent a une 

simulation dans laquelle l'appareil d'acquisition serait dans lesdites conditions d'acquisition 

(positionnement et de preference calibration theoriques de l'appareil d'acquisition). 

15 

Par "comprenant un" ou 11comportant un" ou "presentant un", on entend "comportant au 

moins un11
, saufindication contraire. 

Breve description des figures 

D'autres caracteristiques et avantages de l'invention apparaitront encore a la lecture de la 

description detaillee qui va suivre et a !'examen du dessin annexe dans lequel : 

- la figure 1 represente un logigramme illustrant la mise en reuvre d'un procede selon 

1 'inventio~ 

20 - la figure 2 represente un exemple de modele de reference initial, 

- la figure 3 illustre le traitement effectue pour determiner le plan d'occ1usion, 

- 1a figure 4 ( 4a-4d) illustre 1 'etape necessaire pour determiner les model es de dent 

dans un modele de reference, 

- la figure 5 (5a-5d) illustre l'acquisition d'images actualisees, ainsi que l'ope:ration de 

25 decoupage, 

la figure 6 (6a-6b) illustre le traitement d'une image actualisee permettant de 

determiner le contour des dents, et 

- la figure 7 illustre schematiquement la position relative de marques de reperage 12 

sur des images actualisees 141 et 142 d'un ecarteur 10, selon la direction d 1observation 

30 (trait interrompu), et 
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- les figures 8a et 8b illustrent deux vues d'un modele tridimensionnel avec deux 

distances focales differentes. 

Description detainee 

Un procede selon 1'invention comporte les etapes mentionnees ci-dessus. 

5 A l'etape a), un modele de reference initial des arcades, ou d'une partie des arcades du 

patient est cree (voir figure 2). 

Le modele de reference initial est un modele numerique en trois dimensions des arcades du 

patient, par exemple du type .stl ou .Obj, .DXF 3D, IGES, STEP, VDA, ou Nuages de 

points. Avantageusement, un tel modele, dit « 3D o, peut etre observe selon un angle 

10 quelconque. 

Pour le suivi d'un traitement orthodontique, le modele de reference initial est de preference 

prepare au debut du traitement. Le modele de reference initial peut correspondrc a un 

positionnement des dents du patient avant le traitement ou a un positionnement des dents 

du patient que le traitement se propose d'atteindre. Dans ce cas, le modele de reference 

15 initial est classiquement calcule a partir d'un premier modele tridimensionnel 

correspondant au positionnement des dents du patient avant le traitement. 

Pour le controle de la recidive, le modele de reference initial est de preference prepare 

mains de six mois, de preference moires de trois mois, de preference encore moires d'un 

mois apres la fin du traitement orthodontique, genomlement immediatement apres la fin du 

20 traitement. 11 correspond ainsi a un positionnement sensiblement optimal des dents. 

Le modele de reference initial peut etre egalement prepare independamment de tout 

traitement, par exemple parce que le patient souhaite surveiller les mouvements de ses 

dents. 

Le modele de reference initial pcut etre prepare a partir de mesures effectuees sur les dents 

25 du patient ou sur un modele physique de ses dents, par exemple un modele en platre. 

Le modele de reference initial est de preference tree au moyen d'un appareil professionnel, 

par exemple au moyen d'un scanner 3D, de preference mis en ceuvre par un professionnel 

de la sante, par exemple par un orthodontiste ou un laboratoire d'orthodontie. Dans un 

cabinet d'orthodontie, le patient ou le modele physique de ses dents peuvent etre 

30 avantageusement disposes dans une position precise et 1'appareil professionnel peut etre 
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- les figures 8a et 8b illustrent deux. vues d'un modele tridimensionnel avec deux 

distances focales differentes. 

Description detaillee 

Un procede selon !'invention comporte les etapes mentionnees ci-dessus. 

5 A l'etape a), un modele de reference initial des arcades, ou d'une partie des arcades du 

patient est cree (voir figure 2). 

Le modele de reference initial est un modele numerique en trois dimensions des arcades du 

patient, par exemple du type .stl ou .Obj, .DXF 3D, lGES, STEP, VDA, ou Nuages de 

points. Avantageusement, un tel modele, dit « 3D », peut etre observe selon un angle 

10 quelconque. 

Pour le suivi d'un traitcment orthodontique, le modele de reference initial est de preference 

prepare au debut du traitement. Le modele de reference initial peut correspondre a un 

positionnement des dents du patient avant le traitement ou a un positionnement des dents 

du patient que le traitement se propose d • atteindre. Dans ce cas, le modele de reference 

15 initial est classiquement calcule a partir d 'un premier modele tridimensionnel 

correspondant au positionnement des dents du patient avant le traitement. 

Pour le controle de la recidive, le modele de reference initial est de preference prepare 

moins de six mois, de preference moins de trois mois, de preference encore moins dun 

mois apres la fin du traitement orthodontique, generalement immediatement apres la fin du 

20 traitement. TI correspond ainsi a un positionnement sensiblement optimal des dents. 

Le modele de reference initial peut etre egalement prepare independamment de tout 

traitement, par cxemple parce que le patient souhaite surveiller les mouvements de ses 

dents. 

Le modele de reference initial peut etrc prepare a partir de mesures effectuees sur les dents 

25 du patient ou sur un mode1e physique de ses dents, par exemple un modele en platre. 

Le modele de reference initial est de preference cree au moyen d 'un appareil professionnel, 

par exemple au moyen d'un scanner 3D, de preference mis en reuvre par un professionnel 

de la sante, par exemple par un onhodontiste ou un laboratoire d1orthodontie. Dans un 

cabinet d' orthodontie, le patient ou le modele physique de ses dents peuvent etre 

30 avantageusement disposes dans une position precise et r appareil professionnel peut etre 
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perfectionne. 11 en resulte un modele de reference initial tres précis. Le modele de 

reference initial fournit de preference une information sur le positionnement des dents avec 

une erreur inferieure a 5/10 mm, de preference inferieure a 3/10 mm, de preference 

inferieure a 1/10 mm. 

5 Orientation du modele de reference initial : 

De preference, on determine l'orientation du modele de reference initial dans 1'espace, et 

notamment, de preference, le plan d'occlusion et le plan longitudinal median. 

Le plan d'occlusion et le plan longitudinal median peuvent etre determine's manuellement, 

de maniere approximative. Les inventeurs ont cependant decouvert des procedes 

10 permettant de determiner ces plans par traitement informatique. 

De preference, le modele de reference est un modele des arcades bouche fermee, c'est-a-

dire dans une position dans laquelle des dents de 1'arcade superieure sont en contact avec 

des dents de l'arcade inferieure. 

Classiquement, le modele de reference initial fourni par un scanner tridimensionnel permet 

15 de distinguerl'arcade superieure de 1'arcade inferieure. Generalement, le modele est fourni 

sous la forme de deux fichiers correspondant respectivement a ces arcades, et comportant 

des donnees permettant de positionner les modeles de ces arcades l'un par rapport a l'autre 

dans la position d'occlusion. 

De preference, pour estimer les points de contact entre les dents des arcades superieure et 

20 inferieure, on determine l'ensemblc des points du modele de l'axcade superieure et de 

l'arcade inferieure qui sont a une distance inferieure a une limite predetermine, Bette 

limite etant de preference inferieure a 3 mm, de preference d'environ 2 mm. Tous les 

autres points de ces modeles sont ensuite ignores, ce qui conduit a la representation de la 

figure 3b. Une regression lineaire permet alors de determiner le plan d'occlusion (« plan 

25 1 » sur la figure 3e). 

Le modele de reference initial peut ainsi etre oriente suivant le plan d'occlusion (Fig. 3d). 

Si le modele de reference initial ne comporte pas de donnees permettant de positionner les 

arcades superieure et inferieure 1'une par rapport a l'autre, on utilise de preference un 

mordu d'occlusion faisant apparaitre les points de contact entre les dents superieures et les 

30 dents inferieures, puis on repositionne les modeles des arcades superieure et inferieure par 

rapport a ce mordu d'occlusion. 
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perfectionne. en resulte un modele de :reference initial tres precis. Le modele de 

reference initial fournit de preference une information sur le positionnement des dents avec 

une erreur inferieure a 5/10 m~ de preference inferieure a 3/10 mm, de preference 

inferieure a 1/10 mm. 

5 Orientation du modele de reference initial : 

De preference, on detennine !'orientation du modele de reference initial dans l'espace, et 

notamment, de preference, le plan d'occlusion et le plan longitudinal median. 

Le plan d'oc-elusion et le plan longitudinal median peuvent etre determines manuellement, 

de maniere approximative. Les inventeurs ont cependant decouvert des procedes 

permettant de detenniner ces plans par traitement infonnatique. 

De preference, le modele de reference est un modele des arcades bouche tecmi~e. c'est-a­

dire dans une position dans laquelle des dents de !'arcade superieure sont en contact avec 

dents de l'arcade inferieure. 

Classiquement, le modeie de reference initial fourni par un scanner tridimensionnel permet 

15 de distinguer l'arcade superieure de l'arcade inferieure. Generalement, le modele est fourni 

sous fonne de deux fichiers correspondant respectivement a ces arcades, et comportant 

des donnees pennettant de positionner les model es de ces arcades 1'un par rapport a l' autre 

dans position d' occlusion. 

De preference, pour estimer les points de contact entre les dents des arcades superieure et 

20 inferieure, on determine !'ensemble des points du modele de l'arcade superieure et 

'ar◄:aClle inferieure qui sont a une distance infer:ieure a une predeterminee, cette 

limite et:ant de preference inferieure a 3 mm, de preference d'environ 2 mm. Tous 1es 

autres points de ces modeles sont ensuite ignores, ce qui conduit a 1a representation de la 

figure 3b. Une regression Hneaire permet alors de detenniner le plan d'occlusion (<< plan 

25 1 » sur la figure 3c). 

Le modele de reference initial peut ainsi etre oriente suivant le plan d'occlusion (Fig. 3d). 

Si le modele de reference initial ne comporte pas de donnees permertant de positionner les 

arcades superieure et inferieure l'une par rapport a l'autre, on utilise de preference un 

mordu d'occlusion faisant apparaitre les points de contact entre les dents superieures et les 

30 dents inferieures, puis on repositionne les modeles des arcades superieure et inferieure par 

rapport ace mordu d'occlusion. 
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Le plan longitudinal median est perpendiculaire au plan d'occlusion, mais son orientation 

nest pas connue. 

De preference, on procede de la maniere suivante pour determiner l'orientation du plan 

longitudinal median : 

5 On considere des axes [Ox) et [Oy) dans le plan d'occlusion, le point 0 etant le barycentre 

des projections normales des points de contact sur le plan d'occlusion. 

- Dans ce referentiel (xOy), on recherche la courbe, de preference parabolique, 

presentant le plus grand coefficient de correlation avec l'ensemble desdites 

projections. 

10 - L'ensernble des projections des points de contact est ensuite &place dans le plan 

d'occlusion, par rotation autour du point O, et on recommence l'etape precedente 

partir de cette nouvelle position angulaire des projections des points de contact. 

Le cycle des operations precedentes est poursuivi, de preference jusqu'a avoir fait tourner 

l'ensemble des points de contact de 360° autour du barycentre O. On compare ensuite les 

15 coefficients de correlation correspondant aux differentes orientations de l'ensemble des 

points de contact. L'axe de la courbe qui conduit au coefficient de correlation le plus eleve 

est alors consider& comme inclus dans le plan longitudinal median, ce qui permet de definir 

exactement Forientation de ce dernier. 

L'orientation dans 1'espace du modele de reference initial est ainsi parfaitement 

20 determine, de maniere rapide. 

Creation des modeles de dent 

Dans le modele de reference initial, une partie qui correspond a une dent, on « modele de 

dent », est delimitee par un bord gingival qui peut etre decompose en un bord gingival 

interieur (du cote de l'interieur de la bouche par rapport a la dent), un bord gingival 

25 exterieur (oriente vers l'exterieur de la bouche par rapport a la dent) et deux bords 

gingivaux lateraux. Les bords gingivaux correspondent a des regions dans lesquelles 

l'orientation de la surface definie par le modele de reference initial subit des modifications 

de fortes amplitudes. Ces variations d'orientation peuvent etre identifiees selon des 

techniques connues, par exemple en identifiant les changements de direction de la normale 

30 a la surface modelisee. La figure 4a represente une vue du modele de reference initial 
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Le plan longitudinal median est perpendiculaire au plan d'ocdusion, mais son orientation 

n1est pas connue. 

De preference, on procede de la maniere suivante pour determiner I'orientation du plan 

longitudinal median : 

5 On considere des axes [Ox) et [Oy) dans le plan d'occlusion, le point O etant le barycentre 

des projections nonnales des points de contact sur le plan d'occlusion. 

- Dans ce refcrentiel (xOy), on recherche la courbe, de preference parabolique, 

p:resentant le plus grand coefficient de correlation avec l 'ensemble desdites 

projections. 

10 - L'enscmble des projections des points de contact est ensuite deplace dans le plan 

d'occlusion, par rotation autour du point 0, et on recommence l'etape precedente a 
partir de cette nouvelle position angulaire des projections des points de contact. 

Le cycle des operations precedentes est poursuivi, de preference jusqu'a avoir fait toumer 

!'ensemble des points de contact de 360° autour du barycentre 0. On compare ensuite les 

15 coefficients de correlation correspondant aux differentes orientations de l'enscmble des 

points de contact. L'axe de la courbe qui conduit au coefficient de correlation le plus eleve 

est alors considere comme inclus dans le plan longitudinal median, ce qui pennet de defini:r 

exactement !'orientation de ce dernier. 

L' orientation dans l' espace du modele de :reference initial est ainsi parfaitement 

20 deter.mince, de maniere rapide. 

Creation des modeles de dent 

Dans le modele de reference initial, une partie qui correspond a une dent, ou « modele de 

dent>>, est delimitee par un bord gingival qui peut etre decompose en un bord gingival 

interieur (du cote de l'interieur de la bouche par rapport a la dent), un bord gingival 

25 exterieur (oriente vers l'exterieur de la bouche par rapport a la dent) et deux bords 

gingivaux lateraux. Les bords gingivaux correspondent a des regions dans lesquelles 

I' orientation de la surface definie par le modele de reference initial subit des modifications 

de fortes amplitudes. Ces variations d'orientation peuvent etre identifiees selon des 

techniques connues, par exemple en identi:fiant les changements de direction de la normale 

30 a la surface modelisee. La figure 4a represente une \.-'Ue du modele de reference initial 
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traitee pour faire apparaitre ces changements de direction. La figure 4b montre le bord 

gingival interieur qui peut etre extrait par 1'analyse de 1'image de la figure 4a. 

Plusicurs vues du modele de reference initial sont ainsi analysees, ce qui permet de 

determiner les bords gingivaux inte'rieur et exterieur en trois dimensions, comme 

5 represents stir la figure 4c. 

Par ailleurs, en projection dans le plan d'occlusion, les contours gingivaux interieur et 

exterieur d'une arcade se rapprochent de part et d'autre d'une dent. Pour determiner un bord 

gingival lateral d'une dent, on recherche le plus court chernin, sur la surface du modele de 

reference initial, entre les deux points des bords gingivaux interieur et exterieur ainsi 

10 rapproches et qui se font sensiblement face. La recherche du plus court chemin entre deux 

points sur un modele tridimensionnel fait appel a des techniques d'optimisation bien 

connues. De preference, cette recherche resulte d'une methode metaheuristique, de 

preference evolutionniste, de preference d'un recuit simule. 

Deux bords gingivaux lateraux adjacents et les parties des bords gingivaux interieur et 

15 exterieur qui connectent cos bords gingivaux lateraux pemiettent ainsi de delimiter une 

dent au niveau de la gencive. En tenant compte du fait qu'une dent s'etend depuis le 

contour gingival vers le plan d'occlusion, it est ainsi possible de determiner les parties du 

modele de reference initial qui correspondent aux differentes dents (« modeles de dent »). 

La figure 4d represente l'ensemble des modeles de dent d'une arcade. 

20 Le modele de reference initial peut etre stocks dans une base de dormees centralisee, 

regroupant les modeles de reference initiaux d'une pluralite de patients. Cette base de 

donnoes petit etre physiquement installee dans un etablissement specialise. Elle peut etre 

egalement installee dans tin laboratoire ou un cabinet d'orthodontie, ce qui limite les 

transferts d'informations confidentielles. 

25 Dans tin mode de realisation, le modele de reference initial est remis au patient. De 

preference, un fichier inforrnatique correspondant au modele de reference initial est 

enregistre sur un support amovible, par exemple sur une cle USB ou slur tine carte 

electronique, de preference sur un telephone mobile, une tablette ou un ordinateur portable 

du patient, et en particulier sur 1'appareil personnel qui sera de preference utilise aux 

30 stapes b) et suivantes. De preference, le patient ou tin professionnel des soins dentaires 

charge le modele de reference initial dans ledit appareil individuel ou le met a disposition 
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traitee pour faire apparaitre ces changements de direction. La figure 4b montre le bord 

gingival interiem qui peut etre extrait par l'analyse de !'image de la figure 4a. 

Plusicurs vues du modele de reference initial sont ainsi analysees, ce qui pennet de 

determiner les bords gingivaux interieur et exterieu:r en trois dimensions, comme 

5 :represente sur la figure 4c. 

Par ailleurs, en projection dans le plan d'occlusion, les contours gingivaux interieur et 

exterieur d'une arcade se rapprochent de part et d!autre d\me dent. Pour determiner un bord 

gi.ngival lateral d'une dent, on recherche le plus court chemin, sur la surface du mcxlele de 

reference initial, entre les deux points des bords gingivaux interieur et exterieur ainsi 

10 rapproches et qui se font sensiblement face. La recherche du plus court chemin entre deux 

points sur un modele tridimensionnel fait appe1 a des techniques d'optimisation bien 

connues. De preference, cette recherche :resulte d'une methode metaheuristique, de 

preference evolutionniste, de preference d 'rm recuit simule. 

Deux bords gingivaux lateraux adjacents et les parties des bords gingivaux interieur et 

15 exterieur qui oonnectent ccs bords gingivaux lateraux pennettent ainsi de delimiter une 

dent au niveau de la gencive. En tenant compte du fait qu'une dent s'etend depuis le 

contour gingival vers le plan d'occlusion, il est ainsi possible de determiner les parties du 

modele de reference initial qui correspondent aux differentes dents ( « modeles de dent >>). 

La figure 4d represente l'ensemble des modeles de dent d'une arcade. 

20 Le modele de reference initial peut etre stocke dans une base de donnees centralisee, 

regroupant les modeles de reference initiaux d'une pluralite de patients. Cette base de 

donnees peut etre physiquement installee dans un etablissement specialise. Elle peut etre 

egalement installee dans un laboratoire ou un cabinet d'orthodontie, ce qui limite les 

transferts d'informations oonfidentielles. 

25 Dans un mode de realisation, le modele de reference initial est rernis au patient. De 

preference, un fichier informatique correspond.ant au modele de reference initial est 

enregistre sur un support amovible, par exemple sur une cle USB ou sur une carte 

electronique, de preference sur un telephone mobile, une tablette ou un ordinateur portable 

du patient, et en particulier sur 1 'appareil personnel qui sera de preference utilise aux 

30 etapes b) et suivantes. De preference, le patient ou un professionnel des soins dentaires 

charge le modele de reference initial dans ledit appareil individuel ou le met a disposition 
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pour chargement dans ledit appareil individuel. Le patient charge de preference le modele 

de reference initial a partir d'internet. 

Dans un mode de realisation prefere, le modele de reference n'est pas remis au patient. De 

preference, le modele de reference est seulement rendu disponible a un etablissement 

5 specialise pour mettre en oeuvre les &tapes c) a f). Il peut rester stocke dans l'etablissement 

dans lequel it a ete realise a l'etape a) et ou, de preference, les etapes c) a t) sont mises en 

oeuvre. 

A Petape b), on prend une image actualisee des arcades au moyen d'un appareil 

d'acquisition d'images. L'etape b) est de preference realisee par le patient ou un proche du 

10 patient, mais pent etre realisee par un dentiste. 

Moment de 1'acquisition 

De preference, l'image actualises est prise apres un intervalle de temps At apres Petape a). 

L'intervalle de temps At peut etre predetermine. Il peut etre constant, quelle que soft 

l'occurrence du procede, c'est-à-dire que cet intervalle concerne la premiere execution du 

15 procede ou une execution ulterieure. 11 peut etre variable, et dependre par exemple des 

resultats obtenus suite a tine execution anterieure du procede. En particulier, pour le 

controle de la recidive, 1'intervalle de temps At peut etre d'autant plus court que cette 

execution a permis de dotecter une derive importante. 

Dans un mode de realisation prefere, 1'intervalle de temps At est determine par 

20 l'orthodontiste, en fonction d'un planning des contrOles. En fonction de l'evolution de la 

position des dents, l'orthodontiste petit modifier ce planning et modifier en consequence 

1'intervalle de temps At. Dans un mode de realisation, le procede scion l'invention est 

execute plusieurs fois, les intervalles de temps entre chaque execution pouvant etre 

identiques ou differents. Les intervalles des temps entre deux executions successives 

25 peuvent etre tous determines avant la premiere execution pour correspondre a un planning 

de controles elabore par 1'orthodontiste. 

L'intervalle de temps At peut etre egalement indetennine et dependre par exemple de 

decisions du patient. Par exemple, la creation d'une image actualises peut etre effectuee 

l'occasion rendez-vous chez le dentiste ou a tout moment lorsque le patient le 

30 souhaite, voire indOendamment de tout traitement orthodontique. 
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pour chargement dans ledit appareil individuel. Le patient charge de preference le modele 

de reference initial a partir d'intemet. 

Dans un mode de realisation p:refere, le modele de :reference n'est pas rem.is au patient. De 

preference, le modele de reference est seulement rendu disponible a un etablissement 

5 specialise pour mettre en reuvre les etapes c) a f). II peut rester stocke dans l'etab1issement 

dans lequel a ete realise a 1 • etape a) et OU, de preference, les etapes c) a t) sont mises en 

reuvre. 

A on une image actualisee des arcades au moyen d 'un appareil 

d'acquisition d'images. L'etape b) est de preference realisee par 

l O patient, mais peut etre rea1isee par un dentiste. 

Moment de l'acguisition 

oa1t.1e11t ou un proche du 

De preference, l'image actualisee est prise apres un intervalle de temps At apres l'etape a). 

L'inte.rvalle de temps At peut etre predetermine. Il pent etre constant, quelle que soit 

!'occurrence du procede, c'est-a-dire que cet intervalle ooncerne la premiere execution du 

15 proce:de OU une execution ulterieure. ll peut etre variable, et dependre par exemple des 

resultats obtenus suite a une execution anterieure du procede. En particulier, pour le 

controle de la recidive, l'intervallc de temps At peut etre d • autant plus court que cette 

execution a permis de detecier une derive importante. 

Dans un mode de realisation prefere, l'intervalle temps At est determine par 

20 l'orthodontiste, en fonction d'un planning des controles. En fonction de J'evolution la 

position des dents, l'orthodontiste peut modifier ce planning et modifier en consequence 

l'intervaUe de temps At. Dans un mode de realisation, procede selon l'invention est 

execute plusieurs fois, les intervalles de temps entre chaque execution pouvant etre 

identiques ou differents. Les intervalles temps entre deux executions successives 

25 peuvent etre tons determines avant la premiere execution pour correspond.re a un planning 

de controles elabore par 1 'orthodontiste. 

L'intervalle de temps At pent etre egalement indetermine et dependre par exemple de 

decisions du patient. Par exemple, la creation d'une image actualisee pent etre effectuee a 
!'occasion dun rendez-vous chez le dentiste ou a tout moment lorsque patient le 

30 souhaite, voire independamment de tout traitement orthodontique. 
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L'intervalle de temps At est de preference determine pour correspondre a une evolution 

potentiellement significative du positionnement des dents. 

Par exemple, pour le contrele de la recidive, Pintervalle de temps At est de preference 

inferieur a trois mois lors de la premiere armee apres le traitement. Apres cette premiere 

5 armee, 1'intervalle de temps At est de preference superieur a un mois, voire superieur a six 

mois ou superieur a douze mois. En particulier pour la detection d'une derive des dents, un 

intervalle de temps compris entre six mois et dix-huit mois est adapte. 

De preference, au moins un rappel informant le patient de la necessite de creer une image 

actualisee est adresse au patient. Ce rappel peut etre sous forme papier ou, de preference, 

10 sous forme electronique, par exemple sous la forme d'un courriel, d'une alerte automatique 

de l'applicatif specialise mobile ou d'un SMS. Un tel rappel petit etre envoy& par le cabinet 

ou le laboratoire d'orthodontie ou par le dentiste ou par l'applicatif specialise mobile du 

patient, par exerriple. 

Dans tin mode de realisation prefere, une image actualisee est acquise avant que les dents 

15 n'aient pu se deplacer significativement, sensiblement au meme moment que la creation du 

modele de reference initial, de preference moins de 7 jours, mains de 3 jours, moins de 1 

jour apres l'etape a), c'est-a.-dire avant que les dents n'aient pu se &placer 

significativement. La mise en oeuvre du procede avec cette image actualisee permet 

avantageusement de verifier que le procede ne conduit a la detection d'aucune difference 

20 entre les modeles de reference initial et final, et done fonctionne correctement. 

Dans un mode de realisation, 1'image actualisee peut etre acquise avant la creation du 

modele de reference initial. Par exemple, les &apes a) et b) peuvent etre effectuees a la fin 

et au debut d'un traitement orthodontique, respectivement. 11 est ainsi notamment possible 

d'evaluer l'efficacite du traitement en l'absence de modele 3D en debut de traitement. 

25 L'intervalle de temps At' separant les &apes a) et b) dans ce mode de realisation petit 

notamment prendre les valeurs decrites ci-dessus pour At. 

Appareil d'acquisition d'images 

De preference, 1'appareil d'acquisition d'images est un apparel' personnel courammcnt 

disponible dans le commerce, par exemple un telephone mobile, un apparel' photo dit 

30 « connecte », une montre dite « intelligente », ou « smartwatch », ou une tablette ou un 

ordinateur personnel, fixe ou portable, comportant un systeme d'acquisition d'images, 

comme une webeam ou un appareil photo, de preference un appareil photo numerique. 
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L'intervalle de temps At est de preference determine pour correspond.re a une evolution 

potentiellement significative du positionnement des dents. 

Par exemple, pour le controle de la red.dive, Pintervalle de temps At est de preference 

inferieur a trois mois lors de la premiere annee apres le traitement. Apres cette premiere 

5 annee, l'intervalle de temps M est de preference superieur a rm mois, voire superieur a six 

mois ou superieur a mois. En particulier pour la detection d1une derive des dents, un 

intervalle de temps compris entre six mois et anc_-nuu est adapte. 

De preference, au moins un rappel informant le patient de necessite de creer une image 

actualisee est adresse au patient. Ce rappel peut etre sous forme papier ou, de preference, 

10 sous fmme electronique, par exemple sous 1a for.me d'un courrie1, d 'une alerte automatique 

de l'applicatif specialise mobile ou d1un SMS. Un tel rappel peut etre envoye par le cabinet 

ou le 1aboratoire d'orthodontie ou par le dentiste ou par l'applicatif specialise mobile 

patient, par exemple. 

Dans un mode de realisation prefere, une image actualisee est acquise avant que les dents 

15 n'aient pu se deplacer significativement, sensiblement au meme moment que la creation du 

modele de reference initial, de preference moins de 7 moins de 3 moins de 1 

jour a.pres l'etape a), c1est-a-dire avant que les dents n'aient pu se deplacer 

significativement. La mise en reuvre du procede avec cette image actualisee permet 

avantageusement de verifier que le procede ne conduit a la detection d'aucune difference 

20 entre 1es modeles reference initial et final, et done fonctionne correctement. 

Dans un mode de realisation, I 'image actualisee peut etre acquise avant la creation du 

modele de reference initial. Par exemple, les etapes a) et b) peuvent etre effectuees a 1a fin 

et au debut d'un traitement orthodontique, respectivement. Il est ainsi notamment possible 

d'evaluer l'efficacite du traitement en l'absence de modele 3D en debut de traitement. 

25 L'intervalle de temps At' separant les etapes a) et b) dans ce mode de realisation peut 

notamment prendre les valeurs decrites ci-dessus pour At. 

Appareil d'acguisition d'images 

De preference, l'appareil d'acquisition d'images est un appareil personnel couramment 

disponible dans le commerce, par exemple un telephone mobile, un appareil photo dit 

30 << connecte ». une montre dite << intelligente », ou « smartwatch ►>, ou une tablette ou 

ordinateur personnel, fixe ou portable, comportant un systeme d'acquisition d'images, 

comme une webcam ou appareil photo, de preference un appareil photo numerique. 
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Merne si 1'image actualisee peut en particulier etre creee par un dentiste, elle 1'est de 

preference par le patient lui-meme ou par un de ses proches. 

En particulier, l'image actualisee peut etre creee par une personne qui n'a pas de 

connaissances particulieres en orthodontie, et en particulier qui ne possede aucun diplome 

5 d'orthodontie ou de dentisterie. 

De preference, le meme appareil d'acquisition est utilise pour prendre toutes les images 

actualisees. 

L'appareil d'acquisition d'images pese de preference mains de 3 kg, mains de 2 kg, moms 

de 1 kg, moins de 500 g, de preference mom s de 300 g. 

10 L'etape b) peut done avantageusement etre realisee a distance de l'etape a), c'est-a-dire 

dans un lieu different de celui dans lequel est realisee l'etape a), en particulier a plus de 50 

m, plus de 100 m; plus de 1 km du lieu oil est realisee l'etape a), en particulier hors cabinet 

orthodontique. Dans un mode de realisation, l'etape b) n'est pas realisee dans un cabinet 

dentaire, un cabinet d'orthodontie ou un laboratoire d'orthodontie, sauf, eventuellement, 

15 Tors d'une séance destine a former le patient. 

De preference, l'image actualisee est une photographic, en particulier une photographic 

panoramique. Dans un mode de realisation, I 'image actualisee est extraite d'un film. 

Dans un mode de realisation prefere, le procede utilise plusieurs images actualisees pour 

disposer d'au mains une representation de chaque dent, de preference au mains trois 

20 images actualisees correspondent a une vue de face, une vue a droite et une vue a gauche 

des dents du patient. 

De preference, a l'etape b), on prend au mains une image actualisee en position bouche 

fermee et au mains uric image actualisee en position bouche ouverte. L'image bouche 

fertnee permet avantageusement d'identifier les deplacements relatifs entre les deux 

25 arcades. L'image actualisee bouche ouverte permet avantageusement de Bien identifier les 

contours des dents, sans que les dents de 1'arcade superieure ne viennent masquer les dents 

de 1'arcade inferieure ou reciproquement. 

Des images actualisees peuvent etre prises snit pour 1'arcade superieure, soit pour 1'arcade 

inferieure, soit, de preference, pour les deux arcades. 

30 Plusieurs images similaires (representant sensiblement les memes dents) peuvent etre 

egalement utiles afire de rechercher le meilleur score. En fonction des conditions 
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M&ne si l'image actualisee peut en particulier etre creee par un dentiste, elle l' est de 

preference par le patient lui-meme ou par un de ses proches. 

En particulier, rimage actualisee peut ct.re creee par une personne qui n'a pas de 

connaissances pa:rticulieres en o:rthodontie, et en particulier qui ne possede aucun diplome 

5 d'o:rthodontie ou de dentisteiie. 

De preference, le meme appareil d' acquisition est utilise pour prendre toutes !es images 

actualisees. 

L' appareil d' acquisition d • images pese de preference moins de 3 kg, moins de 2 kg, moins 

de l kg, moins de 500 g, de preference moins de 300 g. 

10 L'etape b) peut done avantageusement etre realisee a distance de l'etape a), c'est-a-dire 

dans un lieu different de celui dans 1equel est reaHsee l'etape a), en particulier a plus de 50 

m, plus de 100 m~ plus de I km du lieu ou est realisee l'etape a), en particulier hors cabinet 

orthodontique. Dans un mode de realisation, l'etape b) n'est pas realisee dans un cabinet 

dentaire, un cabinet d'orthodontie ou un laboratoire d'orthodontie, sauf, eventuellement, 

15 lors d'une seance destinee a former le patient. 

De preference, l'image actualisee est une photographie, en particulier une photographie 

panora:mique. Dans un mode de realisation, l'image actualisee est extraite d'un film. 

Dans un mode de realisation prefere, le procede utilise plusieurs images actualisees pour 

disposer d'au moins une representation de chaque dent, de preference au moms trois 

20 images actualisees correspondant a une vue de face, une vue a droite et une vue a gauche 

des dents du patient. 

De preference, a l'etape b), on prend au moins une image actualisee en position bouche 

fermee et au moins une image actualisee en position bouche ouve:rte. Vimage bouche 

fermee permet avantageusement d'identifier les deplacements relatifs entre les deux 

25 arcades. Vimage actualisee bouche ouverte permet avantageusement de bien identifier les 

contours des dents, sans que les dents de l'arcade superieure ne viennent masquer les dents 

de 1 'arcade inferieure ou reciproquement. 

Des images actualisees peuvent etre prises soit pour l'arcade superieure, soit pour l'arcade 

inferieure, soit, de preference, pour les deux arcades. 

30 Plusieurs images similaires (representant sensiblement les memes dents) peuvent etre 

egalement utiles afin de rechercher le meilleur score. En fonction des conditions 
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d'acquisition, une information discriminante pourra en particulier conduire a des scores 

differents selon l'image actualises utilisee. 

De preference, on utilise un ecarteur lors de l'etape b), comme represents sur les figures 5a 

et 5c. La premiere fonction de l'ecarteur est d'ecarter les levres afin d'ameliorer la 

5 visibilite des dents. De preference, un ecarteur est remis au patient, par exemple lors d'un 

rendez-vous avec son orthodontiste ou son dentiste. 

L'appareil d'acquisition d'images fournit de preference des images en couleurs, et/ou des 

images infrarouges de la bouche du patient, voire du visage du patient. Les images en 

couleurs reprosentent de preference la bouche du patient avec les couleurs reelles de cette 

10 bouche. Les images infrarouges permettent avantageusement de faire apparaltre les dents 

avec un excellent contraste. 

De preference, l'appareil d'acquisition d'images comporte un applicatif specialise 

permettant de mettre en oeuvre Petape b), mais aussi, de preference, des stapes suivantes, 

de preference l'ensemble des stapes suivantes. De preference encore, cet applicatif gere des 

15 rappels et informe le patient de la necessite de creer une image actualisee. 

De preference, l'applicatif specialise est chargé dans l'appareil d'acquisition d'images 

partir d'un support physique comme une cle USB ou un CD-ROM, ou est telecharge sur 

internet ou par voie hertzienne. Dans un mode de realisation, l'applicatif specialise est 

fourni au patient par le cabinet et ou le laboratoire d'orthodontie. 11 peut en particulier 

20 prendre la forme d'un applicatif du type de ceux couramment telecharges sur les iPhones de 

la marque Appi 414 ou les appareils de toutes marques mettant en oeuvre les systemes 

d'exploitation Android ou tout autre systemic d' exploitation. 

L'appareil d'acquisition d'images comporte de preference un appareil photo ou une camera 

video ou infrarouge, que 1'utilisateur, par exemple le patient ou un de ses proches, 

25 positionne au moyen d'un viseur ou d'un ecran, avant de l'actionner. 

Moyens detrompeurs 

Un procede selon l'invention ne requiert pas un positionnement précis de l'appareil 

d'acquisition d'images par rapport aux dents. 

Dans un mode de realisation, aucune contrainte de positionnement permettant d'assurer une 

30 disposition de l'appareil d'acquisition d'images a moins de 30 cm, moins de 20 cm, de 10 

cm ou moins de 5 cm d'un emplacement determine n'est imposee 
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d'acquisition, une information discriminante pourra en particulier conduire a des scores 

differents selon l'image actualisee utilisee. 

De preference, on utilise un ecarteur lors de b ). comme represente sur les figures Sa 

et 5c. La premiere fonction de recarteur est d'ecarter les levres afin d'ameliorer 

5 visibilite des dents. De preference, un ecarteur est :remis au patient, par exemple lors d'un 

rendez-vous avec son orthodontiste ou son dentiste. 

L'appareil d'acquisition d'images foumit de preference des images en couleurs, et/ou des 

images infrarouges de la bouche du patient, voire du visage du patient. Les images en 

couleurs reprcsentent de preference la bouche du patient avec les couJeurs reel1es de cette 

10 bouche. Les images infrarouges permettent avantageusement de faire apparaitre les dents 

avec un excellent contraste. 

De preference, 1'appareil d'acquisition d'images comporte un applicatif specialise 

permettant de mettre en reuvre l' etape b ), mais aussi, de preference, des etapes suivantes, 

de preference l'ensemble des etapes suivantes. De preference encore, cet applicatif gere des 

15 rappels et infonne le patient de la necessite de creer une image actualisee. 

De preference, l'applicatif specialise est charge dans l'appareil d'acquisition d'images a 
partir d'un support physique comme une cle USB ou un CD-ROM, ou est telecharge sur 

internet ou par voic hertzienne. Dans un mode de realisation, l'applicatif specialise est 

au patient par le cabinet etou le laboratoire d'orthodontie. Il peut en particulier 

20 prendre la fonne d'un applicatif du type de ceux couramment telecharges sur les iPhones de 

la marque Apple® ou les appareils de toutes marques mettant en reuvre les systemes 

d'exploitation Android® ou tout autre systeme d'exploitation. 

25 

L'appareil d'acquisition d•images comporte de preference un appareil photo ou une camera 

video ou infrarouge, que l'utilisateur, par exemple le patient ou un de ses proches, 

positionne au moyen d'un viseur ou 

Moyens detrompeurs 

ecran, avant de l'actionner. 

Un procede selon I 'invention ne requiert pas un positionnement precis de l'appareil 

d'ftCQ1mintJ..on d'images par rapport aux dents. 

Dans un mode de realisation, aucune contrainte de positionnement permettant d'assurer une 

30 disposition de l'appareil d'acquisition d'images a moins de 30 cm, moins de 20 cm, de 10 

cm ou moins de 5 cm emplacement determine n'est imposee 
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De preference, l'appareil d'acquisition d'images comporte cependant des moyens 

detrompeurs facilitant son positionnement approximatif par rapport au patient avant 

1'acquisition de l'image actualisee. 

L'utilisateur peut etre guide par des messages ecrits et/ou vocaux pour 1'acquisition. Par 

5 exemple, 1'appareil personnel petit annoncer « prenez une photo de face », emettre un 

signal pour informer l'utilisateur que la photo est acceptable ou qu'au contraire, it doit 

refaire une photo, annoncer <' prenez une photo de droite », de preference en affichant une 

fleche pour orienter l'utilisateur, etc. La fin du processus d'acquisition peut etre egaleinent 

annoncee par l'appareil. L'appareil peut egalement aider au positionnement, par exemple 

10 par des messages visuels (par exemple par affichage de fleches), et/ou sonores (comme une 

succession de bips dont la fitquence augmente a mesure que le positionnement de 

1'appareil s'ameliore), et/ou ecrits et/ou vocaux (« plus haut », plus bas », etc.). 

Les moyens detrompeurs peuvent en particulier comporter des references qui apparaissent 

sur le viseur ou l'ecran. Les references peuvent par exemple comporter une ligne destine a 

15 etre aligner avec la direction generale de la jointure entre les dents superieures et/ou les 

dents inferieures lorsque les dents sont serrees par le patient, ou une ligne verticale 

destinee a etre alignee avec la jointure entre les deux incisives superieures. Les references 

peuvent egalement faire reference a d'autres parties du patient. Par exemple, elles peuvent 

etre constituees par des marques correspondant a la position des yeux ou prendre la forme 

20 d'un contour dans lequel doit etre positionne la bouche ou le visage du patient. 

La ou les references sont de preference "immobiles" sur l'ecran, c'est-a-dire qu'elles ne se 

deplacent pas sur recran lorsque l'appareil d'acquisition est en mouvement. 

Dans un mode de realisation prefere, la ou les references correspondent chacune a une 

marque de reperage portee par un referentiel rapporte sur le patient, c'est-a-dire que le 

25 patient ne presentait pas avant la mise en oeuvre du procede, de preference portee par un 

ecarteur dentaire. Un refe'rentiel peut etre egalement une piece mordue par le patient. 

La marque de reperage pent presenter une surface superieure a 0,5 mm2, de preference 

superieure a 1 mm2, de preference superieure a 2 mm2, de preference superieure a 5 mm2, 

de preference superieure a 10 mm2, voire superieure a 20 mm2, voire superieure a 30 mm2, 

30 et/ou inferieure a 50 mm2, 
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De preference, 1'appareil d'acquisition d'images comporte cependant des moyens 

detrompeurs facilitant son positionnement approximatif par rapport au patient avant 

!'acquisition de I 'image actualisee. 

L'utilisateur peut etre guide par des messages ecrits et/ou vocaux pour l' acquisition. Par 

5 exemple, 1' appareil personnel peut annoncer « prenez une photo de face >>, emettre un 

signal pour informer l 'utilisateur que la photo est acceptable ou qu • au contraire, il doit 

refaire une photo, annoncer « prenez une photo de droite », de preference en affichant une 

fleche pour orienter l'utilisateur, etc. La fin du p:rocessus d'acquisition etre egalement 

annoncee par l'appareil. L'appareil peut egalement aider au positionnement, par exemple 

10 par des messages visueis (par exemple par affichage de fleches), et/ou sonores {comme une 

succession de hips dont la frequence augmente a mesure que le positionnement de 

l'appareil s'ameliore), et/ou ecrits et'ou vocaux (<< plus haut », plus bas», etc.). 

Les moyens detrompeurs peuvent en particulier comporter des references qui apparaissent 

sur le viseur ou l'ecran. Les references peuvent par exemple comporter une ligne destinee a 
15 etre alignee avec la direction generale la jointure entre les dents superieures et/ou les 

dents inferieures lorsque les dents sont serrees par le patient, ou une Hgne verticale 

destinee a etre alignee avec jointure entre les deux incisives superieures. Les references 

peuvent egalement faire reference a d1autres parties patient. Par exemple, elles peuvent 

etre constituees par des marques correspondant a la position des yeux ou prendre la forme 

20 d'un contour dans lequel doit etre positionne bouche ou le visage du patient. 

La ou les references sont de preference "immobiles" sur l'ecran, c'est-a-dire qu'elles ne se 

deplacent pas sur recran lorsque l'appareil d'acquisition est en mouvement. 

Dans un mode de realisation prefere, la OU les references correspondent chacune a une 

marque de reperage portee par un referentiel rapporte sur le patient, c'est-a-dire que le 

25 patient ne preseptait pas avant mise en reuvre du procede, de preference portee par 

ecarteur dentaire. Un referentiel peut etre egalement une piece mordue par le patient. 

La marque de reperage peut presenter une surface superieure a 0,5 mm2, de preference 

superieurc a 1 nmi2, de preference superieure a 2 mm2, de preference superieure a 5 mm2
, 

de preference superieure a O , voirc superieure a 20 mm2
, voire superieure a 30 

30 et/ou inferieure a 50 
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De grandes dimensions conferees a une marque de reperage ou une multiplication des 

marques de reperage permettent avantageusement d'ameliorer la precision du 

positionnement de l'appareil d'acquisition. 

Les marques de reperage peuvent etre identiques ou differentes. 

5 Les marques de reperage peuvent etre notamment differentes selon leur position, par 

exemple scion qu'elles sont en partie superieure ou en partie inferieure du referentiel, et en 

particulier de l'ecarteur, ou a droite ou a gauche du referentiel, et en particulier de 

l'ecarteur. 

La marque de reperage peut etre identique ou differente de la reference correspondante. 

10 Elle est de preference de forme goometrique, par exemple un point, un ou plusieurs traits, 

par exemple paralleles, une etoile, un cercie, un oval, un polygon regulier, notamment un 

can-e, un rectangle ou un losange. 

La marque de reperage pent etre egalc rent une image, une lettre, un chiffre ou une 

sequence de lettres et/ou de chiffres. 

15 La marque de reperage est de preference d'une couleur differente de la surface de 

l'ecarteur qui 1'environne, de preference de maniere a offrir un contraste eleve. 

Une marque de reperage peut etre visible ou invisible a l'ceil nu, pourvu qu'elle apparaisse 

sur l'ecran de l'appareil d'acquisition. 

Pour ameliorer la precision, les marques de reperage sont de preference ecartees les unes 

20 des autres de maniere que, lorsqu'elles correspondent a leurs references respectives sur 

l'ecran, au mains des premiere et deuxieme marques de reperage soient a moms de 3 cm, 

de preference moms de 2 cm, de preference moms de 1 cm, de preference moms de 0,5 cm, 

de premier et deuxieme bards, respectivement, de l'ecran. Les premier et deuxieme bords 

sont de preference des bords opposes de l'ecran. 

25 La marque de reperage peut presenter une ou plusieurs dimensions et/ou une forme et/ou 

une couleur identique(s) ou differente(s) de celle(s) de la reference correspondante. 

La « correspondance » d'une reference et d'unc marque de reperage est une disposition 

predefinie de tune par rapport a 1'autre. Elle indique un positionnement particulier de 

l'appareil d'acquisition par rapport a la marque de repeLage. La correspondance depend de 

30 la nature de la reference et de la marque de reperage. La situation predefinie, qui 

correspond a des conditions d'acquisition cibles, peut notamment etre une superposition, 
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De grandes dimensions conferees a une marque de reperage ou une multiplication des 

marques de reperage permettent avantageusement d 'ameliorer la precision du 

positionnement de l 'appareil d'acquisition. 

Les marques de reperage peuvent etre identiques ou differentes. 

5 Les marques de reperage peuvent etre notamment differentes se1on leur position, par 

exemple selon qu'elles sont en partie superieure ou en partie inferieure du referentiel, et en 

particulier de Pecarteur, OU a droite OU a gauche du referentiel, et en particulier de 

l'ecarteur. 

La marque de reperage peut etre identique ou differente de la reference correspondante. 

1 0 Elle est de preference de fonne geometrique, par exemple un point, un ou plusieurs traits, 

par exemple paralleles, une etoile, un cercle, un oval, un polygone regulier, notamment un 

carre, un rectangle ou un losange. 

La marque de reperage peut etre egalement une image, une lettre, un chiffre ou une 

sequence de lettres et/ou de chif:fres. 

15 La marque de reperage est de preference d'une couleur differente de la surface de 

l'ecarteur qui l'environne, de preference de maniere a offrir un contraste e1eve. 

Une marque de reperage peut etre visible ou invisible a l'reil nu, pourvu qu'elle apparaisse 

sur l' ecran de l' appareil d'acquisition. 

Pour ameliorer 1a precision, les marques de reperage sont de preference ecartees les unes 

20 des autres de maniere que, lorsqu'elles correspondent a leurs references respectives sur 

l 'ecran, au moins des premiere et deuxieme marques de reperage soient a moins de 3 cm, 

de preference moins de 2 cm, de preference moins de 1 cm, de preference moins de 0,5 cm, 

de premier et deuxieme bords, respectivement, de l' ecran. Les premier et deuxieme bords 

sont de preference des bords opposes de l' ecran. 

25 La marque de reperage peut presenter une ou plusieurs dimensions et/ou une forme et/ou 

une couleur identique(s) ou differente(s) de celle(s) de la reference correspondante. 

La << correspondance » d'une reference et d 'unc marque de reperage est une disposition 

predefinie de l'une par rapport a l' autre. Elle indique un positiom1ement particulier de 

l' appareil d'acquisition par rapport a la marque de reperage. La correspondance depend de 

30 la nature de la reference et de la marque de reperage. La situation predefinie, qui 

correspond a des conditions d'acquisition cibles, peut notamment etre unc superposition, 
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totale ou partielle, une juxtaposition, ou un alignement de la reference et de la marque de 

reperage. 

La superposition exacte de la reference et de la marque de reperage permet non seulement 

determiner la direction vers laquelle l'objectif de 1'appareil d'acquisition doit pointer et/ou 

5 la distance entre l'appareil d'acquisition et Pecarteur, mais aussi, si la reference et/ou la 

marque de reperage sant asymetriques, 1'orientation de l'appareil d'acquisition autour de 

cette direction. 

Les dimensions et/ou les surfaces d'une marque de reperage et de la reference 

correspondante et/ou la distance entre plusieurs marques de reperage et entre des 

10 references correspondantes peuvent etre utilisees pour regler la distance entre l'appareil 

d'acquisition et les arcades. 

La reference peut etre par cxemple 

une ligne fixe, sur laquelle l'utilisateur doit par exemple aligner des marques de 

reperage, 

15 tine forme, de preference asymetrique, correspondant a la forme d'une marque 

de reperage a superposer, par exemple un point que l'utilisateur doit par exemple 

superposer a la marque de reperage, ou un cercle dans lequel l'utilisateur doit 

par exemple placer la marque de reperage, 

une forme coloree correspondant a la couleur d'une marque de reperage 

20 superposer, 

une forme complementaire a la forme d'une marque de reperage, de preference 

de maniere que la mise en correspondance de la marque de reperage et de la 

reference conduise a une forme ayant un sens, comme une forme geometrique, 

tine lettre ou un texte, un dessin, ou un motif, par exemple. 

25 Dans un mode de realisation prefere, les references sont definies, au mains partiellement, 

partir d'informations famines par le modele de reference initial. Par exemple, suivant les 

principes de la « realite augmentee », la reference petit etre une vue du modele de reference 

initial, par exemple une vue de face ou une vue de droite ou tine vue de gauche du modele 

de reference initial, rendue visible, en transparence, sur Pecran de 1'appareil d'acquisition 

30 d'images tors de l'acquisition. 11 est ainsi tres facile pour le patient de superposer 

approximativement une telle vue avec les dents qu'il doit prendre en photo. 
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totale partielle, une juxtaposition, ou un alignement de reference et de la marque de 

reperage. 

La superposition exacte de reference et de la marque de reperage pennet non seulement 

determiner la direction vers laquelle l'objectif de l'appareil d'acquisition doit pointer et/ou 

5 la distance entre l'appareil d'acquisition et l'ecarteur, mais aussi, si la reference et/ou la 

marque de reperage sont asymetriques, l'orientation de 1'appareil d'acquisition autour de 

cette direction. 

Les dimensions et/ou les surfaces d'une marque de reperage et de la reference 

correspondante et/ou la distance entre plusieurs marques de reperage et entre des 

10 references correspondantes peuvent etre utilisees pour 

d'acquisition et les arcades. 

distance entre 1 'appareil 

15 

20 

La reference peut etre par exemple 

- une ligne fixe, sur laquelle l'utilisateur doit par exemple aligner des marques de 

reperage, 

- une forme, de preference asymetrique, correspondant a la forme d 'une marque 

de reperage a superposer, par exemple un point que 1 'utilisateur doit par exemple 

superposer a la marque de reperage, ou un cercle dans lequel l'utilisateur doit 

par exemple placer la marque de reperage, 

une forme coloree correspondant a la couleur d'une marque de reperage a 
superposer, 

une forme complementaire a la forme d'une marque de reJ>eragie, de preference 

de maniere que la mise en correspondance de la marque de reperage et de la 

reference conduise a une forme ayant un sens, comme une forme geometrique, 

une lettre ou un texte, un dessin, ou un motif, par exemple. 

25 Dans un mode de realisation prefere, les references sont definies, au moins partiellement, a 
partir d1informations fournies par le modele de reference initial. Par exemple, suivant les 

principes de la << realite augmentee », la reference peut etre une vue du modele de reference 

initial, par exemple une vue de face ou une vue de droite ou une vue de gauche du modele 

de reference,..,.,. ....... ,., rendue visible, en transparence, sm ]'ecran de l'appareil d'acquisition 

30 d'images lors de Pacquisition. est ainsi tres facile pour le patient de superposer 

approximativement une telle vue avec les dents qu'il doit prendre en photo. 
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Dans un mode de realisation, le positionnement de l'appareil d'acquisition d'irnages resulte 

de la seule mise en concordance de references apparaissant sur Pecran dudit appareil 

d'acquisition avec des marques de reperage correspondantes, de preference avec des 

marques de reperage d'un ecarteur dentaire. 

5 Dans un mode de realisation, la ou les references qui apparaissent sur Pecran sont 

determines en fonction du patient et/ou du traitement therapeutique. Autrement dit, le 

programme d'ordinateur est parametre en fonction du patient afin que les images acquises 

correspondent specifiquement aux besoins du patient. Avantageusement, au moment de 

]'acquisition des images, l'appareil d'acquisition est done positionne dans une position 

10 sensiblement optimale au regard des particularites du patient et/ou du traitement 

therapeutique appliqué. 

Comme on le verra plus en details dans la suite de la description, les marques de reperage 

de Pecarteur ont de preference plusieurs fonctions. Elles permettent d'abord de guider le 

positionnement de l'appareil d'acquisition d'images au moment de l'acquisition des images, 

15 au moyen de references correspondantes apparaissant sur Pecran de l'appareil d'acquisition. 

Elles permettent egalement, a Petape c), un redecoupage des images actualisees. Enfin, les 

marques de reperage, qui apparaissent sur les images, permettent, a l'etape d), de 

determiner grossierement des conditions d'acquisition virtuelles approximant les conditions 

d'acquisition reelles, ce qui permet d'accelerer le traitement informatique. 

20 Les stapes c) et suivantes sont de preference realisees soit sur un appareil personnel du 

patient, de preference avec l'appareil utilise a l'etape b), soit avec un applicatif chez un 

professionnel des soins dentaires, soit avec un serveur tiers dedie. 

A l'etape c), chaque image actualisee est analysee de maniere a Maser, pour chaque 

image actualisee, une carte actualisee relative a au mains une information discriminante. 

25 Redecoupage 

L'analyse de l'image peut comporter un redecoupage de 1'image actualisee afin d'isoler la 

partie pertinente, en particulier pour supprimer, au moins partiellement, de 1'image 

actualisee les elements qui n'ont pas fait l'objet du modele de reference initial, comme le 

nez ou les yeux du patient ou l'ecarteur. Ce redecoupage, ou « croppage », est facilite par 

30 la representation de marques de reperage sur l'image actualisee. 
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Dans un mode de realisation, le pos.itionnement de l'appareil d'acquisition d'images resulte 

de la seule mise en concordance de references apparaissant sur l'ecran dudit appareil 

d'acquisition avec des marques de reperage correspondantes, de preference avec des 

marques de reperage d'un ecarteur d.entaire. 

5 Dans un mode de realisation, la ou les references qui apparaissent sur l'ecran sont 

detemrinees en fonction du patient et/ou du traitement therapeutique. Autrement dit, le 

programme d'ordinateur est parametre en fonction du patient afin que les images acquises 

correspondent specifiquement aux besoms du patient. Avantageusement, au moment de 

l'acquisition des images, Pappareil d'acquisition est done positionne dans une position 

10 sensiblement optimale au regard des particularites du patient et/ou du traitement 

therapeutique applique. 

Comme on le verra plus en details dans la suite de la description, les marques de reperage 

de l'ecarteur ont de preference plusieurs fonctions. Elles permettent d'abord de guider le 

positionnement de l'appareil d'acquisition d'images au moment de !'acquisition des images, 

15 au moyen de references correspondantes apparaissant sur l'ec:ran de l1appareil d'acquisition. 

Elles permettent egalement, a l1etape c ), un redecoupage des images actualisees. Enfin, les 

marques de repe:rage, qui apparaissent sur les images, permettent, a l'etape d), de 

determiner grossierement des conditions d'acquisition virtuelles approximant les conditions 

d'acquisition reelles, ce qui permet d'accelerer le traitement informatique. 

20 Les etapes c) et suivantes sont de preference realisees soit sur un appareil personnel du 

patient, de preference avec l'appareil utilise a l'etape b ), so:it avec un applicatif chez un 

professionnel des soins dentaires, soit avec un serveur tiers dedie. 

A l'etape c), chaque image actualisee est analysee de maniere a realiser, pour chaque 

image actualisee, une carte actualisee relative a au moms une information discriminante. 

25 Redecoupage 

L'analyse de l'image peut comporter un redecoupage de l'image actualisee afin d'isoler la 

partie pertinente, en particulier pour supprimer, au moins partiellement, de l'image 

actualisee 1es elements qui n'ont pas fait l'objet du modele de reference initial, comme le 

nez ou les yeux du patient ou l 'ecarteur. Ce redecoupage, ou << croppage >>, est fu.cilite par 

30 la representation de marques de reperage sur I 'image actualisee. 
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En particulier, de preference, comme represents sur les figures 5a et 5c, Pecarteur 10 porte 

au moms trois marques de reperage 12 non alignees. Si l'ecarteur est en plusieurs parties, 

par exemple classiquement en deux parties, chaque partie porte de preference au moms 

trois marques de reperage non alignees. 

5 La forme d'une marque de reperage, par exemple une forme asyrnetrique, peut etre 

egalement utilises pour reperer la position de l'ecarteur sur l'image actualisee. 

De preference, les marques de reperage presentent des formes et/ou des couleurs facilitant 

leur identification sur une image actualisee. Par exemple, elles peuvent etre de couleur 

noire alors que le reste de l'ecarteur est de couleur blanche. 

10 Dans un mode de realisation, les marques de reperage presentent des formes et/ou des 

couleurs permettant de les identifier individucllement. Par exemple, elles peuvent titre 

chacune de couleur differente. 

L'identification des marques de reperage sur l'image actualisee permet d'identifier la zone 

de l'image actualisee contenant les elements ayant fait 1'objet du modele de reference 

15 initial, c'est-à-dire les dents et les gencives. L'image actualisee peut alors etre rognee en 

consequence. La comparaison des figures 5a et 5b, ou 5c et 5d, illustre 1'effet du 

redecoupage sur une image actualisee. 

Carte actualisee 

Une carte actualisee represente une information discriminante dans le roferentiel de 

20 l'image actualisee. Par exemple, la figure 6b est une carte actualisee relative au contour des 

dents obtenue a partir de l'image actualisee de la figure 6a. 

L'information discriminante est de preference choisie . s le groupc constitue par une 

information de contour, une information de couleur, une information de densite, une 

information de distance, une information de brillance, une information de saturation, une 

25 information sur les reflets et des combinaisons de ces informations. 

L'homme de Fart sait comment traiter une image actualisee pour faire apparaitre 

1'information discriminante. Ce traitement comporte par exemple l'application de masques 

ou de filtres Bien connus, fournis avec des logiciels de traitement &images. 

A l'etape optionnelle d), on determine, de maniere grossiere, les conditions d'acquisition 

30 reelles lors de Petape b). Autrement dit, on determine au moins la position relative de 

l'appareil d'acquisition d'images au moment on ii a pris l'image actualisee (position de 
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En particulier, de preference, comme represente sur les :figures Sa et Sc, 1'ecm1eur 10 porte 

au moins trois marques de reperage 12 non alignees. Si l'ecarteur est en plusieurs parties, 

par exemple classiquement en deux parties, chaque partie porte de preference au moins 

trois marques de reperage non alignees. 

5 La fonne d'une marque de reperage, par exemple une forme asymetrique, peut etre 

egalcmcnt utilisee pour :repercr la position de l'ecarteur sur !'image actualisee. 

De preference, les marques de reperage p:resentent des formes et/ou des couleurs facilitant 

leur identification su:r une image actualisee. Par e:xemple, elles peuvent etre de couleur 

noire alors que le :reste de l' ecarteur est de couleur blanche. 

10 Dans un mode de realisation, les marques de reperage presentent des formes et/ou des 

couleu:rs permettant de les identifier individuellement. Par exemple, eHes peuvent etre 

chacune de couleur differente. 

L'identification des marques de reperage sur l'image actualisee permet d'identifier la zone 

de l'image actualisee contenant les elements ayant fait l'objet du modele de reference 

15 initial, c'est-a-dire les dents et les gencives. L'image actualisee peut alors etre rognee en 

consequence. La comparaison des figures Sa et Sb, ou Sc et 5d, i11ustre 1'effet du 

redecoupage sur une image actualisee. 

Carte actualisee 

Une carte actualisee represente une information discriminante dans le referentie] de 

20 l'image actualisee. Par exemple, la figure 6b est une carte actualisee relative au contour des 

dents obtenue a partir de !'image actualisee de la figure 6a. 

L'information discriminante est de preference choisie dans le groupe constitue par une 

information de contour, une information de couleur, une information de densite, une 

information de distance, une information de brillance, une information de saturation, une 

25 information sur les reflets et des combinaisons de ces informations. 

L'homme de l' art sait comment traiter une image actualisee pour faire apparaitre 

l'information discriminante. Ce traitement comporte par exemple l'application de masques 

ou de filtres bien connus, foumis avec des logiciels de traitement d'images. 

A Petape optionnelle d), on determine, de maniere grossiere, les conditions d'acquisition 

30 reelles lors de l'etape b). Autrement dit, on determine au moins la position relative de 

l'appareil d'acquisition d'images au moment ou il a pris l'image actualisee (position de 
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1'appareil d'acquisition dans 1'espace et orientation de cet appareil). L'etape d) permet 

avantageusement de limiter le nornbre de tests sur des conditions d'acquisition virtuelles 

lors del'etape e), et permet done d'accelerer considerablement l'etape e). 

On utilise de preference une ou plusieurs regles heuristiques. Par exemple, de preference, 

5 on exciut des conditions d'acquisition virtuelles susceptibles d'être testees A. Petape e), les 

conditions qui correspondent a une position de l'appareil d'acquisition d'images derriere 

les dents ou a une distance des dents superieure a I m. 

Dans un mode de realisation prefers, comme illustre sur la figure 7, on utilise des marques 

de reperage representees sur 1'image actualisee, et en particulier des marques de reperage 

10 12 de l'ecarteur, pour determiner une region de 1'espace sensiblement conique delimitant 

des conditions d'acquisition virtuelles susceptibles d'être testees a l'etape e), ou "cone de 

test". 

Precisement, on dispose de preference au moms trois marques de reperage 12 non alignees 

sur Pecarteur 10, par exemple, et on mesure precisement leurs positions relatives sur 

15 l'ecarteur. 

Les marques de reperage sont ensuite reperees sur 1'image actualisee, comme decrit 

precedemrnent. De simples calculs trigonometriques permettent de determiner 

approximativement la direction selon laquelle 1'image actualisee a ete prise. Un cone 

orients scion cette direction, dont le sommet est au niveau de l'ecarteur et dont le demi-

20 angle au sommet est de preference inferieur a 10°, de preference inferieur a 5°, par 

exemple de 3° peut alors etre defini comme "cone de test". Le demi-angle au sommet 

correspond A. un degre d'incertitude. Plus le demi-angle au sommet est petit, plus grande est 

la probabilite que les conditions d'acquisition virtuelles correspondant aux conditions 

d'acquisition reelles soient hors du cone de test. 

25 Par exemple, lorsque 1'image actualisee est prise perpendiculairement au plan des trois 

marques de reperage sur l'ecarteur, on peut en deduire que 1'appareil d'acquisition etait 

sensiblement dans un cone de test dont l'axe est sensiblement perpendiculaire A. ce plan 

lors de la prise de 1'image actualisee. Si les positions relatives des trois marques de 

reperage sur l'image actualisee sont differentes de celles que les marques de reperage 

30 occupent sur l'ecarteur, 1'axe du cone de test dans lequel est limitee la recherche du 

positionnement de 1'appareil d'acquisition lors de l'acquisition de l'image actualisee est 

incline par rapport au plan des marques de reperage, comme represents sur la figure 7. 
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l'apparcil d'acquisition dans l'espace et orientation de cet appareil). L'etape per.met 

avantageusement de limiter le nombre de tests sur des conditions d'acquisition virtuelles 

lors de l'etape e), et per.met done d'accelerer considerableme:nt l'etape e). 

On utilise de preference une ou plusieurs regles heuristiques. Par exemple, de preference, 

5 on exclut des conditions d'acquisition virtuelles susceptibles d'etre testees a l'etape e), les 

conditions qui correspondent a une position de l'apparcil d'acquisition d'images derriere 

les dents ou a nne distance des dents supe:rieure a 1 m. 

Dans un mode de realisation pref ere, comme illustre sur la figure 7, on utilise des marques 

de reperage representees sur I 'image actualisee, et en particulier des marques de reperage 

10 12 de l'ecarteur, pour determiner une region de l'espace sensiblement conique delimitant 

des conditions d'acquisition vi:rtuelles susceptibles d1etre testees a l'etape e), ou 11cone de 

test". 

Precisement, on dispose de preference au moins trois marques de reperage 12 non alignees 

sur 1' ecarteur 

15 1' ecarteur. 

par exemple, et on mesure precisement leurs positions relatives sur 

Les marques de reperage sont ensuite reperees sur l'iriria11ie actualisee, comme decrit 

precooemment. De simples calculs trigonometriques permettent de determiner 

apprnximativeme:nt la direction selon laquelle fimage actualisee a ete prise. Un cone 

oriente selon cette direction, dont le sommet est au niveau de l'ecarteur et dont le demi-

20 angle au sommet est de preference inferieur a 10°, de preference inferieur a 5°, par 

exemple de 3° peut alors etre defini comme "cone de test". Le demi-angle au sommet 

correspond a nn degre d'incertitude. Plus le demi-angle au sommet est petit, plus grande est 

la probabilite que les conditions d'acquisition virtuelles correspondant aux conditions 

d'acquisition reelles soient hors du cone de test. 

25 Pa:r exemple, lorsque l'image actualisee est prise perpendiculairement au plan des trois 

marques de reperage sur l'ecarteur, on peut en deduire que l'appareil d'acquisition etait 

sensiblement dans un cone de test dont l'axe est sensiblement perpendiculaire ace 

lors de la prise de I 'image actualisee. Si les positions relatives des trois marques de 

reperage sur l'image actualisee sont differentes de celles que les marques de reperage 

30 occupent sur l'ecarteur, l'axe du cone test dans lequel est limitee la recherche 

positionnement de l'appareil d'acquisition lors de !'acquisition de l'image actualisee est 

incline par rapport au plan des marques de reperage, comme represente sur la figure 7. 
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Dans un mode de realisation particulier, comme illustre sur les figures 5a et 5c, l'ecarteur 

comporte des parties gauche et droite independantes, qui comportent chacune au moins 

trois marques de reperage, de preference au mom s quatre marques de reperage. Un cone de 

test gauche peut etre ainsi determine au moyen des marques de reperage de la partie 

5 gauche et un cone de test droit peut etre determine au moyen des marques de reperage de la 

partie droite de l'ecarteur. Les conditions d'acquisition virtuelles susceptibles d'etre testees 

peuvent etre ensuite limitees a des positions de 1'appareil d'acquisition dans 1'espace 

appartenant a ces deux cones de test. On peut aussi eonsiderer que la meilleure evaluation 

de la position de l'appareil d'acquisition correspond a la position moyenne entre la 

10 meilleure position dans le cone de test gauche et la meilleure position dans le cone de 

recherche droit. 

La position des marques de reperage sur 1'image actualisee permet egalement d'evaluer 

l'assiette de 1'appareil d'acquisition lors de la capture de 1'image actualisee. Par exemple, 

si on sait que deux marques de reperage sont sensiblement alignees selon une direction 

15 horizontale lors de l'acquisition de l'image actualisee, la direction de la droite contenant 

ces deux points sur 1'image actualisee fournit une indication sur 1'orientation de l'appareil 

d'acquisition dans les conditions d'acquisition reelles. 

Enfin, la taille des marques de reperage sur 1'image actualisee ou leur espacement peuvent 

permettre d'evaluer la distance entre 1'appareil d'acquisition d'images et les dents lors de 

20 l'acquisition de l'image actualisee, et done de reduire le cOne de test a un tronc de c0ne. 

A Petape optionnelle d), on peut egalement utiliser des donnees fournies par l'appareil 

d'acquisition et concernant son orientation, par exemple des donnees gyroscopiques. 

De preference, a l'etape d), on determine, de maniere grossiere, la calibration de l'appareil 

d'acquisition reelle lors de Petape b). 

25 La facon dont chaque paratnetre de calibration agit sur l'image acquise est bien connue. En 

particulier, le fonctionnement d'un appareil d'acquisition peut etre classiquernent modelise 

de maniere a pouvoir tester tine calibration particuliere sur l'image acquise. Les inventeurs 

ont inverse tin tel rnodele, sans difficulte technique particuliere, afin que par 1'analyse de la 

representation de l'ecarteur, it soit possible d'evaluer grossierement la calibration de 

30 1'appareil d'acquisition lors de l'etape b). 

Par exemple, le rapport entre la surface des marques de reperage sur l'image actualisee et la 

surface de l'image actualisee permet d'evaluer la distance focale de l'appareil d'acquisition 

WO 2016/066637 25 PCT /EP2015/07 4859 

Dans un mode de realisation particulier, comme illustre sur les figures Sa et 5c, l'ecarteur 

comporte des parties gauche et droite independantes, qui comportent chacune au moins 

trois marques de reperage, de preference au moins quatre marques de reperage. Un cone de 

test gauche peut etre ainsi determine au moyen des marques de reperage de la partie 

5 gauche et un cone de test droit peut etre determine au moyen des marques de reperage de la 

partie droite de Pecarteur. Les conditions d'acquisition virtuelles susceptibles d'etre testees 

peuvent etre erumite limitees a des positions de J'appareil d'acquisition dans l'espace 

appartenant a ces deux cones de test. On peut aussi considerer que la meilleu:re evaluation 

de la position de l'appareil d'acquisition correspond a la position moyenne entre la 

10 meilleure position dans le cone de test gauche et la meilleure position dans le cone de 

recherche d:roit. 

La position des marques de reperage su:r l'image actualisee permet egalement d'evaluer 

l'assiette de l'appareil d'acquisition lors de la capture de l'image actualisee. Par cxemple, 

si on sait que deux marques de reperage sont sensiblement alignees selon une direction 

15 horizont.ale lo:rs de l'acquisition de l'image actualisee, la direction de Ia droite contenant 

ces deux points sur !'image actualisee foumit une indication sur !'orientation de l'appareil 

d'acquisition dans les conditions d'acquisition reelles. 

Enfin, la taille des marques de reperage sur I 'image actualisee ou leur espacement peuvent 

pe:rmettre d'evaluer la distance entre l'appareil d'acquisition d'images et les dents lors de 

20 l'acquisition de l'image actualisee, et done de reduire le cone de test a un tronc de cone. 

A l'etape optionnelle d), on peut egalement utiliser des donnecs fournies par 1'appareil 

d'acquisition et concemant son orientation, par exemple des donnees gyroscopiques. 

De preference, a l 'etape d), on determine, de maniere grossiere, la calibration de l' appareil 

d' acquisition reelle I ors de l 'etape b ). 

25 La fac;on dont chaque parametre de calibration agit sur l'image acquise est bien connue. En 

particulier, le fonctionnement d'un appareil d'acquisition peut etre dassiquement modelise 

de maniere a pouvoir tester une calibration particu.Here sur 1 'image acquise. Les inventeurs 

ont inverse un tel modele, sans difficulte technique particuliere, afin que par !'analyse de la 

representation de l'ecarteur, il soit possible d'evaluer grossierement la calibration de 

30 l'appareil d'acquisition lo:rs de l'etape b). 

Par exemple, le rapport entre la surface des marques de reperage su:r l'image actualisee et la 

surface de l'image actualisee permet d'evaluer la distance focale de l'appareil d'acquisition 
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lors de l'etape b). La representation d'une marque de reperage dont on connait les 

caracteristiques optiques permettent d'evaluer le temps d'exposition et la sensibilite. 

Dans un mode de realisation prefers, une marque de reperage est un relief qui ne s'etend 

pas exclusivement dans le plan general de l'ecarteur, correspondant a un plan parallele au 

5 frontal (ou coronal). De preference, une marque de reperage est un relief qui s'etend dans 

un plan sensiblement perpendiculaire au plan general de l'ecarteur. Le relief peut en 

particulier presenter la forme d'une languette qui, lorsque Pecarteur est dans sa position de 

service, s'etend vers le fond de la bouche. 

L'analyse de la representation de ce relief permet avantageusement d'evaluer la profondeur 

10 de champ. Alternativement, deux marques de reperage qui ne sont pas dans un meme plan 

frontal peuvent etre utilisees a cet effet. 

L'etape d) ne permet qu'une evaluation grossiere des conditions d'acquisition reelles, 

L'etape d) permet cependant de determiner un ensemble restraint de conditions 

d'acquisition virtuelles susceptibles de correspondre aux conditions d'acquisition reelles, 

15 et, dans cet ensemble, des conditions d'acquisition virtuelles constituant le meilleur point 

de depart pour l'etape el) (Write ci-apres. 

L'etape d) permet egalement de detecter des images actualisees inadaptees pour la 

poursuite du procede, par exemple une image actualisee qui ne ferait pas apparaitre les 

marques de reperage. De preference, le procede est alors repris a l'etape c) avec une 

20 nouvelle image actualises. 

Bien entendu, les differentes methodes pouvant etre raises en oeuvre a l'etape d) peuvent 

etre combinees. 

L'objectif de Potape e) est de modifier le modele de reference initial jusqu'a obtenir un 

modele de reference final qui corresponde a l'image actualisee. Idealement, le modele de 

25 reference final est done un modele de reference tridimensionnel numerique a partir duquel 

l'image actualisee aurait pu etre prise si ce modele avait ate reel. 

On teste done une succession de modeles de reference « a tester », le choix d'un modele de 

reference a tester etant de preference dependant du niveau de correspondance des modeles 

de reference « a tester » precedemnient testes avec l'image actualisee. Ce choix est de 

30 preference effectue en suivant un procede d'optimisation connu, en particulier choisi parmi 
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lors de l'etape b). La representation d'une marque de reperage dont on connait les 

caracteristiques optiques permettent d'evaluer le temps d'exposition et Ia sensibilite. 

Dans un mode de realisation prefere, une marque de reperage est un relief qui ne s • etend 

pas exclusivement dans le plan general de l'ecarteur, correspondant a un plan parallele au 

5 frontal (ou coronal). De preference~ une marque de reperage est un relief qui s'etend dans 

un plan sensiblement perpendiculaire au plan general de l'ecarteur. Le relief peut en 

particulier presenter forme d'une languette qui, lorsque l'ecarteur est dans sa position de 

service, s' etend vers le fond de la bouche. 

L'analyse la representation de ce relief permet avantageusement d'evaluer profondeur 

10 de champ. Altemativement, deux marques de reperage qui ne sont pas dans un meme plan 

frontal peuvent etre utilisees a cet effet. 

L'etape d) ne permet qu'une evaluation grossiere des conditions d'acquisition reelles. 

L' etape d) permet cependant de determiner un ensemble restreint de conditions 

d'acquisition virtuelles susceptibles de correspondre aux conditions d'acquisition reelles, 

15 et, dans cet ensemble, des conditions d'acquisition virtuelles constituant le meilleur point 

de depart pour l'etape el) decrite Ci-a.pres. 

L' etape d) permet egalement detecter des images actualisees inadaptees pour 

poursuite du procede, par exemple une image actualisee qui ne ferait pas apparaitre les 

marques de reperage. De preference, le procede est alors repris a l'etape c) avec une 

20 nouvene image actualisee. 

Bien entendu, les differentes methodes nnuv•::,nt etre mises en reuvre a l'etape d) peuvent 

etre combinees. 

L'objectif de l'etape e) est modifier le modele de reference initial jusqu' a obtenir un 

modele de reference final qui corresponde a !'image actualisee. Idealement, le modele de 

25 reference final est done un modele de reference tridimensionnel numerique a partir duquel 

l'image actualisee aurait pu etre prise si ce modele avait ete reel. 

On teste done une succession de mode1es reference << a tester », le choix d'un modele de 

reference a tester etant de preference dependant du niveau de correspondance des modeles 

de reference << a tester>> precedemment testes avec l'image actualisee. Ce choix est de 

30 preference effectue en suivant un procede d'optimisation connu, en particulier choisi parmi 

Pg.068



WO 2016/066637 27 PCT/EP2015/074859 

les procedes d'optimisation metaheuristiques, de preference evolutionnistes, en particulier 

dans les procedes de recuit simule. 

A Petape el), on determine que le modele de reference a tester est le modele de reference 

initial lors de la premiere execution de l'etape e2). 

5 A l'etape e2), on commence par determiner des conditions d'acquisition virtuelles a tester, 

c'est-h-dire une position et une orientation virtuelles susceptibles de correspondre a la 

position et 1'orientation reelles de l'appareil d'acquisition lors de la capture de l'irnage 

actualisee, mais aussi, de preference, une calibration virtuelle susceptible de correspondre a 

la calibration reelle de l'appareil d'acquisition lors de Ia capture de l'image actualisee. 

10 Les premieres conditions d'acquisition virtuelles a tester peuvent etre aleatoires. De 

preference, elles sont choisies dans 1'ensernble limit& determine a l'etape d), et de 

preference encore, correspondent a des conditions d'acquisition virtuelles correspondant, 

d'apres l'etape d), aux conditions d'acquisition virtuelles les plus prometteuses, c' est-a-

dire constituant le meilleur tremplin pour approcher, le plus rapidement possible, les 

15 conditions d'acquisition reeks (etape e21)). 

On configure ensuite virtuellement l'appareil d'acquisition d'images dans les conditions 

d'acquisition virtuelles a tester afin d'acquerir une image de reference du modele de 

reference dans ces conditions d'acquisition virtuelles a tester. L'image de reference 

correspond done a l'image qu'aurait prise l'appareil d'acquisition d'images s'ii avait ete 

20 place, par rapport au modele dc reference a tester, et optionnellement calibre dans les 

conditions d'acquisition virtuelles a tester (etape c22)). 

Si l'image actualisee a ete prise au meme moment que le modele de reference a ete realise, 

et si les conditions d'acquisition virtuelles sont exactement les conditions d'acquisition 

reelles, l'image de reference est done exactement superposable a l'image actualisee. Les 

25 differences entre l'image actualisee et l'image de reference resultent d'erreurs dans 

l'evaluation des conditions d'acquisition virtuelles (si elles ne correspondent pas 

exactement aux conditions d'acquisition reelles) et de deplacements des dents entre l'etape 

b) et le modele de reference a tester. 

Pour comparer les images actualisee et de reference, on compare l'information 

30 discriminante sur ces deux images. Plus precisement, on realise, a partir de l'image de 

reference, une carte de reference representant l'information discriminante (etape e23)). 
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les procooes d'optimisation rnetaheuristiques, de preference evolutionnistes, en particulier 

dans les procedes recuit simule. 

A l'etape el), on determine que le modele de reference a tester est le modele 

initial lors de la premiere execution de l'etape e2). 

:reference 

5 A l"etape e2), on commence par determiner des conditions d'acquisition virtuelles a tester, 

c'est-a-dire une position et une orientation virtuelles susceptibles de correspondrc a la 

position et l'orientation reeHes de l'appareil d"acquisition lors de la capture de l'image 

actualisee, ma.is aussi, de preference, une calibration virtue Ile susceptible de correspondre a 
la calibration reelle de l'appareil d'acquisition Iors Ia capture de !'image actualisee. 

10 Les premieres conditions d • acquisition virtuelles a tester peuvent etre aleatoires. De 

preference, elles sont choisies dans !'ensemble limite determine a l'etape d), et de 

preference encore, correspondent a des conditions d'acquisition virtuelles correspondant, 

d'apres l'etape d), aux conditions d'acquisition virtueHes les plus prometteuses, c'est-a­

dire constituant le meilleur tremplin pour approcher, le plus rapidement possible, les 

15 conditions d'acquisition reelles (etape e21)). 

On configure ensuite virtuel1ement l'appareil d'acquisition d'imagcs dans les conditions 

d'acquisition virtuelles a tester afin d'acquerir une image de reference du modele de 

reference dans ces conditions d'acquisition virtuel1es a tester. L'image reference 

correspond done a }'image qu'aurait prise l'appareil d'acquisition d'images s'i1 avait ete 
20 place, par rapport au modele de reference a tester, et optionneHement calibre dans les 

conditions d'acquisition virtuelles a tester (etape e22)). 

Si l'image actualisee a ete prise au meme moment que le modele de reference a realise, 

et si les conditions d'acquisition virtuelles sont exactement les conditions d'acquisition 

reelles, !'image de reference est done exactement superposable a !'image actualisee. Les 

25 differences entre l'image actualisee et !'image de reference resultent d'erreu:rs dans 

!'evaluation des conditions d'acquisition virtuelles (si e11es ne correspondent pas 

exactement aux conditions d'acquisition reelles) et de deplacements des dents entre l'etape 

b) et le modele de reference a tester. 

Pour comparer Ies images actualisee et de reference, on compare I 'information 

30 discriminante sur ces deux images. Plus precisement, on realise, a partir de l'image de 

reference, une carte de reference representant !'information discriminante (etape e23)}. 

Pg.069



WO 2016/066637 28 PCT/EP2015/074859 

Les cartes actualisees et de reference, portant toutes les deux sur la memo information 

discriminante, sont ensuite comparees et on evalue la difference entre ces deux cartes au 

moyen d'un score. Par exemple, si 1'information discriminante est le contour des dents, on 

peut comparer la distance moyenne entre les points du contour des dents qui apparait sur 

5 1'image de reference et les points du contour correspondant qui apparait sur I'image 

actualisee, le score etant d'autant plus eleve que cette distance est faible. 

Le score peut etre par exemple un coefficient de correlation. 

De preference, les conditions d'acquisition virtuelles comprennent les parametres de 

calibration de l'appareil d'acquisition. Le score est d'autant plus &eve' que les valeurs des 

0 parametres de calibration testees sont proches des valeurs des parametres de calibration de 

l'appareil d'acquisition utilise a l'etape b). Par exemple, si 1'ouverture de diaphragme 

testee est eloignee de celle de l'appareil d'acquisition utilise a l'etape b), I'image de 

reference presente des regions floues et des regions nettes qui ne correspondent pas aux 

regions floues et aux regions nettes de 1'image actualisee. Si l'information discriminante 

15 est le contour des dents, les cartes actualisee et de refe'rence ne representeront done pas les 

mernes contours et le score sera faible. 

Le score est ensuite evalue au moyen d'une premiere fonction d'evaluation. La premiere 

fonction d'evaluation permet de decider si le cyclage sur l'etape e2) doit etre poursuivi ou 

stoppe. La premiere fonction d'evaluation peut par exemple etre egale a 0 si le cyclage doit 

20 etre stoppe ou etre egale a 1 si le cyclage doit se poursuivre. 

La valeur de la premiere fonction d'evaluation peut dependre du score atteint. Par exemple, 

it pout etre decide de poursuivre le cyclage sur l'etape e2) si le score ne &passe pas un 

premier seuil. Par exemple, si une correspondance exacte entre les images actualisee et de 

reference conduit a un score de 100%, le premier seuil peut etre, par exemple, de 95°/o. 

25 Bien entendu, plus le premier seuil sera &eve, meilleure sera la precision de l'evaluation 

des conditions d'acquisition virtuelles si le score parvient a &passer ce premier seuil. 

La valour de la premiere fonction d'evaluation peut egalement dependre de scores obtenus 

avec des conditions d'acquisition virtuelles testees precede-mment. 

La valeur de la premiere fonction d'evaluation pout egalernent dependre de parametres 

30 aleatoires et/ou du nombre de cycles de l'etape e2) déjà effectues. 
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Les cartes actualisees et de reference, portant toutes les deux sur la meme information 

discriminante, sont ensuite comparees et on evalue la di1te1ren,ce entre ces deux cartes au 

moyen d'un score. Par exemple, si l'information discriminante est le contour des dents, on 

peut comparer la distance moyenne entre les points du contour des dents qui apparait sur 

5 l'image de reference et les points du contour correspondant qui apparait sur l'image 

actualisee, le score etant drautant plus eleve que cette distance est faible. 

Le score peut etre par cxemple un coefficient correlation. 

De preference, les conditions d' acquisition virtuelles comprennent les parametres de 

calibration de l'appareil d'acquisition. Le score est d'autant plus eleve que les valeu:rs des 

0 parametres de calibration testees. sont proches des va1eurs des parametres de calibration de 

l'appareil d'acquisition utilise a l'etape b). Par exemple, si l'ouvertu:re de diaphragme 

testee est eloignee de celle de l'appareil d'acquisition utilise a l'etape l'image de 

reference prcsente des regions floues et des regions nettes qui ne correspondent pas aux 

regions floues et aux regions nettes de l' image actualisee. I 'information discriminante 

15 est le contour des dents, les cartes actualisee et de reference ne representeront done pas les 

memes contours et le score sera foible. 

Le score est ensuite evalue au moyen d 'une premiere fonction d' evaluation. La premiere 

fonction d'evaluation permet de decider si le cyclage sur l'etape e2) doit etre poursuivi ou 

stoppe. La premiere fonction d'evaluation peut par exemple etre egale a O si le cydage doit 

20 etre stoppe OU etre egale a 1 si le cyclage doit se poursuivre. 

La valeur de la premiere fonction d'evaluation peut dependre du score atteint. Par excmple, 

il peut etre decide de poursuivre le cyclage sur 1' etape e2) si score ne depasse pas un 

premier seuil. Par exemple, si une correspondance exacte entre les images actualisee et de 

reference conduit a un score de 100%, le premier seuil peut etre, par exemple, de 95%. 

25 Bien entendu, plus le premier seuil sera eleve, meilleure sera Ia precision de l'evaluation 

des conditions d'acquisition virtuelles si le score parvient a depasser ce premier seuil. 

La valeur de la premiere fonction d'evaluation peut egalement dependre de scores obtenus 

avec des conditions d'acquisition virtuelles testees precedemment. 

La valeur de la premiere fonction d'evaluation peut egalement dependre de parametres 

30 aleatoires et/ou nom1,re de cycles de l'etape e2) deja effectues. 
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En particulier, it est possible qu'en depit de la repetition des cycles, on ne parvienne pas a 

trouver des conditions d'acquisition virtuelles qui soient suffisamment proches des 

conditions d'acquisition reelles pour que le score atteigne ledit premier seuil. La premiere 

fonction d'evaluation peut alors conduire a la decision de quitter le cyclage bien que le 

5 meilleur score obtenu n'ait pas atteint ledit premier seuil. Cette decision peut resulter, par 

exemple, dun nombre de cycles superieur a un nombre maximal predetermine. 

Un parametre aleatoire dans la premiere fonction d'evaluation peut egalement autoriser la 

poursuite de tests de nouvelles conditions d'acquisition virtuelles, bien que le score 

apparaisse satisfaisant. 

10 Les fonctions d'evaluation classiquement utilisees dans les procedes d'optimisation 

metaheuristiques, de preference evolutionnistes, en particulier dans les procedes de recuit 

simule, peuvent etre utilisecs pour la deuxieme fonction d'evaluation. 

Si la valeur de la premiere fonction d'evaluation indique qu'il est decide de poursuivre le 

cyclage sur l'etape e2), on modifie les conditions d'acquisition virtuelles testees (etape 

15 e25)) et on recommence un cycle (etape c2)) consistant a realiser une image de reference et 

une carte de reference, puis a comparer cette carte de reference avec la carte actualisee 

pour determiner un score. 

La modification des conditions d'acquisition virtuelles correspond a un deplacement 

virtuel dans 1'espace et/ou a une modification de l'orientation et/ou, de preference, a une 

20 modification de la calibration de l'appareil d'acquisition. Cette modification peut titre 

aleatoirc, a condition cependant que les nouvelles conditions d'acquisition virtuelles 

tester appartiennent toujours a l'ensemble determine a l'etape d). La modification est de 

preference guidee par des regles heuristiques, par exemple en favorisant les modifications 

qui, d'apres une analyse des precedents scores obtenus, apparaissent les plus favorables 

25 pour au t+ enter le score. 

Les figures 8a et 8b illustrent par exemple l'effet d'une modification des conditions 

d'acquisition virtuelles, en l'occurrence d'une modification de la distance focale, sur 

l'image de reference. 

Le cyclage sur e2) est poursuivi jusqu'a ce que la valeur de la premiere fonction 

30 d'evaluation indique qu'il est decide de sortir de ce cyclage et de poursuivre a l'etape e3), 

par exemple si le score atteint ou depasse ledit premier seuil. 
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En particulier, il est possible depit de repetition des cycles, on ne parvienne pas a 

trouver des conditions d1acquisition virtuelles soient suffisamment proches des 

conditions d1acquisition reelles pour que le score atteigne ledit premier seuil. premiere 

fonction d'evaluation peut conduire a la decision de quitter le cyclage bien que le 

5 mcilleur score obtenu n'ait pas atteint ledit premier seuil. Cette decision peut resulter, par 

exemple, d'un nombre de cycles superieur a un nombre maximal predetermine. 

Un parametre aleatoire dans la premiere fonction d'evaluation peut egalement autoriser 

poursuite de tests de nouvelles conditions d'acquisition virtuelles, bien que le score 

apparaisse satisfaisant. 

1 Les fonctions d'evaluation classiquement utilisees dans les procedes d'optimisation 

metaheuristiques, de preference evolutionnistes, en particulier dans les procedes de recuit 

simule, peuvent etre utilisees pour fa deuxieme fonction d'evaluation. 

Si la valeur de la premiere fonction d'evaluation indique qu'il est decide de oours:m,,rre le 

cyclage sur l'etape e2), on modifie conditions d'acquisition virtuelles testees (etape 

15 e25)) et on recommence un cycle (etape c2)) consistant a realiser une image de reference et 

une carte de reference, puis a comparer cette carte de reference avec Ia carte actualisee 

pour determiner un score. 

La modification des conditions d'acquisition virtuelles correspond a un deplacement 

virtuel dans Pespace et/ou a une modification de !'orientation et/ou, de preference, a une 

20 modification de la calibration de 1 • appareil d' acquisition. Cette modification peut etre 

aleatoire, a condition cependant que les nouvelles conditions d'acquisition virtuelles a 
tester appartiennent toujours a 1'ensemble determine a l'etape d). La modification est de 

preference guidee par des regles heuristiques, par exemple en favorisant les modifications 

qui, d'apres une analyse des precedents scores obtenus, apparaissent les favorables 

25 pour augmenter le score. 

Les figures 8a et 8b illustrent par exemple l'effet d'une modification des conditions 

d'acquisition virtuelles, en l'occurrence d'une modification de la distance focale, sur 

1 'image de reference. 

Le cyclage sur e2) est poursuivi jusqu'a ce que la valeur de la premiere fonction 

30 d'evaluation indique qu'il est decide de sortir de ce cyclage et de poursuivre a l'etape e3), 

par exemple si le score attcint ou depasse ledit premier seuil. 
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L'optimisation des conditions d'acquisition virtuelles a l'etape e2) est de pref&ence 

effectuee en utilisant une methode metaheuristique, de preference evolutionniste, de 

preference un algorithme de recuit simule. Un tel algorithme est Bien connu pour 

1'optimisation non lineaire. 

5 Si on a quitte le cyclage sur l'etape e2), sans qu'un score satisfaisant ait pu etre obtenu, par 

exemple sans que le score ait pu atteindre ledit premier seuil, le procede peut etre arrete 

(situation d'eclec) ou repris a l'etape avec une nouvelle information discriminante et/ou 

avec une nouvelle image actualisee. Le procede peut etre egalement poursuivi avec les 

conditions d'acquisition virtuelles correspondant au meilleur score atteint. Un 

10 avertissement peut etre emis afin d'informer Putilisateur de l'erreur sur le resultat. 

Si on a quitte le cyclage sur l'etape e2) alors qu'un score satisfaisant a pu etre obtenu, par 

cxemple parce que le score a atteint, voire depasse ledit premier seuil, les conditions 

d'acquisition virtuelles correspondent sensiblement aux conditions d'acquisition reelles. 

De preference, les conditions d'acquisition virtuelles comprennent les parametres de 

15 calibration de l'appareil d'acquisition. Le procede conduit permet ainsi d'evaluer les 

valeurs de ces parametres sans qu'il soit necessaire de connaitre la nature de l'appareil 

d'acquisition ou son reglage. L'etape b) peut done etre realisee sans precaution 

particuliere, par exemple par le patient lui-meme au moyen de son telephone portable. 

En outre, la recherche de la calibration reelle est effectuee en comparant une image 

20 actualisee avec des vues d'un modele de reference initial dans des conditions d'acquisition 

virtuelles que l'on teste. Avantageusement, elle ne necessite pas que l'image actualisee 

fasse apparaitre une jauge etalon de calibration, c'est-d-dire une jauge dont on connait 

precisement les caracteristiques permettant determiner la calibration de l'appareil 

d'acquisition. 

25 WO2006/065955, incorpore par reference, decrit l'utilisation d'images pour fabriquer des 

modeles tridimensionnels dans le domaine des traitements orthodontiques. Cependant, ce 

document ne decrit pas de procede permettant d'utiliser de simples photographies, 

presentant classiquement des images partielles des dents, des portions d'image Roues et 

des reflets variables, prises generalement de maniere non simultanee, sans avoir besoin de 

30 selectionner des points remarquables sur les images, et avec un appareil d'acquisition dont 

la calibration n'est pas connue. 

5 
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L'optimisation des conditions d'acquisition virtuelles a 1'etape e2) est de preference 

effectuee en utilisant une methode metaheuristique, de preference evolutionniste, de 

preference un algorithme de recuit simule. Un tel algorithme est bien connu pour 

l' optimisation non lineaire. 

on a quitte le cyclage sur l'etape e2), sans score satisfaisant ait pu etre obtenu, par 

exemple sans que 1e score ait pu atteindre ledit premier seuil, le procede peut etre arrete 

(situation d'cchec) ou repri::; a l'etape avec une nouvelle information discriminante et/ou 

avec une nouvelle image actualisee. Le procede peut etre egalement poursuivi avec les 

conditions d'acquisition virtuelles correspondant au meilleur score atteint. 

10 avertissement peut et:re emis afin d'bformer l'utilisateur de l'erreur sur le resultat. 

Si on a quitte le cyclage sur l' etape e2) alors qu 'un score satisfaisant a pu etre obtenu, par 

cxemple parce que le score a atteint, voire depasse ledit premier seuil, conditions 

d'acquisition virtuelles correspondent sensiblement aux co:ndliticms d'acquisition reelles. 

De preference, les conditions d'a.::quisition virtuelles comprennent les parametres de 

15 calibration de l' apparei1 d' acquisition. Le procooe conduit pennet ainsi d' evaluer les 

valeurs de ces parametres sans qu'il soit necessaire de connaitre la nature l'appareil 

d' acquisition ou son reglage. L' etape b) peut done etre realisee sans precaution 

particuliere, par exemple par le patient lui-meme au moyen son telephone portable. 

En outre, la recherche de la calibration reelle est effectuee en comparant une image 

20 actualisee avec des vues d'un mode1e de reference initial dans des conditions d'acquisition 

virtuelles que teste. Avantageusement, elle ne necessite pas que l'image actualisee 

apparaitre une jauge etalon de calibration, c'est-a-dire une jauge dont on connait 

precisement les caracteristiques permettant determiner la calibration de l 'appareil 

d' acquisition. 

25 WO2006/065955, incorpore par reference, decrit !utilisation d'images pour fabriquer des 

modeles tridimensionnels dans le domaine des traitements orthodontiques. Cependant, ce 

document ne decrit pas de procede permettant d'utiliser de simples photographies, 

presentant classiquement des images partielles des dents, des portions d'image floues ct 

des reflets variables, prises generalement de maniere non simultanee, sans avoir besom de 

30 selectionner des points rernarquables sur 1es images, et avec un appareil d'acquisition dont 

la calibration n'est connue. 
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Dans un procede de controle du positionnement de dents selon 1'invention, les images 

actualisees ne servent pas a creer ur. modele tridimensionnel actualise totalement nouveau, 

mais seulement a modifier le modele de reference initial, ties précis. Un modele 

tridimensionnel actualise totalemen nouveau cree a partir de simples photographies prises 

5 sans precautions particulieres serait en particulier trop imprecis pour qu'une comparaison 

avec le modele de reference initial puisse conduire a des conclusions sur le &placement 

des dents. 

Des differences peuvent subsister entre les conditions d'acquisition virtuelles determines 

et les conditions d'acquisition reelles, en particulier si des dents se sont deplacees entre les 

10 &apes a) et b). La correlation entre les images actualisee et de reference peut alors etre 

encore amelioree en reprenant l'etape e2), le modele de reference a tester &ant alors 

modifie par deplacement d'un ou plusieurs modeles de dents (etape e3)). 

La recherche du modele de reference approximant au mieux le positionnement des dents 

lors de 1'acquisition de l'image actualisee peut etre effectuee cornrne la recherche des 

15 conditions d'acquisition virtuelles approximant au mieux les conditions d'acquisition 

reelles (etape e2)). 

En particulier, le score est evalue au moyen d'une deuxieme fonction d'evaluation. La 

deuxieme fonction d'evaluation permet de decider si le cyclage sur les &tapes e2) et e3) 

doit etre poursuivi ou stoppe. La deuxieme fonction d'evaluation peut par exemple etre 

20 ega1e a 0 si le cyclage doit etre stoppe ou etre egale a 1 si le cyclage doit se poursuivre. 

La valeur de la deuxieme fonction d'evaluation depend de preference du meilleur score 

obtenu avec le modele de reference a tester, c'est-i-dire des differences entre les cartes 

actualisee et de reference, dans les conditions d'acquisition virtuelles approximant au 

mieux lesdites conditions d'acquisition reelles. 

25 La valeur de la deuxieme fonction d'evaluation peut egalement dependre du meilleur score 

obtenu avec un ou plusieurs modeles de reference testes precedemment. 

Par exemple, it peut etre decide de poursuivre le cyclage si le score ne depasse pas un 

deuxieme seuil minimal. La valeur de la deuxieme fonction d'evaluation peut egalernent 

dependre de parametres aleatoires et/au du nombre de cycles des &apes e2) et e3) déjà 

30 etre ctues 
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Dans procede de controle positionnement de dents selon I 'invention, 1es images 

actualisees ne servent pas a creer llI'. modele tridimensionnel actualise totalement nouveau, 

mais seulement a modifier modele de reference initial, tres precis. Un modele 

tridimensionnel actualise totalemen: nouveau cree a partir de simples photographies prises 

5 sans precautions particulieres serait en particuher trop :imprecis pour qu'une comparaison 

avec le modele de reference initial puisse conduire a des conclusions sur deplacement 

des dents. 

Des differences peuvent subsister entre les conditions d'acquisition virtuelles determinees 

et Ies conditions d'acquisition reeUes, en particulier sides dents se sont deplacees entre les 

1 crapes a) et b). La correlation entre les images actualisee et reference peut alors etre 

encore amelioree en reprenant l'etape e2), le modele de reference a tester etant alo:rs 

modifie par deplacement d'un ou plusieurs modeles de dents (etape e3)). 

La recherche du modele de reference approximant au mieux le positionnement des dents 

lors de l'acquisition de !'image actualisee peut etre effectuee comme la recherche des 

15 conditions d'acquisition virtuelles approximant au mieux les conditions d'acquisition 

reelles (etape e2)). 

En particulier, le score est evalue au moyen d'une deuxieme fonction d'evaluation. La 

deuxieme fonction d'evaluation permet de decider si cyclage sur les crapes e2) et e3} 

doit etre poursuivi ou stoppe. La deuxieme fonction d'evaluation peut par exemple etre 

20 egale a O si le cyclage doit etre stoppe OU etre egale a 1 si le cyclage doit se poursuivre. 

La valeur de la deuxieme fonction d'evaluation depend de preference du meilleur score 

obtenu avec le modele de reference a tester, c'est-a-dire des differences entre les cartes 

actualisee et de re1teren,ce, dans le:; conditions d'acquisition virtuelles approximant au 

mieux lesdites conditions d 'acquisition reelles. 

25 La valeur de la deuxieme fonction d'evaluation peut egalement dependre du meilleur score 

obtenu avec un OU plusieurs modeles de reference testes precedemment. 

Par exemple, il peut etre decide de poursuivre le cyclage si le score ne depasse pas 

deuxieme seuil minimal. La valeur de la deuxieme fonction d'evaluation peut egalement 

dependre de parametres aleatoires et/ou nombre cycles des etapes e2) et e3) deja 

30 cffectues. 
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Les fonctions d'evaluation classiquement utilisees dans les procedes d'optimisation 

metaheuristiques, de preference evolutionnistes, en particulier dans les procedes de recuit 

simule, peuvent etre utilisees pour la deuxieme fonction d'evaluation. 

Si la valeur de la deuxieme fonction d'evaluation indique qu'il est decide de poursuivre le 

5 cyclage sur les etapes e2) et e3), on modifie le modele de reference a tester et on 

recommence un cycle (etapes e2) et e3)) avec le nouveau modele de reference a tester. 

La modification du modele de reference a tester correspond a un &placement d'un ou 

plusieurs modeles de dents. Cette modification peut etre aleatoire. La modification cst de 

preference guidee par des regles heuristiques, par exemple en favorisant les modifications 

10 qui, d'apres une analyse des precedents scores obtenus, apparaissent les plus favorables 

pour augmenter le score. 

De preference, on recherche le &placement d'un modele de dent qui a le plus fort impact 

sur le score, on modifie le modele de reference a tester en deplacant ce modele de dent, 

puis on poursuit le cyclage sur les etapes e2) et e3) de maniere a optimiser le score. On 

15 peut ensuite rechercher, parmi les autres modeles de dent, celui qui a le plus fort impact sur 

['amelioration du score, et a nouveau rechercher le &placement optimal de cet autre 

modele de dent sur le score. On peut poursuivre ainsi avec chaque modele de dent. 

Ensuite, it est possible de reprendre un cycle sur ['ensemble des modeles de dent et de 

poursuivre ainsi jusqu'a 1'obtention d'un score superieur a au deuxieme seuil. Bien 

20 entendu, d'autres strategies peuvent etre utilisees pour &placer un ou plusieurs modeles de 

dent dans le modele de reference a tester et rechercher le score maximal. 

Le cyclage sur les etapes e2) et e3) est poursuivi jusqu'a ce que la valeur de la deuxieme 

fonction d'evaluation indique qu'il est decide de sortir de ce cyclage et de poursuivre 

Petape f), par exemple si le score atteint ou &passe ledit deuxieme seuil. 

25 La recherche d'un modele de reference avec un cyclage sur les etapes e2) et e3) pour 

rechercher les positions des modeles de dent qui optimisent le score est de preference 

effectuee en utilisant une methode metaheuristique, de preference evolutionniste, de 

preference un algorithme de recuit simule. Un tel algorithme est Bien connu pour 

['optimisation non lineaire. 

30 Si on a quitte le cyclage sur les etapes e2) et e3) sans qu'un score satisfaisant ait pu etre 

obtenu, par exe-mple sans que le score ait pu atteindre ledit deuxieme seuil, le procede peut 
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Les fonctions d'evaluation classiquement utilisees dans les procedes d'optimisation 

metaheuristiques, de preference evolutionnistes, en particulier dans les procedes de recuit 

simule, peuvent etre utilisees pour la deuxieme fonction d' evaluation. 

Si la valeur de la deuxierne fonction d'evaluation indique qu'il est decide de poursuivre le 

5 cyclage sur les etapes e2) et e3}, on modifie le modele de reference a tester et on 

recommence un cycle (etapes e2) et e3)) avec le nouveau modele de reference a tester. 

La modification du modele de reference a tester correspond a un deplacement d 'un ou 

plusieurs modeles de dents. Cette modification peut etre aleatoire. La modification est de 

preference guidee par des regles heuristiques, par exemple en favorisant les modifications 

10 qui, d'apres une analyse des precedents scores obtenus, apparaissent plus favorables 

pour augmenter le score. 

De preference, on recherche deplacement d'un modele de dent qui a le plus fort impact 

sur score, on modi:fie le modele de reference a tester en depla~ant ce modele de dent, 

puis on poursuit le cydage sur etapes e2) et e3) de maniere a optimiser le score. On 

15 peut ensuite rechercher, parmi les autres modeles de dent, celui qui a le plus fort impact sur 

l 'amelioration du score, et a nouveau rechercher le deplacement optimal cet autre 

modele de dent sur le score. On peut poursuivre avec chaque modele de dent. 

Ensuite, il est possible de reprendre un cycle sur l'ensemble des modeles de dent et de 

poursuivre jusqu'a l'obtention d'un score superieur a au deuxierne seuil. Bien 

20 entendu, d'autres strategies peuvent etre utilisees pour deplacer un ou plusieurs modeles de 

dent dans le modele de reference a tester et rechercher le score maximal. 

Le cydage sur etapes e2) et e3) est poursuivi jusqu'a ce que la valeur de deuxieme 

fonction d'evaluation indique qu'il est decide de sortir de ce cyclage et de poursuivre a 

l' etape f), par exemple si le score atteint ou depasse deuxieme seuil. 

25 La recherche d'un modele de reference avec un cyclage sur les etapes e2) et e3) pour 

rechercher les positions des modeles de dent qui optimisent le score est preference 

effectuee en utilisant une methode metaheuristique, de preference evolutionniste, de 

preference un algorithme de recuit simule. tel algorithme est bien connu pour 

l' optimisation non lineaire. 

30 on a quitte le cyclage sur les etapes e2) et e3) sans qu'un score satisfaisant ait pu etre 

obtenu, par exemple sans que le score ait pu atteindre ledit deuxieme seuil, procooe peut 
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etre arrete (situation crechec) ou repris a l'etape c) avec une nouvelle information 

discriminante et/ou avec une nouvelle image actualisee. 

S'il est decide de rclancer le procede a l'etape c) a. partir d'une autre information 

discriminante et/ou d'une autre image actualisee parce que le premier seuil ou le deuxi'eme 

5 seuil n'a pas ete atteint, le choix de la nouvelle information discriminante et/ou de la 

nouvelle image actualisee peut dependre des scores obtenus precedemment, afin de 

favoriser l'information discriminante et/ou 1'image actualisee qui, au regard de ces scores, 

apparaissent les plus prometteuses. 

Une nouvelle information discriminante, obtenue par exemple par combinaison d'autres 

10 informations discriminantes déjà testees, peut etre utilisee. Le cas echeant, i1 peut etre 

egalement demande d'acquerir une ou plusieurs nouvelles images actualisees. De 

preference, on fournit des indications perrnettant de guider le positionnement de l'appareil 

d'acquisition pour la capture de cette nouvelle image actualisee. Par exemple, on peut 

indiquer au patient qu'il devrait prendre une photo de la partie droite de son arcade 

15 inferieure. 

Si on a quitte le cyclage sur les &apes e2) et e3) sans qu'un score satisfaisant ait pu etre 

obtenu, le procede peut etre egalement poursuivi avec le modele de reference et les 

conditions d'acquisition virtuelles correspondant au meilleur score atteint. Un 

avertissement peut etre anis afin d'informer 1'utilisateur de l'erreur sur le resultat. 

20 Si on a quitte le cyclage sur les &apes e2) et e3) alors qu'un score satisfaisant a pu etre 

obtenu, par exemple parse que le score a atteint, voirc &passe ledit deuxieme seuil, les 

conditions d'acquisition virtuelles correspondent sensiblement aux conditions d'acquisition 

reelles et les modeles de dents dans le modele de reference obtenu (dit «modele de 

reference final ») sont sensiblement dans la position des dents du patient au moment de 

25 l'etape b). 

Le cyclage sur les etapes e2) et e3) permet avantageusement d' ameliorer revaluation des 

parametres de calibration de l'appareil d'acquisition a retape b). 

A l'etape f), on compare le modele de reference final, resultant de 1' optimisation par 

&placement des modeles de dents. avec le modele de reference initial. Le modele de 

30 reference final correspond sensiblement a l'image actualisee. La comparaison de retape f) 

permet donc d'observer les differences entre le positionnement des dents a retape a) 

(modele de reference initial) et lors de l'acquisition de rimage actualisee (etape b)). Le 
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etre arrete (situation d'echec) ou repris a l'etape c) avec une nouvelle information 

discriminante et/ou avec une nouvelle image actualisee. 

S1il est decide de relancer le procede a l'etape c) a partir d'une autre information 

discriminante et/ou d'une autre image actualisee parce que le premier seuil ou le deuxieme 

5 seuil n'a pas ete atteint, le choix de la nouvelle information discriminante et/ou de la 

nouvelle image actualisee peut dependre des scores obtenus precedemment, afin de 

favoriser !'information discriminante et/ou l'image actualisee qui, au regard de ces scores, 

apparaissent les plus prometteuses. 

Une nouvelle information discriminante, obtenue par exemple par combinaison d'autres 

10 informations discriminantes deja testees, peut etre utilisee. Le cas echeant, il peut etre 

egalement demande d'acquerir 1.L1e ou plusieurs nouvelles images actualisees. De 

preference, on foumit des indications permettant de guider le positionnernent de 1' appareil 

d'acquisition pour la capture de cette nouvelle image actualisee. Par cxemple, on peut 

indiquer au patient qu'il devrait prendre une photo de la partie droite de son arcade 

15 interieure. 

Si on a quitte le cyclage sur les etapes e2) et e3) sans qu'un score satisfaisant ait pu etre 

obtenu, le procede peut etre egalement poursuivi avec le modele de reference et les 

conditions d'acquisition virtuelles correspondant au meilleur score atteint. Un 

avertissement peut etre emis a:fin d'informer l'utilisateur de l'erreur sur le resultat. 

20 Si on a quitte le cyclage sur les etapes e2) et e3) alors qu'un score satisfaisant a pu etre 

obtenu, par exemple parce que le score a atteint, voire depasse ledit deuxie:me seuil, les 

conditions d'acquisition virtuelles correspondent sensiblement aux conditions d'acquisition 

reelles et les modeles de dents clans le modele de reference obtenu (dit « mode1e de 

reference final>>) sont sensiblement dans la position des dents du patient au moment de 

25 l'etape b). 

Le cyclage sur les etapes e2) et e3) permet avantageusement d'ameliorer l'evaluation des 

parametres de calibration de 1 • appareil d • acquisition a l' etape b ). 

A l'etape t), on compare le modele de reference final, resultant de l' optimisation par 

deplacement des modeles de dents, avec le modele de reference initial. Le modele de 

30 reference final correspond sensiblement a l'image actualisee. La comparaison de l'etape f) 

permet done d'observer les differences entre le positionnement des dents a l'etape a) 

(modele de reference initial) et lors de !'acquisition de 1':image actualisee (etape b)). Le 
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procede permet ainsi de determiner precisement, pour chacune des dents, les mouvements 

entre ces deux &apes. 

En repetant les etapes b) et suivantes, it est egalement possible d'evaluer la vitesse 

d'evolution de la position des dents, et ainsi de mesurer, par exemple, l'efficacite d'un 

5 traitement orthodontique. Un procede selon l'invention peut par exemple etre utilise pour 

suivre a distance l'evolution d'un traitement orthodontique, et ainsi optimiser les rendez-

vous des patients chez leurs orthodontistes. 

Dans un mode de realisation prefere, le procede de controle selon l'invention est mis en 

oeuvre plusieurs fois pour un merne patient, de preference successivement avec plusieurs 

10 informations discriminantes, de preference plus de 2, plus de 3, plus de 5 informations 

discriminantes pour chaque image actualisee et/ou avec plusieurs images actualisees, de 

preference plus de 2, plus de 3, plus de 5 images actualisees. L'evaluation du deplacement 

d'une dent peut etre ainsi affinee en tenant compte des differents scores obtenus. La 

comparaison de ces scores permet egalement, le cas echeant, d'ecarter les informations 

15 discriminantes et/ou les images actualisees insatisfaisantes. 

En fonction du deplacement mesure, une information pratique pout etre generee. Si le 

deplacement est faible, cette information pratique peut etre qu'aucune action n'est 

engager. Au contraire, si tine ou plusieurs dents se sont sensiblement deplacees, 

1'information peut etre de planifier une visite chez le dentiste ou 1'orthodontiste. De 

20 preference, 1'information pratique depend du degre de deplacement des dents. Dans un 

mode de realisation, un rendez-vous pent etre automatiquement pris chez le dentiste ou 

1'orthodontiste, en fonction de 1'amplitude et/ou de la nature des deplacements detectes. 

Dans un mode de realisation, l'information pratique est utilisee pour modifier 1'intervalle de 

temps apres lequel le patient devra etre averti qu'une nouvelle image actualisee doit etre 

25 creee. 

Dans un mode de realisation, l'appareil individuel permet d'afficher des images, voire une 

sequence d'images montrant le positionnement des dents a differentes dates. Ces images 

peuvent etre presentees sous la forme d'une animation. 

De preference, l'appareil d'acquisition d'images est un telephone qui permet de transmettre 

30 les resultats obtenus par la mise en oeuvre du procede, de preference de maniere securisee. 
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procede permet ainsi de determiner precisement, pour chacune des dents, les mouvements 

entre ces deux etapes. 

En repetant les etapes b) et suivantes, il est egalement possible d'evaluer la vitesse 

d1evolution de la position des dents, et ainsi de mesurer, par exemple, l'cfficacite d'un 

5 traitement orthodontique. Un procede selon l1invention peut par exemple etre utilise pour 

suivre a distance l'evolution d'un traitement orthodontique, et ainsi optimiser les rendez­

vous des patients chez leurs orthodontistes. 

Dans un mode de realisation prefere, le procede de controle selon !'invention est mis en 

reuvre plusieurs fois pour un meme patient, de preference successivement avec plusieurs 

10 informations discriminantes, de preference plus de 2, plus de 3, plus de 5 informations 

discriminantes pour chaque image actualisee et/ou avec plusieurs images actualisces, de 

preference plus de 2, plus de 3, plus de 5 images actualisees. L'evaluation du deplacement 

d'une dent pcut etre ainsi affinee en tenant compte des differents scores obtenus. La 

comparaison de ces scores permet egalement, le cas echeant, d1ecarter les informations 

15 discriminantes et/ou lcs images actualisees insatisfaisantes. 

En fonction du deplacement mesure, une information pratique peut etre generee. Si le 

deplacement est faible, cette information pratique peut etre qu'aucune action n'est a 
engager. Au contraire, si une ou plusieurs dents se sont sensiblement deplacees, 

I 'information peut etre de planifier une visite chez le dentiste ou 1 'orthodontiste. De 

20 preference, }'information pratique depend du degre de deplacement des dents. Dans nn 

mode de realisation, un rendez-vous pent etre automatiquement pris chez le dentiste ou 

l'orthodontiste, en fonction de l'amplitude et/ou de la nature des deplacemcnts dctcctes. 

Dans un mode de realisation, l'infonnation pratique est utilisee pour modifier l'intervalle de 

temps apres lequel le patient devra etre averti qu1une nouvelle image actualisee doit etre 

25 creee. 

Dans un mode de realisation, l'appareil individuel permet d'afficher des images, voire une 

sequence d'images montra.nt le positionnement des dents a differentes dates. Ces images 

peuvent etre presentces sous la forme d'une animation. 

De preference, l'appareil d'acquisition d'images est un telephone qui permet de transmettre 

30 Jes resultats obtenus par la mise en reuvre du pmcede, de preference de maniere securisee. 
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La communication peut etre par exemple effectuee, au moins en partie, par la voie 

hertzienne, de preference suivant au moins un protocole choisi parmi les protocoles edge, 

3G, 4G, udrnsa, hpdmsa, bluetooth, et wifi, ou par tout autre protocole, adapte aux 

equipements mobiles ou nomades, par synchronisation filaire avec l'ordinateur personnel, 

5 ou par transmission optique. 

Comme cela apparait clairement a present, un procede selon 1'invention permet un controle 

précis et efficace du positionnement des dents du patient, sensiblernent sans contrainte 

pour le patient. En particulier, de simples photographies prises sans precaution particuliere, 

par exemple avec un telephone mobile, suffit. Le patient peut done facilement mettre en 

10 oeuvre ce procede. 

Bien entendu, 1'invention n'est pas limitee aux modes de realisation decrits ci-dessus et 

representes. 

En particulier, le procede est mis en oeuvre successivement pour chacune des deux arcades 

ou simultanement pour les deux arcades. 

15 En outre, plusieurs appareils differents peuvent etre egalernent mis en oeuvre. Par exemple, 

1'acquisition peut etre effectuee avec un telephone mobile et les &apes suivantes par un 

ordinateur fixe. 

Enfin, le patient n'est pas limite a un etre humain. En particulier, un procede selon 

1'invention peut etre utilise pour un autre animal. 

20 
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La communication peut etre par exemple effectuee, au moins en partie, par la vme 

hertz:ienne, de preference suivant au moins un protocole choisi panni les protocoles edge, 

3G, 40, udmsa, hpdmsa, bluetooth, et wifi, ou par· tout autre protocole, adapte aux 

equipements mobiles ou nomad.es, par synchronisation filaire avec l' ordinateur personnel, 

5 ou par transmission optique. 

Comme cela apparait clairement a present, un procede selon I 'invention pennet un controle 

precis et efficace du positionnement des dents du patient, sensiblen1ent sans contrainte 

pour le patient. En particulier, de simples photographies prises sans precaution particuliere, 

par exemple avec un telephone mobile, suffit Le patient peut done facilement mettre en 

10 reuvre ce procede. 

Bien entendu, !'invention n'est pas limitee aux modes de realisation decrits ci-dessus et 

representes. 

En particulier, le procede est mis en reuvre successivement pour chacune des deux arcades 

ou simultanement pour les deux arcades. 

15 En outre, plusieurs apparei1s differe..'1.ts peuvent etre egalement mis en reuvre. Par exemple, 

!'acquisition peut etre effectuee avec un telephone mobile et les etapes suivantes par un 

ordinateur fixe. 

20 

Entin, le patient n1est pas limite a un etre humain. En particulier, un procooe selon 

!'invention peut etre utilise pour un autre animal. 
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REVENDICATIONS 

1. Procede de controle du positionnement de dents d'un patient, ledit procede comportant 

les etapes suivantes : 

a) moins de 3 mois apres le debut d'un traitement orthodontique, realisation d'un 

modele de reference tridimensionnel numerique des arcades du patient, ou 

«modele de reference initial » et, pour chaque dent, definition, a partir du 

modele de reference initial, d'un modele de reference tridimensionnel numerique 

de ladite dent, ou « modele de dent » ; 

b) acquisition d'au moms une image bidimensionnelle desdites arcades, dite 

10 « image actualisee », dans des conditions d'acquisition reelles ; 

c) analyse de chaque image actualisee et realisation, pour chaque image actualisee, 

d'une carte actualisee relative a une information discriminante ; 

d) optionnellement, determination, pour chaque image actualisee, de conditions 

d'acquisition virtuelles grossieres approxirnant lesdites conditions d'acquisition 

15 reelles ; 

e) recherche, pour chaque image actualisee, d'un modele de reference final 

correspondant au positionnement des dents lors de l'acquisition de l'image 

actualisee, la recherche etant de preference effectuee au moyen d'unc methode 

metaheuristique, de preference evolutionniste, de preference par recuit 

20 f) pour chaque modele de dent, comparaison des positionnements dudit modele de 

dent dans le modele de reference initial et dans le modele de reference obtenu 

1'issue des etapes precedentes, dit «modele de reference final », afin de 

determiner le &placement des dents entre les etapes a) et b). 

2. Procede selon la revendication immediatement precedente, dans lequel, l'etape e) 

25 comporte 

une premiere operation d'optimisation permettant de rechercher des conditions 

d'acquisition virtuelles correspondant au mieux aux conditions d'acquisition reelles 

dans un modele de reference a tester determine a partir du modele de reference 

initial, et 

30 - une deuxieme operation d'optimisation permettant de rechercher, en testant une 

pluralite de dits modeles de reference a tester, le modele de reference correspondant 
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REVENDICA TIONS 

1. Procede de oontrole du positionnement de dents dtun patient, ledit procede comportant 

les etapes suivantes: 

a) moins de 3 mois apres le debut d'un traitement orthodontique, realisation d'un 

modele de reference tridimensionnel numerique des arcades du patient, ou 

<< modele de reference initial » et, pour chaque dent, definition, a partir du 

modele de reference initial, d'un modele de reference tridimensionnel numerique 

de ladite dent, ou << modele de dent >> ; 

b) acquisition d'au moins une image bidimensionnelle desdites arcades, dite 

« image actualisee >>, dam, des conditions d'acquisition reelles; 

c) analyse de chaque image actuaHsee et realisation, pour chaque image actualisee, 

d'une carte actualisee relative a une information discriminante; 

optionnellement, determination, pour chaque image actualisee, de conditions 

d'acquisition virtuelles grossieres approximant Iesdites conditions d'acquisition 

reelles; 

e) recherche, pour chaque image actualisee, d •un modele de reference final 

correspondant au positionnement des dents de l'acquisition de l'image 

actualisee, la recherche etant de preference effectuee au moyen d 'une methode 

metaheuristique, de preference evolutionniste, de preference par recuit simule, 

f) pour chaque modele de dent, comparaison positionnements dudit modele de 

dent dans le modele de reference initial et dans le modele de reference obtenu a 
l'issue des etapes onX!e:deintes, dit « modele de reference final», afin 

determiner le deplacement des dents entre les etapes a) et b ). 

2. Procede selon revendication immediatement precedente, dans lequeI, l'etape e) 

25 comporte 

une premiere operation d'optimisation permettant de rechercher des conditions 

d'acquisition virtue11es oorrespondant au mieux aux co:nd11ticms d'acquisition reelles 

darn, un modele de reference a tester determine a partir du modele de reference 

initial, et 

30 - une deuxieme operation d'optimisation permettant de rechercher, en testant une 

pluralite de dits modeles de reference a tester, le modele de reference correspondant 
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au mieux au positionnement des dents du patient lors de 1'acquisition de 1'image 

actualisee a l'etape b). 

3. Procede selon la revendication immediatement precedente, dans lequel une premiere 

operation d'optimisation est effectuee pour chaque test d'un modele de reference a 

5 tester lors de la deuxieme operation d'optimisation. 

4. Procede selon 1'une quelconque des deux revendications immediatement precedentes, 

dans lequel la premiere operation d'optimisation et/ou la deuxieme operation 

d'optimisation, de preference la premiere operation d'optimisation et la deuxierne 

operation d'optimisation mettent en 'oeuvre une methode metaheuristique, de 

10 preference evolutionniste, de preference un recuit simule. 

5. Procede scion 1'une quelconque des revendications precedentes, dans lequel l'etape e) 

comporte les etapes suivantes 

e 1) definition du modele de reference a tester comme etant le modele de 

reference initial puis, 

15 e2) suivant les &apes suivantes, test de conditions d'acquisition virtuelles 

avec le modele de reference a tester afin d'approximer finement Iesdites 

conditions d'acquisition reelles ; 

e21) determination de conditions d'acquisition virtuelles a tester; 

e22) realisation d'une image de reference bidimensionnelle du modele de 

20 reference a tester dans lesdites conditions d'acquisition virtuelles 

tester; 

e23) traitement de 1'image de reference pour realiser au moires une carte 

de reference representant ladite information discriminante ; 

e24) comparaison des cartes actualisee et de reference de maniere a 

25 determiner une valeur pour une premiere fonction d'evaluation, 

ladite valeur pour la premiere fonction devaluation dependant des 

differences entre lesdites cartes actualisee et de reference et 

correspondant a une decision de poursuivre ou de stopper la 

recherche de conditions d'acquisition virtuelles approximant lesdites 

30 conditions d'acquisition reelles avec plus d'exactitude que lesdites 

conditions d'acquisition virtuelles a tester determines a la derniere 

occurrence de Petape e21) ; 
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au mieux au positiormement des dents du patient lors de l'acquisition de l'image 

actualisee a I' etape b). 

3. Procede selon la revendication immediatement precedente, dans lequel une premiere 

operation d'optimisation est effectuee pour chaque test d'un mode1e de reference a 
5 tester lors de la deuxieme operation d'optimisation. 

4. Procede selon 1 'une quelconque des deux revendications immediatement precedentes, 

dans iequel la premiere operation d'optimisation et/ou la deuxieme operation 

d'optimisation, de preference la premiere operation d'optimisation et Ia deuxieme 

operation d'optimisation mettent en ceuvre une methode metaheuristique, de 

10 preference evolutionniste, de preference un recuit simule. 

15 

20 

25 

30 

5. Pmcede selon l'une quelconque des revendications precedentes, dans lequel l'etape e) 

comporte lcs etapes suivantes: 

e 1) definition du modele de reference a tester comme etant le modele de 

reference initial puis, 

e2) suivant les etapes suivantes, test de conditions d'acquisition virtuelles 

avec le modele de reference a tester afin d'approximer finement lesdites 

conditions d'acquisition reelles; 

e21)determination de conditions d'acquisition virtuelles a tester; 

e22)realisation d'une image de :reference bidimensionnelle du modele de 

reference a tester dans lesdites conditions d'acquisition virtuelles a 
tester; 

e23)traitement de l'image de reference pour realiser au moins une carte 

de reference representant ladite information discriminante ; 

e24) comparaison des cartes actualisee et de reference de maniere a 
determiner une valeur pour une premiere fonction d'evaluation, 

ladite valeur pour 1a premiere fonction d'evaluation dependant des 

differences entre lesdites cartes actualisee et de reference et 

correspondant a une decision de poursuivre ou de stopper 1a 

recherche de conditions d' acquisition virtueHes approximant lesditcs 

conditions d'acquisition reelles avec plus d'exactitude que lesdites 

conditions d'acquisition virtuelles a tester determinees a la derniere 

occurrence de l 'etape e2 l) ; 
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e25) si ladite valeur pour la premiere fonction d'evaluation correspond a 

une decision de poursuivre ladite recherche, modification des 

conditions d'acquisition virtuelles a tester, puis reprise a l'etape 

e22) ; 

e3) determination d'une valeur pour une deuxieme fonction d'evaluation, 

ladite valeur pour la deuxieme fonction d'evaluation dependant des 

differences entre les cartes actualises et de reference dans les conditions 

d'acquisition virtuelles approximant au mieux lesdites conditions 

d'acquisition reelles et resultant de la derniere occurrence de 1'etape e2), 

ladite valeur pour la deuxierne fonction d'evaluation correspondent a une 

decision de poursuivre ou de stopper la recherche d'un modele de 

reference approximant le positionnement des dents lors de Pacquisition 

de l'image actualisee avec plus d'exactitude que ledit modele de 

reference a tester utilise a la derriere occurrence de Petape e2), et si 

ladite valeur pour la deuxieme fonction d'evaluation correspond a une 

decision de poursuivre ladite recherche, modification du modele de 

reference a tester par deplacement d'un ou plusieurs modeles de dents 

puis reprise a Petape e2). 

6. Procede selon l'une quelconque des revendications precedentes, dans lequel a l'etape 

20 a), on determine un plan d'occlusion suivant les operations suivantes : 

I. determination des points du modele de reference initial qui appartiennent 

une arcade et qui sont a une distance de 1'autre arcade qui est inferieure a une 

distance predetermine, de preference a une distance inferieure a 3 mm de 

l'autre arcade, dits « points de contact » ; 

25 II. optionnellement, filtrage d'une partie des points de contact, de preference de 

maniere que le nombre de points de contact appartenant a l'arcade superieure 

soit identique au nombre de points de contact appartenant a 1'arcade 

inferieure, de preference en eliminant les points d'une arcade les plus 

Oloignes de 1'autre arcade ; 

30 III. regression lineaire, de preference par la rnethode des moindres carres, sur 

l'ensemble des points de contact restant de maniere a determiner le plan 

d'occlusion. 
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e25) si ladite valeur pour la premiere fonction d'evaluation correspond a 
une decision de poursuivre ladite recherche, :modification des 

conditions d 1 acquisition virtuelles a tester, puis reprise a l 'etape 

e22); 

e3) determination d'une valeur pour une deuxieme fonction d'evaluation, 

ladite valeur pour la deuxieme fonction d'eva1uation dependant des 

differences entre les cartes actualisee et de reference dans les conditions 

d'acquisition virtuelles approximant au mieux lesdites conditions 

d'acquisition reelles et resultant de la demiere occurrence de l'etape e2), 

ladite valeur pour la deuxieme fonction d'evaluation correspondant a une 

decision de poursui vre ou de stopper la recherche d 'un modele de 

:reference approximant le positionnement des dents I ors de 1 • acquisition 

de l'i:mage actualisee avec plus d'exactitude que led.it rnodele de 

reference a tester utilise a la demiere occurrence de l'etape e2), et si 

ladite valeur pour la deuxieme fonction d'evaluation correspond a une 

decision de poursuiv:re ladite recherche, modification du modele de 

reference a tester par deplacement d'un OU plusieurs modeles de dents 

puis reprise a l'etape e2). 

6. Procede se1on l'une quelconque des revendications precedentes, dams lequel a l'etape 

20 a), on determine un plan d'occlusion suivant les operations suivantes: 

25 

30 

1 determination des points du modele de reference initial qui appartiennent a 

une arcade et qui sont a une distance de l' autre arcade qui est inferieure a une 

distance predeterminec, de preference a une distance inferieure a 3 mm de 

l' autre arcade, dits « points de contact » ; 

II. optionnellement, filtrage d 'une partie des points de contact, de preference de 

maniere que le nombre de points de contact appartenant a l 'arcade superieure 

soit identique au nombre de points de contact appartenant a l' arcade 

inferieure, de preference en eliminant les points d'une arcade les plus 

eloignes de l' autre arcade ; 

III. regression lineaire, de preference par la methode des moindres carres, sur 

l'ensemble des points de contact restant de maniere a determiner le plan 

d'occlusion. 
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7. Procede selon l'une quelconque des revendications precedentes, dans lequel, a l'etape 

a), on effectue les operations suivantes 

i. projection, dans un plan d'occlusion, des points de contact entre les dents 

des arcades superieure et inferieure du patient, les points de contact et/ou 

5 le plan d'occlusion etant de preference determines, suivant les &apes I a 

III ; 

ii. determination du barycentre des projections desdits points de contact et 

creation d'un referentiel, dans le plan d'occlusion, centre sur ledit 

barycentre ; 

10 iii. determination, dans ledit referentiel, de la fonction parabolique, presentant 

le plus grand coefficient de correlation avec l'ensemble des projections 

desdits points de contact ; 

iv. rotation de l'ensemble des projections des points de contact autour du 

barycentre, et reprise de I'operation precedente iii jusqu'a ce que 

15 l'ensemble des projections des points de contact ait parcouru un secteur 

determine, de preference superieur a 90°, superieur a 180°, voire d'environ 

360° ; 

v. identification du coefficient de correlation le plus eleve pour l'ensemble 

des positions angulaires de l'ensemble des projections des points de 

20 contact autour du barycentre, et de l'axe de la fonction parabolique 

correspondante ; 

vi. determination d'un plan longitudinal median du modele de reference initial, 

ledit plan passant par ledit axe et etant perpendiculaire au plan d'occlusion. 

8. Procede selon l'une quelconque des revendications precedentes, dans Iequel, a l'etape 

25 a), on delimite au moires partiellement un modele de dent en suivant les operations 

suivantes 

I'. determination, au moires partielle, des bords gingivaux interieur et exterieur 

de l'arcade de la dent concemee, de preference par analyse des variations de 

l'orientation de la surface du modele de reference initial ; 

30 ii'. projection, dans le plan d'occlusion, des bords gingivaux interieur et 

exterieur 
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7. Procede selon 1 'une que1oonque des revendications precedentes, dans lequel, a l 'etape 

a), on effectue les operations suivantes: 

1. projection, dans un plan d'occlusion, des points de contact entre les dents 

des arcades superieure et inferieure du patient, les points de contact et:/ou 

le plan d'occlusion etant de preference determines, suivant les etapes I a 

III; 

ii. determination du barycentre des projections desdits points de contact et 

creation d'un referentiel, dans le plan d'occlusion, centre sur ledit 

barycentre ; 

iii. determination, dans ledit referentiel, de la fonction parabolique, presentant 

1e plus grand coefficient de correlation avec !'ensemble des projections 

desdits points de contact ; 

iv. :rotation de l'ensemble des projections des points de contact autour du 

barycentre, et reprise de I' operation precedente iii jusqu' a ce que 

l'ensemble des projections des points de contact ait parcou.ru un secteur 

determine, de preference superieur a 90°, superieu.r a 180°, voire d' environ 

360°; 

v. identification du coefficient de correlation le plus eleve pour !'ensemble 

des positions angulaires de !'ensemble des projections des points de 

contact autour du barycentre, et de l'axe de la fonction parabolique 

correspondante ; 

vi. determination d'un plan longitudinal median du modele de reference initial, 

ledit plan passant par !edit axe et etant perpendiculaire au plan d'occlusion. 

8. Procede selon l'une quelconque des revendications precedentes, dans Iequel, a l'etape 

25 a), on delimite au moms partiellement un modele de dent en suivant les operations 

30 

suivantes: 

i'. determination, au moins partielle, des bords gingivaux interieur et exterieur 

de l' arcade de la dent concemee, de preference par analyse des variations de 

1 • orientation de la surface du modele de reference initial ; 

ii'. projectio~ dans le plan d'occlusion, des bords gingivaux interieur et 

exterieur ~ 
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identification des deformations des projections des bords gingivaux interieur 

et exterieur correspondant aux regions interdentaires, les sommets de ces 

deformations etant appeles « point de rapprochement » ; 

iv'. determination du plus court chemin, a la surface du modele de reference 

initial, entre deux points de rapprochement de bords gingivaux interieur et 

exterieur, respectivement, d'une region interdentaire, de preference par une 

methode metaheuristique, de preference evolutionniste, de preference par 

recuit simule, ledit plus court chemin delimitant au moins partiellement un 

modele de dent. 

10 9. Procede selon 1'une quelconque des revendications precedentes, darts lequel une image 

actualisee est acquise moins de 7 fours apres Petape a), puis les stapes c) a f) sont 

mises en oeuvre a partir de cette image actualisee. 

10. Procede selon 1'une quelconque des revendications precedentes, dans lequel a l'etape 

b), on utilise un appareil d'acquisition porte a la main et/ou la tete du patient n'est pas 

15 immobilisee. 

11. Procede selon 1'une quelconque des revendications precedentes, dans lequel a l'etape 

b), on utilise un appareil individuel choisi dans le groupe forme par un appareil photo 

connects, une montre intelligente, une tablette numerique, un scanner 3D portable et 

un ordinateur couple un systeme d'acquisition d'images, telle une webcarn ou un 

20 appareil photo nurnerique, pour mettre en oeuvre Petape b) et, de preference au moins 

une des stapes, de preference toutes les stapes c) a D. 

12. Procede selon l'une quelconque des revendications precedentes, dans lequel A. l'etape 

b), on utilise un appareil d'acquisition d'images fournissant une image actualisee 

infrarouge. 

25 13. Procede selon l'une quelconque des revendications precedentes, dans lequel a l'etape 

b), on utilise un ecarteur comportant une, de preference plus de deux marques de 

reperage, de preference non alignees, et, de preference, on utilise la representation des 

marques de reperage sur l'image actualisee pour 

a Petape c), redecouper l'image et/ou, 

30 a l'etape d), evaluer grossierement les conditions d'acquisition reelles. 

14. Procede selon 1'une quelconque des revendications precedentes, dans lequel a Petape 

l'information discriminante est choisie dans le groupe constitue par une 
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iii'. identification des deformations des projections des bords gingivaux interieur 

et exterieur correspondant aux regions interdentaires, les sommets de ces 

deformations etant appeles « point de rapprochement >> ; 

iv'. determination du plus court chemin, a la surface du modele de reference 

5 initial, entre deux points de rapprochement de bords gingivaux interieur et 

exterieur, respectivement, d'une region interdentaire, de preference par une 

methode metaheuristique, de preference evolutionniste, de preference par 

recuit simule, ledit plus court chemin delimitant au moins partiellement un 

modele de dent. 

10 9. Procede selon l 'une quelconque des revendications precedentes, dans lequel une image 

actualisee est acquise moins de 7 jours apres l'etape a), puis les etapes c) a f) sont 

mises en reuvre a partir de cette image actualisee. 

10. Procede selon l'une quelconque des revendications precedentes, dans 1eque1 a l'etape 

b), on utilise un appareil d'acquisition porte a la main et/ou la tete du patient n'est pas 

15 immobilisee. 

11. Procede selon l 'une quelconque des revendications precedentes, dans lequel a 1' etape 

b), on utilise un appareil individuel choisi dans le groupe forme par un appareil photo 

connecte, une montre intelligente, une tablette numerique, un scanner 3D portable et 

un ordinateur couple un systeme d'acquisition d'images, telle une webcam ou un 

20 appareil photo numerique, pour mettre en reuvre 1 'etape b) et, de preference au moins 

une des etapes, de preference toutes les etapes c) a f). 

12. Procede selon l'une quelconque des revendications precedentes, dans lequel a l'etape 

b), on utilise un appareil d'acquisition d'images foumissant une image actualisee 

infrarouge. 

25 13. Procede selon l'une quelconque des revendications precedentes, dans lequel a l'etape 

b ), on utilise un ecarteur comportant une, de preference plus de deux marques de 

reperage, de preference non alignees, et, de preference, on utilise la representation des 

marques de reperage sur l'image actualisee pour 

30 

- a l'etape c), redecouper l'image et/ou, 

a l'etape d), evaluer grossierement les conditions d'acquisition reelles. 

14. Procede selon l'une quelconque des revendications precedentes, dans lequel a I' etape 

c), l'information discrimirumte est choisie dans le groupe constitue par une 
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information de contour, une information de couleur, 11Ile information de densite, une 

information de distance, une information de brillance, une information de saturation, 

une information sur les reflets et des cornbinaisons de ces informations. 

15. Procede selon 1'une quelconque des revendications precedentes, dans lequel a Petape 

5 d), on utilise des donnees fournies par l'appareil d'acquisition et, de preference, 

concernant son orientation. 

16. Procede scion l'une quelconque des revendications precedentes, dans lequel on met en 

oeuvre une optimisation par une methode metaheuristique, de preference 

evolutionniste, de preference par recuit simule, pour : 

10 - a l'etape a), determiner au moins partiellement un bord gingival delimitant un 

modele de dent et/ou, 

a Petape e2), rechercher les conditions d'acquisition virtuelles correspondant 

aux conditions d'acquisition reales ct/ou, 

- a l'etape e), rechercher un rnodele de reference correspondant a l'image 

15 actualisee. 

17h Programme d'ordinateur, et en particulier un applicatif specialise pour telephone 

mobile, comprenant des instructions de code de programme pour l'execution des 

etapes b) et c), et optionnellement d) et/ou e) et/ou f) d'un procede scion 1'une 

quelconque des revendications precedentes, lorsque ledit programme est execute par 

20 un ordinateur 

18. Systeme comportant 

un scanner tridimensionnel apte a mettre en oeuvre l'etape a) d'un procede 

selon l'une quelconque des revendications 1 a 16, 

un appareil personnel, de preference un telephone mobile, chargé avec un 

25 programme selon la revendication immediatement precedente. 
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information de contour, une information de couleur, une information de densite, une 

information de distance, une information de brillance, une information de saturation, 

une information sur les reflets et des combinaisons de ces informations. 

15. Procede selon l'une quelconque des revendications precedentes, dans lequel a l'etape 

5 d), on utilise des donnees foumies par l'appareil d'acquisition et, de preference, 

concernant son orientation. 

16. Procede selon l'une quelconque des revendications precedentes, dans lequel on met en 

reuvre une optimisation par une methode metaheuristique, de preference 

evolutionniste, de preference par recuit simule, pour : 

10 - a l'etape a), determiner au moins partiellement un bord gingival delimitant rm 

15 

modele de dent et/ou, 

- a l'etape e2), rechercher les conditions d'acquisition virtuelles correspondant 

aux conditions d'acquisition reellcs et/ou, 

a l'etape e), rechercher un modele de reference correspondant a l'image 

actualisee. 

17. Programme d'ordinateur, et en particulier un applicatif specialise pour telephone 

mobile, comprenant des instructions de code de programme pour l'execution des 

etapes b) et c), et optionnellement d) et/ou e) et/ou f) d'un procede selon l'une 

quelconque des revendications precooentes, lorsque ledit programme est execute par 

20 un ordinateur 

25 

18. Systeme comportant 

un scanner tridimensionnel apte a mettre en reuvre l'etape a) d'un procede 

selon l'une quelconque des revendications 1 a 16, 

un appareil personnel, de preference un telephone mobile, charge avec un 

programme selon la revendication immediatement precedente. 
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17 decembre 2015 18/02/2016 

Nom et adresse postale de ('administration chargee de la recherche internationale Fonctionnaire autorise 

Office Europeen des Brevets, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, 
Fax: (+31-70) 340-3016 Kerner, Bodo 
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RAPPORT DE RECHERCHE INTERNATIONALE 
Demande internationale n° 

PCT/EP2015/074859 
A. CLASSEMENT DE L'OBJET DE LA DEMANDE 
INV. A61C7/00 A61C9/00 G06T7/00 A61B5/00 A61Bl/32 

A61C19/06 A61C19/10 A61B5/06 G01J3/00 G06K9/00 
ADD. 
Selon la classification internationale des brevets (CIB) ou a la fois selon la classification nationale et la CIB 

B. DOMAINES SUR LESQUELS LA RECHERCHE A PORTE 

Documentation minimale consultee (systeme de classification suivi des symboles de classement) 

A61C G06T 

Documentation consultee autre que la documentation minimale dans la mesure ou ces documents relevent des domaines sur lesquels a porte la 
recherche 

Base de donnees electronique consultee au cours de la recherche intemationale (nom de la base de donnees, et si cela est realisable, termes de 
recherche utilises) 

EPO-Internal 

C. DOCUMENTS CONSIDERES COMME PERTINENTS 

Categorie* Identification des documents cites, avec, le cas echeant, !'indication des passages pertinents no. des revendications visees 

X WO 2006/065955 A2 (ORTHOCLEAR HOLDINGS 1,9-12, 
INC; WEN HUAFENG [US]) 14,15 
22 jui n 2006 (2006-06-22) 

y alineas [0009] , [0010] , [0027] - [0029], 13 
A [0034], [0035], [0038], [0058] , 2-8,16 

[0062], [0067], [0071], [0075] 
-----

y I. AHMAD: 11 Digital dental photography. 13 
Part 8: intra-oral set-ups 11

, 

BDJ, 
vol. 207, no. 4, 22 aoO.t 2009 (2009-08-22) 
• pages 151-157, XP055209322, 
ISSN: 0007-0610, DOI: 
10.1038/sj.bdj.2009.715 
le document en entier 

-----
-/--

[]] Voir la suite du cadre C pour la fin de la liste des documents [] Les documents de familles de brevets sont indiques en annexe 

* Categories speciales de documents cites: 
"T" document ulterieur publie apres la date de depot international ou la 

"A" document definissant l'etat general de la technique, non 
date de priorite et n'appartenenant pas a l'etat de la 
technique pertinent, mais cite pour comprendre le principe 

considere comme particulierement pertinent ou la theorie constituant la base de !'invention 
"E" document anterieur, mais publie a la date de depot international 

"X" document particulierement pertinent; !'invention revendiquee ne peut ou apres cette date 
etre consideree comme nouvelle ou comme impliquant une activite 

"L" document pouvant jeter un doute sur une revendication de inventive par rapport au document considere isolement 
priorite ou cite pour determiner la date de publication d'une "Y" document particulierement pertinent; !'invention revendiquee 
autre citation ou pour une raison speciale (telle qu'indiquee) ne peut etre consideree comme impliquant une activite inventive 

"O" document se referant a une divulgation orale, a un usage, a lorsque le document est associe a un ou plusieurs autres 
une exposition ou tous autres moyens documents de meme nature, cette combinaison etant evidente 

"P" document publie avant la date de depot international, mais pour une personne du metier 

posterieurement a la date de priorite revendiquee "&" document qui fait partie de la meme famille de brevets 

Date a laquelle la recherche internationale a ete effectivement achevee Date d'expedition du present rapport de recherche intemationale 

17 decembre 2015 18/02/2016 
Norn et adresse postale de !'administration chargee de la recherche intemationale Fonctionnaire autorise 

Office Europeen des Brevets, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

1 Tel. (+31-70) 340-2040, Kerner, Bodo Fax: (+31-70) 340-3016 
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Demande internationale n° 

PCT/EP2015/074859 
C(suite). DOCUMENTS CONSIDERES COMME PERTINENTS 

Categorie* Identification des documents cites, avec, le cas echeant, ('indication des passages pertinents no. des revendications visees 

A 

A 

US 2005/048432 Al (CHOI WONCHEOL [US] ET 
AL) 3 mars 2005 (2005-03-03) 
alineas [0002], [0006] - [0009], [0027], 
[0034] 

WO 2013/090843 Al (TRYGGER LLC [US]) 
20 juin 2013 (2013-06-20) 
alinea [0002] 

1-16 

1-16 

Formulaire PCT/ISA/210 (suite de la deuxieme feuille) (avril 2005) 
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Demande internationale n° 
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C(suite). DOCUMENTS CONSIDERES CO MME PERTINENTS 

Categorie* Identification des documents cites, avec, le cas echeant, !'indication des passages pertinents no. des revendications visees 

A US 2005/048432 Al (CHOI WONCHEOL [US] ET 
AL) 3 mars 2005 (2005-03-03) 

A 

al i neas [0002] , [0006] - [0009] , [0027] , 
[0034] 

WO 2013/090843 Al (TRYGGER LLC [US]) 
20 juin 2013 (2013-06-20) 
al i nea [0002] 

Fonnulaire PCT/ISA/210 (suite de la deuxieme leuille) (avril 2005) 

1-16 

1-16 
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RAPPORT DE RECHERCHE INTERNATIONALE 
Demande internationale n° 

Renseignements relatifs aux membres de families de brevets 
PCT/EP2015/074859 

Document brevet cite 
au rapport de recherche 

Date de 
publication 

Membre(s) de la 
famille de brevet(s) 

Date de 
publication 

WO 2006065955 A2 22-06-2006 AUCUN 

US 2005048432 Al 03-03-2005 AUCUN 

WO 2013090843 Al 20-06-2013 AUCUN 

Formulaire PCT/ISA/210 (annexe families de brevets) (avril 2005) 
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Renseignements relatifs aux membres de familles de brevets 

Document brevet cite 
au rapport de recherche 

WO 2006065955 

us 2005048432 

WO 2013090843 

A2 

Al 

Al 

I Date de 
publication 

22-06-2006 

03-03-2005 

20-06-2013 

Fonnulaire PCT/ISA/210 (annexe families de brevets) (avril 2005) 

I 

Demande internationale n° 

PCT/EP2015/074859 
Membre(s) de la 

famille de brevet(s) 

AUCUN 

AUCUN 

AUCUN 

I Date de 
publication 
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RAPPORT DE RECHERCHE INTERNATIONALE 

Demande internationale n° 
PCT/EP2015/074859 

Cadre n°. II Observations - Iorsqu'il a ete estime que certaines revendications ne pouvaient pas faire ('objet d'une recherche 
(suite du point 2 de la premiere feuille) 

Le rapport de recherche internationale n'a pas ete etabli en ce qui concerne certaines revendications conformement a Particle 17.2)a) pour 
les raisons suivantes : 

1. pi Les revendications nos 

se rapportent a un objet a regard duquel ('administration chargee de la recherche internationale n'est pas tenue de proceder a 
la recherche, a savoir : 

2. pi Les revendications n°° 
parce qu'elles se rapportent a des parties de la demande internationale qui ne remplissent pas suffisamment les conditions 
prescrites pour qu'une recherche significative puisse etre effectue6, en particulier : 

3. pi Les revendications nos 

parce qu'elles sont des revendications dependantes et ne sont pasredigees conformement aux dispositions de la deuxieme et 
de la troisieme phrases de la regle 6.4.a). 

Cadre n°. III Observations - lorsqu'il y a absence d'unite de ('invention (suite du point 3 de la premiere feuille) 

L'administration chargee de la recherche internationale a trouve plusieurs inventions dans la demande internationale, a savoir: 

2. 

voir feuille supplementaire 

Comme toutes les taxes additionnelles exigees ont ete payees dans les delais par le deposant, le present rapport de recherche 
internationale porte sur toutes les revendications pouvant faire ('objet d'une recherche. 

Comme toutes les revendications qui se pretent a la recherche ont pu faire ('objet de cette recherche sans effort particulier 
justifiant des taxes additionnelles, ('administration chargee de la recherche internationale n'a sollicite le paiement d'aucunes 
taxes de cette nature. 

3. pi Comme une pantie seulement des taxes additionnelles demandees a ete payee dans les delais par le deposant, le present rapport 
  de recherche internationale ne porte que sur les revendications pour lesquelles les taxes ont ete payees, a savoir les 

revendications nos: 

4. pi Aucunes taxes additionnelles demandees n'ont ete payees dans les delais par le deposant. En consequence, le present rapport 
  de recherche internationale ne porte que sur ('invention mentionnee en premier lieu dans les revendications; elle est couverte 

par les revendications n": 

1-16 

Remarque quant a la reserve n Les taxes additionnelles etaient accompagnees d'une reserve de la part du deposant et, le cas 
 echeant, du paiement de la taxe de reserve. 

piLes taxes additionnelles etaient accompagnees d'une reserve de la part du deposant mais la taxe 
 de reserve n'a pas ete payee dans le delai prescrit dans ('invitation. 

piLe paiement des taxes additionnelles n'etait assorti d'aucune reserve. 

Formulaire PCT/ISA/21 0 (suite de la premiere feuille (2)) (avril 2005) 

Demande internationale n° 

RAPPORT DE RECHERCHE INTERNATIONALE 
PCT/EP2015/074859 

Cadre n°. II Observations - lorsqu'il a ete estime que certaines revendications ne pouvaient pas faire l'objet d'une recherche 
(suite du point 2 de la premiere feuille) 

Le rapport de recherche internationale n'a pas ete etabli en ce qui concerne certaines revendications conformement a !'article 17.2)a) pour 
les raisons suivantes : 

1. □ 

2. □ 

3. □ 

Les revendications nos 
se rapportent a un objet a l'egard duquel !'administration chargee de la recherche internationale n'est pas tenue de proceder a 
la recherche, a savoir : 

Les revendications nos 
parce qu'elles se rapportent a des parties de la demande internationale qui ne remplissent pas suffisamment les conditions 
prescrites pour qu'une recherche significative puisse etre effectuee, en particulier : 

Les revendications nos 
parce qu'elles sont des revendications dependantes et ne sont pasredigees conformement aux dispositions de la deuxieme et 
de la troisieme phrases de la regle 6.4.a). 

Cadre n°. Ill Observations - lorsqu'il y a absence d'unite de !'invention (suite du point 3 de la premiere feuille) 

L'administration chargee de la recherche internationale a trouve plusieurs inventions dans la demande internationale, a savoir: 

1. □ 

2.D 

3. □ 

voir feuille supplementaire 

Comme toutes les taxes additionnelles exigees ont ete payees dans les delais par le deposant, le present rapport de recherche 
internationale porte sur toutes les revendications pouvant faire l'objet d'une recherche. 

Com me toutes les revendications qui se pretent a la recherche ont pu faire l'objet de cette recherche sans effort particulier 
justifiant des taxes additionnelles, !'administration chargee de la recherche internationale n'a sollicite le paiement d'aucunes 
taxes de cette nature. 

Comme une partie seulement des taxes additionnelles demandees a ete payee dans les delais par le deposant, le present rapport 
de recherche internationale ne porte que sur les revendications pour lesquelles les taxes ont ete payees, a savoir les 
revendications n 06

: 

Aucunes taxes additionnelles demandees n'ont ete payees dans les delais par le deposant. En consequence, le present rapport 
de recherche internationale ne porte que sur !'invention mention nee en premier lieu dans les revendications; elle est couverte 
par les revendications n 00

: 

1-16 

Remarque quanta la reserve □ Les taxes additionnelles etaient accompagnees d'une reserve de la part du deposant et, le cas 
echeant, du paiement de la taxe de reserve. 

□ Les taxes additionnelles etaient accompagnees d'une reserve de la part du deposant mais la taxe 
de reserve n'a pas ete payee dans le delai prescrit dans !'invitation. 

□ Le paiement des taxes additionnelles n'etait assorti d'aucune reserve. 

Formulaire PCT/ISA/210 (suite de la premiere feuille (2)) (avril 2005) 
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Demande internationale No. PCT/ EP2015/ 074859 

SUITE DES RENSEIGNEMENTS INDIQUES SUR PCT/ISA/ 210 

L'administration chargee de la recherche internationale a trouve 
plusieurs (groupes d') inventions dans la demande internationale, 
a savoir: 

1. revendications: 1-16 

Procede de controle du positionnement de dents d'un patient 

2. revendications: 17, 18 

Programme d'ordinateur (la revendication 18 etant dependante 
de la revendication 17) 

Demande internationale No. PCT/ EP2015/ 074859 

SUITE DES RENSEIGNEMENTS INDIQUES SUR PCT/ISA/ 210 

L'administration chargee de la recherche internationale a trouve 
plusieurs (groupes d') inventions dans la demande internationale, 
a savoir: 

1. revendications: 1-16 

Procede de contr6le du positionnement de dents d'un patient 

2. revendications: 17, 18 

Programme d'ordinateur (la revendication 18 etant dependante 
de la revendication 17) 
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Postal Code FR- 93170 Country i FR 

Inventor 2 900ffi iiekl
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Thomas PELLISSARD 

Residence Information (Select One) 0 US Residency 0 Non US Residency O Active US Military Service 

City CLICHY Country of Residence i FR 

Mailing Address of Inventor: 

Address 1 13 avenue Anatole France 

Address 2 

City CLICHY State/Province 

Postal Code FR-92110 Country l FR 

Inventor 3 iffM Miii 
Legal Name 
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Application Number 

Title of Invention METHOD OF EVALUATiNG AN ORTHODONTIC ALIGNER 

The application data sheet is part of the provisional or nor.provisional application for wt1ich it is being sutJmitted The following form contains tt1e 
bitJliogrnpt;ic data arranged in a format specified tiy the United States Patent and Trademark Office as outlined in 37 CFR 1.76 
This document may tie completed electronically and sutJmitted to the Office in electronic format using the Electronic Filing System (EFS) or U1e 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of tile application associated with tllis Application Data Sheet may fall under a Secrecy Order pursuant to 
• 37 CFR 5.2 (Paper filers only. Applications U1at fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 ! RiM\iiiti l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Philippe SALAH 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Miiitary Service 

City Bagnolet !Country of Residence i 
I 

I FR 

Mailing Address of Inventor: 

Address 1 18 rue Edouard VA!LLANT 

Address 2 

City I Bagnolet I State/Provi nee I 
Postal Code I FR- 93170 ! Countryi I FR 

Inventor 2 [ R~~m~0.f J 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Thomas PELLISSARD 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Miiitary Service 

City CLICHY lcountry of Residence i I FR 
I 

Mailing Address of Inventor: 

Address 1 13 avenue Anato!e France 

Address 2 

City I CLICHY I State/Provi nee I 
Postal Code I FR-92110 I Countryi I FR 

Inventor 3 ! RiM\iiiti l 
Legal Name 

EFS Web 2.2.12 

Pg.105



PTO/A lA/14 (11-15) 
Approved for use through 04/30/2017. OMB 0851-0032 

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. 

Application Data Sheet 37 CFR 1.76 
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Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Prefix Given Name Middle Name Family Name Suffix 

Guillaume GHYSELINCK 

Residence Information (Select One) 0 US Residency 0 Non US Residency Q Active US Military Service 

City Cantin Country of Residence i FR 

Mailing Address of Inventor: 

Address 1 41 rue d'Arleux 

Address 2 

City Cantin State/Province 

Postal Code FR-59169 Country i FR 

Inventor 4 f. ::::: ..,..:::.:emove::: : 

Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Laurent DEBRAUX 

Residence Information (Select One) O US Residency C) Non US Residency O Active US Military Service 

City Paris Country of Residence i FR 

Mailing Address of Inventor: 

Address 1 57 rue des cascades 

Address 2 

City Paris State/Province 

Postal Code FR-75020 Country i FR 

All Inventors Must Be Listed Additional Inventor Information blocks be - may 
within this form by selecting the Add button. generated 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

O An Address is being provided for the correspondence Information of this application. 

Customer Number 108676 

Email Address 11:;Mill;;; ifit € Il 
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Application Number 

Title of Invention METHOD OF EVALUAT!NG AN ORTHODONTIC ALIGNER 

Prefix Given Name Middle Name Family Name 

Guillaume GHYSELINCK 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Miiitary Service 

City Cantin lcountry of Residence i I FR 

Mailing Address of Inventor: 

Address 1 41 rue d'Arleux 

Address 2 

City I Cantin I State/Provi nee I 
Postal Code I FR-59169 I Countryi I FR 

Inventor 4 I i~rn~@ l 
Legal Name 

Prefix Given Name Middle Name Family Name 

Laurent DEBRAUX 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Ml!itary Service 

City Paris !Country of Residence i 
I 

I FR 

Mailing Address of Inventor: 

Address 1 57 rue des cascades 

Address 2 

City I Paris I State/Provi nee I 
Postal Code I FR-75020 ! Countryi I FR 

All Inventors Must Be listed - Additional Inventor Information blocks may be It generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 108676 

Email Address 
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Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Application Information: 

Title of the Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Attorney Docket Number N&P-51411 Small Entity Status Claimed 0 

Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 4 Suggested Figure for Publication (if any) 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

i-+ 
Application number of the previously 
filed application 

Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 

Publication Information: 
0 Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.G. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: 0 Customer Number 0 US Patent Practitioner 0 Limited Recognition (37 CFR 11.9) 

Customer Number 108676 
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Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Application Information: 

Title of the Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Attorney Docket Number N&P-51411 I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utiiity 

Total Number of Drawing Sheets (if any) I 4 I Suggested Figure for Publication (if any) I 

Filing By Reference: 
Only cornplete this sec!ion whE,n fllinq an application by rE,ference undE;r 35 USC 1 ·11 (c) and 37 CFR 1.57(a). Do not c:omple,tE, this section if 
application papers including a specification and any drawings are being flied. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., 0 Domestic Benefit/National Stage information" and "Foreign Priority Information"). 

For thE, purposes of a filin~J datE, unde,r 37 CFR 1.53(b), thE, dE,scription and any drawings of thE, present application ,m, rE;placed by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application nurnbe,r of the, previously Filin;J date (YYYY-MM-DD) ln!ellectual Property Authority or Country 
filed applica!ion 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I t1ereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in tile Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 

i--

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I 0 US Patent Practitioner I 0 Limited Recognition (37 CFR 11.9) 

Customer Number 108676 
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Attorney Docket Number N&P-51411 

Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status  €€ 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)1 the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1). 

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei • Of applicable) 

1755187 FR 2017-06-09 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in H1e Application Data St1eet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave Hie "Application Number" field blank. 

Prior Application Status I RW~ili\\~ I 

Filing or 371 (c) Date 
Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes tile claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. \/Vhen priority is claimed to a foreign application 

that is eligible for retrieval under tile priority document exchange program (PDX)i tile information wiii be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the uitirnate 

responsibility for ensuring that a copy of the foreign application is received by the Office from tile participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1 55(g)(1), 

kRW~@~ml 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

1755187 FR 2017-06-09 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention Urnt has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or alter March 
16, 2013, will be examined under the first inventor to file provisions of the AIA 
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Attorney Docket Number N&P-51411 

Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
1: application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
❑ application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Application Number 

Title of Invention METHOD OF EVALUAT!NG AN ORTHODONTIC ALIGNER 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to U1e instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an auU1orization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

!\.!_Q_It;: This section of the Application Data Sheet is QN_LY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data St1eet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned t1ereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
Ct1ina (SIPO), the World Intellectual Property Organization (WIPO), and any 0U1er foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to U1e instant patent application is filed, access to: (1) tt1e instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliograpt1ic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(t1) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned t1ereby grants the USPTO authority to provide U1e EPO access to the bibliograpt1ic data and searct1 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that U1e EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
tt1e instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. lftt1is box is checked, U1e USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B, Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is othervvise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43: or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. lithe applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

O Assignee O Legal Representative under 35 U.S.C. 117 Q Joint Inventor 

C) Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to f le the patent application, the inventor is: 

Name of the Deceased or Legally Incapacitated Inventor: 

If the Applicant is an Organization check here. El 
Organization Name DENTAL MONITORING 

Mailing Address Information For Applicant: 

Address 1 47 avenue Hoche 

Address 2 

City Paris State/Province 

Country FR Postal Code FR-75008 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
143; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

tt @j~@ ?I 
r---. Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor V 

@ Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 
I 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
lftt1e Applicant is an Organization ct1eck here. ~ 
Organization Name 

I DENTAL l'v10NITORiNG 

Mailing Address Information For Applicant: 

Address 1 47 avenue Hoche 

Address 2 

City Paris State/Province 

Country I FR Postal Code FR-75008 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button" 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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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. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number N&P-51411 

Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. 0 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City State/Province 

Country i Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: This Application 
Data Sheet is 
subsection 2 
also be signed 

This Application 
entity (e.g., corporation 
patent practitioner, 
power of attorney 

See 37 CFR 

Data Sheet must be signed 
submitted with the INITIAL filing 
of the "Authorization or Opt-Out 

in accordance with 37 CFR 1.14(c). 
Data Sheet must be signed 

in accordance with 37 CFR 1.33(b). However, if this Application 
of the application and either box A or B is not checked in 
of Authorization to Permit Access" section, then this form must 

by a patent practitioner if one or more of the applicants is a juristic 
is two or more joint inventors, this form must be signed by a 

applicant, or one or more joint inventor-applicants who have been given 
on behalf of all joint inventor-applicants. 

signatures and certifications. 

or association). If the applicant 
all joint inventors who are the 

(e.g., see USPTO Form PTO/AIA/81) 
1.4(d) for the manner of making 

Signature /Ronald M. Kachmarik/ Date (YYYY-MM-DD) 2018-06-06 

First Name Ronald M. Last Name Kachmarik Registration Number 34512 

Additional Signature may be generated within this form by selecting the Add button. 

EFS Web 2.2.12 

PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control nurntJer. 

Attorney Docket Number N&P-51411 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHOD OF EVALUATiNG AN ORTHODONTIC ALIGNER 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent 
application publication. An assignee-applicant identified in the "Applicant information" section wili appear on the patent application 
pubiication as an appiicant For an assignee-appiicant, compiete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: Tt1is Application Data St1eet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application ~n~ either box A or B is mil checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of tt1e applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, fill joint inventors wt10 are the applicant, or one or more joint inventor-applicants wt10 t1ave been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of ~H joint inventor-applicants. 

See 37 CFR 1 .4(d) for U1e manner of making signatures and certifications. 

Signature /Ronald M. Kachmarik/ Date (YYYY-MM-DD) 2018-06-06 

First Name Ronald M. I Last Name I Kachmarik Registration Number 34512 

Additional Signature may be generated within U1is form by selecting the Add button. 
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PTO/A lA/14 (11-15) 
Approved for use through 04/30/2017. OMB 0851-0032 

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. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number N&P-51411 

Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number N&P-51411 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

This collection of information Is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to fiie (and by tile USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to tile USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. if you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the international Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disdosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 

EFS Web 2.2.12 

Privacy Act Statement 

The Privacy Act of 1974 (PL 93-579) requires that you be given certain information in connection with your submission of the attached fmm related to a patent 
application or patent. Accordingly. pwsuant to the requirements of the Act, please be advised that: (1) the general authority for the collection ofthis infom1ation 
is 35 U.5,C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent appiication or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Of11ce may not be able to process andior examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentialiy to the extent allowed under the Freedom of lnfom1ation Act (5 IJ.S.C. 552) and the Privacy 
Act (5 U.S,C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposin9 counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submittin9 a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record, 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency havin9 need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 IJ.S.C. 
552a(m). 

5. A record related to an International Application iiled under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the international Bureau of the World intellectual Property Organization, pursuant to the Patent CooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal a9ency for purposes of l,ational Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Ener~w Act (42 U.5,C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee. during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 IJ.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA re9ulations governing inspection of 
records for this purpose. and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C. 
122(b) or issuance of a patent pursuant to 35 IJ.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1, 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedin9s were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the IJSPTO becomes 
aware of a violation or potential violation of law or re9ulation. 
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CD Submission Review Results 

Internal Worksheet Only - Do Not Scan 

Application Number 

X 
New 
Application 

16001049 

Response To 
Notice 

Receipt Date 

Date Of Response 

Fl Jumbo — Large tables are included on the CD 

Jun 6, 2018 

There are no problems with the CDs in the submission. 

Items checked below are to be selected in the PALM Pre-Exam CD problem list. 

Omitted Items 

Files on compact disc are unreadable: 
Disc(s) of either set not readable: 
Disc(s) do not contain file names listed: 
Amended CD missing unamended files 
Missing compact discs 

Missing Parts 

Disc(s) do not contain file names listed 
Discs contains files that are non-ASCII files: 
Only one copy of the CD, no duplicate: 
Wrong media type, e.g., CD-RW: 
The transmittal letter and specification do not list information: 
Both disc(s) contain unreadable files: 
One disc(s) contain unreadable files: 
Compact disc(s) contain viruses, but are still readable: 
EFS/Paper Submission: 
Table does not maintain data in proper alignment: 
Not proper subject matter for CD's: 

Informality 

No statement in transmittal letter that CD's are the same: 
No incorporation by reference statement for the CD's: 
CD's not labeled "Copy 1" and "Copy 2": 
Deficient CD packaging: 
Deficient Labeling on CD's: 
The transmittal letter does not list information: 
The specification does not list information: 
Table less than 51 pages submitted on CD: 

File Directory Attachment 

Copy of file directory listing is attached and should be mailed to applicant 
Copy of file directory listing is not attached 
Copy of file directory listing is not attached because it is over one page long 

Additional Comments 

Internal Worksheet Only - Do Not Scan 

CD Submission Review Results 

Internal Worksheet Only - Do Not Scan 

Application Number 
116001049 Receipt Date pun 6, 2018 

r:lNew LJ Application □ Response To 
Notice Date Of Response 

D Jumbo - Large tables are included on the CD 

0 There are no problems with the CDs in the submission. 

Items checked below are to be selected in the PALM Pre-Exam CD problem list. 

Omitted Items 

Files on compact disc are unreadable: 

Disc(s) of either set not readable: 

Disc(s) do not contain file names listed: 

Amended CD missinq unamended files 
Missinq compact discs 

Missing Parts 

Disc(s) do not contain file names listed 

Discs contains files that are non-ASCII files: 

Only one copy of the CD, no duplicate: 

Wrona media tvPe, e.a., CD-RW: 
The transmittal letter and specification do not list information: 

Both disc(s) contain unreadable files: 

One disc(s) contain unreadable files: 

Compact disc(s) contain viruses, but are still readable: 

EFS/Paper Submission: 

Table does not maintain data in proper alianment: 
Not proper subject matter for CD's: 

Informality 

No statement in transmittal letter that CD's are the same: 

No incorooration bv reference statement for the CD's: 
CD's not labeled "Copy 1" and "Copy 2": 

Deficient CD packaging: 
Deficient Labeling on CD's: 

The transmittal letter does not list information: 

The specification does not list information: 

Table less than 51 pages submitted on CD: 

File Directory Attachment 

Copy of file directory listing is attached and should be mailed to applicant 

Copy of file directory listing is not attached 

Copy of file directory listing is not attached because it is over one page long 

Additional Comments 

Internal Worksheet Only - Do Not Scan 
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DocCode — SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16001049 Document Date: 06/06/2018 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via eDAN using the Supplemental Content 

tab, or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: August 26, 2013 

DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16001049 Document Date: 06/06/2018 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via eDAN using the Supplemental Content 

tab, or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: August 26, 2013 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

PO. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/001,049 

108676 
Ronald M. Kachmarik 
Cooper Legal Group LLC 
6505 Rockside Rd. 
Suite 330 
Independence, OH 44131 

06/06/2018 Philippe SALAH N&P-51411 
CONFIRMATION NO. 8141 

INFORMAL NOTICE 

1111111111111111111111111CIIEIEE0MIEPINIM 

INFORMATIONAL NOTICE TO APPLICANT 

Date Mailed: 06/26/2018 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Philippe SALAH 
Thomas Pellissard 
Guillaume Ghyselinck 
Laurent Debraux 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

/lvongxay/ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/001,049 

108676 
Ronald M. Kachmarik 
Cooper Legal Group LLC 
6505 Rockside Rd. 
Suite 330 
Independence, OH 44131 

FILING OR 3 71 (C) DATE 

06/06/2018 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philippe SALAH N&P-51411 
CONFIRMATION NO. 8141 

INFORMAL NOTICE 

111111111111111111111111]~!1]!~1!~1! ~!~1!~1!!1!11] 11111111111111111111111 

Date Mailed: 06/26/2018 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Philippe SALAH 
Thomas Pellissard 
Guillaume Ghyselinck 
Laurent Debraux 

/lvongxay/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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PATENT APPLICATION FEE DETERMINATION RECORD 
Substitute for Form PTO-875 

Application or Docket Number 

16/001,049 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) 

20, 

in 

SMALL ENTITY OR 

OR 

OR 

OR 

OR 

OR 

OR

OR 

OR 

OR 

OR

OTHER THAN 
SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A N/A 300 

SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A N/A 660 

EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) N/A N/A N/A N/A 760 

TOTAL CLAIMS 
(37 CFR 1.16(i)) 10 minus 20= x 100 = 0.00 

INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) 1 minus 3 = x 460 = 0.00 

APPLICATION SIZE 
FEE 
(37 CFR 1.16(s)) 

If the specification and drawings exceed 100 
sheets of paper, the application size fee due is 
$310 ($155 for small entity) for each additional 
50 sheets or fraction thereof. See 35 U.S.C. 
41(a)(1)(G) and 37 CFR 1.16(s). 

0.00 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

TOTAL 

SMALL 

TOTAL 

OTHER 
SMALL 

1720 

ENTITY 
THAN 

ENTITY 

A
M

E
N

D
M

E
N

T
 A

 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

RATE($) 
ADDITIONAL 

FEE($) 
RATE($) 

ADDITIONAL 
FEE($) 

Total 
(37 CFR 1.16(i)) 

Minus x x 

Independent 
(37 CFR 1.16(h)) 

Minus x x — 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

(Column 1) (Column 2) (Column 3) 

TOTAL 
ADD'L FEE 

TOTAL 
ADD'L FEE 

A
M

E
N

D
M

E
N

T
 B

 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

PRESENT 
EXTRA 

RATE($) 
ADDITIONAL 

FEE($) 
RATE($) 

ADDITIONAL 
FEE($) 

Total 
(37 CFR 1.16(i)) 

Minus x = x 

Independent 
(37 CFR 1.16(h)) 

Minus 
X x 

Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 
"" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 

""" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found 

TOTAL 
ADD'L FEE 

3. 
enter "20". 

"3". 
the appropriate box 

TOTAL 
ADD'L FEE 

in column 1. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/001,049 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 10 (37 CFR 1.16(i)) 
minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 460 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
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*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, VirgLnia 22313-1450 
www.uspto.gov 

APPLICATION 
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FILING or 
371(c) DATE 

GRP ART 
UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/001,049 06/06/2018 

108676 
Ronald M. Kachmarik 
Cooper Legal Group LLC 
6505 Rockside Rd. 
Suite 330 
Independence, OH 44131 

3732 1880 N&P-51411 10 1 
CONFIRMATION NO. 8141 

FILING RECEIPT 

1111111111111 1111111111111A1411111ti 11111111111111111111 

Date Mailed: 06/26/2018 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Inventor(s) 
Philippe SALAH, Bagnolet, FRANCE; 
Thomas Pellissard, Clichy, FRANCE; 
Guillaume Ghyselinck, Cantin, FRANCE; 
Laurent Debraux, Paris, FRANCE; 

Applicant(s) 
DENTAL MONITORING, Paris, FRANCE 

Power of Attorney: None 

Domestic Applications for which benefit is claimed - None. 
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for 
domestic benefit. See 37 CFR 1.76 and 1.78. 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
FRANCE 1755187 06/09/2017 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 06/22/2018 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/001,049 

Projected Publication Date: 12/13/2018 

Non-Publication Request: No 

Early Publication Request: No 
Title 

METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Preliminary Class 

433 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258). 
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LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

SelectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+1-202-482-6800. 
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13 TITRE DE L'INVENTION ' e 
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.4 PRIORITE 
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PROCEDE D'EVALUATION D'UNE GOUTTIERE ORTHODONTIQUE 

Doniaine technique 

La presente invention concerne un procede d'evaluation de la forme d'une gouttiere 

orthodontique, ou « aligneur », port& par un patient, en particulier pour evaluer la 

5 conformite de la forme de la gouttiere orthodontique au positionnement des dents dudit 

patient. L'invention concerne aussi un procede d'adaptation d'un traitement au moyen de 

gouttieres orthodontiques. 

L'invention concerne enfin un programme informatique pour la mise en oeuvre de ces 

procedes. 

10 Etat de la technique 

Classiquement, au debut d'un traitement orthodontique, 1'orthodontiste determine le 

positionnement des dents qu'il souhaite obtenir a un instant du traitement, dit "set-up ". Le 

set-up peut etre defini au moyen d'une empreinte ou a partir d'un scan tridimensionnel des 

dents du patient. L'orthodontiste fabrique alors, en consequence, un appareil orthodontique 

15 adapte a ce traitement. 

L'appareil orthodontique peut etre une gouttiere orthodontique (« aligner » en anglais).

Une gouttiere se presente classiquement sous la forme d'un appareil monobloc amovible, 

classiquement en un materiau polymere transparent, qui comporte une goulotte conform& 

pour que plusieurs dents d'une arcade, generalement toutes les dents d'une arcade, puissent 

20 y etre logees. 

La forme de la goulotte est adapt& pour maintenir en position la gouttiere sur les dents, 

tout en exercant une action de correction du positionnement de certaines dents. 

On determine classiquement, au debut du traitement, les formes que doivent prendre les 

differentes gouttieres a differents moments du traitement, puis on fait fabriquer 1'ensemble 

25 des gouttieres correspondantes. A des instants predetermines, le patient change de 

gouttiere. 

Le traitement au moyen de gouttieres est avantageusement peu contraignant pour le 

patient. En particulier, le nombre de rendez-vous chez Porthodontiste est limit& En outre, 

la douleur est plus faible qu'avec un arc orthodontique metallique attaché aux dents. 

30 Le marche des gouttieres orthodontiques est donc en croissance. 
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PROCEDE D'EV ALUATION D'UNE GOUTTIERE ORTHODONTIQUE 

Domaine technique 

La presente invention concerne un procede d'evaluation de la forme d'une gouttiere 

orthodontique, ou « aligneur », portee par un patient, en particulier pour evaluer la 

5 conformite de la forme de la gouttiere orthodontique au positionnement des dents dudit 

patient. L'invention concerne aussi un procede d'adaptation d'un traitement au moyen de 

gouttieres orthodontiques. 

L'invention concerne enfin un programme informatique pour la mise en reuvre de ces 

precedes. 

10 Etat de la technique 

Classiquement, au debut d'un traitement orthodontique, 1'orthodontiste determine le 

positionnement des dents qu'il souhaite obtenir a un instant du traitement, dit "set-up ". Le 

set-up peut etre defini au moyen d'une empreinte ou a partir d'un scan tridimensionnel des 

dents du patient. L'orthodontiste fabrique alors, en consequence, un appareil orthodontique 

15 adapte ace traitement. 

L'appareil orthodontique peut etre une gouttiere orthodontique («aligner» en anglais). 

Une gouttiere se presente classiquement sous la forme d'un appareil monobloc amovible, 

classiquement en un materiau polymere transparent, qui comporte une goulotte conformee 

pour que plusieurs dents d'une arcade, generalement toutes les dents d'une arcade, puissent 

20 y etre logees. 

La forme de la goulotte est adaptee pour maintenir en position la gouttiere sur les dents, 

tout en exer~ant une action de correction du positionnement de certaines dents. 

On determine classiquement, au debut du traitement, les formes que doivent prendre les 

differentes gouttieres a differents moments du traitement, puis on fait fabriquer !'ensemble 

25 des gouttieres correspondantes. A des instants predetermines, le patient change de 

gouttiere. 

Le traitement au moyen de gouttieres est avantageusement peu contraignant pour le 

patient. En particulier, le nombre de rendez-vous chez l 'orthodontiste est limite. En outre, 

la douleur est plus faible qu'avec un arc orthodontique metallique attache aux dents. 

30 Le marche des gouttieres orthodontiques est done en croissance. 
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A intervalles reguliers, le patient se deplace chez l'orthodontiste pour un controle visuel, 

notamment pour verifier si le deplacement des dents est conforme aux attentes et si la 

gouttiere portee par le patient est touj ours adaptee au traitement. 

Si l'orthodontiste diagnostique une inadaptation au traitement, it effectue une nouvelle 

5 empreinte des dents, ou, de maniere equivalente, un nouveau scan tridimensionnel des 

dents, puis commande une nouvelle serie de gouttieres configurees en consequence. On 

considere qu'en moyenne, le nombre de gouttieres finalement fabriquees est d'environ 45, 

au lieu des 20 gouttieres classiquement prevues au debut du traitement. 

La necessite de devoir se deplacer chez l'orthodontiste est une contrainte pour le patient. 

10 La confiance du patient en son orthodontiste peut etre egalement entamee. L'inadaptation 

peut etre inesthetique. Enfin, it en resulte un cout supplementaire. 

Le nombre de visites de controle chez l'orthodontiste doit donc etre limite. 

Il existe un besoin pour des solutions repondant a ces problemes. 

Un but de l'invention est de repondre, au moins partiellement, a ce besoin. 

15 Résumé de l'invention 

L'invention fournit un procede d'evaluation de la forme d'une gouttiere orthodontique 

portee par un patient, ledit procede comportant les &apes suivantes : 

1) acquisition d'au moins une image bidimensionnelle de dents dudit patient, dite 

« image actualisee », dans des conditions d'acquisition reelles, 

20 au moins une image actualisee, dite « image de gouttiere », representant au moins 

partiellement la gouttiere dans une position de service dans laquelle elle est portee 

par lesdites dents; 

au moins une image actualisee, dite « image de dentition », identique ou differente 

de l'image de gouttiere, representant lesdites dents, 

25 2) si l'image de dentition est differente de l'image de gouttiere, transformation de 

l'image de dentition de maniere qu'elle represente lesdites dents (representees sur 

l'image de dentition) comme observees dans les conditions d'acquisition mises en 

oeuvre lors de l'acquisition de l'image de gouttiere a l'etape 1) ; 

3) determination pour chacune d'une pluralite de dents representees sur les images de 

30 dentition et de gouttiere, de contours de dent interieur et exterieur representant le 

•• 
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A intervalles reguliers, le patient se deplace chez l'orthodontiste pour un controle visuel, 

notamment pour verifier si le deplacement des dents est conforme aux attentes et si la 

gouttiere portee par le patient est toujours adaptee au traitement. 

Si l'orthodontiste diagnostique une inadaptation au traitement, ii effectue une nouvelle 

5 empreinte des dents, ou, de maniere equivalente, un nouveau scan tridimensionnel des 

dents, puis commande une nouvelle serie de gouttieres configurees en consequence. On 

considere qu'en moyenne, le nombre de gouttieres finalement fabriquees est d'environ 45, 

au lieu des 20 gouttieres classiquement prevues au debut du traitement. 

La necessite de devoir se deplacer chez l 'orthodontiste est une contrainte pour le patient. 

10 La confiance du patient en son orthodontiste peut etre egalement entamee. L'inadaptation 

peul etre inesthetique. Enfin, il en resultc un cout supplementaire. 

Le nombre de vi sites de contr6le chez I' orthodontiste doit done etre limite. 

II existe un besoin pour des solutions repondant aces problemes. 

Un but de l'invention est de repondre, au moins partiellement, ace besoin. 

15 Resume de I'invention 

20 

L'invention foumit un procede d'evaluation de la forme d'une gouttiere orthodontique 

portee par un patient, ledit procede comportant les etapes suivantes : 

1) acquisition d'au moins une image bidimensionnelle de dents dudit patient, <lite 

« image actualisee », dans des conditions d'acquisition reelles, 

au mains une image actualisee, <lite « image de gouttiere », representant au moins 

partiellement la gouttiere dans une position de service dans laquelle elle est portee 

par lesdites dents; 

au moins une image actualisee, <lite « image de dentition», identique ou differente 

de l'image de gouttiere, representant lesdites dents, 

25 2) si l'image de dentition est differente de l'image de gouttiere, transformation de 

30 

l'image de dentition de maniere qu'elle represente lesdites dents (representees sur 

l'image de dentition) comme observees dans les conditions d'acquisition mises en 

reuvre lors de l'acquisition de l'image de gouttiere a l'etape 1); 

3) determination pour chacune d'une pluralite de dents representees sur les images de 

dentition et de gouttiere, de contours de dent interieur et exterieur representant le 
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contour de l'extremite libre de ladite dent sur les images de dentition et de 

gouttiere, respectivement ; 

4) comparaison des contours de dents interieur et exterieur, puis determination d'au 

moms un score en fonction de ladite comparaison.

5 Comme on le verra plus en detail dans la suite de la description, un procede selon 

l'invention facilite considerablement l' evaluation de la bonne adequation de la gouttiere au 

traitement, tout en rendant cette evaluation particulierement fiable. En particulier, le 

procede peut etre mis en oeuvre a partir de simples photographies ou films, pris sans 

precaution particuliere, par exemple par le patient. Le nombre de rendez-vous chez 

10 l'orthodontiste peut donc etre limite. 

De preference, un procede d'evaluation selon l'invention presente encore une ou plusieurs 

des caracteristiques optionnelles suivantes : 

- le procede comporte, apres l'etape 4), l'etape suivante : 

5) comparaison du score a un seuil d'acceptabilite et emission d'une information en 

15 fonction du resultat de la comparaison ; 

- les images de dentition et de gouttiere sont differentes et le procede comporte les 

etapes suivantes : 

(a) avant l'etape 1), de preference en debut de traitement ou avant le debut du 

traitement, realisation d'un modele tridimensionnel numerique d'au moins une 

20 partie d'une arcade portant lesdites dents, ou « modele de reference initial », et 

pour chaque dent du modele de reference initial, definition d'un modele de 

reference tridimensionnel numerique de ladite dent, ou « modele de dent » ; 

(b) modification du modele de reference initial par deplacement des modeles de 

dent, jusqu'a obtention d'un modele de reference final compatible avec l'image 

25 de dentition ; 

(c) recherche d'une vue bidimensionnelle du modele de reference final compatible 

avec l'image de gouttiere ; 

(d) transformation de l'image de dentition en ladite vue ; 

- alternativement, les images de dentition et de gouttiere sont une meme image ; 

30 - l'etape 4) comporte les etapes suivantes : 

pour chacune d'une pluralite de dents pour lesquelles des contours de dent interieur et 

exterieur ont ete determines ; 

i) determination d'une distance entre les contours de dent interieur et exterieur ; 

• 
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contour de l'extremite libre de ladite dent sur les images de dentition et de 

gouttiere, respectivement; 

4) comparaison des contours de dents interieur et exterieur, puis determination d'au 

moins un score en fonction de ladite comparaison. 

5 Comme on le verra plus en detail dans la suite de la description, un procede selon 

I 'invention facilite considerablement l' evaluation de la bonne adequation de la gouttiere au 

traitement, tout en rendant cette evaluation particulierernent fiable. En particulier, le 

procede peut etre mis en reuvre a partir de simples photographies ou films, pris sans 

precaution particuliere, par exemple par le patient. Le nombre de rendez-vous chez 

10 l'orthodontiste peut done etre limite. 

De preference, un procede d'evaluation selon !'invention presente encore une ou plusieurs 

des caracteristiques opt1onne1les suivantes : 

le procede comporte, apres l'etape 4), l'etape suivante: 

5) comparaison du score a un seuil d'acceptabilite et emission d'une information en 

15 fonction du resultat de la comparaison ; 

20 

25 

les images de dentition et de gouttiere sont differentes et le procede comporte les 

etapes sui vantes : 

(a) avant l'etape 1), de preference en debut de traitement au avant le debut du 

traitement, realisation d'un rnodele tridimensionnel numerique d'au moins une 

partie d'une arcade portant lesdites dents, ou « modele de reference initial », et 

pour chaque dent du modele de reference initial, definition d'un modele de 

reference tridimensionnel numerique de ladite dent, ou « modele de dent»; 

(b) modification du modele de reference initial par deplacement des modeles de 

dent, jusqu'a obtention d'un modele de reference final compatible avec l'image 

de dentition ; 

(c) recherche d'une vue bidimensionnelle du modele de reference final compatible 

avec I 'image de gouttiere ; 

(d) transformation de l'image de dentition en ladite vue; 

alternativement, les images de dentition et de gouttiere sont une meme image ; 

30 l'etape 4) comporte les etapes suivantes: 

pour chacune d'une pluralite de dents pour lesquelles des contours de dent interieur et 

exterieur ant ete determines ; 

i) determination d'une distance entre les contours de dent interieur et exterieur ; 
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ii) determination d'un seuil de distance, de preference a partir des distances 

determinees a l'etape i) ; 

iii) pour chacune desdites dents, determination d'un score en distance, en fonction 

- de la distance entre les contours de dent interieur et exterieur et 

5 - du seuil de distance ; 

- lesdites distances sont mesurees en pixels ; 

- a l'etape ii), le seuil de distance est fonction de la plus faible des distances determinees 

a l'etape i) , 

- alternativement, l'etape 4) comporte les etapes suivantes : 

10 i') pour chaque couple d'une dent gauche et d'une dent droite adjacentes d'au moins 

un triplet de premiere, deuxieme et troisieme dents adjacentes pour chacune 

desquelles des contours de dent interieur et exterieur ont ete determines, les 

premiere et troisieme dents etant adjacentes a la deuxieme dent, 

determination d'un decalage entre le contour de dent interieur de ladite dent gauche 

15 et le contour de dent interieur de ladite dent droite, dit « decalage interieur », et 

determination d'un decalage entre le contour de dent exterieur de ladite dent gauche 

et le contour de dent exterieur de ladite dent droite, dit « decalage exterieur », 

puis 

determination de la difference entre le decalage interieur et le decalage exterieur, 

20 dite « difference de decalages » ; 

ii') determination d'un seuil de difference de decalages, de preference a partir des 

differences de decal ages determinees a Petape i') ; 

iii') determination, pour au moins une, de preference pour chaque dent dudit triplet, 

d'au moins un score en decalage, en fonction de la difference de decalages avec 

25 une dent adjacente et du seuil de difference de decalages ; 

- les decalages interieurs et exterieurs sont mesures en pixels ; 

- a 1'etape iii'), le seuil de difference de decalages est fonction de la plus petite des 

differences de decalages determinees a l'etape i'). 

L'invention concerne aussi un procede d'adaptation d'un traitement orthodontique, 

30 procede dans lequel on met en oeuvre un procede d'evaluation selon 1'invention, puis, en 

fonction du resultat de ladite evaluation, on fabrique une nouvelle gouttiere. 

5 
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ii) determination d'un seuil de distance, de preference a partir des distances 

determinees a l 'etape i) ; 

iii) pour chacune desdites dents, determination d'un score en distance, en fonction 

- de la distance entre les contours de dent interieur et exterieur et 

- du seuil de distance ; 

lesdites distances sont mesurees en pixels ; 

a l'etape ii), le seuil de distance est fonction de la plus faible des distances determinees 

a l' etape i) ; 

alternativement, l'etape 4) comporte les etapes suivantes : 

10 i') pour chaque couple d'une dent gauche et d'une dent droite adjacentes d'au moins 

15 

20 

25 

un triplet de premiere, deuxieme et troisieme dents adjacentes pour chacune 

desquelles des contours de dent interieur et exterieur ont ete determines, les 

premiere et treisieme dents etant adjacentes a la deuxieme dent, 

determination d'un decalage entre le contour de dent interieur de ladite dent gauche 

et le contour de dent interieur de ladite dent dreite, <lit « decalage interieur », et 

determination d'un decalage entre le contour de dent exterieur de ladite dent gauche 

et le contour de dent exterieur de ladite dent dreite, dit « decalage exterieur », 

pms 

determination de la difference entre le decalage interieur et le decalage exterieur, 

dite « difference de decalages » ; 

ii') determination d'un seuil de difference de decalages, de preference a partir des 

differences de decalages determinees a l'etape i'); 

iii') determination, pour au moins une, de preference pour chaque dent dudit triplet, 

d'au moins un score en decalage, en fonction de la difference de decalages avec 

une dent adj acente et du seuil de difference de decal ages ; 

les decalages interieurs et exterieurs sont mesures en pixels ; 

a l'etape iii'), le seuil de difference de decalages est fonction de la plus petite des 

differences de decalages determinees a l 'etape i '). 

L'invention concerne aussi un precede d'adaptation d'un traitement orthodontique, 

30 precede dans lequel on met en ceuvre un precede d'evaluation selon l'invention, puis, en 

fonction du resultat de ladite evaluation, on fabrique une nouvelle gouttiere. 
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L'invention concerne egalement : 

- un programme d'ordinateur, et en particulier un applicatif specialise pour 

telephone mobile, comprenant des instructions de code de programme pour 

l'execution d'une ou plusieurs, de preference toutes les etapes 1) a 4), de 

5 preference 1) a 5), lorsque ledit programme est execute par un ordinateur, 

- un support informatique sur lequel est enregistre un tel programme, par exemple 

une memoire ou un CD-ROM, et 

un appareil personnel, en particulier un telephone mobile ou une tablette, dans 

lequel est chargé un tel programme. 

10 L'invention concerne aussi un systeme comportant : 

- un scanner tridimensionnel apte a mettre en oeuvre l'etape (a) decrite ci-apres, et 

- un appareil personnel, de preference un telephone mobile, chargé avec un 

programme selon l'invention. 

Definitions 

15 Par « dentition », on entend un ensemble de dents. 

Par « patient », on entend toute personne pour laquelle un procede selon l'invention est mis 

en ceuvre, que cette personne soit malade ou non. 

Les « conditions d'acquisition » precisent la position et l'orientation dans l'espace d'un 

appareil d'acquisition d'images relativement aux dents du patient (conditions d'acquisition 

20 reelles) ou a un modele tridimensionnel des dents du patient (conditions d'acquisition 

virtuelles), et de preference la calibration de cet appareil d'acquisition d'images, et 

notamment les valeurs de l'ouverture de diaphragme, du temps d' exposition, de la distance 

focale et de la sensibilite. Des conditions d'acquisition sont dites "virtuelles", ou 

«theoriques », lorsqu'elles correspondent a une simulation dans laquelle l'appareil 

25 d'acquisition serait dans lesdites conditions d'acquisition (positionnement et de preference 

calibration theoriques de l'appareil d'acquisition). 

Un scanner 3D est un appareil permettant d'obtenir une representation en trois dimensions 

d'un objet. 

Par "image", on entend une image en deux dimensions, comme une photographie. Une 

30 image est form& de pixels. 

5 

5 

L'invention concerne egalement: 

- un programme d'ordinateur, et en particulier un applicatif specialise pour 

telephone mobile, comprenant des instructions de code de programme pour 

]'execution d'une ou plusieurs, de preference toutes les etapes 1) a 4), de 

preference 1) a 5), lorsque ledit programme est execute par un ordinateur, 

- un support informatique sur lequel est enregistre un tel programme, par exemple 

une memoire ou un CD-ROM, et 

- un appareil personnel, en particulier un telephone mobile ou une tablette, dans 

lequel est charge un tel programme. 

10 L'invention conceme aussi un systeme comportant : 

- un scanner tridimensionnel apte a mettre en reuvre l' etape ( a) decrite ci-apres, et 

- un appareil personnel, de preference un telephone mobile, charge avec un 

programme selon I 'invention. 

Definitions 

15 Par« dentition», on entend un ensemble de dents. 

Par « patient », on en tend toute personne pour laquell e un procede selon 1' invention est mis 

en reuvre, que cette personne soit malade ou non. 

Les « conditions d'acquisition » precisent la position et !'orientation dans l'espace d'un 

appareil d'acquisition d'images relativement aux dents du patient (conditions d'acquisition 

20 reelles) ou a un modele tridirnensionnel des dents du patient (conditions d'acquisition 

virtuelles), et de preference la calibration de cet appareil d'acquisition d'images, et 

notamment les valeurs de l'ouverture de diaphragme, du temps d'exposition, de la distance 

focale et de la sensibilite. Des conditions d'acquisition sont dites "virtuelles", ou 

« theoriques », lorsqu'elles correspondent a une simulation dans laquelle l'appareil 

25 d'acquisition serait dans lesdites conditions d'acquisition (positionnement et de preference 

calibration theoriques de l'appareil d'acquisition). 

Un scanner 3D est un appareil permettant d' obtenir une representation en trois dimensions 

d'un objet. 

Par "image", on entend une image en deux dimensions, comme une photographie. Une 

30 image est formee de pixels. 
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Un modele numerique tridimensionnel d'un ensemble de dents d'un patient est 

« compatible » avec une image lorsqu'il existe une vue de ce modele qui correspond a 

ladite image, c'est-à-dire telle que les elements dudit modele, par exemple les contours des 

modeles de dents, sont positionnes, relativement les uns aux autres, comme les elements 

5 reels qu'ils modelisent, par exemple les contours desdites dents, sur ladite image. Ainsi, un 

modele de reference final est-il compatible avec une image de dentition si une vue du 

modele de reference final permet d'observer les contours des modeles de dents de maniere 

qu'ils soient superposables aux contours desdites dents sur ladite image de dentition. 

Ladite vue peut etre observee par un appareil d'acquisition d'images virtuel, dans des 

10 conditions d'acquisition virtuelles qui sont egalement qualifiees de « compatibles » avec 

l'image. 

Lorsqu'un modele numerique tridimensionnel est compatible avec une image, le 

positionnement des modeles de dents dans ce modele est egalement qualifie de 

« compatible » avec l'image. 

1.5 La « position de service » est la position dans laquelle la gouttiere est portee par le patient. 

« Comprendre », « comporter » ou « presenter » doivent etre interpretes de maniere large, 

non limitative, sauf indication contraire. 

Breve description des figures 

D'autres caracteristiques et avantages de l'i nventi on apparaitront encore a la lecture de la 

20 description detainee qui va suivre et a l'examen du dessin annexe dans lequel : 

- les figures 1 et 2 representent une gouttiere orthodontique ; 

- la figure 3 represente une image actualisee d'une arcade dentaire portant une 

gouttiere orthodontique comme celle des figures 1 et 2 ; 

- la figure 4 represente le contour de dentition defini a partir de 1'image de la figure 3 ; 

25 - la figure 5 represente les contours de gouttiere definis a partir de l'image de la figure 

3 et susceptibles d'être utilises selon l'invention ; 

- la figure 6 represente le contour de gouttiere defini a partir de l'image de la figure 

3 et utilise sur les figures 7 et 8 pour etre compare a un contour de dentition ; 

- les figures 7 et 8 representent les contours de dentition et de gouttiere des figures 4 et 

30 6 tels que representes sur 1'image actualisee de la figure 3 ; 

- la figure 9 illustre schematiquement un procede selon l'invention ; 
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l'image. 

Lorsqu'un modele numerique tridimensionnel est compatible avec une image, le 

positionnement des modeles de dents dans ce modele est egalement qualifie de 

«compatible» avec l'image. 

JS La« position de service» est la position dans laquelle la gouttiere est portee par le patient. 

« Comprendre », « comporter » ou «presenter» doivent etre interpretes de maniere large, 

non !imitative, sauf indication contraire. 

Breve description des figures 

D'autres caracteristiques et avantages de !'invention apparaitront encore a la lecture de la 

20 description detaillee qui va suivre et a l'examen du dessin annexe dans lequel : 

- les figures l et 2 representent une gouttiere orthodontique ; 

- la figure 3 represente une image actualisee d'une arcade dentaire portant une 

gouttiere orthodontique comme celle des figures l et 2 ; 

- la figure 4 represente le contour de dentition defini a partir de l'image de la figure 3 ; 

25 - la figure 5 represente les contours de gouttiere definis a partir de I 'image de la figure 

30 

3 et susceptibles d'etre utilises selon !'invention; 

- la figure 6 represente le contour de gouttiere defini a partir de l'image de la figure 

3 et utilise sur les figures 7 et 8 pour etre compare a un contour de dentition ; 
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- la figure 9 illustre schematiquement un procede selon I 'invention ; 
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- la figure 10 illustre schematiquement l'etape 2) d'un procede selon l'invention. 

Description detainee 

Comme represents sur la figure 1, une gouttiere 10 s' &end de maniere a suivre les dents D 

successives de l'arcade sur laquelle elle est fixee. Elle definit une goulotte de forme 

5 generale en « U ». 

On appelle « goulotte » 12 la surface interieure de la gouttiere. La forme de la goulotte est 

determinee pour assurer la fixation de la gouttiere sur les dents, mais egalement en 

fonction d'un positionnement cible souhaite pour les dents. Plus precisement, la forme est 

determinee de maniere que, lorsque la gouttiere est dans sa position de service, elle exerce 

10 des contraintes tendant a deplacer les dents traitees vers leur positionnement cible. 

Par « contour de dent», on entend une ligne presentant la forme d'une extremite libre 22 

d'une dent sur une image. 

Bien entendu, une telle ligne peut delimiter l'extremite libre de cette dent. Le contour de 

dent est alors qualifie de « contour de dent interieur » 14. Un « contour de dentition » 16 

15 est constitue par l'ensemble des contours de dent interieurs d'un ensemble de dents (figure 

4). 

Une telle ligne peut egalement delimiter une partie de la gouttiere. Le contour de dent est 

alors qualifie de « contour de dent exterieur » 18 En particulier, le fond 20 de la goulotte 

presente une forme sensiblement complementaire a celle des extremites libres 22 des dents. 

20 En consequence, sur une image representant le fond de la goulotte, le contour du fond de la 

goulotte definit un ensemble de contours de dents exterieurs 18. 

La matiere de la gouttiere separant la surface exterieure 24 de la gouttiere et la goulotte 12 

definit l'0paisseur de la gouttiere orthodontique. Cette epaisseur est visible sur la figure 5. 

Classiquement, la gouttiere presente une epaisseur sensiblement constante. La surface 

25 exterieure 24 de la gouttiere, qui s'etend en face du fond 20 de la goulotte, est donc 

egalement sensiblement de meme forme que le fond de la goulotte. En consequence, sur 

une image, le contour de la surface exterieure 24 de la gouttiere definit egalement un 

ensemble de contours de dents exterieurs 18. 

Un « contour de gouttiere » 28 est constitue d'un ensemble des contours de dent exterieurs 

30 18. Il peut donc etre defini par le fond 20 de la goulotte ou par la surface exterieure 24 de 

la gouttiere. 
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- la figure 10 illustre schematiquement l'etape 2) d'un procede selon !'invention. 
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Comme represente sur la figure 1, une gouttiere 10 s'etend de maniere a suivre les dents D 
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Bien entendu, une telle ligne peut delimiter I' extremite libre de cette dent. Le contour de 

dent est alors qualifie de « contour de dent interieur » 14. Un « contour de dentition» 16 

15 est constitue par !'ensemble des contours de dent interieurs d'un ensemble de dents (figure 

4). 

Une telle ligne peut egalement delimiter une partie de la gouttiere. Le contour de dent est 

alors qualifie de « contour de dent exterieur » 18. En particulier, le fond 20 de la goulotte 

presente une forme sensiblement complementaire a celle des extremites libres 22 des dents. 

20 En consequence, sur une image representant le fond de la goulotte, le contour du fond de la 

goulotte definit un ensemble de contours de dents exterieurs 18. 

La matiere de la gouttiere separant la surface exterieure 24 de la gouttiere et la goulotte 12 

definit l'epaisseur de la gouttiere orthodontique. Cette epaisseur est visible sur la figure 5. 

Classiquement, la gouttiere presente une epaisseur sensiblement constante. La surface 

25 exterieure 24 de la gouttiere, qui s' etend en face du fond 20 de la goulotte, est done 

egalement sensiblement de meme forme que le fond de la goulotte. En consequence, sur 

une image, le contour de la surface exterieure 24 de la gouttiere definit egalement un 

ensemble de contours de dents exterieurs 18. 

Un« contour de gouttiere » 28 est constitue d'un ensemble des contours de dent exterieurs 

30 18. I1 peut done etre defini par le fond 20 de la goulotte ou par la surface exterieure 24 de 

la gouttiere. 
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Lorsqu'une dent est positionnee dans la goulotte de maniere que son extremite libre 22 soit 

en contact avec le fond de la goulotte, son contour de dent interieur est sensiblement 

confondu avec le contour de dent exterieur correspondant si le contour de dent exterieur 18 

est defini par le fond 20 de la goulotte, ou est ecarte et sensiblement parallele au contour de 

5 dent exterieur correspondant si le contour de dent exterieur est defini par la surface 

exterieure 24 de la gouttiere. 

De preference, les contours de dent exterieurs utilises pour definir le contour de gouttiere 

28 sont definis par la surface exterieure 24 de la gouttiere, plus visible. 

Le procede de l'invention a pour objet de detecter les situations dans lesquelles l'extremite 

10 libre 22 d'une dent n'est plus en contact avec le fond de la goulotte, et de mesurer 

l'ampleur de ce decollement (figure 9). 

A l'etape 1), on prend au moins une image des dents, dite « image actualisee », au moyen 

d'un appareil d'acquisition d'images. 

De preference, au moins un rappel informant le patient de la necessite de creer une image 

15 actualisee est adresse au patient. Ce rappel peut etre sous forme papier ou, de preference, 

sous forme electronique, par exemple sous la forme d'un courriel, d'une alerte automatique 

d'un applicatif specialise mobile ou d'un SMS. Un tel rappel peut etre enyoye par le 

cabinet ou le laboratoire d'orthodontie ou par le dentiste ou par l'applicatif specialise 

mobile du patient, par exemple. 

20 L'etape 1) est realisee au moment oil l' evaluation de la forme d'une gouttiere est souhaitee, 

par exemple plus de 4 semaines apres le debut du traitement avec la gouttiere. 

L'appareil d'acquisition d'images est de preference un telephone mobile, un appareil photo 

dit « connecte », une montre dite « intelligente », ou « smartwatch », une tablette ou un 

ordinateur personnel, fixe ou portable, comportant un systeme d'acquisition d'images, 

25 comme une webcam ou un appareil photo. 

L'acquisition est de preference realisee par le patient ou un proche du patient, mais peut 

etre realisee par toute autre personne, notamment un dentiste ou un orthodontiste, de 

preference sans imposer un positionnement précis de l'appareil d'acquisition d'images par 

rapport aux dents. 

30 De preference, l'image actualisee est une photographie ou est une image extraite d'un film. 

Elle est de preference en couleurs, de preference en couleurs reelles. 
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d'un applicatif specialise mobile ou d'un SMS. Un tel rappel peut etre envoye par le 

cabinet ou le laboratoire d'orthodontie ou par le dentiste ou par l'applicatif specialise 
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dit « connecte », une montre dite « intelligente », ou « smartwatch », une tablette ou un 
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Elle est de preference en couleurs, de preference en couleurs reelles. 
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Selon ['invention, on evalue la forme de la gouttiere en comparant un contour de cette 

gouttiere, dans sa position de service, avec un contour des dents qui la portent. 

A l'etape 1), it est donc necessaire d'acquerir suffisamment d'images actualisees pour 

autoriser cette comparaison, c'est-d-dire au moins une image de la gouttiere dans sa 

5 position de service, ou « image de gouttiere », et au moins une image de dents qui portent 

cette gouttiere dans la position de service, ou « image de dentition ». 

Dans un mode de realisation, l'image de dentition est l'image de gouttiere. Autrement dit, 

la meme image actualisee permet non seulement d'apercevoir le contour de gouttiere 28, 

mais aussi le contour de dentition 16, a travers la gouttiere (figure 3). Cette seule image 

10 permet donc de comparer des contours de gouttiere et de dentition. Avantageusement, 

l'etape 2) de recadrage, decrite ulterieurement, n'est pas necessaire. 

Dans un autre mode de realisation, l'image de dentition est une image des dents en 

['absence de la gouttiere orthodontique, dite « image de dentition nue ». Ce mode de 

realisation est necessaire si le contour de dentition 16 n'est pas clairement visible, a travers 

15 la gouttiere, sur l'image de gouttiere. L'operateur prend alors une premiere image de la 

gouttiere en position de service, et, a un autre instant, apres avoir retire la gouttiere, prend 

une deuxieme image de dents portant la partie de la gouttiere representee sur la premiere 

image, c'est-A-dire l'image de dentition nue. 

Les images actualisees etant de preference realisees sans precautions particulieres, l'image 

20 de dentition nue n'est normalement pas acquise dans les memes conditions d'acquisition 

que l'image de gouttiere. En particulier, les positions dans l'espace de l'appareil 

d'acquisition par rapport aux dents et/ou son reglage (« calibration» de l'appareil 

d'acquisition), par exemple le niveau de zoom, peuvent etre differents pour acquerir ces 

deux images. Les contours de gouttiere et de dentition definis a partir des images de 

25 dentition nue et de gouttiere, respectivement, ne sont donc normalement pas 

immediatement comparables. L'etape 2) est destinee a rendre ces contours comparables en 

redefinissant l'image de dentition. 

Dans un mode de realisation particulier prefere, retape 2) (figure 10) comporte les etapes 

(a) a (d) : 

30 L'etape (a) est anterieure a l'etape 1). 
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l'etape 2) de recadrage, decrite ulterieurement, n'est pas necessaire. 
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gouttiere en position de service, et, a un autre instant, apres avoir retire la gouttiere, prend 

une deuxieme image de dents portant la partie de la gouttiere representee sur la premiere 

image, c'est-a-dire I 'image de dentition nue. 

Les images actualisees etant de preference realisees sans precautions particulieres, !'image 

20 de dentition nue n'est normalement pas acquise dans les memes conditions d'acquisition 

que l 'image de gouttiere. En parti culi er, les positions dans 1' espace de l 'appareil 

d'acquisition par rapport aux dents et/ou son reglage («calibration» de l'appareil 

d'acquisition), par exemple le niveau de zoom, peuvent etre differents pour acquerir ces 

deux images. Les contours de gouttiere et de dentition definis a partir des images de 

25 dentition nue et de gouttiere, respectivement, ne sont done normalement pas 

immediatement comparables. L'etape 2) est destinee a rendre ces contours comparables en 

redefinissant I 'image de dentition. 
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(a) a (d) : 

30 L'etape (a) est anterieure a l'etape 1). 
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Elle est de preference realisee en debut de traitement ou avant le debut du traitement 

orthodontique. Elle peut etre egalement realisee en debut de traitement ou avant le debut 

du traitement avec la gouttiere. 

L'etape (a) consiste en la realisation d'un modele tridimensionnel numerique d'une arcade 

5 portant les dents traitees, ou « modele de reference initial ». 

Le modele de reference initial est par exemple du type .stl ou .Obj, .DXF 3D, IGES, STEP, 

VDA, ou Nuages de points. Avantageusement, un tel modele, dit « 3D », peut etre observe 

selon un angle quelconque. 

Le modele de reference initial peut etre prepare a partir de mesures effectuees sur les dents 

10 du patient ou sur un modele physique de ses dents, par exemple un modele en platre. 

Le modele de reference initial est de preference cree au moyen d'un appareil professionnel, 

par exemple au moyen d'un scanner 3D, de preference mis en ceuvre par un professionnel 

de la sante, par exemple par un orthodontiste ou un laboratoire d'orthodontie. Dans un 

cabinet d'orthodontie, le patient ou le modele physique de ses dents peuvent etre 

15 avantageusement disposes dans une position precise et l'appareil professionnel peut etre 

perfectionne. Il en resulte un modele de reference initial tres précis. Le modele de 

reference initial fournit de preference une information sur le positionnement des dents avec 

une erreur inferieure a 5/10 mm, de preference inferieure a 3/10 mm, de preference 

inferieure a 1/10 mm. 

20 Dans le modele de reference initial, une partie qui correspond a une dent est appelee 

« modele de dent ». Les modeles de dents peuvent etre definis comme decrit, par exemple, 

dans la demande internationale PCT/EP2015/074896. 

L'etape (b) comprend une modification du modele de reference initial, par deplacement 

des modeles de dents, jusqu'a retrouver un positionnement des modeles de dents 

25 compatible avec l'image de dentition. 

De preference, l'etape (b) est realisee moins de 4 semaines, moins de 2 semaines, moins 

d'une semaine, de preference sensiblement immediatement apres l'acquisition de l'image 

de dentition. 

Elle consiste de preference en un processus iteratif selon lequel, a chaque iteration, un ou 

30 plusieurs modeles de dents sont deplaces, puis des conditions d'acquisition optimales du 

modele initial ainsi modifie (dit « modele de reference a tester ») sont determinees, les 

conditions optimales etant defines  comme les conditions permettant d'observer le modele 

Elle est de preference realisee en debut de traitement OU avant le debut du traitement 

orthodontique. Elle peut etre egalement realisee en debut de traitement ou avant le debut 

du traitement avec la gouttiere. 

L'etape (a) consiste en la realisation d'un modele tridirnensionnel nurnerique d'une arcade 

5 portant les dents traitees, ou « modele de reference initial ». 

Le rnodele de reference initial est par exemple du type .stl ou .Obj, .DXF 3D, IGES, STEP, 

VDA, ou Nuages de points. Avantageusement, un tel modele, dit « 3D », peut etre observe 

selon un angle quelconque. 

Le modele de reference initial peut etre prepare a partir de mesures effectuees sur les dents 

10 du patient ou sur un modele physique de ses dents, par exemple un modele en platre. 

Le modele de reference initial est de preference cree au moyen d'un appareil professionnel, 

par exemple au moyen d'un scanner 3D, de preference mis en reuvre par un professionnel 

de la sante, par exemple par un orthodontiste ou un laboratoire d'orthodontie. Dans un 

cabinet d' orthodontie, le patient ou le modele physique de ses dents peuvent etre 

15 avantageusement disposes dans une position precise et l'appareil professionnel peut etre 

perfectionne. 11 en resulte un modele de reference initial tres precis. Le modele de 

reference initial fournit de preference une information sur le positionnernent des dents avec 

une erreur inferieure a 5/10 mm, de preference inferieure a 3/10 mm, de preference 

inferieure a 1/10 mm. 

20 Dans le modele de reference initial, une partie qui correspond a une dent est appelee 

« rnodele de dent». Les modeles de dents peuvent etre definis comme decrit, par exernple, 

dans la demande intemationale PCT/EP2015/074896. 

L'etape (b) comprend une modification du modele de reference initial, par deplacement 

des modeles de dents, jusqu' a retrouver un positionnement des rnodeles de dents 

25 compatible avec I 'image de dentition. 

De preference, I' etape (b) est realisee mo ins de 4 semaines, mo ins de 2 semaines, mo ins 

d'une sernaine, de preference sensiblernent imrnediatement apres l'acquisition de l'image 

de dentition. 

Elle consiste de preference en un processus iteratif selon lequel, a chaque iteration, un ou 

30 plusieurs modeles de dents sont deplaces, puis des conditions d'acquisition optimales du 

modele initial ainsi modifie ( <lit « modele de reference a tester») sont determinees, les 

conditions optimales etant definies comrne les conditions permettant d'observer le modele 
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de reference a tester de maniere que la vue dudit modele soit la plus proche possible de 

l'image de dentition. 

Les etapes c) a e) decrites dans PCT/EP2015/074896 sont de preference mises en oeuvre : 

c) analyse de l'image de dentition (image actualisee dans PCT/EP2015/074896) et 

5 realisation d'une carte actualisee relative a une information discriminante ; 

d) optionnellement, determination, pour l'image de dentition, de conditions 

d'acquisition virtuelles grossieres approximant les conditions d'acquisition 

reelles de ladite image de dentition ; 

e) recherche, a partir de la carte actualisee, d'un modele de reference final 

10 correspondant au positionnement des dents lors de l'acquisition de 1'image de 

dentition, la recherche etant de preference effectuee au moyen d'une methode 

metaheuristique, de preference evolutionniste, de preference par recuit simule. 

Toutes les caracteristiques des &apes c) a e) decrites dans PCT/EP2015/074896 sont 

appl i cables. 

15 Suivant l'etape c), l'image de dentition est analysee de maniere a realiser une carte 

actualisee relative a au moins une information discriminante. 

Une "information discriminante" est une information caracteristique qui peut etre extraite 

dune image ("image feature"), classiquement par un traitement informatique de cette 

image. 

20 Une information discriminante peut presenter un nombre variable de valeurs. Par exemple, 

une information de contour peut etre egale a 1 ou 0 selon qu'un pixel appartient ou non a 

un contour. Une information de brillance peut prendre un grand nombre de valeurs. Le 

traitement de 1'image permet d'extraire et de quantifier l'information discriminante. 

La carte actualisee represente une information discriminante dans le referentiel de l'image 

25 de dentition. L'information discriminante est de preference choisie dans le groupe 

constitue par une information de contour, une information de couleur, une information de 

densite, une information de distance, une information de brillance, une information de 

saturation, une information sur les reflets et des combinaisons de ces informations. 

A l'etape optionnelle d), on evalue, de maniere grossiere, les conditions d'acquisition 

30 reelles de l'image de dentition a Petape 1), c'est-a-dire la position et l'orientation dans 

l'espace de l'appareil d'acquisition par rapport aux dents et sa calibration. L'etape d) 

5 
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permet avantageusement de limiter le nombre de tests sur des conditions d'acquisition 

virtuelles lors de l'etape e), et permet donc d'accelerer considerablement l'etape e). 

On utilise de preference une ou plusieurs regles heuristiques. Par exemple, de preference, 

on exclut des conditions d'acquisition virtuelles susceptibles d'être testees a l'etape e), les 

5 conditions qui correspondent a une position de l'appareil d'acquisition d'images derriere 

les dents ou a une distance des dents superieure a 1 m. Dans un mode de realisation 

prefere, on utilise des marques de reperage representees sur l'image de dentition pour 

determiner une region de l'espace sensiblement conique delimitant des conditions 

d'acquisition virtuelles susceptibles d'etre testees a l'etape e), ou "cone de test". 

10 L'objectif de l'etape e) est de modifier le modele de reference initial jusqu'A obtenir un 

modele de reference final qui corresponde a l'image de dentition. Idealement, le modele de 

reference final est donc un modele de reference tridimensionnel numerique a partir duquel 

l'image de dentition aurait pu etre prise si ce modele avait ete reel. 

On teste donc une succession de modeles de reference « a tester », le choix d'un modele de 

15 reference a tester dependant de preference du niveau de correspondance des modeles de 

reference « a tester » precedemment testes avec l'image de dentition. Ce choix est de 

preference effectue en suivant un procede d'optimisation connu, en particulier choisi parmi 

les procedes d'optimisation metaheuristiques, de preference evolutionnistes, en particulier 

dans les procedes de recuit simule. 

20 De preference, Petape e) comporte les &tapes suivantes : 

el) definition d'un modele de reference a tester comme etant le modele de reference 

initial puis, 

e2) suivant les etapes suivantes, test de conditions d'acquisition virtuelles avec le 

modele de reference a tester afin d'approximer finement lesdites conditions 

25 d'acquisition reelles ; 

e21) determination de conditions d'acquisition virtuelles a tester; 

e22) realisation d'une image de reference bidimensionnelle du modele de reference 

a tester dans lesdites conditions d'acquisition virtuelles a tester ; 

e23) traitement de l'image de reference pour realiser au moins une carte de 

30 reference representant, au moins partiellement, ladite information 

discriminante ; 
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e24) comparaison des cartes actualisee et de reference de maniere a determiner une 

valeur pour une premiere fonction d'evaluation, ladite valeur pour la premiere 

fonction d'evaluation dependant des differences entre lesdites cartes actualisee 

et de reference et correspondant a une decision de poursuivre ou de stopper la 

5 recherche de conditions d'acquisition virtuelles approximant lesdites 

conditions d'acquisition reelles de l'image de dentition avec plus ,d'exactitude 

que lesdites conditions d'acquisition virtuelles a tester determinees a la 

derniere occurrence de l'etape e21) ; 

e25) si ladite valeur pour la premiere fonction d'evaluation correspond a une 

10 decision de poursuivre ladite recherche, modification des conditions 

d'acquisition virtuelles a tester, puis reprise a Petape e22) ; 

e3) detenninaiion d'une valeur pour une deuxieme fonction d'evaluation, ladite valeur 

pour la deuxieme fonction d'evaluation dependant des differences entre les cartes 

de dentition et de reference dans les conditions d'acquisition virtuelles approximant 

15 au mieux lesdites conditions d'acquisition reelles et resultant de la derniere 

occurrence de l'etape e2), ladite valeur pour la deuxieme fonction d'evaluation 

correspondant a une decision de poursuivre ou de stopper la recherche d'un modele 

de reference approximant le positionnement des dents lors de l'acquisition de 

l'image de dentition avec plus d'exactitude que ledit modele de reference a tester 

20 utilise a la derniere occurrence de l'etape e2), et si ladite valeur pour la deuxieme 

fonction d'evaluation correspond a une decision de poursuivre ladite recherche, 

modification du modele de reference a tester par deplacement d'un ou plusieurs 

modeles de dents, puis reprise a l'etape e2). 

Les etapes el) a e3) sont decrites en detail dans PCT/EP2015/074896, ou WO2016066651. 

25 Le modele de reference final obtenu a l'issue de l'etape e) est un modele tridimensionnel 

resultant de modifications successives du modele de reference initial, tres précis. 

Avantageusement, it est ainsi lui-meme tres précis, bien qu'il ait ete obtenu a partir de 

simples photographies prises sans precautions particulieres. 

A l'etape (c), on recherche une vue du modele de reference final qui corresponde a l'image 

30 de gouttiere. Plus precisement, l'image de gouttiere a eta acquise dans des conditions 

d'acquisition reelles dans lesquelles les dents n'etaient pas suffisamment visibles. L'etape 

(c) a pour objectif de determiner une vue du modele de reference final compatible avec 

5 

15 

20 
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modification du modele de reference a tester par deplacement d'un ou plusieurs 

model es de dents, puis reprise a 1' etape e2). 

Les etapes el) a e3) sont decrites en detail dans PCT/EP2015/074896, ou WO2016066651. 

25 Le modele de reference final obtenu a l'issue de l'etape e) est un modele tridimensionnel 

resultant de modifications successives du modele de reference initial, tres precis. 

Avantageusement, il est ainsi lui-meme tres precis, bien qu'il ait ete obtenu a partir de 

simples photographies prises sans precautions particulieres. 

A I'etape (c), on recherche une vue du modele de reference final qui corresponde a l'image 

30 de gouttiere. Plus precisement, l'image de gouttiere a ete acquise dans des conditions 
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( c) a pour objectif de determiner une vue du modele de reference final compatible avec 
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1'image de gouttiere, c'est-a-dire une vue representant les dents telles qu'elles auraient ete 

representees sur l'image de gouttiere si elles avaient ete suffisamment visibles. 

En particulier, cette recherche conduit a virtuellement deplacer un appareil d'acquisition 

d'images virtuel autour du modele de reference final jusqu'a trouver une position 

5 « recadree » compatible avec l'image de gouttiere, c'est-a-dire dans laquelle on peut 

observer des dents ou des parties de dents comme elles auraient ete representees sur 

l'image de gouttiere si la gouttiere avait ete transparente. 

De preference, la recherche de la vue du modele de reference final qui correspond le mieux 

a 1'image de gouttiere est effectuee par iteration, de preference au moyen d'une methode 

10 heuristique, de preference encore au moyen d'une des methodes decrites ci-apres. Ces 

methodes permettent avantageusement de guider le deplacement virtuel de l'appareil 

d'acquisition d'images virtuel autour du modele de reference final afin d'accelerer la 

determination de ladite position recadree. 

Pour recadrer l'appareil d'acquisition d'images virtuel, it est necessaire d'identifier sur 

15 l'image de gouttiere des reperes dont on connait la position dans le modele de reference 

final. De tels reperes peuvent generalement etre identifies. A defaut, it est necessaire 

d'acquerir une nouvelle image de gouttiere et de reprendre la recherche de tels reperes. 

Les reperes appartiennent de preference a des dents que l'on sait immobiles, par exemple 

parce qu'elles ne sont pas traitees (si de telles dents sont visibles sur l'image de gouttiere) 

20 ou a des parties de la gouttiere en contact avec de tels dents, et donc egalement immobiles. 

Les dents immobiles peuvent etre facilement identifiees Tors de l'etape (c), puisqu'il s'agit 

des dents dont le modele de dent n'a pas ete deplace tors de l'etape (b). 

Le recadrage necessite d'utiliser comme reperes au moins trois points non aligner. 

On observe ensuite le modele de reference final suivant differentes conditions 

25 d'acquisition virtuelles jusqu'a obtenir une vue du modele de reference final compatible 

avec l'image de gouttiere, c'est-à-dire dans laquelle les reperes ont des positions relatives 

identiques. L'appareil d'acquisition d'images virtuel est alors dans la position recadree. 

A l'etape (d), on remplace l'image de dentition par la vue du modele de reference final 

observe dans la position recadree, c'est-à-dire dans les conditions d'acquisition virtuelles 

30 determinees a l'etape (c). 

Le modele de reference final represente en effet, en trois dimensions, les dents dans leur 

positionnement au moment oil l'image de dentition a ete acquire, a l'etape 1). Par ailleurs, 

les conditions d'acquisition virtuelles determinees a l'etape (c) sont sensiblement 
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identiques aux conditions d'acquisition reelles au moment on l'image de gouttiere a ete 

acquise, a l'etape 1). En observant le modele de reference final dans les conditions 

d'acquisition virtuelles determinees a Petape (c), on observe donc les dents au moment on 

l'image de dentition a ete acquise, dans les conditions d'acquisition de l'image de 

5 gouttiere. La vue du modele de reference final dans ces conditions d' acquisitions virtuelles 

est donc comparable a l'image de gouttiere et remplace donc l'image de dentition acquise 

l'etape 1). Dans un souci de clarte, cette vue est appelee egalement « image de dentition », 

c'est-d-dire que la vue est transformee en l'image de dentition. 

Les formes et les dimensions des contours sur l'image de dentition ainsi definie sont donc 

10 comparables a celles des contours sur l'image de gouttiere. 

A l'etape 3), on determine pour chacune d'une pluralite de dents representees sur les 

images de dentition et de gouttiere, les contours de dent interieur et exterieur. 

L'homme de l'art sait comment traiter une image pour isoler un contour. Ce traitement 

comporte par exemple l'application de masques ou de filtres bien connus, fournis avec des 

15 logiciels de traitement d'images. De tels traitements permettent par exemple de detecter les 

regions de fort contraste. 

Ces traitements comprennent notamment une ou plusieurs des methodes connues et 

preferees suivantes, a savoir : 

- par application d'un filtre Canny, notamment pour rechercher des contours en 

20 utilisant l'algorithme de Canny ; 

- par application d'un filtre Sobel, notamment pour calculer des derivees au moyen 

de Poperateur etendu de Sobel; 

- par application d'un filtre de Laplace, pour calculer le laplacien d'une image; 

- par detection de Caches sur une image (« Blobdetecor ») , 

25 - par application d'un seuil (« Threshold ») pour appliquer un seuil fixe a chaque 

element d'un vecteur ; 

- par redimensionnement, en utilisant des relations entre les zones de pixels 

(« Resize(Area) ») ou des interpolations bi-cubiques sur l'environnement des 

pixels ; 

30 - par erosion de l'image au moyen de d'un element specifique structurant ; 

- par dilatation, de l'image au moyen de d'un element specifique structurant ; 
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identiques aux conditions d'acquisition reelles au moment ou l'image de gouttiere a ete 
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comporte par exemple l'application de masques ou de filtres bien connus, foumis avec des 

15 logiciels de traitement d'images. De tels traitements permettent par exemple de detecter les 

regions de fort contraste. 

Ces traitements comprennent notamment une ou plusieurs des methodes connues et 

preferees suivantes, a savoir : 

- par application d'un filtre Canny, notamment pour rechercher des contours en 

20 utilisant l'algorithme de Canny; 

- par application d'un filtre Sobel, notamment pour calculer des derivees au moyen 

de l'operateur etendu de Sobel; 

- par application d'un filtre de Laplace, pour cal cul er le laplacien d'une image; 

- par detection de taches sur une image ( « Blobdetecor ») ; 
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element d'un vecteur; 
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30 - par erosion de l'image au moyen de d'un element specifique structurant; 

- par dilatation, de l'image au moyen de d'un element specifique structurant; 
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- par retouche, en particulier en utilisant des regions au voisinage de la zone 

restauree ; 

- par application d'un filtre bilateral ; 

- par application d'un flou gaussien ; 

5 - par application d'un filtre d'Otsu, pour rechercher le seuil qui minimise la variance 

intra-classes; 

- par application d'un filtre A*, pour rechercher un chemin entre des points ; 

- par application d'un seuil adaptatif (« Adaptive Threshold ») pour appliquer un 

seuil adaptatif a un vecteur ; 

10 - par application d'un filtre d'egalisation d'un histogramme d'une image en nuances 

de gris en particulier; 

- par detection de flou (131urDetection"), pour calculer l'entropie d'une image en 

utilisant son laplacien ; 

- par detection de contours (« FindContour ») d'une image binaire ; 

15 - par remplissage de couleurs ("FloodFill"), notamment pour remplir un element 

connecte avec une couleur determinee. 

Les methodes non limitatives suivantes, bien qu'elles ne soient pas preferees, peuvent etre 

egalement mises en ceuvre : 

par application d'un filtre "MeanShift", de maniere a trouver un objet sur une 

20 projection de l'image ; 

- par application d'un filtre « CLAHE », pour « Contrast Limited Adaptive 

Histogram Equalization » ; 

- par application d'un filtre « Kmeans", pour determiner le centre de clusters et de 

groupes d'echantillons autour de clusters ; 

25 - par application d'un filtre DFT, de maniere a effectuer une transformation de 

Fourier discrete, directe ou inverse d'un vecteur ; 

- par calcul de moments ; 

- par application d'un filtre « HuMoments» pour calculer des invariants de Hu 

invariants ; 

30 - par calcul de l'integrale d'une image ; 

- par application d'un filtre Scharr, permettant de calculer une derivee de l'image en 

mettant en ceuvre un operateur de Scharr ; 

- par recherche de l'enveloppe convexe de points ("ConvexHull") ; 

16 

- par retouche, en particulier en utilisant des regions au voisinage de la zone 

restauree; 

- par application d'un filtre bilateral ; 

- par application d'un flou gaussien; 

5 - par application d'un filtre d'Otsu, pour rechercher le seuil qui minimise la variance 

intra-classes ; 

- par application d'un filtre A*, pour rechercher un chemin entre des points; 

- par application d'un seuil adaptatif (« Adaptive Threshold») pour appliquer un 

seuil adaptatif a un vecteur ; 

10 - par application d'un filtre d'egalisation d'un histogramme d'une image en nuances 

de gris en particulier; 

- par detection de flou ("'BlurDetection"), pour calculer l'entropie d'une image en 

utilisant son laplacien; 

- par detection de contours(« FindContour ») d'une image binaire; 

15 - par remplissage de couleurs ("Flood.Fill"), notamment pour remplir un element 

20 

25 

connecte avec une couleur determinee. 

Les methodes non limitatives suivantes, bien qu'elles ne soient pas preferees, peuvent etre 

egalement mises en reuvre : 

par application d'un filtre "MeanShiff', de maniere a trouver un objet sur une 

projection de l'image; 

- par application d'un filtre « CLAHE », pour « Contrast Limited Adaptive 

Histogram Equalization » ; 

- par application d'un filtre « Kmeans", pour determiner le centre de clusters et de 

groupes d'echantillons autour de clusters; 

par application d'un filtre DFT, de maniere a effectuer une transformation de 

Fourier discrete, directe ou inverse d'un vecteur; 

- par calcul de moments ; 

- par application d'un filtre « HuMoments » pour calculer des invariants de Hu 

invariants ; 

30 - par calcul de l 'integrale d'une image; 

- par application d'un filtre Scharr, permettant de calculer une derivee de l'image en 

mettant en reuvre un operateur de Scharr ; 

- par recherche de l'enveloppe convexe de points ("ConvexHull"); 
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- par recherche de points de convexite d'un contour ("ConvexityDefects") ; 

- par comparaison de formes (« MatchShapes ») ; 

- par verification si des points sont dans un contour (« PointPolygonTest ») ; Par 

detection des contours Harris (« CornerHarris ») ; 

5 - par la recherche des valeurs propres minimales de matrices de gradients, pour 

detecter les coins ("CornerMinEigenVal ») ; 

- par application d'une transfortnee de Hough pour trouver des cercles dans une 

image en nuances de gris (« HoughCircles ») ; 

- par "Active contour modeling" (tracage du contour d'un objet a partir d'une image 

10 2.13 potentiellement « bruitee » ; 

- par calcul d'un champ de forces, appelees GVF ("gradient vector flow"), dans une 

partie de l'image ; 

- par classement en cascade (« CascadeClassification »). 

La determination des contours de dent peut etre optimisee en suivant les enseignements de 

15 PCT/EP2015/074900. 

A Petape 4) de comparaison des contours, on procede de preference suivant un des deux 

modes de realisation particuliers ci-dessous, correspondant aux figures 7 et 8, 

respectivement : 

Dans un premier mode de realisation particulier, &tape 4) comporte les &tapes i) a iii) pour 

20 chacune d'une pluralite de dents pour lesquelles des contours de dent interieur et exterieur 

ont ete determines. 

A l'etape i), on determine une distance d entre les contours de dent interieur et exterieur de 

chacune desdites dents (figure 7). 

La distance entre les contours de dent interieur 14 et exterieur 18 d'une dent peut etre par 

25 exemple la distance moyenne ou la distance maximale entre les pixels desdits contours 

correspondant a un meme point de la dent. 

La distance est de preference mesuree en pixels, ce qui avantageusement evite de devoir 

etablir l'echelle des images de dentition et de gouttiere. 

A l'etape ii), on determine un seuil de distance Sd, de preference a partir des distances 

30 determinees a l' &tape i). 

De preference, a Petape ii), le seuil de distance Sd est sensiblement egal a la plus faible des 

distances determinees a l'etape i) (dmin). Classiquement, a l'etape 1), au moins une des 

dents traitees est en contact avec le fond de la goulotte dans laquelle elle est inseree. La 

5 
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- par recherche de points de convexite d'un contour ("ConvexityDefects"); 

- par comparaison de formes (« MatchShapes »); 

- par verification si des points sont dans un contour (« PointPolygonTest »); Par 

detection des contours Harris(« CornerHarris ») ; 

par la recherche des valeurs propres minimales de matrices de gradients, pour 

detecter les coins ("ComerMinEigen Val ») ; 

- par application d'une transformee de Hough pour trouver des cercles dans une 

image en nuances de gris (« HoughCircles »); 

- par "Active contour modeling" (tra9age du contour d'un objet a partir d'une image 

10 2D potentiellement « bruitee » ; 

- par calcul d'un champ de forces, appelees GVF ("gradient vector flow"), dans une 

partie de I' image ; 

- par classement en cascade (« CascadeClassification » ). 

La determination des contours de dent peut etre optimisee en suivant les enseignements de 

15 PCT/EP2015/074900. 

A l'etape 4) de comparaison des contours, on procede de preference suivant un des deux 

modes de realisation particuliers ci-dessous, correspondant aux figures 7 et 8, 

respectivement : 

Dans un premier mode de realisation particulier, l'etape 4) comporte les etapes i) a iii) pour 

20 chacune d'une pluralite de dents pour lesquelles des contours de dent interieur et exterieur 

ont ete determines. 

A I' etape i), on determine une distance d entre les contours de dent interieur et exterieur de 

chacune desdites dents (figure 7). 

La distance entre les contours de dent interieur 14 et exterieur 18 d'une dent peut etre par 

25 exemple la distance moyenne ou la distance maximale entre les pixels desdits contours 

correspondant a un merne point de la dent. 

La distance est de preference mesuree en pixels, ce qui avantageusement evite de devoir 

etablir I' echelle des images de dentition et de gouttiere. 

A l'etape ii), on determine un seuil de distance Sd, de preference a partir des distances 

30 determinees a l'etape i). 

De preference, a I' etape ii), le seuil de distance Sd est sensiblement egal a la plus faible des 

distances determinees a l'etape i) (dmin). Classiquement, a l'etape 1), au moins une des 

dents traitees est en contact avec le fond de la goulotte dans laquelle elle est inseree. La 
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distance entre les contours de dent interieur et exterieur de cette dent est alors egale a une 

distance minimale correspondant a une situation normale. Elle peut donc servir 

d'etalon pour evaluer, a l'etape iii), les distances entre les contours de dent interieur et 

exterieur des autres dents. 

5 A l'etape iii), on determine, pour chacune des dents, un score dit « score en distance » 

S(d,Sd), en fonction 

- de la distance d entre les contours de dent interieur et exterieur et 

- du seuil de distance Sd. 

De preference, le score en distance pour une dent est egal a (d-Sd), c'est-a-dire a la 

10 difference entre la distance entre les contours de dent interieur et exterieur de cette dent et 

le seuil de distance. Plus le score en distance est eleve, plus la dent concernee est decollee 

de la goulotte. 

La figure 7 illustre un exemple de mise en ceuvre des &apes i) a iii), dans lequel une dent 

D1 est decollee du fond de la gouttiere et telle que d - d„,,„ > Sd. 

15 Dans un deuxieme mode de realisation particulier, Petape 4) comporte les &apes i') a iii'). 

A l'etape i'), on considere au moins triplet constitue de premiere, deuxieme et troisieme 

dents, D1, D2 et D3, respectivement, les premiere et troisieme dents etant adjacentes a la 

deuxieme dent, c'est-d-dire les premiere, deuxieme et troisieme dents se succedant le long 

d'une arcade. 

20 On determine les contours de dentition et de gouttiere comportant les contours de 

dent interieurs 141, 142 et 143, respectivement, et exterieurs 181, 182 et 183, respectivement, 

des dents DI, D2 et D3, respectivement. 

Un « decalage » interieur ou exterieur, respectivement, represente une distance entre les 

contours de dent interieur ou exterieur, respectivement, de deux dents adjacentes. 

25 On determine 

- un decalage entre le contour de dent interieur de ladite premiere dent 141 et le 

contour de dent interieur de ladite deuxieme dent 142, dit « premier decalage 

interieur », A1-2i ; 

- un decalage entre le contour de dent interieur de ladite deuxieme dent 142 et le 

30 contour de dent interieur de ladite troisieme dent 143, dit « deuxieme decalage 

interieur », O2.3i 
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distance entre les contours de dent interieur et exterieur de cette dent est alors egale a une 

distance minirnale d,nin correspondant a une situation normale. Elle peut done servir 

d'etalon pour evaluer, a l'etape iii), les distances entre les contours de dent interieur et 

exterieur des autres dents. 

5 A l'etape iii), on determine, pour chacune des dents, un score dit « score en distance» 

S(d,Sd), en fonction 

- de la distanced entre les contours de dent interieur et exterieur et 

- du seuil de distance Sd. 

De preference, le score en distance pour une dent est egal a (d-Sd), c'est-a-dire a la 

10 difference entre la distance entre les contours de dent interieur et exterieur de cette dent et 

le seuil de distance. Plus le score en distance est eleve, plus la dent concemee est decollee 

de la goulotte. 

La figure 7 illustre un exernple de mise en reuvre des etapes i) a iii), dans lequel une dent 

DI est decollee du fond de la gouttiere et telle que d - dmin > Sd. 

15 Dans un deuxierne mode de realisation particulier, l'etape 4) comporte les etapes i') a iii'). 

A l 'etape i '), on considere au moins triplet constitue de premiere, deuxieme et troisieme 

dents, DI, D2 et D3, respectivement, les premiere et troisieme dents etant adjacentes a la 

deuxieme dent, c'est-a-dire les premiere, deuxieme et troisieme dents se succedant le long 

d' une arcade. 

20 On determine les contours de dentition et de gouttiere comportant les contours de 

dent interieurs 141, 142 et 143, respectivernent, et exterieurs 181, 182 et 183, respectivement, 

des dents DI, D2 et D3, respectivement. 

Un « decalage » interieur ou exterieur, respectivement, represente une distance entre les 

contours de dent interieur ou exterieur, respectivement, de deux dents adjacentes. 

25 On determine 

30 

- un decalage entre le contour de dent interieur de ladite premiere dent 141 et le 

contour de dent interieur de ladite deuxieme dent 142, <lit « premier decalage 

interieur », Li1-2i ; 

- un decalage entre le contour de dent interieur de ladite deuxieme dent 142 et le 

contour de dent interieur de ladite troisieme dent 143, dit « deuxieme decalage 

interi eur », Li2-3i ; 
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- un decalage entre le contour de dent exterieur de ladite premiere dent 181 et le 

contour de dent exterieur de ladite deuxieme dent 182, dit « premier decalage 

exterieur 64-2e ; 

- decalage entre le contour de dent exterieur de ladite deuxieme dent 182 et le contour 

5 de dent exterieur de ladite troisieme dent 183, dit « deuxieme decalage exterieur », 

A2-3e. 

Le decalage interieur entre les contours de dent interieurs de deux dents adjacentes est de 

preference egal a la plus grande distance entre les contours de dent interieurs de ces deux 

dents sur le contour de dentition. 

10 Le decalage exterieur entre les contours de dent exterieurs de deux dents adjacentes est de 

preference egal a la plus grande distance entre les contours de dent exterieurs de ces deux 

dents sur lc contour de gouttiere. 

Les decalages interieurs et les decalages exterieurs sont de preference mesures en pixels, ce 

qui avantageusement evite de devoir etablir Pechelle des images de dentition et de 

15 gouttiere. 

On determine ensuite : 

- la difference entre le premier decalage interieur Al_21 et le premier decalage 

exterieur A1.2e, dite « premiere difference de decalages » A1-2 (= Ai-2i - AI-2e) ; 

- la difference entre le deuxieme decalage interieur 6.2_3i et le deuxieme decalage 

20 exterieur A2-3e, dite « deuxieme difference de decalages » A2-3 (= A2-3j - A2-3e). 

Dans l'exemple de la figure 8, A1_2 est beaucoup plus faible que A2-3. 

A l'etape ii'), on determine un seuil de difference de decalages SA, de preference a partir 

des premiere et deuxieme differences de decalages A1_2 et A2.3 determinees a l'etape i'). 

De preference, a l'etape ii'), le seuil de decalage est sensiblement egal a la plus petite des 

25 differences de decalages determinees a l'etape i'). 

Classiquement, a Petape 1), au moins deux dents traitees adjacentes sont en contact avec le 

fond de la goulotte dans laquelle elles sont inserees. La difference de decalages entre ces 

deux dents traitees est alors sensiblement nulle. Cette difference de decalages nulle 

correspondant a une situation normale, elle peut donc servir d'etalon pour evaluer les 

30 differences de decalages entre les dents traitees adjacentes. 

Sur la figure 8, la difference de decalages entre les deux dents Di et D2 est sensiblement 

nulle. 

5 
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- un decalage entre le contour de dent exterieur de ladite premiere dent 181 et le 

contour de dent exterieur de ladite deuxieme dent 182, dit « premier decalage 

exterieur », 61-2e ; 

- decalage entre le contour de dent exterieur de ladite deuxieme dent l 82 et le contour 

de dent exterieur de ladite troisieme dent l 83, dit « deuxieme decalage exterieur », 

62-3e. 

Le decalage interieur entre les contours de dent interieurs de deux dents adjacentes est de 

preference egal a la plus grande distance entre les contours de dent interieurs de ces deux 

dents sur le contour de dentition. 

10 Le decal age exterieur entre les contours de dent exterieurs de deux dents adjacentes est de 

preference egal a la plus grande distance entre les contours de dent exterieurs de ces deux 

dents sur le contour de gouttiere. 

Les decalages mterieurs et les decalages exterieurs sont de preference mesures en pixels, ce 

qui avantageusement evite de devoir etablir· l' echelle des images de dentition et de 

15 gouttiere. 

On determine ensuite: 

- la difference entre le premier decalage interieur 61-2i et le premier decalage 

exterieur 61-2e, dite « premiere difference de decalages » 61-2 (= 61-2i - 61-2e); 

- la difference entre le deuxieme decalage interieur 62-3i et le deuxieme decalage 

20 exterieur 62-Je, <lite« deuxieme difference de decalages » 62-3 (= 62-Ji - 62-Je). 

Dans l'exemple de la figure 8, 61-2 est beaucoup plus faible que 62-J. 

A l'etape ii'), on determine un seuil de difference de decalages S6, de preference a partir 

des premiere et deuxieme differences de decalages 61-2 et 62-3 deterrninees a l'etape i'). 

De preference, a l'etape ii'), le seuil de decalage est sensiblernent egal a la plus petite des 

25 differences de decalages determinees a l'etape i '). 

Classiquernent, a l 'etape 1 ), au moins deux dents traitees adjacentes sont en contact avec le 

fond de la goulotte dans laquelle elles sont inserees. La difference de decalages entre ces 

deux dents traitees est alors sensiblement nulle. Cette difference de decalages nulle 

correspondant a une situation norrnale, elle peut done servir d' etalon pour evaluer les 

30 differences de decalages entre les dents traitees adjacentes. 

Sur la figure 8, la difference de decalages entre les deux dents D1 et D2 est sensiblernent 

nulle. 
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A l'etape iii'), on determine pour chaque couple de dents dudit triplet, au moins un score, 

dit « score en decalage », en fonction de la difference de decalages avec une dent adjacente 

a ladite dent et du seuil de difference de decalages. 

En particulier, la difference de decalages de la premiere dent avec la deuxieme dent peut 

5 etre comparee au seuil de difference de decalages SA, par exemple de zero. Le seuil de 

difference de decalages peut etre notamment soustrait a la difference de decalages de la 

premiere dent avec la deuxieme dent pour determiner un score en decalage des premiere et 

deuxieme dents. 

Ce score en decalage indique, par exemple s'il est positif, qu'une ou chacune des premiere 

10 et deuxieme dents est susceptible d'être decollee du fond de la goulotte. 

Sur la figure 8, la difference de decalages entre les deux dents D2 et D3 est positive, ce qui 

constitue un indice de decollement de la deuxieme ou de la troisieme dent. 

Sur la figure 8, la ditterence de decalages entre les deux dents Di et D2 etant sensiblement 

nulle, la difference positive de decalages entre les deux dents D2 et D3 indique donc un 

15 decollement de la troisieme dent. 

De maniere generale, quand un premier score en decalage pour des premiere et deuxieme 

dents indique un decollement d'une de ces deux dents, on determine un deuxieme score en 

decalage pour la deuxieme dent et une troisieme dent adjacente a la deuxieme dent. Si le 

deuxieme score en decalage est inferieur au premier score en decalage, it est probable que 

20 c'est la premiere dent qui s'est decollee du fond de la goulotte. Sinon, c'est probablement 

la deuxieme dent qui s'est decollee. 

A retape 5), une information, par exemple un avertissement, est envoyee a un operateur, 

pour l'informer, le cas echeant, que la situation est anormale. L'information relative a une 

dent depend du ou des scores etablis a Petape 4). De preference, l'information comporte 

25 une valeur permettant de quantifier, pour au moins une dent, le niveau de decollement de la 

gouttiere au-dessus de cette dent, cette valeur etant de preference etablie a partir du ou des 

scores calcules a l'etape 4) pour cette dent. 

Dans un mode de realisation, cette information est utilisee pour etablir un diagnostic et/ou 

pour modifier le traitement, en particulier pour preconiser un changement de gouttiere 

30 et/ou determiner des caracteristiques d'une future gouttiere pour le patient. 

•• 
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A I' etape iii'), on determine pour chaque couple de dents dudit triplet, au mo ins un score, 

<lit« score en decalage », en fonction de la difference de decalages avec une dent adjacente 

a ladite dent et du seuil de difference de decalages. 

En particulier, la difference de decalages de la premiere dent avec la deuxieme dent peut 

5 etre comparee au seuil de difference de decalages Sb., par exemple de zero. Le seuil de 

difference de decalages peut etre notamment soustrait a la difference de decalages de la 

premiere dent avec la deuxieme dent pour determiner un score en decalage des premiere et 

deuxieme dents. 

Ce score en decalage indique, par exemple s'il est positif, qu'une ou chacune des premiere 

10 et deuxieme dents est susceptible d'etre decollee du fond de la goulotte. 

Sur la figure 8, la difference de decalages entre les deux dents D2 et DJ est positive, ce qui 

constitue un indice de decollement de la deuxieme ou de la troisieme dent. 

Sur la figure 8, la d1tterence de decalages entre les deux dents D1 et D2 etant sensiblement 

nulle, la difference positive de decalages entre les deux dents D2 et DJ indique done un 

15 decollement de la troisieme dent. 

De maniere generale, quand un premier score en decalage pour des premiere et deuxieme 

dents indique un decollement d'une de ces deux dents, on determine un deuxieme score en 

decalage pour la deuxieme dent et une troisieme dent adjacente a la deuxieme dent. Si le 

deuxieme score en decalage est inferieur au premier score en decalage, il est probable que 

20 c'est la premiere dent qui s'est decollee du fond de la goulotte. Sinon, c'est probablement 

la deuxieme dent qui s' est decollee. 

A I' etape 5), une information, par exemple un avertissement, est envoyee a un operateur, 

pour !'informer, le cas echeant, que la situation est anormale. L'information relative a une 

dent depend du ou des scores etablis a l'etape 4). De preference, }'information comporte 

25 une valeur permettant de quantifier, pour au mains une dent, le niveau de decollement de la 

gouttiere au-dessus de cette dent, cette valeur etant de preference etablie a partir du ou des 

scores calcules a l'etape 4) pour cette dent. 

Dans un mode de realisation, cette information est utilisee pour etablir un diagnostic et/ou 

pour modifier le traitement, en particulier pour preconiser un changement de gouttiere 

30 et/ou determiner des caracteristiques d'une future gouttiere pour le patient. 
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Comme cela apparait clairement a present, un procede selon l'invention permet, a partir de 

simples photos ou d'un simple film, de determiner les regions dans lesquelles la gouttiere 

s est ecartee des dents et d'evaluer 1'ampleur de ce decollement. 

Bien entendu, l'invention n'est pas limit& aux modes de realisation decrits ci-dessus et 

5 representes. 

Enfin, le patient n'est pas limite a un etre humain. En particulier, un procede selon 

l'invention peut etre utilise pour un autre animal. 

21 

Comme cela apparrut clairement a present, un procede selon !'invention permet, a partir de 

simples photos ou d 'un simple film, de determiner les regions dans lesquelles la gouttiere 

s'est ecartee des dents et d'evaluer l'ampleur de ce decollement. 

Bien entendu, !'invention n'est pas limitee aux modes de realisation decrits ci-dessus et 

5 representes. 

Enfin, le patient n'est pas limite a un etre hurnain. En particulier, un precede selon 

I 'invention peut etre utilise pour un autre animal. 
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REVENDICATIONS 

1. Procede d'evaluation de la forme d'une gouttiere orthodontique portee par un patient, 

ledit procede comportant les &apes suivantes : 

5 1) acquisition d'au moins une image bidimensionnelle de dents dudit patient, dite 

« image actualisee », dans des conditions d'acquisition reelles, 

au moins une image actualisee, dite « image de gouttiere », representant au moins 

partiellement la gouttiere dans une position de service dans laquelle elle est portee 

par lesdites dents; 

10 au moins une image actualisee, dite « image de dentition », identique ou differente 

de 1'image de gouttiere, representant lesdites dents, 

2) si 1'image de dentition est differente de 1'image de gouttiere, transformation de 

1'image de dentition de maniere qu'elle represente lesdites dents comme observees 

dans les conditions d'acquisition mises en oeuvre Tors de 1'acquisition de 1'image de 

15 gouttiere a l'etape 1) ; 

3) determination pour chacune d'une pluralite de dents representees sur les images de 

dentition et de gouttiere, de contours de dent interieur et exterieur representant le 

contour de l'extremite libre de ladite dent sur les images de dentition et de 

gouttiere, respectivement, 

20 4) comparaison des contours de dents interieur et exterieur, puis determination d'au 

moins un score en fonction de ladite comparaison. 

2. Procede selon la revendication immediatement precedente, comportant, apres l'etape 

4), l'etape suivante : 

5) comparaison du score a un seuil d'acceptabilite et emission d'une information en 

25 fonction du resultat de la comparaison. 

3. Procede selon 1'une quelconque des revendications precedentes, dans lequel les 

images de dentition et de gouttiere sont differentes, le procede comportant les &apes 

suivantes : 

(a) avant l'etape 1), realisation d'un modele tridimensionnel numerique d'au moins 

30 une partie d'une arcade portant lesdites dents, ou « modele de reference initial », 
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REVENDICATIONS 

I. Precede d'evaluation de la forme d'une gouttiere orthodontique portee par un patient, 

ledit precede comportant les etapes suivantes: 

5 1) acquisition d'au moins une image bidimensionnelle de dents dudit patient, dite 

15 

« image actualisee », dans des conditions d'acquisition reelles, 

au moins une image actualisee, <lite « image de gouttiere », representant au moins 

partiellement la gouttiere dans une position de service dans laquelle elle est portee 

par lesdites dents; 

au mains une image actualisee, dite « image de dentition», identique ou differente 

de l'image de gouttiere, rcprcscntant lcsditcs dents, 

2) si l'image de dentition est differente ~e l'image de gouttiere, transformation de 

l'image de dentition de maniere qu'elle represente lesdites dents comme observees 

dans les conditions d'acquisition mises en reuvre lors de l'acquisition de _l'image de 

gouttiere a 1' etape 1) ; 

3) determination pour chacune d'une pluralite de dents representees sur les images de 

dentition et de gouttiere, de contours de dent interieur et exterieur representant le 

contour de l'extremite libre de ladite dent sur les images de dentition et de 

gouttiere, respectivement, 

20 4) comparaison des contours de dents interieur et exterieur, puis determination d'au 

moins un score en fonction de ladite comparaison. 

2. Precede selon la revendication immediatement precedente, comportant, apres l' etape 

4), l'etape suivante: 

5) comparaison du score a un seuil d'acceptabilite et emission d'une information en 

25 fonction du resultat de la comparaison. 

30 

3. Procede selon l 'une quelconque des revendications precedentes, dans lequel les 

images de dentition et de gouttiere sont diff erentes, le procede comportant les etapes 

suivantes: 

(a) avant l'etape 1), realisation d'un modele tridimensionnel numerique d'au moins 

une partie d'une arcade portant lesdites dents, ou « modele de reference initial», 
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5 

et pour chaque dent du modele de reference initial, definition d'un modele de 

reference tridimensionnel numerique de ladite dent, ou « modele de dent » ; 

(b) modification du modele de reference initial par deplacement des modeles de dent, 

jusqu'a obtention d'un modele de reference final compatible avec l'image de 

dentition ; 

(c) recherche d'une vue bidimensionnelle du modele de reference final compatible 

avec l'image de gouttiere ; 

(d) transformation de l'image de dentition en ladite vue. 

4. Procede selon l'une quelconque des revendications 1 et 2, dans lequel les images de 

10 dentition et de gouttiere sont une meme image. 

5. Procede selon l'une quelconque des revendications precedentes, dans lequel l'etape 4) 

comporte les etapes suivantes : 

pour chacune d'une pluralite de dents pour lesquelles des contours de dent interieur et 

exterieur ont ete determines ; 

15 i) determination d'une distance entre les contours de dent interieur et exterieur 

ii) determination d'un seuil de distance, de preference a partir des distances 

determinees a retape immediatement precedente ; 

iii) pour chacune desdites dents, determination d'un score en distance, en fonction 

- de la distance entre les contours de dent interieur et exterieur et 

20 - du seuil de distance. 

6. Procede selon la revendication immediatement precedente, dans lequel les distances 

sont mesurees en pixels. 

7. Procede selon l'une quelconque des deux revendications immediatement precedentes, 

dans lequel a l'etape ii), le seuil de distance est fonction de la plus faible des distances 

25 determinees a l'etape i). 

8. Procede selon l'une quelconque des revendications 1 a 3, dans lequel l'etape 4) 

comporte les etapes suivantes : 

i') pour chaque couple d'une dent gauche et d'une dent droite adjacentes d'au moins 

triplet de premiere, deuxieme et troisieme dents adjacentes pour chacune desquelles 

5 

23 

et pour chaque dent d1:1 modele de reference initial, definition d 'un modele de 

reference tridimensionnel numerique de ladite dent, ou « modele de dent»; 

(b) modification du modele de reference initial par deplacement des modeles de dent, 

jusqu'a obtention d'un modele de reference final compatible avec l'image de 

dentition; 

(c) recherche d'une vue bidimensionnelle du modele de reference final compatible 

avec l 'image de gouttiere ; 

(d) transformation de l'image de dentition en ladite vue. 

4. Procede selon l'une quelconque des revendications 1 et 2, dans lequel les images de 

10 dentition et de gouttiere sont une meme image. 

15 

5. Procede selon l'une quelconque des revendications precedentes, dans lequel l'etape 4) 

comporte les etapes suivantes : 

pour chacune d'une pluralite de dents pour lesquelles des contours de dent interieur et 

exterieur ont ete determines ; 

i) determination d'une distance entre les contours de dent interieur et exterieur; 

ii) determination d'un seuil de distance, de preference a partir des distances 

determinees a l 'etape immediatement precedente ; 

iii) pour chacune desdites dents, determination d'un score en distance, en fonction 

- de la distance entre les contours de dent interieur et exterieur et 

20 - du seuil de distance. 

6. Procede selon la revendication immediatement precedente, dans lequel les distances 

sont mesurees en pixels. 

7. Procede selon l 'une quelconque des deux revendications immediatement precedentes, 

dans lequel al 'etape ii), le seuil de distance est fonction de la plus faible des distances 

25 determinees a I' etape i). 

8. Procede selon l'une quelconque des revendications 1 a 3, dans lequel l'etape 4) 

comporte les etapes suivantes : 

i') pour chaque couple d'une dent gauche et d'une dent droite adjacentes d'au moins 

triplet de premiere, deuxierne et troisierne dents adjacentes pour chacune desquelles 
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des contours de dent interieur et exterieur ont ete determines, les premiere et 

troisieme dents etant adjacentes a la deuxieme dent, 

determination d'un decalage entre le contour de dent interieur de ladite dent gauche 

et le contour de dent interieur de ladite dent droite, dit « decalage interieur », et 

5 determination d'un decalage entre le contour de dent exterieur de ladite dent gauche 

et le contour de dent exterieur de ladite dent droite, dit « decalage exterieur », 

puis 

determination de la difference entre le decalage interieur et le decalage exterieur, 

dite « difference de decalages » ; 

10 ii') determination d'un seuil de difference de decalages, de preference a partir des 

differences de decalages determinees a Petape i') ; 

iii') determination, pour chaque dent dudit triplet, d'au moins un score en decalage, en 

fonction de la difference de decalages avec une dent adjacente et du seuil de 

difference de decalages ; 

15 9. Procede selon la revendication immediatement precedente, dans lequel les decalages 

interieurs el exteiieurs sont mesures en pixels. 

10. Procede selon l'une quelconque des deux revendications immediatement precedentes, 

dans lequel a l'etape iii'), le seuil de difference de decalages est fonction de la plus 

petite des differences de decalages determinees a l'etape ii'). 

5 

24 

des contours de dent interieur et exterieur ont ete determines, les premiere et 

troisieme dents etant adjacentes a la deuxieme dent, 

determination d'un decalage entre le contour de dent interieur de ladite dent gauche 

et le contour de dent interieur de ladite dent droite, dit « decalage interieur », et 

determination d'un decalage entre le contour de dent exterieur de ladite dent gauche 

et le contour de dent exterieur de ladite dent droite, dit « decalage exterieur », 

pms 

determination de la difference entre le decalage interieur et le decalage exterieur, 

<lite « difference de decalages » ; 

10 ii') determination d'un seuil de difference de decalages, de preference a partir des 

differences de decalages determinees a l'etape i'); 

iii') determination, pour chaque dent dudit trip I et, d' au mo ins un score en decal age, en 

fonction de la difference de decalages avec une dent adjacente et du seuil de 

difference de decalages ; 

15 9. Procede selon la revendication imrnediatement precedente, dans lequel les decalages 

interieurs el t:xlt'.:rieun; sunt mesures en pixels. 

10. Procede selon l'une quelconque des deux revendications immediatement precedentes, 

dans lequel a I' etape iii'), le seuil de difference de decal ages est fonction de la plus 

petite des differences de decalages determinees a l'etape ii'). 
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3) determination de contours de dent interieur et exterieur sur les images de dentition 
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4) comparaison des contours de dent interieur et exterieur pour evaluer le decollement 
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1) Acquisition d'une image de gouttiere et d'une image de dentition 

Image de 
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2) Recadrage de l'image de 
dentition sur l'image de gouttiere 

3) determination de contours de dent interieur et exterieur sur les images de dentition 
et de gouttiere, respectivement 

4) comparaison des contours de dent interieur et exterieur pour evaluer le decollement 
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(a) realisation d'un modele de reference initial 

(b) &placement des modeles de dents du modele de reference initial, jusqu'a 
obtenir un modele de reference final compatible avec l'image de dentition 

(c) recherche d'une vue du modele de reference final compatible avec l'image 
de gouttiere 

(d) Remplacement de l'image de dentition par ladite vue 

Fig. 10 
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(a) realisation d'un modele de reference initial 

I 

(b) deplacement des rnodeles de dents du modele de reference initial, jusqu' a 
obtenir un modele de reference final compatible avec I 'image de dentition 

I 

(c) recherche d'une vue du modele de reference final compatible avec l'image 
de gouttiere 

l 
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Letter dated: September 21, 2018 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No. 16/001,049 
Applicant Philippe SALAH 
Filing Date : June 6, 2018 

Title : METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Conf. No. : 8141 

Customer No. 
Docket No 

: 108676 
: N8,13-51411 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Letter for Disclosure of Information concerning other pending applications 

Sir: 

Several patent applications, as listed below, are currently pending. As the 
applications progress through prosecution, each respective Examiner for each 
respective application is invited to monitor such progress/activity of the other 
applications. 
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Letter dated: September 21, 2018 

LISTING OF APPLICATIONS: 

N&P-51398 APPL. NO.: 15/952,635 

N&P-51399 APPL NO.: 15/953,561 

N&P-51400 APPL. NO.: 15/953,744 

N&P-51410 APPL. NO.: 15/990,950 

N&P-51411 APPL. NO.: 16/001,049 

N&P-51421 APPL. NO.: 16/030,032 

N&P-51422 APPL. NO.: 16/030,137 

N&P-51423 APPL. NO.: 16/031,125 

N&P-51424 APPL. NO.: 16/031,172 

N&P-51425 APPL. NO.: 16/031,201 
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Letter dated: September 21, 2018 

REMARKS/ARGUMENTS 

If there are any fees resulting from this communication, please charge same to 

our Deposit Account No. 505088, our Order No. N&P-51411. 

Respectfully submitted, 
Cooper Legal Group 

By:  /Ronald M. Kachmarik/ 
Ronald M. Kachmarik, Reg. No. 34512 

6505 Rockside Road 
Suite 330 
Cleveland Ohio 44131 
(216) 654-0090 
September 21, 2018 
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06/06/2018 Philippe SALAH N&P-51411 
CONFIRMATION NO. 8141 

POA ACCEPTANCE LETTER 
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NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 09/25/2018. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

/rnegga/ 
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FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Philippe SALAH N&P-51411 
CONFIRMATION NO. 8141 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!1]!~1!~1! ~!IIH~ !Ii~] 111111111111111 IIII IIII 

Date Mailed: 09/28/2018 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 09/25/2018. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/megga/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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PIO?A:A/Cri (06-12) 
Amon-Ned Fur :see lii:rouvh 0Si:1:12014. OMB 

Potent anc iffiOileaark r..)F. CO:AMERCE 
tinder the PaPon&onk Reoi.K.ton Ao: no eersOnf: ere required to fesoona 1.7., a adiaCtiaa of infrirmetion linkeis it ciapich+s a v:sliti OMB =lad nuthbo: 

DECLARATION (37 CFA₹. 1,63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET O7 CFR 1.78) 

SIMM,1,„ , tkNV,V•NNW.N,NV.,NNN.W.VN , N.NNVSN.,NW•NV•SNV.N.. , .....N.N.NVNNVNNNVNVNN.NVNN'.....NV•NNN.N.•••••NN 

Title of IMETHOD OF EVALUATING AN ORTHODONTIC ALIGNER 
IfIV81116O1n 

t.„„„,„„, 
As the below named inventor, l hereby declare that: 

This declaration 
is directed to: 

above-identified application Vii`aS made or authorized to be made by me. 

€ beiieve that I am the original inventor or an original joint inventor of a claimed €nvention in the applictition. 

hereby acknowledge that any wi€Iful false statement made in this declaration is punishable under 13 1001 
by fine or imprisonment of not more than five (5) years, or bath. 

WARNING: 
Petitioner/applicant is cautioned to avoid submittin€; personal infomiation in documents filed in a patent application that may 
contribute to identity theft. Persona€ information such as social security numtws, bank account credit card numbers 
(other than a check or credit card authorization form PIO-2038 submitted for payment purposes) is never required by the LlIWTO 
to support a petition or an application, If this type of personal information is included in documents submitted to the. USPTO, 
petitionersiapplicants should consider redacting such personal information from the documents. before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after puNiattion of the 
application (unless a non-publication request in complianm with 37 CFR 1.2.13(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned epplication may also be available to tie public if the application is 

E • . referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available, 

The at€ached applimtion, or 

\\NI Un€ted States application or KT international aop€icatiott number  16/001 049

filed on June 6, 2018 

LEGAL NAME OF INVENTOR 

inventor: Philippe SALAH   Date (Optional) : 

Signature: 
, • • • • MA W•NNAINN, • •• •••• • VVVVV, • V, VVVVV, • • • • • • • VV, V,NNSSNI WWWWWW0APTMO NWO f•MSW•••••• 

Note: An aprAication r,n,,a sheet (PTO/5MA, or ecIttivater0..itligialrj Fla Min the entire inventive unity, must accompany this form or must have 

been previously riled. Use. an addiborial PIO/AiAlS1 firm for each additionei inventor. 

k • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ,••••••••••••••••••••••, \NNW.' VVVONVO.V.N,WNSWV.V.WW.NNW.V.V.,NNWOVVV•••••••••••••,,,,NNVVVVV.W.NNNNW.W.WW.SW,NNSW•••••••••••••••NNNNNS,S,,,,,,NN,,,,,W.,,,,N,,,WPTAWMAWN.V.V.WWWW.NNNV. 

:ef,v.irolien s menrinsci by 35 U.S.C. 115 aril 37 CFR 1.63. The inkisnation is required to obtain or retain a benefit by Me public which to to file (and 
by the USPro to promes) Copriiiergirstity it governed by 35 122 and 37 CFR 1.11 end 1.14. This fa: action is elfin:wed to take 1 minute to 
or:melee, induoinsi Who:inv. empaririv. end si.lineittinv the oompleted app Scalion form is the USPIC. Time wit vary depending upon the individual case. Any 

MY:Merge on the eMOUM of tiMe YtX1 reqUiet,,, to OOMPlat) Ztlizt norm endke 3Q.,:ae3ht)I13 for reducing role bteden, otioLied to sent to the Chief Information Ottioor, iJ.S. 
Paterit and Tord.snefk OtSon U.S. Dooriment cf Corrumme: P.O. Pox 1450, Nexandria: VA 22313-1450. OO NOT SENO FEES OR COMPLETED FORMS 7O 

ADORES'S. SEND TO: CorornIssioner for Patents, P.O. tot 1460, Alexandria, VA 2231344S0. 
ar yDls need agsi5tanoe fr3 cvntolef Mg the form, nog:, 1-80,04.7(1,4itag, and seieot n.phaa 2. 

PTC/AIA/01 (O<S,.,12) 
ApprcNOO far u~a ~rou~h :Jti31/.7.0i4. 0MB 065i~0G32 

U.S. P;;tsm!3n<:I Tmd;;nrni1<.0!!ie<,; U.S. DF.P.?.J~H,,lE.ffl OFC:OMMF.HCE 
Und&-t the Psp€rwort-: Reduction J\ci c•f 1 fj95, n{1 r.~rsoru; am :-equ!tt=-d to ret~r.ond t(i a e<-i!fiCfa)n ~ :m"t;;c·nR-1tion sJ:~~.a&~ it <.H~p;~ys ~ IJ~!iti 0MB con~w~ nt~~nl~~ 

,, ........................... :,,.:,,.:,,.--..:,,.:,,.:,,.'-'-'-'-'-'"""""'"'"'"'"'"-"':,,."'"'"'"'"'"'"'"-"'"'"'"'"-"'"'" .... "-... "'"'""-"-"-"-"-... "'"-"'"'"'"'"''''' ................................ :,,."-.............. :,,.:,,.:,,."-.......................................... :,,."-''''''''''''''''''''''' ................................. ,,,,,,,, ......... , .. ,, .............. ,,,,,, ............ ,, ..................................................................................................... ,, 
{'. DEClARA TION (31 CFR 1.63) FOR UTIUTY OR DESJGN APPUCAT!ON USING AN '\ 
l APPUCA'f!ON DATA SHEET (37 CFR 1.76} ) 
~":-.,,,, ....... :-.:-.:-::::":t":=")'-':~':)."::':-"=""="":::;."'::';"':"-:,0.~~ ...... :,,.:,,.:,,.:,,.:,,.:,,.:,,.:,,.:,,.:,,.:,,_ .... ::-., .... :::; .... :-.:-.:-.:-.:-.::::~, .... :::; .... :-.:-., .... :-.:-. .... :-."""" .... :,,.:,,.:,,.:-. .... :-._ .... :::; .... :-.:-.:-.::::~~,~~~) .... :"-:"-:"-:"-:"-:"., .... :,.."" .... :,,.:,,.:,,.:,.." .... "''''' .... "' .... "''"" .... "''''''''''''"' .... "'""''" .... :-.''"''''' .... "'''''''''''''''''''''''" .... "'''''''''''''''''''''''''''''''''''''''''''''''''' .... ,,,.,,,': ~ 
I Title of I METHOD OF EVALUA T!NG AN ORTHODONTIC AUGNER I 
! ~nventh)n ~ ~ 

! ~ ~ 
~ .................................................... ,,,,,,,,,,r,,,,,,,,,,,,, ........ ,,,, ........ ,,,,,,,,,,,,,,,,,,, ........ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ........ ,,,,,,,, ........ ,,,,, ............ , ........ ,,,,,, .... ,,,,,,,,,,,,,,,,, ............................................................................................ ,, ................................................................................................................................................................................................................................ ~ 
~ ·~ 
\ As the below named inventor, l 11ereby declarn thet f 
::: * ::: * 
~ Th:s doc~araho:1 r-u-: i j l..J The ;:1ttact;ed appfo::-ation, or ~' 
,~~m~d~ I 

) !il U11ited States appilcat1on or PCT intematlonal app!ic.etion number .:.~'..~~·~·-'·~~~·····················----·-- ) ~ ~~ .. : ~ 
I fi!ed on .,h .. me .6'. 20·1 a.......................................... j 
i l 
i l 
i l 
i l t The abcve-ident:tied application was made or authorized tc be made l)'f m0. j 
~ l 
t ~ 
\ ' 
( ! believe that ! am the origimil inventor or an original joint invent(lr of ;:i daime<l invenHon ir: the application. ! 
::: • ~ 

~ ~ 
::: ~ 
::: ~ 
::: ~ 
::: ~ 

\ 1 t1o~rnby .~ckMwle,1g,i that any wmful falsE, statement ma<le in this declamt!on is punishable under 18 U,S,C, 1001 ! 
j by fine or imprisonment of not more than five (5) years, or bath, j 

I Petitione,lap~lcant • caWonad to avoid ,c<omfflj"!I ,,.,:~l~n~==~ tn """'"'"""' """ 1, a """"" opc<>,,1ion tt,at may I 
l contribute ,◊ ider,tily theft. Persona! information such as soci2! sewrity numbem, bank account numbers, or credit card nu11ibera l 
l (i)ther tri,m ,~ checl< oi- credit e-erd authmtrnUon form PH) . .;2038 submitted for payment purposes) is never required by the USPTO l 
l to suppo1·t ;~ petition or an application, If this type of persona! information is hc!uded in documents submitted to the USPTO, l 
l petitionersiapplicants should cons,der redacting such personal information from the documents before submitting them to the l 
l USPTO. Petitioner/applicant is advised that the rewrd of a patent apolicatio:, is available to the public after publication of the l 
j applicatiofl (unlroiss a nm1-pubiica!ion rnqu,~st in compliance with 37 GFR 1.213(;~) is rm~de in 1:he appiicalim) or issuance of,~ j 
l patent F:.;rt.hermore, the record fnxn an abarnjoned ;~pp!ication m,~y also be aveiiab!e to the publle- if the application is ! 
l mfen:,11ced in a p:.;b!ished appl!cation or an issued patent {see 37 CFR 1:14), Checks and credit card authoitrntion forms ! 
I PT0-2038 submitted for payment purposes are not retained ,n the application file and therefore are not public!y available. ! 
~ ~ 

~ ~ ~,,,,,,,,,,,,,,,,,,,,,,,,,,,, .... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ........ ,,,, ........ ,, .... ,, ....... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .... ,,,, ........ ,, ........ ,,, ........ ",,,,,,,,, ........ ,, ........ ,,,,, ........ ,,,i 
~ ~ 
~ ~ 

l LEGJ.\L NAME Of lNVENTOR ~ 

I mveotoc ,Philippe SALAH ' Dale (◊pt-),,,_,_ I 
I Signature:.------------------------------------------------------------------_.- ::::~~1:::::::~::::::::~------------------------------------------------------------------------------------------------------------------ I 
1-------------------------------------------------------------------------------------------------:~:::t::.,,~»----"""'"--~"""'""""""""""""""""""""""""""""""""""'"""""""'"""""'""""""""""'"i 

! Note: An applicatio11 da!a shed (PTOfSB/14- or equ,veie:1t\Jf..iduding namh1~1 trie enilre inve11ti11e enil!~', must eccomr,any this for111 or must i1;we l 
! been oreviously lilsr.t Use ;;111 additional PTOiAIAI01 for:11 for e8ch <1ddltiori<1I inventor. l 
! ...................... : ............................. ~ .. ,,,,, ...... , ........ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ........ ,,,, .... ,, ........ ,,,,,,,,,,,,,, ... ,,,,,,,,,,,,,,,,,,,,,,,,,, ............ ,,,,,,,,,,,,,,,,,,,,,, ............... ,,,,,,,,, ................ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ................. ,,,,,, ...... ,, ...................... ,,,,,,,,,,,,,,,,l 
Thi~ co!!1;:-:~~bn cf ;r-sf~""Nl":-:~t~!.!fl is i-~-~~~i~i.~ by 35 U.S.C. 115 ~-srjd :37 CFR i.6::"t Thl3 inf~m~~t!on l~ requ~r<::(! t{) OOIB!n or r-::1:t~in a h0r.efit by t~e pub!icwhli.~!1 i~ to mr: (and 
by ~h~ USPTO to pn.x~~) ~n ~pp!k:.afa;n. Ccnfid(c'H1U!!1~it1 l$ go\-"*n1t":U by 35 U.S.C. i22 ~r..d 37 CFR 1, 1 i c:rid 1, 14. TMs Wk;:dion ;& ~~Un:a.t,::.d tct'sk.0 i rn!nute to::• 
oom~~te~e, :r:chidh~g ~~Uwr&'lg, prt"!par;n~. ~r~d sut!mittins th~ ooi··rsp!et{S~ ap~tcstei-:1 fcrm m U10: USPTO. Tin1e \~•m V3rf cle:p~ncH~g upon th& ;ritfa!ldu3! css~. !°'ny 
oomrr:rmt) on th~ 1sm1.n-lnt <Jf tin'ie y~u r~1J1~-~ to oom~!ete ~hl$ fomi !ii'ld/or Silt;g0sncms fc,r rt:i::.k.1cir~g t:1li, bun.ier., ~hou!!J ~e sen! to ihe Chi~f i:-:fomstlUon Off:c-::r, U,S, 
P<1t<>r;t ;,r,d Tr"d<>mark Offic<>, U.S. O!ep«it,iwnt cf Commm:<1, P.O. Be.~ H@, A!ma,ndnsi, VA 22:iVi 3--145(t DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SENO TO: Comm\&$1Qri.Sf fur Parur1S:&, P,0, EIIJK 14Sl"l, Alii:>!~fl~fi<'!, VA nJ1 S,1450. 

ff you nee.':..1 a~¢fiSfliW~o& in c:Jmp!efing th~ mrm. :-;~U 1-8!:t1-.PrCh .. ~·;g9 snd s;.:;.Je-..~ o,ntJon 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (Pi. 93-679) requires that you be given certain irrromiation in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the genera€ authority for the 
coftection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
end (3) the principal puroo. se for which the information is used by the U.S. Patent and Trademark 
Office is to yrs:kiss and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission. which may result in termination of proceed€ngs er 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form Lsrift be treated confidentia€ly to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disciosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subtext matter of the 
record, 

4. A record in this system of records may he disclosed, as a routine use, to a contractor of the 
Agency having need €or the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(rM, 

5. A record related to an international Appkation fled under the Paterrl Cooperahon Treaty in 
th€s system of records may be disclosed, as a routine use, to the International Bureau of the 
World intellectual Properly Organisation, pursuant to the Patent Cooperation Treaty. 

5. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 Li.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her oesignee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2905. Such disclosure shall 
be made in accordance with the GSA regula€ions governing inspection of records for this 
purpose, and any other re€evant ( i.e.: GSA or Commerce) directive. Such disclosure shall not 
be used to masse determinations about individuals. 

8, A record !mil this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122.(b) or issuance or a patent 
pursuant to 35 U.S.C. 151. Further, a record may he disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was tiled in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the LiSPTO becomes aware of a violation or potentia€ 
violation of law or regulation. 

Privacy Act Statement 

The Psivacy Act of 11)74 {P"L 1)3~57S} requires ihal you be give11 cmiain infom1ation in connection 
with yom submission of the l:ltiached form related to a patent appllcation or patent Acoordingiy, 
pursuant to the requirements of the Act, please bt:i advised that (1) the genera! authority for Um 
collection ot this information is 35 U ,S. C, 2(b ){2); {2) fomishi:-ig of the information solicited is voluntary; 
anct {3) the principal p,srpose fur which the informfilion it u:,;ed by !he U.S, Patent anct lrademm·k 
Office is to process andfm e:,;amine your submission rel<1ted to m patent app!ic,ation or patent ff you do 
not furnish the requested infom1mfo:,n, the U.S. Patent and Trademark Office may not be able to 
proc;~ss ~ind/or e.:,;amine your submission. which may resuit in termirmtion of pmceedings or 
abandonm!lmt of the app!ication or expiration of the patent 

The information provided by you in this form wm be suoject to the to!lov11ing mutine uses: 

1, The mformation on this form will be treated confideniJ;,dly to the exte:it alhwed under the 
Frnednm of Information Act (5 U.S.C. 552) ,msj the PrivaGy Act (:S U.S.C 552a}. Records frcm 
this system of record:,; may be disclosed to the Department of Justice to determine whether 
disclosure of thew records is required by ihe Preedom of information Act 

2, A record from this system or rec.crds may be disclosed. as a routine use, in the course of 
pr.;;sen!ing evidence to a court, magistrate, or administrative tribunai, inch,idk1g diM"..losurns to 
opposing counsel in the course of setiiement negotiations, 

3. A record ln this systern of records may be disclosed, as a routine use, to a Member of 
Congm&s submitting a request immMng an individual, to whom the record pertains. when the 
individual has requested assistance from the Member \.,<ith resp.;;ct to the iubject m,~tter of the 
record. 

4. A record in this :&ystern of mccrds may be di:.;closed, ms a routine use, to a contractor of the 
Ag.;;ncv h~Ning m~~,d for the infom1ation in order to perform a contract Recipients of 
information sha~ll be required to comply with the requirements of the Prlvacy Act of 1974, as 
amended, pwmuant to 5 U.S.C. 552a(m}, 

5. A record related to afl International Application flied under the P1~ten! Cooperation Treaty 1n 
this system of records may be ,;.Jisclosed, ;~s ;~ routine use, to the tntemational Bureau cf the 
V\fcrld lntellectuai Properly Organization, plJrsuant to the Patem Cooperation Treaty, 

EL A mcord in this system of records may be ctisdosed, as a routine use, lo a11other tedeml 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act {42 U .. S.C. 2Hl{c)). 

l. ;,..\ record fmm this system of records may be disclosed, a:si a routin.;; us,~, lo the Administrator, 
Geriernd Services, or his/her ceslgnee, dwfing an inspectkm of records cornfoded by GSA as 
part of that agency's, responsibi!ity to recommend impmv~sm,~nts in reco!'ds management 
practices and pmw;,ims, under ;;suthority of 44 U.S.C, 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regul.itions governing lnspection of records for this 
purpos,~, and mw other re!evant { fQ., GSA or Commerce) directive. Such disciosure shall not 
b& used tn make determinations about indivk":ksais_ 

8, A record trom this system of records may be disc!oood, as a routine us<a:, to the publlc ;;:ifter 
either pi.ib!irat!on of the applic.ation pmsuant to 35 U.S.C. 122(b) or is,suance Qi a pat<e,nt 
pursuant to 35 LLS.C, '15'1. Further, a record may be disclos<a:d, subj<a:ot to the limitations of 37 
CFR 1. l 4, as a rot,tine use, to the putsli,;: if the record w.is riled in an app!icatim) which 
becamti ab;smdoned or in which th1:1 pmceedings were tem1inated and which appl;<:.ation it 
referenced by <a:!ther a published application, an app!lc.ation open to public insp.;;et.icm or ,m 
issued pat~mt. 

9. A record from this system of records ma:f be disdose,t as a rouhne u:,;s~, !o a Federal, State, 
or local !aw enforcement agency, if the USPTO becnmas aw,3m of a vio!a!ion or potential 
violation of !aw or regulation. 
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PTOfAIA101 (OS-12) 
Approved for use through 0113112014. OM£ 0SS1-0032 

U.S. Patent and Traderrerh one: U.S. DEPARTMENT OF CONAME.RCE 
Under the P31:1311NOrk Reduction Act of 1855, no persons are required to respond to a cottection of informatk):t unless it displays& valid OMB •:..untrci nucutv.‘e. 

•••••• \SSA • • • • •rn••••• NS NNSSNNSSNS •••••,*.* 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR "1.78) 

Title of I METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 
Invention 

As the below named inventor, rife-eby de.clare that: 

This declaration I I 
is directed to: The attached application, cat 

United States application or PCT international application number  16/001,049 

flied on  June 6, 2016 

The above-identified apOcation was made or authorized to be made by me. 

btileve that i am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge filet any will€ul false statement mace in this finCiatStien is punishable under 18 U.S.C. 1001 
by fine or iniprisorwrient of not more than ),'e (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents Fled in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit: card authorization fCiTt3 PTO-2038 submitted for payment purposes) is never required  by the USPTO 
to support a f)atition or an application. If this type of personai information is included in documents submitted to the USPTO 
petitionemiappticants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the retard of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1,213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment DUrpetieS are net retained in the application file and therefore are not publicly avaiiede. 

LEGAL NAME OF INVENTOR 

inventor: Thomas PELLISSARD   Date (Optional) : 

Signature: • ,„....„.„4"„;  
•••••• • ••••••••/••••••  •.•  • ••••••,••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Note. An application vale sheet (PTOISSI14 cr equivalent); including naming the Etalita inventive entity, must at=fnpany this form or must nave 
been previously €iled. Use an addition:I! PTOIA€AIo1 €orm for each additional inventor. 

This :...oliedion of information is minim:A !uy ;15 U.S.C, it 5 and ;i7 Cr 32 l.t33. The iniOrmatifyi is required to obtain fa* Main 3 Lit'Wterit by the public wtfa.h is to ac (and 
Ly tux :USPTO to petoss) art appiicatiem. Confileritietriy is tplififfifai by 05 U.S.C. :22 times CFR 1.11 and 1.14. This odection l eglimetted tot:Ai:11 minute to 
tx•NmPir.M. induttrit1 Ottata 'Vit.i. fiturtaring. anti 5U bn'tiiiinc, the mmiiietett naelfmlion form t the USPTO. Tim* depondirsi open tin individual case. Any 
crsnmenis en to emeom of tints you ;uquitr, to co:I.:poste fil:fs 4.tnn wx.flor zluggre)tiOres tar stim:Ed be sent to the Chief information Dilicar. U.S. 
Noon anti Tiademsork Office; U.S. Doperinivrit of Coininacto, P.O. Sax 1450, Alex.cmdzia; VA 2-2213-1450. OO NOT SEND FEES OP COMPLETED FORMS TO 
TI-IiS ADDRESS. SEND TO; Commissioner for Patents. P.O. Sox 1450, Aimmortria, VA 223134450, 

if 3,Dtt +teed zrevilst6rze mmplEqing, the row.. viim: 2. 

PTO.f.AJ;~d0": {06----12} 
Approve:ct for~&?- through iJ1131i20·I,;. 0MB 0651-00:32 

U.S. P1lmnt m,d Tra::lem,rl' Office: U.S. DEPARTMENT OF COMMERCE 
U~dar !he Pap(:-:~VOO:. R®duci~n Act of 11395, ~o pemons .:1re roqulrad t<{ :.;s5ponct tt{ a oonaction of !nf::xrnstlt1r~ c.:n~&-ss st d:~·J!$!/~ a v;,!id 0MB centre! numb-::r. 

t----··------,~;~~;;;;:;o;;,<;;,~;;,;,:;;}";o;";;:;~;:;;,o;"~';;;~;t;:;;L,~;;,;~;--~,;~;~";;""'""-\ 
\ AP'PUCAT!ON DATA SHEET (37 CfR 1.76) _) 
, '¾,,:-.-.-. ... :-. .... --..:-:-:-:-:-:-.... ::::: ... 1:::: ....... :-:-:-:-:-:-.-.-. ... :-.:-.:-.:-.:-.:-.,.:-.-. .. :-.-.-. ... :-.:-.:-.:-:-:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.,.:-:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.-. .. :-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.:-.-. ... ,.:-. .. :-.:-.:-.,.:-.:-.:-.:-.:-.:-.:-.:-.,.:-.:-.-. ... :-.:-.:-.:-.:-.:-.:-.,.:-.:-.,.:-.-. ... :-.:-.-. ... :-.~-.-. ... :-.:-.:-:-:-:-:-:-:-.:-.:-.,.~-.-.-.-.-.-.-.-.-.~~~ .. ~~~~ ........ -. ... :-.:-.:-.:-.:-.-.-.-.-.-.-.-.-.-.-. ........ -. .. :-.:-. .... :-.:-.-. ............ -. .. ~ .. -.-.-.-.-.-. .. :-.:-.:-.:-.:-.-. ... :-.:-.,,,,.,,,· ~ 

j mi~ of j METHOD OF EVALUATING AN ORTHODONTIC AUGNER ! 
! !mmntlon [ ! 
~ r ~ 
~ ~ ~ } .................................... ,.,.,.,.,.,.. ) .. ,.,.,.,.,.,. .......................................................................... ,.,.,.,.,.,. ............ ,.,. ... ,.,.,.,.,.,.,.,. .......................... ,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ....... ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ................ ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ..................................................................................................................................................... ,.,.,.,.,.,.,.,.,.,.. ~ 
::: ~ 

j ,~\S Hie tmlow named in1.1en!or, l r1ernby declare that ) 
~ ~ 
~ ~ 
~ ~ 

'
!, This dedaration rl·.-.~ .. ,l, !

1 , The ,~fuiched app!k:alirn1, or 
~ is directed to: ~ 
~ ~ 

j [i) Un!ted States application or PCT intemat!i:mal appl!rntion number. 16/001,049 ...... .. ...... ! 
~ ~ 

i fi!edcm_,June_6, __ 2018_········································· l ~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ ! The above-identified application was made or author:zed to be made by me. \ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ ! ! belt eve that ! am the original inventor o, an original joint inventor of & claimed inven!ion in the ;;spplication. [ 

I I 
! ! hemby acknowledge that. ;;my ,Nmful fals,3 st;;it.em0nt m,~d,~ in 1:hi» dE,d,~mt.ion is punist,eb!,31.mdE1r i8 U.S.C. 1001 j 
! by fine ,)r imp,'ism,rnent of not more than five (5} ye,~rs, or both. ! 

I Peutioner/ap~;cant ;, cootioned to ewcid subm"'ng pern:~:::~ in do'"moa!s ffled ;, a parent applicatioo th,t may I 
[ contribuie to id,mtiiy tt10ft. Persona! information wch ~s soci<ll security numbers. bank '-iccotmt numbers, or credit card numbern ! 
i (ott1er than a check or crE,tlit card m.ithori;co~tkm font1 PT0-·2038 ~,ubmi1.ted for payment purposes) is never required by the USPTO I 
l to support ,~ pi:>tition or ,m appl!cat:on. ii' mis lype of personal in1orm~ion is indudi:>d in documents submitted to the USPTO, ! 
I pet1tione,siappUcants should consider redacting sucl1 personal mformation tram the documents before submitting them to tl1s ! 
f USPTO. Petitioner/applicant :s advised that the record of a patent application is available to the gx,b!ic after publiaition of the ! 
l application (lmlwss a r1or:-pub:ic~tion request in compiienc0 with 37 GFR 1 .213(a) is mmje in the ;;ipp!icatkm) t)r issu,mc~i of ,l ( 
! patent. Furtherrnme. the record from ,m ,ibandoned appfa:Btion rm~y ,ilso be ,ivai!ab!e to the puo:ic if the app!i,~;;itton is j 
! referenced in a published applk'..ation or an issued patent {see 37 GFR 1.14), Checks and credit rnrd autl·,ortzation forms i 
! PT0-2038 submitted for payment purposes are not retained in the application file and therefore am not publicly available. ! 
~ ~ 
~ ...... ,..:,,,,, .... ,,,,, ..... ,, .. ,,., .................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ 

~- ~-' LEGAL NAME OF INVENTOR 1 
~ ~ 
~ ~ 
~ ~ 

~ s~ RD ~ 
] Inventor: Thomas PEL_:.:.~,'. .. ?'~'.•"'",~ , Date {Optional) : .................................................... ,.. j 
~ ,.• • .,l.., ,-~1~t, . ~., /' ~ , S19nat•i•·e ~ ••"'" .. , ... , . '•-..., '· x., ·, • ~ : 

: .,_.,_,._ ' ...... , ........ ~ ~\.,• .,_ ~ • .,_.,_.,_.,_.,_~~~._._._._._,._,._ .................. ~-. :,,.,::;:-..:,,-.. X ._. ~~~ ~ • "-.;' -,...._.._.._ • ,._._ ' .. -..-..-..-.,-.,-..-..-..-..-.,-., ....................................................................................... -.. ..................... -..-.. .......................................................................................... -.. ....................................................................................................................................................................................................................................... -.. .~ 

~ ::: 
~ ~ 

j ~J.::iie: An applic,~lion mi!a sheet (PTOiSB!14 er equi;;-alent), including mmiln~1 !he emire in\/enti\/e entity, must sio::.ompany triis form or mu,;t •rnve ) 
) been previQ:..is!y med. Use an aod!!!on,~I PTO/.A!AlOi fom1 for each additiorn,1I inventor. j 
~ ~ 
~ .............................................................................. ,, ............................................................ ,, ................... ,,,. .............. ,,,,,,,,,,,,, ........ ,,,,,-..-..-..-.., .................. ,,. .. ,,,. .. ,,,. ...... ,,,,,,,,,,,,,,,,,,-..-..,-..-..,,,,,,,,,,,,,,,,,-..-..-..-..-..-..-..-..-..-..-..-..-..-..,,,-..-..-..-..,,,,-..-..-..-..-..,,-..,,,-..,,,-..-..,,-..-..,-..-..-..-..-..-..-..-..-..-..,,,,-..-..,,,..,-.. 
Tbis :;.~o!!e;:;..tk">n ,:if k:f1..1nn«~h">l"i i~ re,",l~~irt~ b1 -;35 li .S.C. i ~ .5 8Jirl 3? CFR 1.6-:3. Tht:: lnfurrr-s_.1tion i~ r-e1qui:·~t"! io cbtai~1 c:- l"!~tt:i~i 8 be-::rir:m by 'Ure public w~~h:-h l~ tc- mfr (&i;K! 
!:..y th-bl USPTO fa p;-~~~) ;;;n ~pp~h·.,..atl~t1. C,:il"lt1d~nJ:ailfy i!:- guv~m~d by 25 ttS,C. t22 ~ncl 37 CFR 1. ii .r.:nd i. i4. Thi~ xl!~ctbn i~ c:"'-&tim~tf!d ~o ~k~ 1 rninut-:;: ·~c., 
<.:<)mpl<,.re. inclt:-iiNg 9eti10rin(l. :')mparing. anc ,;~l.lmining me wmpletoo ;;~p!iQCJ!lo,1 f«rm io !110 USPTO. T:m;, wrn •_-11,y dep,:,:;dir.g oJpm, 1he i!,div:dual ::ese. 1,ny 
{X:lmn"c~m~ r:n ~hr~ enwun~ ~1 timB yt-:-u ~~qv:r~~ kl oort:~:>!f;1~~ th:~ furtn endfor ~ug~~tionr:; for rt-:ducir~;.3 ~hl~ burdl.'Si'\ .sh!J~!d b-B &~nt t<1 th~ Chi~! ~nf{l:·m~Hori Offk:!:r, U.S. 
h,t<.ml ~r.d Tmoom.,rk Office, U.S. Of!petiniGnt .:,f C\'.lmm<>'fro, P.O. Box 146tl, Al<1:><£:1dti&, VA 22.:\1'.3-i45(t DO NOT SEND FEES OR COMPLETED FORMS TO 
THlS ADDRESS. $~NO TO; Ct1mmi&$l011*r for P<1tii111ts, P.O. s~x 1~0, Alex;mdrl<l, VA nJ1,M4fsit 

ff )''D:.~ nJJ~fi &S5JSttmr:e iii t'.Oml)i~ting th~ torm, c-2U 1-8!:t1-PTc:-..~1g~ ~nd -$®{.}Ct i'"ipfi{Jf: :?. 
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far€vacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given r>ertain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act. p€ease be advised that: (1) the general authority for the 
colleetion of this informs:lion is 35 U.S.C. 2(b)(2): (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submiss€on related to a patent application or patent. if you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process andfor examine your submiesion, which may result ir 3 termination of pros dings or 
abandonment of the application or exp€ration of the patent. 

The information provided by you €n this for  will be subied to the following routine uses: 

1. The information on this form will be treated confident€ally to tt to extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the F-'rivacy Act (5 t_€.S.C 552a). Records from 
this system of records may be disclosed to the Department of justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record €rorrt this system of records may be disclosed, as a routine use, in the course of 
present€ng evidence to a eourt, magistrate, or administrative tribunal, including disclosures to 
opposing couresel in the course of sett€ement negotiations, 

3, A record in this system of records may be disclosed, as a routine use, to a tilernher of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 
A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency !laving need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974. as 
amended, pursuant to 5 U.C.C. 552a(m). 

5. A record related to an International Application €iled under the Patent Cooperation Treaty in 
this system of records may be disclosed. as a routine use, to the International Bureau of the 
World intel€ectua€ Property 0rganizat€on, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a roi.3tne use, to another federal 
agency for purposes of National Security review (35 U.S.C. 151) and for review pursuant to 
the Atomic Energy Act (42 U.S.C• 21 8(O)• 

7„4, record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspeetion of FeC.OUCIS conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
tie made is accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant ( i.e., GSA or Commerce) directive. Such disclosure shali not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, Z113 a routine use, to the public ratter 
either publication of the application pursuant to 35 U.S.C. 12.2.(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may he disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceed€ngs were terminated and which applicator) is 
referenced by either a pub€ished application, an application open to public inspection or an 
issued patent. 

9, A record from this system of records may be disclosed, as a routine use. to a Federal, State, 
or Weal law enforcement agency, it tee USPTO becomes aware of a violation or potential 
violation of law or regu€ation. 

Privacy Act Statement 

Th!E! Privacy Act of 1974 {P,L s;_'HWS} requlres that you be given ceft;;iin inforrnatbn in connection 
with ymir submission of the ,ittached form rel;;ited to a p,~tent ;1,pp!icatkm or p;;,terit Acoording!y, 
pursuant to the requirements of tl1e Act, p!ease be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b}{2); (2} fumlshing of the inforrnafa:m oo!icited is vo!wntmy; 
and (3} tl,e principa! purpose for which the information is used by the U.S. Pate:,t and Trademark 
Office is to proc.ess and/or examin«, your submission mlaled to a pat~mt appk:;~tion or patent If you do 
not fumish the requested information, the U,S. Patent and Trademark Office may not be able to 
process and/or examin,;, y(iur Sl,bmhsskm, w~1iGh n-1.~y resu1! ,n termirn~tion of pmce,;,dlngs rn­
abamfonment of the app!lcalion or e:,;piration of the patent. 

The information provided by you in this form wi!! be subject to the following routine uses: 

1. 

2. 

4. 

The inform;atlon on this furrn wiU be treated contidentia:!y to the extent allowed under aha 
Freedom of !nfommtion Act {5 U.S.C, 552) and the Privacy .Act (5 U.S.C 552a). Records from 
this system of records may be disdosed to the Department of ,Jm~tice to determine whether 
disclosure of these records is required by the Freedom of lnformafam Act 
A n:,cord from this system of records may be disdosed, as a m,itine use, in the cou,se of 
presenting evidence to a court, magistrate, or adminsstrati11e tribrn1al, indt~ding disdm,ures to 
opposing counsel ir1 the wrns~s of sel:t!Hm1,mt n,;,goiiatiooR. 
A record in this system of records may be disclosed, as a fCl,tine use, to a Member of 
Congress submitting a mquesl: in11olvlng an irn:H11idual, to whom the record pe,fains, when the 
individual has requested assistance from the Member with re::.1pect to the subject rrn~tter of the 
record, 
A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need tor the information in order to per-form a contrnt-i, Recipients of 
infom.ation shall be required to comply with the requirem@ts of the Privacy Ac;t. of 1974, as 
amended, pwrntwmt to 5 U,S,C, 552a(m). 

5. A record related to an !ntemallonal Applk:allon !iled under the Patent Cooperation Treaty in 
U1is sy:,;tem of rec..ord:,; rnay be di,sdosed, as a routine use. to the !nterrmtional Eli . .reau of the 
World l:1teHect,m! Property Organization, pursuant to the Patent Cm:ipemtion Treaty. 

EL A record in this system cf records may be disclosed, as a n:iut,ne w::1e, to anolher federal 
ag,~ncy for purposes of National Security review {35 U.S.C. 181) and for re11iew pursuant to 
the Atomic Snergy Act (42 U.S.C. z·i 8{c}}. 

7, A record from this system of records may be i.:Hsdosi;;d, as t3 muMe wse, to the Administrator, 
Germra! Services, or his/her tJ,;,s19rn~e, during an lm,peGtkm of records conducted by GSA as 
part of that agency's resptmsibi!ity to recommend improvements m records managemer.t 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GS.A regulations goveming inspection of records for this 
pi.irpose, and any other relevant ( i.e., GSA or Commerce) directive. Such dlsclosu,e shsH not 
be us€d to make determirmtions about individua!s. 

8. A record from this system of mcorcis may be dlsdoood, as a mutine use, to the public atl:er 
either pub!lcation (,f the application pursuant to 35 U.S.C. 122(b) or issuanc.e of a patent 
plirsuant to 35 U,S.C. 151. Fwther, a record may be disclosed, subject to the limitations of 3i" 
CFR 1.14, as a routine us;;i, to the publlc ff the record was filed ln an applicat!or1 which 
became abandoned or in which the pn:iceedings were terminated and which applic~ition is 
referenced by either a pub!ished application, an appllcatlon opeo to ;:iub!ic inspection or an 
issued patent 

R A record from this ,wstem of mc.ords may be disclosed, as a routine use. to a Federal, State, 
or locai !aw c;mforcement agency, if the US PTO becomes .m,'\lare of a violat:on or potential 
violation of iaw or regult~tion. 
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PT0fAiNtri (06-12) 
Approved to utiFif trirousit 01/31/2014. OMB 065143032 

U.S. Patent srd Trader:tart Offke: U.S. DEPARTMENT OP COMMERCE 
Unoor the Papetwrink Red:Kt:ton Act Of i Si35. no virsnns arse to respond to a oast-ton M Alto:sr:awn unloss e displays a valid OMB (tattoo; number-

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET (37 CFR 1.76) 

Title of METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 
I Invention I 

••••••••••,,,,, \\NS •••••••••• ••••••••••••••••••••••,,,,,,,,,,,,,,••••••••••••••000000000000000000000000•We WWWWWWWW,Weee, 

As the below named inventor, l hereby declare thal. 

It declaration 
is directed to: 

The attached appiti tion, or 

United States application or PCT international apptication number 16/001,049 

filed on June 6, 2018 

The aboveadentified application was made or authorized to be made. by me. 

I be€ieve that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in This deciaraton is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than live (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
coriVibute to identity theft. Persona€ infornitaion such as social security numbers, bank account numbers, or credit card no
(other than a check or credit card authorization form PT)-2036 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. if €leis type of personal information is inc laded in documents submi€ted to the USPTO, 
petitionerstappik.sants shou€d consider reqacting suer? persona i infomiation from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public: after pub cation of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be availab€e to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1:la). Checks and credit card authorization forms 
PTO-2038 submit€ed for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Guillaume GHYSEL.INCK inventor    Date (Optional) :, 

i Sianature: ..,C's" 
„a. .04......g,=aajsnnaa

...." , ‘ 
: „„„,„„„...,„ta , •••••••• NNNSNNSSNW 00000 0 0., ..,N\ \ ,„„„,,,,,,,,„„„...„,,,,,.,,,,,,,, NSW. 

Note: An app;ication cats sheet (pTuSE114 or equivalent). indeeing naming me entire inventive entity, must arzorripeny this form or must hat:: 

been previously file. Use an additional PTOIAJAM1 form for each additional inventor. 
••••••••••••••••••••••••••••••••••.NN,W1WWWWW•NNNW.V.V.V.WWOONNSNNSN , SWO....V...... 00004.....M , WNWANSN 

This collecbon cif in itormattrtn is Feritiired by :35 lt $.0. 115 ord.17 CFR 1.53. The information is roduired to obtain or retain n benefit by the ou0c: vrhicti is to rile cant 
by the USPTO to ormarts; as: application. ConfiderAlarrly is governed by 35 U.S.C. 122 anti S7 CFR 1.11 en,r, 1.14. This oltilerann ;Deo:mewl to ta:m 1 inimts to 

inctuding gatisming, prepann2, anti auttroitting the corrssieted applicatitas form to the USPTO. Time will vary depending noon ate, indivibual case. My 
0141Merlits On The emosn; of time you mquirt to complete this font: arittior s‘iggealtons for is:Our:Irv; this turdeh, stmuid be nett to the Chief ntonnatno Offiter, U.S. 
Patent end Trade:MI* Office, U.S. D4:partrortel Cont:mrt.e, P.O. Box 1450, Alexandria: 'VA 2231a-141:0. 00 NOT SEND retie OR COMPLETED FORMS TO 
lass AIX)R1i63. SEND TO: Commissioner for Patents, P.O, sax 1450, Alexandrid, VA 22313-1460. 

tt y0E) need esnisianne in onmptefing the Selftr, cart I-8f10-Pri)431SY3 aild.SOW oreftn 2. 

PrO!A~Ai01 (0;)----~2} 
Api:,ro~-'.lf:! ror use tM'll:!)!l 01/J·lf:2;)14,_ 0MB 0!3/\H)O:i~: 

lLS. Patent ;;,,d Traderr.m1r Offirn: U.S. DEPARTMENT 0~' COMr.11,':'<Cf.' 
Un~.::-r the Pspe?\~crk Ret1tu.t.lon Act rif 1 ~ms1 nt1 prH%()ns ~l"~ t"t-":~qull"€1 tt"I r~sp()~'!d to 3 O)!!Gction cf intorrnstjc~ :Jr.~-3&S it di~p!ayss a va!ki 0MB f".tm~:<ul N:.Jmb~r 

........................................................................................................................................................................................................................................................................... ------------- ,-;..-...-...-...-...-...-....-....-....-....-....-....-.....; __ ---~-....-.....;_,. .............................................................................................................................................................................................................................................................. " .... , 
/,.. DECLARA T!ON (37 CfR 1 Ji3} FOR UT!UTY OR DESIGN APPUCA TIOI\I US~i\lG AN \ 
\ AP PUCA TION DATA SHEET (31 Cf R 1, 16} } 
... "-:-..:.:::'::'::'::':::::':::::::::::::::::::::::, _; ... ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;;:;;:;;:;;:;;:;;:;;:;;:;;:;; - - - - - - - - - - - - -<v,,~-...-...-...w. h >. h h ,Nh ••••• : .. - - - - - J": - - - ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::'::'::'::'::'::'::'::::::::::::::::::::::::::'::'::':' .. - ~... .':::::':.'.'."':: ':. ... ':. ... '.':::::::";:':' ";:";:':.':.'.::'::':.'::':.:::':.'::'::'::'.::'::'::'::'::'::'::'::':::::~{•'.'-....... ' 

I Title of l METHOD OF EVALUATING AN ORTHODONTIC AUGNER l 
l lnvsnfion l ! 
~ I ~ 
~ i l 
~ ...................... .. • ~ ................ ·····;-.;; •• --:,.;:------··--,,-....-....-....1 

I i\s the belo\Y narnect jnv~~ntor. ~ h£~rBtN decSare that i 
~ ,r ~ 
~ ~ 
~ ~ 

~ This d1~dan:iUon D ! j is directed to: L.. Tt1e attachf~d applac:o~tion. m t 

I [jJ Unlted States application or PCT intemational app!ication number .16!0!.J1_,049............................ I 

I med on _June _6, _20i_B __________________________________________ . I 
I ~ 
~ ' 
~ ~ 
~ ~ 
~ The above-identified application was made or authorizetl to be rna,le by me. l 
i ~ 
~ ~ 
~ ~ 

\ I believe that I am the original inventor or an original Joint invenlor of a daimed invention in lhe application. j 
~ i 
~ ~ 
~ ~ 

j I hereby acknowledge thilt any wi!lfl.ll false st;,t,)ment made in t11is declaration is punishable under i8 !J.S.C. ·100·1 j 
j by fine or irnpdsonrnent of not more than live (5) years, or both. j 
~ ~ 

~ i 
I ' 
~ ~ 
~ ~ 

I i 
~ ~ 

I Petitio:1er/appfic.ant is cautioned to avoid submitting per:r:~n~!::~m in documents !iled in a patent application that may I 
! contribute to identity ttH~ft. Personal infom1ation such as social securitf numbers, bank account numbers, or cn~dit card numbers j 
l (other t~ian a check or cr:t1di1: (;.ml autMrizah<m form PT0-2038 submitted tor payment purposes} is never mqt,lrnd by the USPTO j 
j to suppor, ;, p1-)tition or an app!ic;~!ion. If this type of pernonal information is i:,ciud1.->d in documents :,;ubrniited io the USPTO, j 
! p0titionern!applic.-.nts should consider redacting sucn personal information from t~i,~ docwmmts befom submitting them to the j 
j USPTC. Petitionerlapplic.ant i:s advised that the fBCO:d of a patent app!icatior, is a1milab!e to the public after publ1C8tion of the j 
j application (uni es., a non-publicagon mquest in mmp!ianci:., with 37 CFR i 2i 3(a) is made ln tl,e application) or issuance of a l 
j patent Furthermore, the record from an abarn:loned app!ii)at!on may a!so be available to the public if the application is l 
/ refofem~ed in a pwb!isshed application or an issued patent (sea 37 CFR ·1. '!4). Checks and credit Gard ,R1ibmiz,~tion forms l 
j PT0--2038 st1brnitl0d l'or payment purposes are not retained in the application file ar.d therefore am not ,.iub!ic!y av;~ilab!E,. l 
~ ~ 

i ........................................................................................... ,, .... ,, .. ,,,,,, ............... ,-...-... ................................................................ -....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-...., .................................................... ,, ........................................................................................................................................................................ ,,,,,,,,,,, ........ ,,,,,,,, ........ ,,,,,,, .................................................................................................................................................................. ~ 

~ ~ , LEG,<\L NAME OF INVENTOR : 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

I G '!! ,...,HYS'"' !M1''K ! ! Inventor: Ul aume \-'. • p,L ~,~\--~--·· DB1:Es (Optiom:il) ........................................................ j 
~ ~<. ::-~';:, .. ~~~..:t~t1~~.:~t~~;:-..~~;:;:;~:;:,.:~:;~~,:..~:-.. ...................... ,,........... i 
~ Sianature: ....... f .. ~~;~ ............ ~ ~ 
! ..... , ........... , ..... , ................... '" ... £,/ "' ............ , .......... , .. , .... , ...... ' ' ' ' .. , ...... , .................. , . , ...... , ...... , ....................................................... "' ........ ,........................ 1 
~ ~ 

! Note: An application daia sheet (PTO.iSBfi 4 or equi11ale:1t). indmiir.g naming Ule e•1tim lnwm!ive entity, must m:rxim;mny thiis fo;m or rnm1t h1iv,1 ~ 
l been pre1riously fl!ed. Use ,m additional PTO/AIA/01 far-'11 for 1,sch addmom,I inveNGr. f 
t ... :-.................. :-........................... :-.................................................................................................................................................................... , .................... , ........ ,,,,, ....................................... , ........ , ........................................................................................ ,,,,,, ................................................................................................................................................. ,,,,,,~~ ... ~,,,,,,,,,,, ...... ,, ............................................. ~~~~ ...... ~~~,~~~~~~~~~ .... ~~ .... ~~~~~~ 
rht% l')l~-ectir;.n of· info:inat~n t:s r~tired by ;35 U S .C. 115 »tP-i 37 CFR i .a;:t The !n!crm~!!nn ;~ ~~quk0d tt:, a.Drain ,:,r rotain ~ benefit by th~ p~tblic whkt, i~ to fHt"! {a,,d 
ti~· fhe UtPrO ID r.~t-x~) ~n ~p~fa.~-,tkm~ Ctm$h-Je::c1ti~!~• i~ g:JV!!\:":')~ by 35 U.S.C, 122 3nd 37 CFR 1.11 Gr11:l ~.14, Th;scdk=:dior: i~es~lma~~cl toIBk,e 1 n-,,in.;t.%h') 
,cymp~et-a. !oc~udtng g~th~1i:ing, pt-e-:pwing, ~flt".! .$..:bm~tting ·!-h* oomp!Gte1 appilcs~c-11 form t,;:, the USPTO, T1m::1 v;nt va:-y de~ending i;prm tt•e trHjiviclu~~ :;;:!$~*- A:-,,y 
mmmer:t-5 on fu.s ammm~ r;f tim~ yo~~ rr::qulr~ t!J ~{}mplcl:t"! thi~ fomi Bndhx :s-Jcygastcc-r~s ri,r r~ducing this tLlrtfon 1 s~c:,u!C b~ sent ½ the Chi-Bf !~U)rm~~k,)~ Offlt'R-r1 U. S 
P~h--:nt AAnti ·r~dt-'!m;$rk Offic:a, U.S. DGp;QftqR"::nt oi Co~nn~{;!l'Q":-, P.Ct BCJt 1450, Alc:xsndrta, VA 2231~--i4.fi0. DO NOT S:2:ND ::::r:ES OR COMPLETED FOR!...-~S TO 

TH!$ ADORES$. $ENO TO: c~mmissk,i'Jl.'>f for Pat~nro, P,0, [\l,'K '14${!, A!;sx;s,mMis, VA 22Z1J-14£.!'.L 
!i'fOU ns&d ss..Siistam.""R- in ctimplefing th~ rorm. r-~f! 1-sno-+=-ro-g 1ss ~no ."5e,½c~ Dpi.fDtt 2 . 

..... , ...... •· 
( .. rC ... ,· 
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Privacy Act Statement 

The Privacy Act of 1574 €Pi. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2.(b)(2); €2) furnishing of the information solicited is voluntary: 
and (3} the principal purpose for which the information is used by the C.S. Patent and Trademark 
Office is to process andlor examine your submission related to a patent app€ication or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process andior examine your submission, winidi may result in termination of proceedings or 
abandonment of the appl€cation or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed lo the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunai, including disclosures to 
opposing counsel iri the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter (A the 
record. 

4. A record in this system of records may be disclosed. as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shaael€ be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record retated to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, lo the International Bureau of the 
Worid Intellectual Property Orgarsization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for puToses of National Security review (35 Li.SC. 151) and for review pursuant to 
the Atomic Energy Act (42 U.S.C, 216(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or hisTher designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 4$ U.S.C. 2604 and 2606. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (ie., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record fiX3M this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 t.l.S.C. 122.(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject lo the limitations of 37 
CFR 1.14, as a routine use, to the public if the record  was tiled in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency. if the USPTO becomes aware of a violator or potential 
violation of law or regulation. 

The Privacy Act of 1974 {f\L 93--579) (equke:e. that you be given certain infomm!:izm in cormection 
wHh y<iur i;ut)miss!on of the attached fom, related to a p;;ite11t app!icatkm or patent. Acrordi11gly, 
ptm~w~nt to the requirements of the Act, µ!ease be advised that (1) the general ~,ithcri!y for the 
col!ection of this 1nformafa:in is 35 lU3.C. 2(b){2); {2) fumsshing of lhe informafa:m solicited is vokmtary; 
and (3} the principal purpose for which the infonnation is used by ttie U.~t P;~tent and Trademark 
Office is to pmcesi; and/or examine your submission related to a patent app!icatk,n or patent if you do 
not famish !he requeste,j informatkm, the U.1:t Patent and f:ademark Office may not be able to 
process ~md!or e~1:1mine your submission, which may result in termination of prm::eedings or 
abandonment of the application or expkation of the patent 

The information provided by you in this fmrn wm be sutijec! tCl the fo!!ow!ng routine uses: 

The information on this form wm be treated confidennal!y to the e:<!ent ,~!lowed 1.mder the 
Freedom ot Information /.\ct (5 U.S.C 552) an,j u,e Priv,:1cy Act {5 U.S.C 55.2a). Records from 
this system of records may be disdosed in the Department of Justice to determine whether 
disclosure of these records is required by the freedom of intorwiatim, Act. 

2. A record from this syslem of records m,~y be disdosed, as a mutine use, in 1:he course of 

3. 

4. 

5. 

6. 

.,, 
l. 

8. 

9. 

presenting evidence to a court, n.agistrate, or administrative tribunaL including disclosures to 
opposing counsel :n the course of ;settlement negotiations. 
A record in this system of n;,con:ls rm~y be disdosed, as a roul:ine use, to a Member of 
CMgress submitting a request iiwolvmg an individwaL to whom the record pertains, wheti the 
im:l:\r!dua! has requested assistar1ce from the Member with respect to thi;) subJecl mailer ol the 
record. 
A record in this sy1St,~m of ,ec,xcts m,1y be ct!sclosed. ;;is a routine use, to a contractor of the 
l~nency h;;,liing need for the ,r,fo1rrn~fax1 in order to perform a contract. Recipients of 
informatim-1 zh;,dl be required to comply with the requimmerits of the Privacy Act of 1974, as 
amended, purnuant to 5 U.ttC. 552a(m), 
A record related to an International App!icatior1 filed under the P;;itent C;:mpemtion Treaty in 
this syst~,m of records may be ij/scbsed, as a mutine use. to lhe !ntemational Bureau d fr:e 
'Norki !ntel!ectual Property Organiz1:1fa:in, purnuant to the Patent CooperaUon Treaty. 
A record in tills system of records may be disdClsed, as a miihne tsse, to ;;mother fodernl 
agency for purposes of National Security review (35 U.S,C. 161) .~nd k,r review pursuant to 
the Atomic Energy Ad: {42 U.S.C, 2Hl(c)), 
A record from this system of records may be disdosed, as a routine use, to the Actniinistrntor, 
General Services, or hisfher designoo, during an inspection of records cond,icte,d by GSA as 
part of that agency's responslbiiity to recommend improvements in mGords management 
prnctic.e:s. and programs, under .luthmity oS 44 U.S.C. 2904 and .2906. Such disdosure sha!I 
be mMe in accordance with the GSA rn,gulations govemng inspection of records for th!s 
purpose, am:! ,my other relevant ( Ut, GSA or Commerce) dkec.tive. Such disclosure shai! not 
be ;;sed lo make determinations about individuals. 
A record fmrn this system of records may be dlsdosed. as a fOlltine use. to the public after 
either publication of the application p1.omiant to 35 U.S .C. 122(b) t)f izsuanc~~ of a patent 
pursuant to 35 U.S.G. 151. Frni:her. a record may be dis.dosed, subject lo lhe limitations of 37 
CFR 1.14, as a routine wse, to the public: if the n:.icoro w,~s med in an appl1c$tion which 
bm~ame abandoned or in which the pmceedings were terrninated and which application is 
referenced by either a published app!IC$ti0:), an application open to public inspection or an 
issued patent. 
A record from this system of records may be dis.dosed, as a routine tise, to ;;1 FederaL State, 
or !ocai !aw enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of !aw or regulation. 
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PTONAIDI 
App.wee. for use through 01/31r2514. L1M 0553-ea32 

ki.S. Patent ood I ?lidera: k Ofr..oe: U.S. DEPARTMENT OF COWERCE 
Unditi tNS Para.:moils Roduoijete Act of 1£85, no g•OrS(.1?:5 are requital 3Q reopond t a cast: ion of infottnotion unless dit;ptays. a valid OMS contoinunit.w. 

..,,,,••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ••• %% ••••••• ,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

• DECLARATION (37 CFR 1,63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1/6) 

I Title of METHOD OF EVALUATING AN ORTHODON'T€C ALIGNER 
invention 

.•••••••••ASSS••••••••••,•••• ••• • ,,,,, •A•PA•••••••••••••*•••••••••••••••••••• 

A£i the below named inventor, i hereby declare that: 

This declaration L The attached application. or 
is directed to: 

• ,6 1001 ,0,19 ,• United States application or PCT intemabonal apolicaton number ••

fflod on June 6, 2016 

the. above-ideriffed application was made or authorized to t;£ inade by me. 

beiieve that I em the original inventor or an on  Joint inventor of a claimed invention in the application. 

I hereby acknovitedge that any false stalemeni made M this dedaration is punienable under 18 U.S.C. 1 00 1 hereby
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
ifietttionertappricarrt is Mutioneti to avoid submitting pemional information in documents Med in a patent appiicatic.n that may 

contribme to identity theft. Personal information sud'i ad soda s urity numbers, bank account numbers, or credit card numbers 
(other than a check or credit can authorization form PTO-2038 submitted for payment purposes) is never required by the LISPTC: 

Ito support a petition or an application. If this type of personal inforrnetion is included in documents submitted to the USPTC), 
iir::ebtionerstapplicants enould consider redacting such personal information frarn the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent aWication avai€cois to the public after publication of the 
application (unless a non-publication request in dire Fiance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore., the record from an abandoned application may also Pe available to the public if the application is 
eferenced in a published application or an issued patent (see 37 CFR 1.14). Chec.kcs and credit card authorization forms 

PTO-2038 submitted for payment purposes are not retained in the appiic.ation fite and therefore are not publicly available. 

••••• ••••••• 

LEGAL NAME OF INVENTOR

Laurent VA inventor: Date (Optional) 
DEBRA: , • „.•••.... 

,,,,,, 
: • ,....-W ef',.,,,..- p. 44::: • . : 
l Signature:  

. ., . 
.....W:.. .....0:•.,..J.\::..*&:,a4,,;...::sv ,,,,,, 

4. 
: 

si.:,....... k;o......":".........................m&v.,,,,,,,,,,,  ,..... ,.... 

: 

••••••••••••„ ••••••••••••••••••••••„ ••••••••••„ •••„„„ •••••„„„ •A 

Note: An application dale sheet (PTO/Saf14 or equivalent), torludirif4 samino the entire inventive entity. ffiLiSt accompany this form or must have 
been previously filed. Use an additional PT OrAlAicri form for each additional inventor. 

•••••••••••••••••••••••••••••••••••••••••••••SSSWV,•.•••••••SSSSS,,•,,S,,WO,,,,,,,,S,••••••••••••••••,•••••••••.,•••SSSSSs••••••••.,, . . • „„„„•••• • 

This or:.00tion of totoonation is required b 66 U.S.C. 115 and 37 CFR 1.53, Tile intorro.,•Aon re‘ottirtA to oeein t.."n reu.On a benrefft by ela nubikt tto.hit.13 (and 
Ste USPTO process) an application. Confdentiaift is governed by 35 U.S.C. 122 and 37 R i I.11 and 1,14. This rzaoctioh is etArneta3 to taXS 1 M:rfifte to 

complete, induding oatharing, preparing. a:xi oub:nitling tnti, coax:toted agrklestoo form to the USPrO. Time well vary derienoino upon the inoivievai mei. My 
VAY9119:17rik rn he rrount of lime you require to complete this form andiet t.tiggestions for ferheitrio this burden, Mimed he vent to toe Chief int:maw: Officer, U.S. 
Paten? end Tiadorrierk Offs a, U.S. Department dCommerw, F.O. Box • 41,0, Moser:dia. VA 22:034455. DO NOY SEC'40 PEiri.S OR Oi)StIPLETED r-ORMS TO 
Ti-liS ADORESS. SEND TO: Commissioner far Patents, P.C. Box 1460, AJoxandrie, VA 3231.1-140, 

If you need esv:tOonme ocurpftrnt? Jan form, otot-SOO-PTO-aleO tind wef.tuptiv! 

PT01i\lNM (OiJ..1::t) 
Appra:i;,-ed for u~ lhr.x,gh ()1/31/:ZO·M. OMl:1 C!35 Hl032 

i.l.S. Patent and rrademark omre; U.S. DEPARrMENT OF COMMicl~CE 
Und& ttie:. P~~-amcrt-; Redu;;tk,p Act of i 9·m.Si no ~-arwnts ~re re,q~:reo tG r~sµonQ ID a ct~!:IS\.iion -:i lnf'-1rmation ui1te-ss 1t di~p!a.y~ a ¥Blid 0MB con~.;.~i r:l:mOO:-. 

.• <"· < . - ...... ,, ...... ,,,,,,,,,,,,,,,, ...... ,,,,,,,, ...... ,, ...... ,, ............................................. ,, ...... ,, ...................................................................................................................................................................................................................................................................................................................................................................................................... ,,,,,,,,,,,,,,,,............. ., 

t""'' DECLARATION (37 CFR 1 Ji3) FOR UTH.JTY OR DESIGN APPUCATtON USING AN \ 
l APPUCATION DATA SHEET (37 CFR 1.76} ) 
~~:~\.~.,:.,:;, .. ,-....,,,,,,,,~,,,,,, ... , .. ,, ... -....,,,,,,,,,,,,,,...,,,,,,,,,,,,,,,,,,,,,,,~~~~~~~~,~~~~~,~~~~~~~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,.,, .. ,,,,,,,.,·,·,,,,,-,·,,,,,,,,,,,,,,,,,,,,,,,,,,,.,::::,, 

! Title of i METHOD OF EVALUATING AN ORTHODONTIC AUGNER l 
! h1v~mtkin \ i 
i ! i 
~ ... ~ 
~ ... -- --- -----------1 

l .As the below named inventor, ! hereby declare that 1 
~ ~ 
~ ~ 

I This declaration o···· I 
j is directed to: The altached applic.atkm. or j 

I ll) United States application Of PCT international application rmmber _·16/001:049 """""""""""""' I 
~ med on _June 6, 2018 -----------------------------------------· ~ 
~ ~ 
~ ~ 

~ ~ ' ~ ~ ~ 
~ ~ 
~ ~ 

( Ths atio11,,-.identifled ;;.pplication was rrn~de m autt1ori1.ed lo b& ma,!& by me. ] 
~ t 
~ t 
~ ~ 
~ t 
~ ~ 

j I believe that I wn the original inventor or an original JOint inventor of a claimed invention in the applic.at:011. j 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

1 t l~E,rE,by m~lmowledge iJ1a1 any willfu! fo!se statement made in this de.ciaration is punishable under -rn U.S.C. 1001 l 
f by fine 01· imprisonment of not more than live (5) years, Of both. l 
,, ~ 

~ ~ 
~ ~ 

! j 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

l WAR!'\HNG: I 
~ ~ 

l Petitioner/applicant ,s mution~:t:! t(; avoi,l sul,mimr:g persorial intormatrcn in documents filed n1 a patent application tnat may ~ 
l contribuie to identilv the-rt Pemonal information such as social security numbers, bank accomt numbers, or credit card numbers l 
j {omer !hm1 a check or credit card author:zatlan form PT0-2038 SL1bmltted for payment purposes) is mM,r r,squiretl by !he USPTO j 
l to support a oet:tion or an app!lc,ation. lf l:l1is type of persona! information is indud<2:d in documents submitl1~d to !he USPTO. l 
j petit:oners/applic.ants shculct cons:<!er redacting such persona! infu,n-11ition fmm 1he ,jocumen!s before submitling them to the j 
l USPTO. Petitioner/applicant is advised that the record of a pat;~nt 1:1pplication is available ki the public after pwblimtion of the l 
\ applic.ation 1unl,~ss a mm-publication request in cornplh~nce with 37 CFR 1.213{a) is made in the appiicatiori) m issuance of a ! 
l p,:itent. Fur!he,n,ore, the rec.ord n-om an abandoned app!imtion may also tis available to the pub!ic if the application is j 
l reference;j in a publiished appHcalion Of an issued patent {see 37 CFR ·U4}. Chm::kss arid credit card authofization forms j 
j PT0-2038 isubmittect tor payment purposes are not retaimid in the app!icatio:1 me am:1 therl&fom are not publidy m.1ailable. j 
~ ~ 

~ ~ 
\ A .-..-...-..-..-..-...-...-.,-.,,,.., << ,._.._.._.._..,_,,._,._,,,,,_,._,._,._,,,._,._,,,._,,,,, . Y . :>-". Y. X,". Y. Y • .._.._,,,, .. .._..._,-..-..-..-..-..-..-..-..-.. .. , .. ,,.._, .. ,,,-.-..,,,,,.,,.,,,, ...... -..-.. •• -..-..-..-...,,.,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,, ••. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.._,,,,,,,,,,, •• ,,.,,,.,.,_,.,_,.,_,.,_,.,_,.,_,.,, < < ,,.,_,.,_,.,_, A'\ 
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Privacy Act Statement 

The Privacy Act of 1974 (PI. 93-57) requires that you be given certain information in connection 
with your submission of the attached form related to a patent app€ication or patent. Aocordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2): (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your subm€ssion related to a patent application or patent. €f you do 
not furnish the requested information, the U.S, Patent and Tniciernari: Office may not be able to 
process and/or examine your submission, which may result in termination of proc:aerlings or 
abandonment of the application or expiration of the patent. 

1'he information provided by you in this form will be subject to the foiiowing routine uses: 

1. The information on this form wi€l be treated confidentially to the extent allowed under the 
Freedom of information Act (5 tJ.S.C. 552) and the Privacy Act (5 U.S.C 552a). i- ,eoc•rds from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of €nformation Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court. magistrate, or adminis€rative tribunal, including disclosures io 
opposing counsel in the course of settlement negotiations. 

3.  record in this system of records may be disclosed, as a routine use, to a Member o€ 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individua€ has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be d€sclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comp€y with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(tre, 

5, A record related to an International Application fled under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use. to the Internationai Bureau of the 
World Intellectuat Property Organization, pursuant to the Patent Cooperation Treaty. 

8. A record in this system of records may be disclosed, as a routine use, to another federa€ 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 219(c)). 

7. A record from this system of records may be disclosed, as a routine use; to the Administrator, 
General Seivices. crr his/her designee, during an inspection of records conducted by GSA as 
part of that agency's reeiponsibi€ity to recommend improvements in records management 
practices and programs, under authority of 414 U.J.C. 2904 and 2906. Such disclosure shal€ 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, end any other relevant ( i.e., GSA or Commerce) directive. Such disclosure :that not 
be used to make determinations about individuals. 

£t. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the appiicat€or pursuant to 35 U.S.C. '.22(b or issuance of a patent 
pursuant to 35 I.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14 as a routine use, to the public. if the record was filed in an application which 
became abandoned or in which the proceedings were terminated arid which app€ication is 
referenced by either a published application, an application open to public inspection or an 
issued patent, 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agenc-,y, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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PUBLICATION NOTICE 
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NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
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In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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Letter dated: June 19, 2019 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No. : 16/001,049 
Applicant : Philippe SALAH 
Filing Date : June 6, 2018 

Title : METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Examiner Name : Edward John Moran 

Group Art Unit : 3772 

Conf. No. : 8141 

Customer No. : 108676 
Docket No : N&P-51411 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Letter for Disclosure of Information concerning other pending applications 

Sir: 

Several patent applications, as listed below, are currently pending. As the 
applications progress through prosecution, each respective Examiner for each 
respective application is invited to monitor such progress/activity of the other 
applications. 
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Several patent applications, as listed below, are currently pending. As the 
applications progress through prosecution, each respective Examiner for each 
respective application is invited to monitor such progress/activity of the other 
applications. 

1 

Pg.175



Letter dated: June 19, 2019 

LISTING OF APPLICATIONS: 

APPLICATION NO.: 15/522,554 

N&P-51398 APPL. NO.: 15/952,635 

N&P-51399 APPL NO.: 15/953,561 

N&P-51400 APPL. NO.: 15/953,744 

N&P-51410 APPL. NO.: 15/990,950 

N&P-51411 APPL. NO.: 16/001,049 

N&P-51421 APPL. NO.: 16/030,032 

N&P-51422 APPL. NO.: 16/030,137 

N&P-51423 APPL. NO.: 16/031,125 

N&P-51424 APPL. NO.: 16/031,172 

N&P-51425 APPL. NO.: 16/031,201 
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Letter dated: June 19, 2019 

REMARKS/ARGUMENTS 

If there are any fees resulting from this communication, please charge same to 

our Deposit Account No. 505088, our Order No. N&P-51411. 

Respectfully submitted, 
Cooper Legal Group 

By:  /Ronald M. Kachmarik/ 
Ronald M. Kachmarik, Reg. No. 34512 

6505 Rockside Road 
Suite 330 
Cleveland Ohio 44131 
(216) 654-0090 
June 19, 2019 
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Letter dated: September 23, 2019 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No. : 16/001,049 
Applicant : Philippe SALAH 
Filing Date : June 6, 2018 

Title : METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

Examiner Name : Edward John Moran 

Group Art Unit : 3772 

Conf. No. : 8141 

Customer No. : 108676 
Docket No : N&P-51411 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Letter for Disclosure of Information concerning other pending applications 

Sir: 

Several patent applications, as listed below, are currently pending. As the 
applications progress through prosecution, each respective Examiner for each 
respective application is invited to monitor such progress/activity of the other 
applications. 
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Letter dated: September 23, 2019 

LISTING OF APPLICATIONS: 

APPLICATION NO.: 15/522,554 
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N&P-51410 APPL. NO.: 15/990,950 

N&P-51411 APPL. NO.: 16/001,049 

N&P-51421 APPL. NO.: 16/030,032 

N&P-51422 APPL. NO.: 16/030,137 

N&P-51423 APPL. NO.: 16/031,125 

N&P-51424 APPL. NO.: 16/031,172 

N&P-51425 APPL. NO.: 16/031,201 
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Letter dated: September 23, 2019 

REMARKS/ARGUMENTS 

If there are any fees resulting from this communication, please charge same to 

our Deposit Account No. 505088, our Order No. N&P-51411 

Respectfully submitted, 
Cooper Legal Group 

By:  /Ronald M. Kachmarik/ 
Ronald M. Kachmarik, Reg. No. 34512 

6505 Rockside Road 
Suite 330 
Cleveland Ohio 44131 
(216) 654-0090 
September 23, 2019 
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Application/Control Number: 16/001,049 Page 2 
Art Unit: 2645 

DETAILED ACTION 

1. This communication is in response to the claims filed on 06/06/2018. 

Application No: 16/001,049 

The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Notice of Pre-AIA or AIA Status 

In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102 

and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the 

statutory basis for the rejection will not be considered a new ground of rejection if the prior art 

relied upon, and the rationale supporting the rejection, would be the same under either 

status. 

Claim Objections 

2. Claim 1 is objected to because of the following informalities: 

Claim 1, steps 4 makes a comparison of the interior and exterior tooth outlines, However 

it is not clear (i) what reference parameter is used to compare, and (ii) what is comparing 

between interior and exterior tooth outlines. It appease that claim is incomplete or missing steps. 

Please clarify step 4 limitations (e.g. see reference claim 2 or equivalent). Appropriate 

correction is required for further review. 
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Application/Control Number: 16/001,049 Page 3 
Art Unit: 2645 

Claim Rejections - 35 USC § 112 

3. Claim 1-10 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second 

paragraph, as being indefinite for failing to particularly point out and distinctly claim the 

subject matter which the inventor or a joint inventor (or for applications subject to pre-AIA 

35 U.S.C. 112, the applicant), regards as the invention. 

Claim 1, step 3 states that determination, for each of a plurality of teeth represented on 

the dentition and aligner images, of interior and exterior tooth outlines representing the outline of 

the free end of said tooth on the dentition and aligner images. However, claim is not clearly 

disclosing what is determined and which determining steps (or logic or algorithm) is used 

to arrive final output result. 

Please clarify step 3 limitations (e.g. see reference claim 5 (iii) or equivalent). 

The dependent claims 2-10 are rejected with the same reasoning as their corresponding 

independent claim(s). Appropriate correction is required for further review. 

Claim 6 depends on claim 1 and states that the distances are measured in pixels. 

However, claim 1 does not recite any limitation with "distance" element. There is insufficient 

antecedent basis for this limitation in the claim. Appropriate correction is required for further 

review. 
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Application/Control Number: 16/001,049 Page 4 
Art Unit: 2645 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102 of this title, if the 
differences between the claimed invention and the prior art are such that the claimed 
invention as a whole would have been obvious before the effective filing date of the 
claimed invention to a person having ordinary skill in the art to which the claimed 
invention pertains. Patentability shall not be negated by the manner in which the 
invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 (1966), 
that are applied for establishing a background for determining obviousness under 35 U.S.C. 103 
are summarized as follows: 
1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating obviousness or 
nonobviousness. 

4. Claims 1-2, 4 and 6 are rejected under 35 U.S.C. 103 as being unpatentable over 

GREENBERG et al. (US 20140120488 Al) in view of WEN et al. (US 20170100214 Al). 

Regarding claim 1, GREENBERG teaches a method for evaluating the shape of an 

orthodontic aligner worn by a patient ([0011], e.g. A method of manufacturing a template for 

orthodontic movement of at least one tooth includes several steps. [0011] the first and second 

radiographs are compared to determine the entire shape of the tooth surface, including the root. 

A desired location for the at least one tooth is then determined. A desired position for the at least 

one tooth at the desired location is then determined. A desired movement of for the at least one 

tooth at the desired location is then determined. An aligner for orthodontic movement for the 
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at least one tooth is then formed (i.e. evaluating the shape of an orthodontic aligner)), said 

method comprising the following steps: 

1) acquisition of at least one two-dimensional image of teeth of said patient, referred to as 

"updated image", under actual acquisition conditions ([0027], e.g. The CT scans are used to 

generate a three -dimensional image each tooth from a large series of two-dimensional X-ray 

images preferably taken around a single axis of rotation (i.e. acquisition of a two-

dimensional image of teeth). The data from both scans is then uploaded (i.e. updated image) 

and processed by medical image processing algorithms); 

at least one updated image referred to as "aligner image", at least partially representing 

the aligner in a service position in which it is worn by said teeth ([0010], e.g. The aligner is 

manufactured based in part on a computed axial tomography (CT) scan of a patient wearing 

the radiographic template and a separate scan of the radiographic template, wherein the data is 

processed by superimposition of the orthodontic aligner on the CT images of the patient 

including a jaw in axial and panoramic views. [0027] the data is then processed with 

superimposition of the orthodontic aligner on the CT images of the jaw in axial and 

panoramic views. A series of orthodontic aligners are produced based on the CT data (i.e. at 

least one updated image referred to as "aligner image")); and 

at least one updated image referred to as "dentition image", identical to or different from 

the aligner image, representing said teeth ([0029], e.g. each individual tooth can be manipulated 

into a desired position, which correlates to a 3D image of the dentition (i.e. updated image 

referred to as "dentition image", identical to or different from the aligner image)), 
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2) if the dentition image is different from the aligner image, conversion of the dentition image so 

that it represents said teeth as seen under the acquisition conditions used during the acquisition of 

the aligner image in step 1 ([0029], e.g. Each individual tooth can be manipulated into a desired 

position, which correlates to a 3D image of the dentition. As shown in FIG. 5, each tooth is 

represented by a 3D image, which is a pair of tetrahedrons connected at the bases with apices as 

opposing pyramids. An alignment axis passes through each apex and each side corresponding to 

one of the buccal, lingual, mesial, and distal aspects of each tooth. Preferably, all of the teeth in 

undergo automatic conversion to these dual tetrahedrons (i.e. conversion of the 

dentition image so that it represents said teeth as seen under the acquisition conditions)). 

GREENBERG teaches a method for evaluating the shape of an orthodontic aligner worn 

by a patient. However GREENBERG differs from the claimed invention in not specifically and 

clearly describing wherein 

3) determination, for each of a plurality of teeth represented on the dentition and aligner images, 

of interior and exterior tooth outlines representing the outline of the free end of said tooth on the 

dentition and aligner images, respectively; and 

4) comparison of the interior and exterior tooth outlines, followed by determination of at least 

one score according to said comparison. 

However, in the analogous field of endeavor, WEN teaches wherein 

3) determination, for each of a plurality of teeth represented on the dentition and aligner images, 

of interior and exterior tooth outlines representing the outline of the free end of said tooth on the 

dentition and aligner images, respectively ([0014], e.g. One method for treating a subject, as 
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described herein, may generally comprise receiving a scanned dental model of a subject's 

dentition, determining a treatment plan having a plurality of incremental movements for 

repositioning one or more teeth of the subject's dentition, and fabricating one or more 

aligners correlating to a first subset of the plurality of incremental movements (i.e. 

determination, for each of a plurality of teeth represented on the dentition and aligner images). 

[0022] In another variation, fabricating one or more aligners may further comprise fabricating a 

support structure which corresponds to an outer surface of the dentition, forming one or more 

oral appliances upon an exterior surface of the support structure such that an interior of the one 

or more oral appliances conform to the dentition, and removing the support structure from the 

interior of the one or more oral appliances (i.e. interior and exterior tooth outlines representing 

the outline of the free end of said tooth on the dentition and aligner images)); and 

4) comparison of the interior and exterior tooth outlines, followed by determination of at 

least one score according to said comparison ([0058], .g. Generally, the oral appliance assembly 

may comprise the support structure having an exterior surface which corresponds to an outer 

surface of the dentition of the subject, wherein the support structure is fabricated from a first 

material, and the oral appliance formed upon the exterior surface of the support structure via 

three dimensional printing, such that an interior of the formed oral appliance conforms to 

the dentition of the subject (i.e. comparison of the interior and exterior tooth outlines), wherein 

the oral appliance is fabricated from a second material different from the first material. [0034] 

the teeth movements are decomposed to different movement metrics, e.g. a tooth movement 

can be decomposed. to tip, rotation around long axis, bodily movement, etc. The artificial 

intelligence network, usually a neural network is built, such network having different neurons 
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and weights (i.e. determination of score according to said comparison) can be adjusted, where 

treated cases are the learning set of such neural network). 

Therefore, it would have been obvious to one of ordinary skill in the art before the 

effective filing date of the invention to implement the method of WEN within the method of 

GREENBERG. The motivation to combine references is that the combined method provides an 

efficient and cost effective procedure for planning the orthodontic treatment of a patient. 

The present control method is ideal for use in moving a number of tooth models and to provide 

synchronized tooth movement. Such a method may be non-swarming to avoid any collisions 

between the teeth and to also avoid the appearance of merely random movements in some 

applications of the tooth model (See WEN [0002, 0029, and 0062]). 

Regarding claim 2, GREENBERG in view of WEN teaches all the limitations of claim 

1. WEN further teaches wherein comparison of the score against an acceptability threshold and 

the emission of information according to the result of the comparison ([0034], e.g. In some 

implementations of the method, the teeth movements are decomposed to different movement 

metrics, e.g. a tooth movement can be decomposed. to tip, rotation around long axis, bodily 

movement, etc. The artificial intelligence network, usually a neural network is built, such 

network having different neurons and weights can be adjusted (i.e. comparison of the score 

against an acceptability threshold), where treated cases are the learning set of such neural 

network. By inputting each case and adjusting the network weights to make the network more 

predictable to the treatment outcome (i.e. the emission of information)). 
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The motivation to combine reference of WEN within the method of GREENBERG 

before the effective filing date of the invention is that the new method provides Further, the 

treatment plan may then be automatically adjusted by the system for the next set of dental 

appliances or positioners to correct for the deviations so that the newly fabricated 

positioners provide for a better fit to the patient's dentition and is responsive to correcting 

for the deviations (see WEN [0154]). 

Regarding claim 4, GREENBERG in view of WEN teaches all the limitations of claim 

1. GREENBERG further teaches wherein the dentition and aligner images are the same image 

([0031], e.g. the axial views are manipulated in a similar manner with correlation to a 3D image 

of the dentition. The 3D treatment positioning of the teeth in the final desired outcome of the 

treatment is displayed as shown in FIG. 7. The orthodontic aligner used to reposition the teeth 

is registered using the fiducial markers or optically scanned data of the dentition (i.e. 

dentition and aligner images are the same). 

Regarding claim 6, GREENBERG in view of WEN teaches all the limitations of claim 

1. GREENBERG further teaches wherein the distances are measured in pixels ([0009], e.g. FIG. 

2 depicts a set of teeth that have undergone treatment using the optically scanned dental casts. 

The aligned teeth have a spacing D. This space (i.e. distances) between the teeth is based in 

part on using data regarding the teeth above the gum line, without considering the roots of the 

teeth. [0010] wherein the data is processed by superimposition of the orthodontic aligner on 

the CT images of the patient including a jaw in axial and panoramic views (i.e. a CT image 

with pixels). In this manner, the tooth above the gum line, represented by the negative 
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impression as well as the tooth below the gum line, represented by the CT data is used to 

design the orthodontic aligner (i.e. CT data is represented by image pixels, and hence 

distance between the teeth). 

Allowable Subject Matter 

5. Claims 3, 5, 7 and 8-10 are objected to as being dependent upon a rejected base claim, 

but would be allowable, if rewritten in independent form including all of the limitations of the 

base claim and any intervening claims; and amending claim(s) to overcome any objection(s) 

and /or rejection(s) set forth in this Office action. 

Prior Art Record 

6. The prior art made of record and not relied upon is considered pertinent 

to applicant's disclosure. 

a. Matov; Vadim et al. (US 20090191503 Al) - METHOD AND SYSTEM FOR 

OPTIMIZING DENTAL ALIGNER GEOMETRY. 

b. Rubbert; Rudger et al. (US 20090291417 Al) - INTERACTIVE ORTHODONTIC 

CARE SYSTEM BASED ON INTRA-ORAL SCANNING OF TEETH. 

c. Kuo; Eric E. (US 20150132708 Al) - METHOD AND SYSTEM FOR PROVIDING 

DYNAMIC ORTHODONTIC ASSESSMENT AND TREATMENT PROFILES. 

d. Webber; Peter et al. (US 20160128803 Al) - ORTHODONTIC ALIGNER WITH 

ISOLATED SEGMENTS. 
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e. HUANG; Stanley S.T. et al. (US 20150132707 Al) - BRACES TO ALIGNER 

TRANSITION IN ORTHODONTIC TREATMENT. 

f. HILLIARD; Jack Keith (US 20080050692 Al) - SYSTEM AND METHOD FOR 

FABRICATING ORTHODONTIC ALIGNERS. 

g. Peacock, James Clayton III (US 20030124480 Al) - Adjustable orthodontic band. 

h. Arjomand; Hossein et al. (US 20100068672 Al) - Orthodontic condition evaluation. 

i. PELLISSARD THOMAS et al. (WO 2016066637 Al) - METHOD FOR 

MONITORING AN ORTHODONTIC TREATMENT. 

j. XU XIAOHAN (CN 104970891 A) - Manufacturing method of customized tongue-side 

invisible aligner. 

k. KIM JIN BAEK et al. (KR 20180017454 A) - orthodontic digital bracket. 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Mahendra Patel whose telephone number is (571)270-7499. The 

examiner can normally be reached on 9:30 AM to 5:30 PM (EST). 

Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, Applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://lNwly.uspto,gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Anthony Addy can be reached on (571) 272-7795(571) 272-7795. The fax phone 

number for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be 

obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free)? If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/MAHENDRA R PATEL/ 
Primary Examiner, Art Unit 2645 
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35 U.S.C. 112 

Claim 1, step 3 states that determination, for each of a plurality of teeth represented on the dentition and 
aligner images, of interior and exterior tooth outlines representing the outline of the free end of said tooth 
on the dentition and aligner images. However, claim is not clearly disclosing what is determined and 
which determining steps (or logic or algorithm) is used to arrive final output result. 

Please clarify step 3 limitations (e.g. reference claim 5 (iii) or equivalent). 

Appropriate correction is required for further review. 

Claim 6, There is insufficient antecedent basis for this limitation in the claim. 
Appropriate correction is required for further review. 

Objections 
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tooth outlines. 
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/MAHENDRA R PATEL/ 
Primary Examiner, Art Unit 2645 

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in 
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Clinical Application of Cone-seam Computed Tomography of the Rabbit Head: Part —

Normal Dentition 

Domestic.. rabbits (0ryctoiagus curtculus) are in:  popular as household pets: therefore, veterinarians 
need to be familiar wtth the most common diseases afflicting rabbits including dental diseases. Diagnostic 
approaches for dental disease include gross oral examination, endoscopic oral_ 

PMCS06597,3 PUBMED CENTRAL I 17..OCT-2331fii Fraatieri ;a Veterinary Science. 3, 93 

2. The potential of statistical shape modelling for geometric morphometric analysis of 

human teeth in archaeological research 

This paper introduces statistical shape modelling :SW) for use in o.steoarchaeology research. SSM is a fill! field, 
 't—mater.dl analytical technique, and is presented as a supplementary geometric morphometric (GM) tool. 
Lower mandibular canines from two archaeological populations and one modern... 
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3. Computed Tomography (CR-Assisted 3D Cephalometry in Horses: Interincisal 

Angulation of Clinical Crowns 
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Orthodontic Tooth Movement with Clear Aligners 

Clear aligners provide a convenient model to measure orthodontic tooth movement (0TM). We examined the 
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orthodontic treatment at the tin iversity of Florida were enrolled. Result.. 
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EAST Search History 

EAST Search History (Interference) 

Ref Hits Search Query DBs Default Plurals 
Operator 

Time 
Stamp 

S78 1 ((A61C7/002 or G06T7/174 or G06T7/0012 or US- SAME ON 2020/12/13 
A61C7/08 or A61C9/0053 or G06T7/136 or PGPUB; 14:24 
G06T2207/30036).cpc.) and ( ( (acquisition or 
acqui$4 or obtain$4) ( image teeth ) ( patient 
or person) ) (orthodo$4 aligne$4) and 

USPAT 

(threshold) ) .clm. 

S79 2 ( (G06K$ or G06Q$ or G06F$ or G06N$ or US- SAME ON 2020/12/13 
G06T$ or G05D$ or G08B$ or G09G$ or G07C$ 
or G07D$ or G07G$ or G06F$ or G06T$ or 

PGPUB; 
USPAT 

14:24 

G01C$ or G01R$ or B60R$ or B60D$ or B62D$ 
or B60T$ or B06W$ or A61B$ or A61C$ or 
G16H$ or H04W$ or H04L$ or H04B$ or 
H04M$ or H04N$ or H04Q$ or H043$ ).CPC. ) 
and ( ( (acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) (orthodo$4 
aligne$4) and (threshold or distan$4 or scor$4) 
) .clm. 

S80 2 ( (Robotic or robot$4 ) or ( Artificial with US- SAME ON 2020/12/13 
Intelligence) or (neural with network) or PGPUB; 14:24 
(Fuzzy) or (semantic or segmentation) or ( 
pixel$1 ) or (training or testing ) or ( 
autonomous ) or (track$4 ) or (machine with 
learning) ) and ( ( (acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or person) ) 

USPAT 

(orthodo$4 aligne$4) and (threshold or 
distan$4 or scor$4) ) .clm. 

S81 2 ( ("382"/$).ccls. or ("455"/$).ccls. or US- SAME ON 2020/12/13 
("37T/$).ccls. or ("1"/$).ccls. or PGPUB; 14:24 
("60T/$).ccls. or ("250"/$).ccls. or USPAT 
("351"/$).ccls. Or ("356"/$).ccls. or 
("324111$).ccls. or ("713"/$).ccls. or 
("335"/$).ccls. or ("707"/$).ccls. or 
("335"/$).ccls. or ("706"/$).ccls. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) (orthodo$4 
aligne$4) and (threshold or distan$4 or scor$4) 
) .clm. 

S82 3 ( ( aligner image ) (dentition image) ( teeth) US- SAME ON 2020/12/13 
and ((acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) (orthodo$4 
aligne$4) ) .clm. 

PGPUB; 
USPAT 

14:25 

S83 2 ( ( (conversion or convert$4) ) AND ( aligner US- SAME ON 2020/12/13 
image ) (dentition image) ( teeth) and PGPUB; 14:25 
((acquisition or acqui$4 or obtain$4) ( image USPAT 

EAST Search History 

EAST Search History (Interference) 

((A61C7/002 or G06T7/174 or G06T7/0012 or 
A61C7/08 or A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) and ( ( (acquisition or 
acqui$4 or obtain$4) ( image teeth ) ( patient 
or person)) (orthodo$4 aligne$4) and 
(threshold) ) .elm. 

( (G06K$ or G06Q$ or G06F$ or G06N$ or 
G06T$ or G05D$ or G08B$ or G09G$ or G07C$ 
or G07D$ or G07G$ or G06F$ or G06T$ or 
G01C$ or G01R$ or B60R$ or 860D$ or 862D$ 
or B60T$ or B06W$ or A61B$ or A61C$ or 
G16H$ or H04W$ or H04L$ or H04B$ or 
H04M$ or H04N$ or H04Q$ or H04J$ ).CPC. ) 
and ( ( (acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person)) (orthodo$4 
aligne$4) and (threshold or distan$4 or scor$4) 
) .elm. 

( (Robotic or robot$4 ) or ( Artificial with 
Intelligence) or (neural with network) or 
(Fuzzy) or (semantic or segmentation) or ( 
pixel$! ) or (training or testing ) or ( 
autonomous ) or (track$4 ) or (machine with 
learning) ) and ( ( (acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold or 
distan$4 or scor$4) ) .elm. 

( ("382"/$).cels. or ("455"/$).cels. or 
("370"/$).cels. or ("l "/$).cels. or 
("600"/$).cels. or ("250"/$).cels. or 
("351"/$).cels. Or ("356"/$).cels. or 
("324"/$).cels. or ("713"/$).cels. or 
("335"/$).cels. or ("707"/$).cels. or 
("335"/$).cels. or ("706"/$).cels. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) ( orthodo$4 
aligne$4) and (threshold or distan$4 or scor$4) 
) .elm. 
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teeth ) ( patient or person) ) (orthodo$4 
aligne$4) ).clm. 

S84 1 ( ( ( scor$4 or weight$4) ( threshold$4) 
(emission or output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) ).clm. 

US- SAME ON 2020/12/13 
PGPUB; 14:25 
USPAT 

S106 3 ( (A61C7/002 OR A61C7/08 OR A61C9/0053 
OR A61C7/00 OR A61C7/14 OR A61C7/16 OR 
A61C13/0022 OR A61C2007/004 OR A61C7/02 
OR A61C7/12 OR A61C7/145 OR A61C7/146 
OR A61C7/18 OR A61C7/20 OR A61C9/0046 
OR A61C13/0004 OR A61C13/0019 OR 
A61C19/006 OR A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR A61C2201/007 
OR A61C2203/00 OR A61C7/36 OR A61C9/00 
OR A61C9/004 OR G16H50/20 OR G16H50/50 
OR G16H50/70 OR G16H10/60 OR G16H30/40 
OR G16H30/20 OR G16H50/30 OR G16H15/00 
OR G16H20/40 OR G16H70/20 OR G16H80/00 
OR G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR G06T17/00 OR 
G06T2207/30036 OR G06T2210/41 OR 
G06T2207/10028 OR G06T2207/30004 OR 
G06T7/254 OR G06T7/33 OR G06T7/73 OR 
A61B1/00009 OR A61B1/24 OR A61B2576/02 
OR A61B1/00011 OR A61B1/00039 OR 
A61B1/04 OR A61B1/32 OR A61B2090/367 OR 
A61B5/0013 OR A61B5/0022 OR A61B5/0077 
OR A61B5/0088 OR A61B5/064 OR 
A61B5/4542 OR A61B5/4547 OR A61B5/742 
OR A61B5/745 OR A61B6/032 OR A61B6/14 
OR A61N2005/0606 OR A61N2005/0626 OR 
A61N2005/0627 OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 OR 
A61N2005/0633 OR A61N2005/0635 OR 
A61N2005/0643 OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 OR 
A61N2005/0653 OR A61N2005/0659 OR 
A61N2005/0662 OR A61N5/06 OR A61N5/0603 
OR A61N5/0613 OR A61N5/0625 OR 
A61N5/103 OR A61N5/1048 OR 
A61F2002/30953 OR G06K2209/05 OR 
G06K2209/055 OR G06K9/00214 OR 
G06K9/6267 OR G06N20/00 OR G06N3/02 OR 
G06N5/003 OR G06N7/005 OR 
G06Q10/06).CPC. ) and ( ( aligner image ) 
(dentition image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) ( patient 
or person) ) (orthodo$4 aligne$4)) .clm. 

US- SAME ON 2020/12/13 
PGPUB; 17:28 
USPAT 

S112 1 ((interior exterior outlines) (dentition aligner 
images) ) .clm. 

US- AND ON 2020/12/22 
PGPUB; 22:48 
USPAT 

teeth ) ( patient or person) ) ( orthodo$4 
aligne$4) ).elm. 

( ( ( scor$4 or weight$4) ( threshold$4) 
(emission or output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) ).elm. 

( (A61C7/002 OR A61C7/08 OR A61C9/0053 
OR A61C7/00 OR A61C7/14 OR A61C7/16 OR 
A61C13/0022 OR A61C2007/004 OR A61C7/02 
OR A61C7/12 OR A61C7/145 OR A61C7/146 
OR A61C7/18 OR A61C7/20 OR A61C9/0046 
OR A61C13/0004 OR A61C13/0019 OR 
A61C19/006 OR A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR A61C2201/007 
OR A61C2203/00 OR A61C7/36 OR A61C9/00 
OR A61C9/004 OR G16H50/20 OR G16H50/50 
OR G16H50/70 OR G16H10/60 OR G16H30/40 
OR G16H30/20 OR G16H50/30 OR G16H15/00 
OR G16H20/40 OR G16H70/20 OR G16H80/00 
OR G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR G06T17/00 OR 
G06T2207/30036 OR G06T2210/41 OR 
G06T2207/10028 OR G06T2207/30004 OR 
G06T7 /254 OR G06T7 /33 OR G06T7 /73 OR 
A61Bl/00009 OR A61Bl/24 OR A61B2576/02 
OR A61Bl/00011 OR A61Bl/00039 OR 
A61Bl/04 OR A61Bl/32 OR A61B2090/367 OR 
A61BS/0013 OR A61BS/0022 OR A61BS/0077 
OR A61BS/0088 OR A61BS/064 OR 
A61BS/4542 OR A61BS/4547 OR A61BS/742 
OR A61BS/745 OR A61B6/032 OR A61B6/14 
OR A61N2005/0606 OR A61N2005/0626 OR 
A61N2005/0627 OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 OR 
A61N2005/0633 OR A61N2005/0635 OR 
A61N2005/0643 OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 OR 
A61N2005/0653 OR A61N2005/0659 OR 
A61N2005/0662 OR A61NS/06 OR A61NS/0603 
OR A61NS/0613 OR A61NS/0625 OR 
A61NS/103 OR A61NS/1048 OR 
A61F2002/30953 OR G06K2209/05 OR 
G06K2209/055 OR G06K9/00214 OR 
G06K9/6267 OR G06N20/00 OR G06N3/02 OR 
G06NS/003 OR G06N7/005 OR 
G06Q10/06).CPC. ) and ( ( aligner image ) 
(dentition image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) ( patient 
or person)) (orthodo$4 aligne$4)) .elm. 
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EAST Search History 

EAST Search History (Prior Art) 

Ref Hits Search Query DBs Default Plurals Time 
Operator Stamp 

S5 31 ((("Debraux") near3 US-PGPUB; AND OFF 2020/12/12 
("Laurent"))),INV. USPAT; 23:58 

USOCR 

S4 31 ((("Ghyselinck") near3 US-PGPUB; AND OFF 2020/12/12 
("Guillaume"))),INV. USPAT; 23:58 

USOCR 

S3 31 ((("Pellissard") near3 US-PGPUB; AND OFF 2020/12/12 
("Thomas"))),INV. USPAT; 23:58 

USOCR 

S2 47 ((("SALAH") near3 ("Philippe"))),INV. US-PGPUB; AND OFF 2020/12/12 
USPAT; 23:58 
USOCR 

S1 11 ((("DENTAL") near3 USPAT AND OFF 2020/12/12 
("MONITORING"))).AS,AANM. 23:58 

S6 13 ((("SALAH") near3 ("Philippe"))),INV. US-PGPUB; AND OFF 2020/12/12 
and (orthodontic aligner) ( patient or 
person) 

USPAT; 
USOCR 

23:59 

S44 250 (orthodontic aligner) ( patient or US-PGPUB; WITH OFF 2020/12/13 
person) and (@ad < "20170609") USPAT; 07:21 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S46 26 (orthodo$4 align$4) ( patient or US-PGPUB; NEAR ON 2020/12/13 
person) and (@ad < "20170609") USPAT; 07:23 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S47 322 ( (acquisition or acqui$4 or obtain$4) US-PGPUB; SAME ON 2020/12/13 
( image teeth ) ( patient or person) ) 
and (orthodo$4 aligne$4) and (@ad 

USPAT; 
USOCR; 

08:56 

< "20170609") FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S48 22 ( (acquisition or acqui$4 or obtain$4) US-PGPUB; SAME ON 2020/12/13 
( image teeth ) ( patient or person) ) USPAT; 09:08 
(orthodo$4 aligne$4) and (@ad < USOCR; 
"20170609") FPRS; EPO; 

EAST Search History 

EAST Search History (Prior Art) 

erson) and (@ad < "20170609") 

(orthodo$4 align$4) ( patient or 
person) and (@ad < "20170609") 

( (acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
and (orthodo$4 aligne$4) and (@ad 
< "20170609") 
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JPO; 
DERWENT; 
IBM_TDB 

S49 5 ( aligner image ) (dentition image) ( US-PGPUB; 
teeth) and ((acquisition or acqui$4 or USPAT; 
obtain$4) ( image teeth ) ( patient or USOCR; 
person) ) (orthodo$4 aligne$4) and FPRS; EPO; 
(@ad < "20170609") JPO; 

DERWENT; 
IBM_TDB 

S50 5 

SAME ON 2020/12/13 
11:03 

( (conversion or convert$4) ) AND ( US-PGPUB; 
aligner image ) (dentition image) ( USPAT; 
teeth) and ((acquisition or acqui$4 or USOCR; 
obtain$4) ( image teeth ) ( patient or FPRS; EPO; 
person) ) (orthodo$4 aligne$4) and JPO; 
(@ad < "20170609") DERWENT; 

IBM_TDB 

S51 0 

SAME ON 2020/12/13 
11:08 

( (interior or exterior ) AND US-PGPUB; 
(conversion or convert$4) ) AND ( USPAT; 
aligner image ) (dentition image) ( USOCR; 
teeth) and ((acquisition or acqui$4 or FPRS; EPO; 
obtain$4) ( image teeth ) ( patient or JPO; 
person) ) (orthodo$4 aligne$4) and DERWENT; 
(@ad < "20170609") IBM_TDB 

S53 0 

SAME ON 2020/12/13 
11:11 

( ( comparison or compar$4 or US-PGPUB; 
compared) ( score$4 or weight$4) ( USPAT; 
threshold$4) (emission or output$4 USOCR; 
or report$4 or output) ) and (( FPRS; EPO; 
image$4 teeth ) and ( patient or JPO; 
person) ) and (orthodo$4 aligne$4) DERWENT; 
and (@ad < "20170609") IBM_TDB 

S55 12,806 

SAME ON 2020/12/13 
11:17 

( ( comparison or compar$4 or US-PGPUB; 
compared) ( score$4 or weight$4) ( USPAT; 
threshold$4) (emission or output$4 USOCR; 
or report$4 or output) ) and (@ad < FPRS; EPO; 
"20170609") JPO; 

DERWENT; 
IBM_TDB 

S54 0 

SAME ON 2020/12/13 
11:18 

( ( comparison or compar$4 or US-PGPUB; 
compared) ( score$4 or weight$4) ( USPAT; 
threshold$4) (emission or output$4 USOCR; 
or report$4 or output) ) and FPRS; EPO; 
(orthodo$4 aligne$4) and (@ad < JPO; 
"20170609") DERWENT; 

IBM_TDB 

S56 0 

SAME ON 2020/12/13 
11:18 

( ( scor$4 or weight$4) ( US-PGPUB; 
threshold$4) (emission or output$4 USPAT; 
or report$4 or output) ) and USOCR; 
(orthodo$4 aligne$4) and (@ad < FPRS; EPO; 
"20170609") JPO; 

SAME ON 2020/12/13 
11:19 

eth) and ((acquisition or acqui$4 
btain$4) ( image teeth ) ( patient 
erson)) (orthodo$4 aligne$4) and 

ad < "20170609") 

( (conversion or convert$4)) AND ( 
aligner image) (dentition image) ( 
teeth) and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

onversion or convert$4) ) AND ( 
ligner image) (dentition image) ( 
eth) and ((acquisition or acqui$4 
btain$4) ( image teeth ) ( patient 
erson)) (orthodo$4 aligne$4) and 

II II 

( ( comparison or compar$4 or 
compared) ( score$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and (( 
image$4 teeth ) and ( patient or 
person)) and (orthodo$4 aligne$4) 
and (@ad < "20170609") 

( ( comparison or compar$4 or 
compared) ( score$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output)) and (@ad < 
"20170609") 

( ( comparison or compar$4 or 
compared) ( score$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

( ( scor$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 
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S57 11 ( ( threshold$4) (emission or 
output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) and (@ad 
< "20170609") 

S58 18 ( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) and (@ad < "20170609") 

S59 1 ( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) ( ( threshold$4) (emission or 
output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) and (@ad 
< "20170609") 

S60 2 ( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) ( aligner image ) (dentition 
image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) 
( patient or person) ) (orthodo$4 
aligne$4) and (@ad < "20170609") 

S61 5 ( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) and ( acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) and (@ad < "20170609") 

S62 78,074 ((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) 

S63 16,548,122 ( (G06K$ or G06Q$ or G06F$ or 
G06N$ or G06T$ or G05D$ or G08B$ 
or G09G$ or G07C$ or G07D$ or 
G07G$ or G06F$ or G06T$ or G01C$ 
or G01R$ or B60R$ or B60D$ or 
B62D$ or B60T$ or B06W$ or A61B$ 

DERWENT; 
IBM_TDB 

US-PGPUB; SAME ON 2020/12/13 
USPAT; 11:20 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; SAME ON 2020/12/13 
USPAT; 11:37 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; AND ON 2020/12/13 
USPAT; 11:38 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; AND ON 2020/12/13 
USPAT; 11:39 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; AND ON 2020/12/13 
USPAT; 11:42 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; AND ON 2020/12/13 
USPAT; 12:00 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; AND ON 2020/12/13 
USPAT; 12:17 
USOCR; 
FPRS; EPO; 
JPO; 

( ( threshold$4) (emission or 
output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) and (@ad 
< "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) and (@ad < "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) ( ( threshold$4) (emission or 
output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) and (@ad 
< "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) ( aligner image) (dentition 
image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) 
( patient or person) ) ( orthodo$4 
aligne$4) and (@ad < "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) and ( acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) and (@ad < "20170609") 

((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) 

16,548,122 ( (G06K$ or G06Q$ or G06F$ or 
G06N$ or G06T$ or G05D$ or G08B$ 
or G09G$ or G07C$ or G07D$ or 
G07G$ or G06F$ or G06T$ or G01C$ 
or G01R$ or B60R$ or 860D$ or 
862D$ or B60T$ or B06W$ or A61B$ 
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or A61C$ or G16H$ or H04W$ or DERWENT; 
H04L$ or H04B$ or H04M$ or H04N$ IBM_TDB 
or H04Q$ or H043$ ).CPC. ) 

10,670,828 ( (Robotic or robot$4) or ( Artificial US-PGPUB; AND ON 2020/12/13 
with Intelligence) or (neural with USPAT; 
network) or (Fuzzy) or (semantic or USOCR; 
segmentation) or ( pixel$1 ) or FPRS; EPO; 

14:08 

(training or testing ) or ( JPO; 
autonomous ) or (track$4) or DERWENT; 
(machine with learning) ) IBM_TDB 

6,734,179 ( ("382"/$).ccls. or ("455"/$).ccls. or US-PGPUB; AND ON 2020/12/13 
("370"/$).ccls. or ("1"/$).ccls. or USPAT; 14:10 
("600"/$).ccls. or ("250"/$).ccls. or USOCR; 
("351"/$).ccls. Or ("356"/$).ccls. or FPRS; EPO; 
("324"/$).ccls. or ("713"/$).ccls. or JPO; 
("335"/$).ccls. or ("707"/$).ccls. or DERWENT; 
("335"/$).ccls. or ("706"/$).ccls. ) IBM_TDB 

16 ((A61C7/002 or G06T7/174 or US-PGPUB; SAME ON 2020/12/13 
G06T7/0012 or A61C7/08 or USPAT; 14:11 
A61C9/0053 or G06T7/136 or USOCR; 
G06T2207/30036).cpc.) and ( FPRS; EPO; 
(acquisition or acqui$4 or obtain$4) ( JPO; 
image teeth ) ( patient or person) ) DERWENT; 
(orthodo$4 aligne$4) and (@ad < IBM_TDB 
"20170609") 

1 ( "16001049" ) And (effici$6 or US-PGPUB; AND ON 2020/12/13 
adventag$4 or cost or money or USPAT; 
sav$4 or application or improv$4 or USOCR; 
motivation or object$4 or benefit$4 FPRS; EPO; 
or optimiz$4 or reduce$4 or JPO; 
overhead or automatic$4 or DERWENT; 

14:11 

Advantageou$4 or advantages or IBM_TDB 
(quality or QOS) or ( over$head) or 
(security$4 ) ) 

2 ((A61C7/002 or G06T7/174 or US-PGPUB; SAME ON 2020/12/13 
G06T7/0012 or A61C7/08 or USPAT; 14:12 
A61C9/0053 or G06T7/136 or USOCR; 
G06T2207/30036).cpc.) and ( ( FPRS; EPO; 
(acquisition or acqui$4 or obtain$4) ( JPO; 
image teeth ) ( patient or person) ) DERWENT; 
(orthodo$4 aligne$4) and (threshold) IBM_TDB 
) and (@ad < "20170609") 

11 ((A61C7/002 or G06T7/174 or US-PGPUB; SAME ON 2020/12/13 
G06T7/0012 or A61C7/08 or USPAT; 14:13 
A61C9/0053 or G06T7/136 or USOCR; 
G06T2207/30036).cpc.) and ( ( FPRS; EPO; 
(acquisition or acqui$4 or obtain$4) ( JPO; 
image teeth ) ( patient or person) ) DERWENT; 
(orthodo$4 aligne$4) and (threshold IBM_TDB 

10,670,828 ( (Robotic or robot$4) or ( Artificial 
with Intelligence) or (neural with 
network) or (Fuzzy) or (semantic or 
segmentation) or ( pixel$! ) or 
(training or testing ) or ( 
autonomous ) or (track$4 ) or 
(machine with learning) ) 

( ("382"/$).ccls. or ("455"/$).ccls. or 
("370"/$).ccls. or ("l"/$).ccls. or 
("600"/$).ccls. or ("250"/$).ccls. or 
("351"/$).ccls. Or ("356"/$).ccls. or 
("324"/$).ccls. or ("713"/$).ccls. or 
("335"/$).ccls. or ("707"/$).ccls. or 
("335"/$).ccls. or ("706"/$).ccls. ) 

((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) and ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

( "16001049" ) And (effici$6 or 
adventag$4 or cost or money or 
sav$4 or application or improv$4 or 
motivation or object$4 or benefit$4 
or optimiz$4 or reduce$4 or 
overhead or automatic$4 or 
Advantageou$4 or advantages or 
(quality or QOS) or ( over$head) or 
(security$4 ) ) 

((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold) 
) and (@ad < "20170609") 

((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 

Pg.219



or distan$4 or scor$4) ) and (@ad < 
"20170609") 

S70 12 ( (G06K$ or G06Q$ or G06F$ or US-PGPUB; 
G06N$ or G06T$ or G05D$ or G08B$ USPAT; 
or G09G$ or G07C$ or G07D$ or USOCR; 
G07G$ or G06F$ or G06T$ or G01C$ FPRS; EPO; 
or G01R$ or B60R$ or B60D$ or JPO; 
B62D$ or B60T$ or B06W$ or A61B$ DERWENT; 
or A61C$ or G16H$ or H04W$ or IBM_TDB 
H04L$ or H04B$ or H04M$ or H04N$ 
or H04Q$ or H04J$ ).CPC. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4) ) and (@ad < 
"20170609") 

S71 4 

SAME ON 2020/12/13 
14:14 

( (Robotic or robot$4) or ( Artificial US-PGPUB; 
with Intelligence) or (neural with USPAT; 
network) or (Fuzzy) or (semantic or USOCR; 
segmentation) or ( pixel$1 ) or FPRS; EPO; 
(training or testing ) or ( JPO; 
autonomous ) or (track$4) or DERWENT; 
(machine with learning) ) and ( ( IBM_TDB 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4) ) and (@ad < 
"20170609") 

S72 7 

SAME ON 2020/12/13 
14:17 

( ("382"/$).ccls. or ("455"/$).ccls. or US-PGPUB; 
("370"/$).ccls. or ("1"/$).ccls. or USPAT; 
("600"/$).ccls. or ("250"/$).ccls. or USOCR; 
("351"/$).ccls. Or ("356"/$).ccls. or FPRS; EPO; 
("324"/$).ccls. or ("713"/$).ccls. or JPO; 
("335"/$).ccls. or ("707"/$).ccls. or DERWENT; 
("335"/$).ccls. or ("706"/$).ccls. ) IBM_TDB 
and ( ( (acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and 
(threshold or distan$4 or scor$4) ) 
and (@ad < "20170609") 

S75 0 

SAME ON 2020/12/13 
14:18 

( ( scor$4 or weight$4) ( US-PGPUB; 
threshold$4) (emission or output$4 USPAT; 
or report$4 or output) ) and USOCR; 
(orthodo$4 aligne$4) and (@ad < FPRS; EPO; 
"20170609") JPO; 

DERWENT; 
IBM_TDB 

S73 5 

SAME ON 2020/12/13 
14:22 

( aligner image ) (dentition image) ( US-PGPUB; 
teeth) and ((acquisition or acqui$4 or USPAT; 
obtain$4) ( image teeth ) ( patient or USOCR; 

FPRS; EPO; 

SAME ON 2020/12/13 
14:22 

( (G06K$ or G06Q$ or G06F$ or 
G06N$ or G06T$ or G05D$ or G08B$ 
or G09G$ or G07C$ or G07D$ or 
G07G$ or G06F$ or G06T$ or G01C$ 
or G01R$ or B60R$ or 860D$ or 
862D$ or B60T$ or B06W$ or A61B$ 
or A61C$ or G16H$ or H04W$ or 
H04L$ or H048$ or H04M$ or H04N$ 
or H04Q$ or H04J$ ).CPC. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4)) and (@ad < 
"20170609") 

( (Robotic or robot$4) or ( Artificial 
with Intelligence) or (neural with 
network) or (Fuzzy) or (semantic or 
segmentation) or ( pixel$! ) or 
(training or testing ) or ( 
autonomous ) or (track$4 ) or 
(machine with learning) ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4)) and (@ad < 
"20170609") 

( ("382"/$).ccls. or ("455"/$).ccls. or 
("370"/$).ccls. or ("l"/$).ccls. or 
("600"/$).ccls. or ("250"/$).ccls. or 
("351"/$).ccls. Or ("356"/$).ccls. or 
("324"/$).ccls. or ("713"/$).ccls. or 
("335"/$).ccls. or ("707"/$).ccls. or 
("335"/$).ccls. or ("706"/$).ccls. ) 
and ( ( (acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(threshold or distan$4 or scor$4) ) 
and (@ad < "20170609") 

( ( scor$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 
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person) ) (orthodo$4 aligne$4) and JPO; 
(@ad < "20170609") DERWENT; 

IBM_TDB 

1,755 ("20180353263" I "20170325690"
"20170325689" I "10485638" I 
"20180185125" I "10342645" I 
"20170325910" I "20180204332" I 
"10417774" I "10206759" I 
"10779909" I "20180042698" I 
"20190133717" I "20200360111" I 
"10548690" I "20170100214" I 
"20190026893" I "20170100212" I 
"20200146775" I "20200022784" I 
"10413385" I "20190026598" I 
"9492245" I "10685259" I 
"20190328489" I "20190026894" I 
"20180263731" I "20190350680" I 
"10755409" I "10758322" I 
"20190026889" I "20180263732" I 
"20180263733" I "10828130" I 
"20200085535" I "20070238065" I 
"7880751" I "8126726" I 
"20070168152" I "20200000552" I 
"20070134613" I "20200214801" I 
"9107722" I "20190282333" I 
"8439672" I "20130230818" I 
"20070128574" I "20090191503" I 
"20160008095" I "7970628" I 
"20190090993" I "20200306012" I 
"10507087" I "20160135925" I 
"20190269485" I "20200205943" I 
"20200188068" I "5431562" I 
"5447432" I "20180184989" I 
"10368814" I "20190231478" I 
"20170100213" I "5368478" I 
"7930189" I "9211166" I "6015289" 
I "10653502" I "8152523" I 
"8874452" I "20110269097" I 
"20070129991" I "20150132708" I 
"20110270588" I "20070128573" I 
"20160095668" I "8021147" I 
"20020006597" I "20040115586" I 
"20050271996" I "9622835" I 
"6616444" I "7970627" I "6457972" 
I "20190125493" I "8897902" I 
"20150057983" I "20130325431" I 
"10335251" I "20170128161" I 
"20070141527" I "9737257" I 
"20170311873" I "10405796" I 
"20160220173" I "7220122" I 
"20200085546" I "8727776" I 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

AND OFF 2020/12/13 
14:32 

("20180353263" I "20170325690" I 
"20170325689" I "10485638" I 
"20180185125" I "10342645" I 
"20170325910" I "20180204332" I 
"10417774" I "10206759" I 
"10779909" I "20180042698" I 
"20190133717" I "20200360111" I 
"10548690" I "20170100214" I 
"20190026893" I "20170100212" I 
"20200146775" I "20200022784" I 
"10413385" I "20190026598" I 
"9492245" I "10685259" I 
"20190328489" I "20190026894" I 
"20180263731" I "20190350680" I 
"10755409" I "10758322" I 
"20190026889" I "20180263732" I 
"20180263733" I "10828130" I 
"20200085535" I "20070238065" I 
"7880751" I "8126726" I 
"20070168152" I "20200000552" I 
"20070134613" I "20200214801" I 
"9107722" I "20190282333" I 
"8439672" I "20130230818" I 
"20070128574" I "20090191503" I 
"20160008095" I "7970628" I 
"20190090993" I "20200306012" I 
"10507087" I "20160135925" I 
"20190269485" I "20200205943" I 
"20200188068" I "5431562" I 
"5447432" I "20180184989" I 
"10368814" I "20190231478" I 
"20170100213" I "5368478" I 
"7930189" I "9211166" I "6015289" 
I "10653502" I "8152523" I 
"8874452" I "20110269097" I 
"20070129991" I "20150132708" I 
"20110270588" I "20070128573" I 
"20160095668" I "8021147" I 
"20020006597" I "20040115586" I 
"20050271996" I "9622835" I 
"6616444" I "7970627" I "6457972" 
I "20190125493" I "8897902" I 
"20150057983" I "20130325431" I 
"10335251" I "20170128161" I 
"20070141527" I "9737257" I 
"20170311873" I "10405796" I 
"20160220173" I "7220122" I 
"20200085546" I "8727776" I 
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"7837469" 1 "8591225" 1 "5683243" 
1 "8651859") 

2,250 ("3412245" 1 "3412245" I 
"2020216925" 1 "2020234411" I 
"3544542" 1 "2018118200" 1 
"3659545" 1 "3600130" 1 "3212115" 
I "3212113" 1 "2018175486" I 
"2182488" 1 "2420974" 1 "3179437" 
I "3562426" 1 "2074582" I 
"2018122557" 1 "2420974" I 
"341896T 1 "3213293" 1 "3418968" 
I "3212646" 1 "2016066651" I 
"2016066652" 1 "2016066654" I 
"3212116" 1 "3179437" 1 "3212116" 
I "2074582" 1 "2008046079" I 
"3212646" 1 "2008046066"
"224244T 1 "3212114" 1 "3212114" 
I "2016066650" 1 "2020142534" I 
"2182488" 1 "2020503919" I 
"2506213" 1 "3636205" 1 "3445270" 
1 "20200109292" 1 "2017182654" 1 
"3212113" 1 "2016066637" I 
"224244T 1 "3672477" I 
"2019040927" 1 "2017094181" 1 
"111315315" 1 "2008046064"
"2009097383" 1 "3618082" I 
"2015120007" 1 "3459438" I 
"111683602" 1 "2019067259" 1 
"2012513787" 1 "3563794" I 
"604912T 1 "6072728" I 
"2014144382" 1 "3324876" I 
"2013255852" 1 "6595520" I 
"3639215" 1 "5984308" 1 "3459438" 
1 "2017013478" 1 "2016066642" 1 
"3212115" 1 "3324876" 1 "2675390" 
I "3657197" 1 "20180034506" I 
"2019103850" 1 "4878121" I 
"2002543917" 1 "111727022" I 
"3250111" 1 "4594429"
"1994010935" 1 "2018520804" I 
"2010506629" 1 "6005680" I 
"101450866" 1 "0667753"
"5567907" 1 "2010188178" 1 
"5362577" 1 "107920870"
"2019147868" 1 "3462373" I 
"3743007" 1 "2014144357" I 
"2016034592" 1 "2005161081" I 
"3563341" 1 "2008048904"
"2011510745" 1 "2008046061" I 
"2004500149" 1 "2010029645" I 
"111655191" 1 "2018122553" I 
"2002526155" 1 "2020048960"

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

AND ON 2020/12/13 
14:34 

("3412245" I "3412245" I 
"2020216925" I "2020234411" I 
"3544542" I "2018118200" I 
"3659545" I "3600130" I "3212115" 
I "3212113" I "2018175486" I 
"2182488" I "2420974" I "3179437" 
I "3562426" I "2074582" I 
"2018122557" I "2420974" I 
"3418968" I "3213293" I "3418968" 
I "3212646" I "2016066651" I 
"2016066652" I "2016066654" I 
"3212116" I "3179437" I "3212116" 
I "2074582" I "2008046079" I 
"3212646" I "2008046066" I 
"2242440" I "3212114" I "3212114" 
I "2016066650" I "2020142534" I 
"2182488" I "2020503919" I 
"2506213" I "3636205" I "3445270" 
I "20200109292" I "2017182654" I 
"3212113" I "2016066637" I 
"2242440" I "3672477" I 
"2019040927" I "2017094181" I 
"111315315" I "2008046064" I 
"2009097383" I "3618082" I 
"2015120007" I "3459438" I 
"111683602" I "2019067259" I 
"2012513787" I "3563794" I 
"6049120" I "6072728" I 
"2014144382" I "3324876" I 
"2013255852" I "6595520" I 
"3639215" I "5984308" I "3459438" 
I "2017013478" I "2016066642" I 
"3212115" I "3324876" I "2675390" 
I "3657197" I "20180034506" I 
"2019103850" I "4878121" I 
"2002543917" I "111727022" I 
"3250111" I "4594429" I 
"1994010935" I "2018520804" I 
"2010506629" I "6005680" I 
"101450866" I "0667753" I 
"5567907" I "2010188178" I 
"5362577" I "107920870" I 
"2019147868" I "3462373" I 
"3743007" I "2014144357" I 
"2016034592" I "2005161081" I 
"3563341" I "2008048904" I 
"2011510745" I "2008046061" I 
"2004500149" I "2010029645" I 
"111655191" I "2018122553" I 
"2002526155" I "2020048960" I 
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"2012092946" 1 "2661732" 1 
"119189T 1 "3569167" 1 
"2008046054" 1 "3708069" 1 
"2012112867" 1 "1191896" 1 
"2000069358" 1 "2675390" 1 
"20190022941" I "11918961' 1 
"3620130" I "1014209201' 1 
"1984875" I "2007084727" 1 
"111656408" 1 "2013018522" 1 
"111655189" 1 "1052321631' 1 
"2016122890") 

("20180353263" I "201703256901' 1 
"20170325689" I "10485638" 1 
"20180185125" I "10342645" 1 
"20170325910" I "20180204332" 1 
"10417774" I "102067591' 1 
"10779909" I "20180042698" 1 
"20190133717" I "20200360111" I 
"10548690" I "20170100214" I 
"20190026893" I "20170100212" 1 
"20200146775" I "20200022784" I 
"10413385" I "20190026598" 1 
"9492245" I "106852591' 1 
"20190328489" I "20190026894" 1 
"20180263731" I "20190350680" 1 
"10755409" I "107583221' 1 
"20190026889" I "20180263732" I 
"20180263733" I "10828130" 1 
"20200085535" I "20070238065" 1 
"7880751" I "8126726" I 
"20070168152" I "20200000552" 1 
"20070134613" I "20200214801" 1 
"9107722" I "201902823331' 1 
"8439672" I "201302308181' 1 
"20070128574" I "20090191503" 1 
"20160008095" I "79706281' 1 
"20190090993" I "20200306012" 1 
"10507087" I "20160135925" 1 
"20190269485" I "20200205943" 1 
"20200188068" I "54315621' 1 
"5447432" I "201801849891' 1 
"10368814" 1 "20190231478" I 
"20170100213" I "53684781' 1 
"7930189" I "9211166" I "6015289" 
1 "10653502" I "81525231' 1 
"8874452" I "20110269097" 1 
"20070129991" I "20150132708" I 
"20110270588" I "20070128573" 1 
"20160095668" I "80211471' 1 
"20020006597" I "20040115586" 1 
"20050271996" I "96228351' 1 
"6616444" 1 "7970627" I "6457972" 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

SAME ON 2020/12/13 
14:35 

"2012092946" I "2661732" I 
"1191898" I "3569167" I 
"2008046054" I "3708069" I 
"2012112867" I "1191896" I 
"2000069358" I "2675390" I 
"20190022941" I "1191896" I 
"3620130" I "101420920" I 
"1984875" I "2007084727" I 
"111656408" I "2013018522" I 
"111655189" I "105232163" I 
"2016122890") 

("20180353263" I "20170325690" I 
"20170325689" I "10485638" I 
"20180185125" I "10342645" I 
"20170325910" I "20180204332" I 
"10417774" I "10206759" I 
"10779909" I "20180042698" I 
"20190133717" I "20200360111" I 
"10548690" I "20170100214" I 
"20190026893" I "20170100212" I 
"20200146775" I "20200022784" I 
"10413385" I "20190026598" I 
"9492245" I "10685259" I 
"20190328489" I "20190026894" I 
"20180263731" I "20190350680" I 
"10755409" I "10758322" I 
"20190026889" I "20180263732" I 
"20180263733" I "10828130" I 
"20200085535" I "20070238065" I 
"7880751" I "8126726" I 
"20070168152" I "20200000552" I 
"20070134613" I "20200214801" I 
"9107722" I "20190282333" I 
"8439672" I "20130230818" I 
"20070128574" I "20090191503" I 
"20160008095" I "7970628" I 
"20190090993" I "20200306012" I 
"10507087" I "20160135925" I 
"20190269485" I "20200205943" I 
"20200188068" I "5431562" I 
"5447432" I "20180184989" I 
"10368814" I "20190231478" I 
"20170100213" I "5368478" I 
"7930189" I "9211166" I "6015289" 
I "10653502" I "8152523" I 
"8874452" I "20110269097" I 
"20070129991" I "20150132708" I 
"20110270588" I "20070128573" I 
"20160095668" I "8021147" I 
"20020006597" I "20040115586" I 
"20050271996" I "9622835" I 
"6616444" I "7970627" I "6457972" 
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I "20190125493" I "8897902"
"20150057983" I "20130325431" I 
"10335251" I "20170128161" I 
"20070141527" I "9737257"
"20170311873" I "10405796" I 
"20160220173" I "7220122"
"20200085546" I "8727776"
"7837469" I "8591225" I "5683243" 
I "8651859") and ( aligner image ) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

("3412245" I "3412245" I 
"2020216925" I "2020234411" I 
"3544542" I "2018118200" I 
"3659545" I "3600130" I "3212115" 
I "3212113" I "2018175486" I 
"2182488" I "2420974" I "3179437" 
I "3562426" I "2074582" I 
"2018122557" I "2420974" I 
"3418968" I "3213293" I "3418968" 
I "3212646" I "2016066651" I 
"2016066652" I "2016066654" I 
"3212116" I "3179437" I "3212116" 
I "2074582" I "2008046079" I 
"3212646" I "2008046066" I 
"2242440" I "3212114" I "3212114" 
I "2016066650" I "2020142534" I 
"2182488" I "2020503919" I 
"2506213" I "3636205" I "3445270" 
I "20200109292" I "2017182654" I 
"3212113" I "2016066637" I 
"2242440" I "3672477" I 
"2019040927" I "2017094181" I 
"111315315" I "2008046064" I 
"2009097383" I "3618082" I 
"2015120007" I "3459438" I 
"111683602" I "2019067259" I 
"2012513787" I "3563794" I 
"6049120" I "6072728" I 
"2014144382" I "3324876" I 
"2013255852" I "6595520" I 
"3639215" I "5984308" I "3459438" 
I "2017013478" I "2016066642" I 
"3212115" I "3324876" I "2675390" 
I "3657197" I "20180034506" I 
"2019103850" I "4878121" I 
"2002543917" I "111727022" I 
"3250111" I "4594429" I 
"1994010935" I "2018520804" I 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

SAME ON 2020/12/13 
14:36 

I "20190125493" I "8897902" I 
"20150057983" I "20130325431" I 
"10335251" I "20170128161" I 
"20070141527" I "9737257" I 
"20170311873" I "10405796" I 
"20160220173" I "7220122" I 
"20200085546" I "8727776" I 
"7837469" I "8591225" I "5683243" 
I "8651859") and ( aligner image ) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

("3412245" I "3412245" I 
"2020216925" I "2020234411" I 
"3544542" I "2018118200" I 
"3659545" I "3600130" I "3212115" 
I "3212113" I "2018175486" I 
"2182488" I "2420974" I "3179437" 
I "3562426" I "2074582" I 
"2018122557" I "2420974" I 
"3418968" I "3213293" I "3418968" 
I "3212646" I "2016066651" I 
"2016066652" I "2016066654" I 
"3212116" I "3179437" I "3212116" 
I "2074582" I "2008046079" I 
"3212646" I "2008046066" I 
"2242440" I "3212114" I "3212114" 
I "2016066650" I "2020142534" I 
"2182488" I "2020503919" I 
"2506213" I "3636205" I "3445270" 
I "20200109292" I "2017182654" I 
"3212113" I "2016066637" I 
"2242440" I "3672477" I 
"2019040927" I "2017094181" I 
"111315315" I "2008046064" I 
"2009097383" I "3618082" I 
"2015120007" I "3459438" I 
"111683602" I "2019067259" I 
"2012513787" I "3563794" I 
"6049120" I "6072728" I 
"2014144382" I "3324876" I 
"2013255852" I "6595520" I 
"3639215" I "5984308" I "3459438" 
I "2017013478" I "2016066642" I 
"3212115" I "3324876" I "2675390" 
I "3657197" I "20180034506" I 
"2019103850" I "4878121" I 
"2002543917" I "111727022" I 
"3250111" I "4594429" I 
"1994010935" I "2018520804" I 
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"2010506629" I "6005680" I 
"101450866" I "0667753"
"5567907" I "2010188178" I 
"5362577" I "107920870"
"2019147868" I "3462373" I 
"3743007" I "2014144357" I 
"2016034592" I "2005161081" I 
"3563341" I "2008048904"
"2011510745" I "2008046061"
"2004500149" I "2010029645" I 
"111655191" I "2018122553" I 
"2002526155" I "2020048960"
"2012092946" I "2661732" I 
"1191898" I "3569167" I 
"2008046054" I "3708069" I 
"2012112867" I "1191896"
"2000069358" I "2675390" I 
"20190022941" I "1191896"
"3620130" I "101420920"
"1984875" I "2007084727" I 
"111656408" I "2013018522" I 
"111655189" I "105232163" I 
"2016122890") and ( aligner image ) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

("3412245" I "3412245" I 
"2020216925" I "2020234411" I 
"3544542" I "2018118200" I 
"3659545" I "3600130" I "3212115" 
I "3212113" I "2018175486" I 
"2182488" I "2420974" I "3179437" 
I "3562426" I "2074582" I 
"2018122557" I "2420974" I 
"3418968" I "3213293" I "3418968" 
I "3212646" I "2016066651" I 
"2016066652" I "2016066654" I 
"3212116" I "3179437" I "3212116" 
I "2074582" I "2008046079" I 
"3212646" I "2008046066" I 
"2242440" I "3212114" I "3212114" 
I "2016066650" I "2020142534" I 
"2182488" I "2020503919" I 
"2506213" I "3636205" I "3445270" 
I "20200109292" I "2017182654" I 
"3212113" I "2016066637" I 
"2242440" I "3672477" I 
"2019040927" I "2017094181" I 
"111315315" I "2008046064" I 
"2009097383" I "3618082" I 

US-PGPUB; AND ON 2020/12/13 
USPAT; 14:36 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

"2010506629" I "6005680" I 
"101450866" I "0667753" I 
"5567907" I "2010188178" I 
"5362577" I "107920870" I 
"2019147868" I "3462373" I 
"3743007" I "2014144357" I 
"2016034592" I "2005161081" I 
"3563341" I "2008048904" I 
"2011510745" I "2008046061" I 
"2004500149" I "2010029645" I 
"111655191" I "2018122553" I 
"2002526155" I "2020048960" I 
"2012092946" I "2661732" I 
"1191898" I "3569167" I 
"2008046054" I "3708069" I 
"2012112867" I "1191896" I 
"2000069358" I "2675390" I 
"20190022941" I "1191896" I 
"3620130" I "101420920" I 
"1984875" I "2007084727" I 
"111656408" I "2013018522" I 
"111655189" I "105232163" I 
"2016122890") and ( aligner image) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

("3412245" I "3412245" I 
"2020216925" I "2020234411" I 
"3544542" I "2018118200" I 
"3659545" I "3600130" I "3212115" 
I "3212113" I "2018175486" I 
"2182488" I "2420974" I "3179437" 
I "3562426" I "2074582" I 
"2018122557" I "2420974" I 
"3418968" I "3213293" I "3418968" 
I "3212646" I "2016066651" I 
"2016066652" I "2016066654" I 
"3212116" I "3179437" I "3212116" 
I "2074582" I "2008046079" I 
"3212646" I "2008046066" I 
"2242440" I "3212114" I "3212114" 
I "2016066650" I "2020142534" I 
"2182488" I "2020503919" I 
"2506213" I "3636205" I "3445270" 
I "20200109292" I "2017182654" I 
"3212113" I "2016066637" I 
"2242440" I "3672477" I 
"2019040927" I "2017094181" I 
"111315315" I "2008046064" I 
"2009097383" I "3618082" I 
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"2015120007" I "3459438" I 
"111683602" I "2019067259" I 
"2012513787" I "3563794" I 
"604912T I "6072728" I 
"2014144382" I "3324876" I 
"2013255852" I "6595520" I 
"3639215" I "5984308" I "3459438" 
I "2017013478" I "2016066642" I 
"3212115" I "3324876" I "2675390" 
I "3657197" I "20180034506"
"2019103850" I "4878121" I 
"2002543917" I "111727022" I 
"3250111" I "4594429"
"1994010935" I "2018520804" I 
"2010506629" I "6005680" I 
"101450866" I "0667753"
"5567907" I "2010188178" I 
"5362577" I "107920870"
"2019147868" I "3462373" I 
"3743007" I "2014144357" I 
"2016034592" I "2005161081" I 
"3563341" I "2008048904"
"2011510745" I "2008046061" I 
"2004500149" I "2010029645" I 
"111655191" I "2018122553" I 
"2002526155" I "2020048960"
"2012092946" I "2661732" I 
"1191898" I "3569167" I 
"2008046054" I "3708069" I 
"2012112867" I "1191896"
"2000069358" I "2675390" I 
"20190022941" I "1191896"
"3620130" I "101420920"
"1984875" I "2007084727" I 
"111656408" I "2013018522" I 
"111655189" I "105232163" I 
"2016122890") and ( aligner image ) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

( (conversion or convert$4) ) AND ( US-PGPUB; 
aligner image ) (dentition image) ( USPAT; 
teeth) and ((acquisition or acqui$4 or USOCR; 
obtain$4) ( image teeth ) ( patient or FPRS; EPO; 
person) ) (orthodo$4 aligne$4) and PO; 
(@ad < "20170609") DERWENT; 

IBM_TDB 

SAME ON 2020/12/13 
16:45 

( ( threshold$4) (emission or US-PGPUB; 
output$4 or report$4 or output) ) USPAT; 

USOCR; 

SAME ON 2020/12/13 
16:45 

"2015120007" I "3459438" I 
"111683602" I "2019067259" I 
"2012513787" I "3563794" I 
"6049120" I "6072728" I 
"2014144382" I "3324876" I 
"2013255852" I "6595520" I 
"3639215" I "5984308" I "3459438" 
I "2017013478" I "2016066642" I 
"3212115" I "3324876" I "2675390" 
I "3657197" I "20180034506" I 
"2019103850" I "4878121" I 
"2002543917" I "111727022" I 
"3250111" I "4594429" I 
"1994010935" I "2018520804" I 
"2010506629" I "6005680" I 
"101450866" I "0667753" I 
"5567907" I "2010188178" I 
"5362577" I "107920870" I 
"2019147868" I "3462373" I 
"3743007" I "2014144357" I 
"2016034592" I "2005161081" I 
"3563341" I "2008048904" I 
"2011510745" I "2008046061" I 
"2004500149" I "2010029645" I 
"111655191" I "2018122553" I 
"2002526155" I "2020048960" I 
"2012092946" I "2661732" I 
"1191898" I "3569167" I 
"2008046054" I "3708069" I 
"2012112867" I "1191896" I 
"2000069358" I "2675390" I 
"20190022941" I "1191896" I 
"3620130" I "101420920" I 
"1984875" I "2007084727" I 
"111656408" I "2013018522" I 
"111655189" I "105232163" I 
"2016122890") and ( aligner image) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

ligner image) (dentition image) ( 
eth) and ((acquisition or acqui$4 

btain$4) ( image teeth ) ( patient 
erson)) (orthodo$4 aligne$4) and 

ad < "20170609") 
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and (orthodo$4 aligne$4) and (@ad FPRS; EPO; 
< "20170609") JPO; 

DERWENT; 
IBM_TDB 

701,271 ( (A61C7/002 OR A61C7/08 OR US-PGPUB; AND OFF 2020/12/13 
A61C9/0053 OR A61C7/00 OR USPAT; 17:18 
A61C7/14 OR A61C7/16 OR FPRS; 
A61C13/0022 OR A61C2007/004 OR DERWENT 
A61C7/02 OR A61C7/12 OR 
A61C7/145 OR A61C7/146 OR 
A61C7/18 OR A61C7/20 OR 
A61C9/0046 OR A61C13/0004 OR 
A61C13/0019 OR A61C19/006 OR 
A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR 
A61C2201/007 OR A61C2203/00 OR 
A61C7/36 OR A61C9/00 OR 
A61C9/004 OR G16H50/20 OR 
G16H50/50 OR G16H50/70 OR 
G16H10/60 OR G16H30/40 OR 
G16H30/20 OR G16H50/30 OR 
G16H15/00 OR G16H20/40 OR 
G16H70/20 OR G16H80/00 OR 
G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR 
G06T17/00 OR G06T2207/30036 OR 
G06T2210/41 OR G06T2207/10028 
OR G06T2207/30004 OR G06T7/254 
OR G06T7/33 OR G06T7/73 OR 
A61B1/00009 OR A61B1/24 OR 
A61B2576/02 OR A61B1/00011 OR 
A61B1/00039 OR A61B1/04 OR 
A61B1/32 OR A61B2090/367 OR 
A61B5/0013 OR A61B5/0022 OR 
A61B5/0077 OR A61B5/0088 OR 
A61B5/064 OR A61B5/4542 OR 
A61B5/4547 OR A61B5/742 OR 
A61B5/745 OR A61B6/032 OR 
A61B6/14 OR A61N2005/0606 OR 
A61N2005/0626 OR A61N2005/0627 
OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 
OR A61N2005/0633 OR 
A61N2005/0635 OR A61N2005/0643 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61N5/06 OR A61N5/0603 OR 
A61N5/0613 OR A61N5/0625 OR 
A61N5/103 OR A61N5/1048 OR 
A61F2002/30953 OR G06K2209/05 

( (A61C7/002 OR A61C7/08 OR 
A61C9/0053 OR A61C7 /00 OR 
A61C7/14 OR A61C7/16 OR 
A61C13/0022 OR A61C2007/004 OR 
A61C7/02 OR A61C7/12 OR 
A61C7/145 OR A61C7/146 OR 
A61C7/18 OR A61C7/20 OR 
A61C9/0046 OR A61C13/0004 OR 
A61C13/0019 OR A61C19/006 OR 
A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR 
A61C2201/007 OR A61C2203/00 OR 
A61C7/36 OR A61C9/00 OR 
A61C9/004 OR G16H50/20 OR 
G16H50/50 OR G16H50/70 OR 
G16H10/60 OR G16H30/40 OR 
G16H30/20 OR G16H50/30 OR 
G16H15/00 OR G16H20/40 OR 
G16H70/20 OR G16H80/00 OR 
G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR 
G06T17/00 OR G06T2207/30036 OR 
G06T2210/41 OR G06T2207/10028 
OR G06T2207/30004 OR G06T7/254 
OR G06T7 /33 OR G06T7 /73 OR 
A61Bl/00009 OR A61Bl/24 OR 
A61B2576/02 OR A61Bl/00011 OR 
A61Bl/00039 OR A61Bl/04 OR 
A61Bl/32 OR A61B2090/367 OR 
A61BS/0013 OR A61BS/0022 OR 
A61BS/0077 OR A61BS/0088 OR 
A61BS/064 OR A61BS/4542 OR 
A61BS/4547 OR A61BS/742 OR 
A61BS/745 OR A61B6/032 OR 
A61B6/14 OR A61N2005/0606 OR 
A61N2005/0626 OR A61N2005/0627 
OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 
OR A61N2005/0633 OR 
A61N2005/0635 OR A61N2005/0643 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61NS/06 OR A61NS/0603 OR 
A61NS/0613 OR A61NS/0625 OR 
A61NS/103 OR A61NS/1048 OR 
A61F2002/30953 OR G06K2209/05 
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OR G06K2209/055 OR G06K9/00214 
OR G06K9/6267 OR G06N20/00 OR 
G06N3/02 OR G06N5/003 OR 
G06N7/005 OR G06Q10/06).CPC. ) 

((US-20170086943-$ or US- US-PGPUB; 
20090191503-$ or US-20050192835- USPAT; 
$ or US-20150132708-$ or US- USOCR; 
20090291417-$ or US-20100068672- FPRS; EPO; 
$ or US-20180036100-$ or US- JPO; 
20160128803-$ or US-20150257856- DERWENT; 
$ or US-20150132707-$ or US- IBM_TDB 
20140120488-$ or US-20080050692-
$ or US-20160175077-$ or US-
20170080249-$ or US-20140356798-
$ or US-20030124480-$ or US-
20150140502-$ or US-20090113714-
$ or US-20190125493-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image ) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

SAME ON 2020/12/13 
17:21 

((US-20170086943-$ or US- US-PGPUB; 
20090191503-$ or US-20050192835- USPAT; 
$ or US-20150132708-$ or US- USOCR; 
20090291417-$ or US-20100068672- FPRS; EPO; 
$ or US-20180036100-$ or US- JPO; 
20160128803-$ or US-20150257856- DERWENT; 
$ or US-20150132707-$ or US- IBM_TDB 
20140120488-$ or US-20080050692-
$ or US-20160175077-$ or US-
20170080249-$ or US-20140356798-
$ or US-20030124480-$ or US-
20150140502-$ or US-20090113714-
$ or US-20190125493-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image ) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

AND ON 2020/12/13 
17:21 

((US-20170086943-$ or US-
20090191503-$ or US-20050192835-
$ or US-20150132708-$ or US-
20090291417-$ or US-20100068672-
$ or US-20180036100-$ or US-
20160128803-$ or US-20150257856-
$ or US-20150132707-$ or US-
20140120488-$ or US-20080050692-
$ or US-20160175077-$ or US-
20170080249-$ or US-20140356798-
$ or US-20030124480-$ or US-
20150140502-$ or US-20090113714-
$ or US-20190125493-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

((US-20170086943-$ or US-
20090191503-$ or US-20050192835-
$ or US-20150132708-$ or US-
20090291417-$ or US-20100068672-
$ or US-20180036100-$ or US-
20160128803-$ or US-20150257856-
$ or US-20150132707-$ or US-
20140120488-$ or US-20080050692-
$ or US-20160175077-$ or US-
20170080249-$ or US-20140356798-
$ or US-20030124480-$ or US-
20150140502-$ or US-20090113714-
$ or US-20190125493-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 
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S97 5 ( (A61C7/002 OR A61C7/08 OR US-PGPUB; 
A61C9/0053 OR A61C7/00 OR USPAT; 
A61C7/14 OR A61C7/16 OR USOCR; 
A61C13/0022 OR A61C2007/004 OR FPRS; EPO; 
A61C7/02 OR A61C7/12 OR JPO; 
A61C7/145 OR A61C7/146 OR DERWENT; 
A61C7/18 OR A61C7/20 OR IBM_TDB 
A61C9/0046 OR A61C13/0004 OR 
A61C13/0019 OR A61C19/006 OR 
A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR 
A61C2201/007 OR A61C2203/00 OR 
A61C7/36 OR A61C9/00 OR 
A61C9/004 OR G16H50/20 OR 
G16H50/50 OR G16H50/70 OR 
G16H10/60 OR G16H30/40 OR 
G16H30/20 OR G16H50/30 OR 
G16H15/00 OR G16H20/40 OR 
G16H70/20 OR G16H80/00 OR 
G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR 
G06T17/00 OR G06T2207/30036 OR 
G06T2210/41 OR G06T2207/10028 
OR G06T2207/30004 OR G06T7/254 
OR G06T7/33 OR G06T7/73 OR 
A61B1/00009 OR A61B1/24 OR 
A61B2576/02 OR A61B1/00011 OR 
A61B1/00039 OR A61B1/04 OR 
A61B1/32 OR A61B2090/367 OR 
A61B5/0013 OR A61B5/0022 OR 
A61B5/0077 OR A61B5/0088 OR 
A61B5/064 OR A61B5/4542 OR 
A61B5/4547 OR A61B5/742 OR 
A61B5/745 OR A61B6/032 OR 
A61B6/14 OR A61N2005/0606 OR 
A61N2005/0626 OR A61N2005/0627 
OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 
OR A61N2005/0633 OR 
A61N2005/0635 OR A61N2005/0643 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61N5/06 OR A61N5/0603 OR 
A61N5/0613 OR A61N5/0625 OR 
A61N5/103 OR A61N5/1048 OR 
A61F2002/30953 OR G06K2209/05 
OR G06K2209/055 OR G06K9/00214 
OR G06K9/6267 OR G06N20/00 OR 
G06N3/02 OR G06N5/003 OR 
G06N7/005 OR G06Q10/06).CPC. ) 
and ( aligner image ) (dentition 

SAME ON 2020/12/13 
17:21 

( (A61C7 /002 OR A61C7 /08 OR 
A61C9/0053 OR A61C7 /00 OR 
A61C7/14 OR A61C7/16 OR 
A61C13/0022 OR A61C2007/004 OR 
A61C7/02 OR A61C7/12 OR 
A61C7/145 OR A61C7/146 OR 
A61C7/18 OR A61C7/20 OR 
A61C9/0046 OR A61C13/0004 OR 
A61C13/0019 OR A61C19/006 OR 
A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR 
A61C2201/007 OR A61C2203/00 OR 
A61C7/36 OR A61C9/00 OR 
A61C9/004 OR G16H50/20 OR 
G16H50/50 OR G16H50/70 OR 
G16H10/60 OR G16H30/40 OR 
G16H30/20 OR G16H50/30 OR 
G16H15/00 OR G16H20/40 OR 
G16H70/20 OR G16H80/00 OR 
G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR 
G06T17/00 OR G06T2207/30036 OR 
G06T2210/41 OR G06T2207/10028 
OR G06T2207/30004 OR G06T7/254 
OR G06T7 /33 OR G06T7 /73 OR 
A61Bl/00009 OR A61Bl/24 OR 
A61B2576/02 OR A61Bl/00011 OR 
A61Bl/00039 OR A61Bl/04 OR 
A61Bl/32 OR A61B2090/367 OR 
A61BS/0013 OR A61BS/0022 OR 
A61BS/0077 OR A61BS/0088 OR 
A61BS/064 OR A61BS/4542 OR 
A61BS/4547 OR A61BS/742 OR 
A61BS/745 OR A61B6/032 OR 
A61B6/14 OR A61N2005/0606 OR 
A61N2005/0626 OR A61N2005/0627 
OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 
OR A61N2005/0633 OR 
A61N2005/0635 OR A61N2005/0643 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61NS/06 OR A61NS/0603 OR 
A61NS/0613 OR A61NS/0625 OR 
A61NS/103 OR A61NS/1048 OR 
A61F2002/30953 OR G06K2209/05 
OR G06K2209/055 OR G06K9/00214 
OR G06K9/6267 OR G06N20/00 OR 
G06N3/02 OR G06NS/003 OR 
G06N7/005 OR G06Q10/06).CPC. ) 
and ( aligner image) (dentition 
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image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) 
( patient or person) ) (orthodo$4 
aligne$4) and (@ad < "20170609") 

S101 0 ( ( scor$4 or weight$4) ( US-PGPUB; 
threshold$4) (emission or output$4 USPAT; 
or report$4 or output) ) and USOCR; 
(orthodo$4 aligne$4) and (@ad < FPRS; EPO; 
"20170609") JPO; 

DERWENT; 
IBM_TDB 

S103 0 

SAME ON 2020/12/13 
17:29 

( ( comparison or compar$4 or US-PGPUB; 
compared) ( score$4 or weight$4) ( USPAT; 
threshold$4) (emission or output$4 USOCR; 
or report$4 or output) ) and (( FPRS; EPO; 
image$4 teeth ) and ( patient or JPO; 
person) ) and (orthodo$4 aligne$4) DERWENT; 
and (@ad < "20170609") IBM_TDB 

S102 0 

SAME ON 2020/12/13 
17:30 

( (interior or exterior ) AND US-PGPUB; 
(conversion or convert$4) ) AND ( USPAT; 
aligner image ) (dentition image) ( USOCR; 
teeth) and ((acquisition or acqui$4 or FPRS; EPO; 
obtain$4) ( image teeth ) ( patient or JPO; 
person) ) (orthodo$4 aligne$4) and DERWENT; 
(@ad < "20170609") IBM_TDB 

S107 2 

SAME ON 2020/12/13 
17:30 

((interior exterior outlines) (dentition US-PGPUB; 
aligner images) ) and (@ad < USPAT; 
"20170609") USOCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

L3 2 

AND ON 2020/12/22 
18:47 

(@ad < "20170609") and US-PGPUB; 
((("Debraux") near3 USPAT; 
("Laurent"))),INV. and (orthodontic USOCR; 
aligner) ( patient or person) FPRS; EPO; 

JPO; 
DERWENT; 
IBM_TDB 

L2 1 (@ad < "20170609") and 
((("DENTAL") near3 
("MONITORING"))).AS,AANM. and 
(orthodontic aligner) ( patient or 
person) 

LI. 3 ((("DENTAL") near3 
("MONITORING"))).AS,AANM. and 
(orthodontic aligner) ( patient or 
person) 

AND OFF 2020/12/23 
06:36 

USPAT AND OFF 2020/12/23 
06:36 

USPAT AND OFF 2020/12/23 
06:36 

( ( scor$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

( ( comparison or compar$4 or 
compared) ( score$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and (( 
image$4 teeth ) and ( patient or 
person)) and (orthodo$4 aligne$4) 
and (@ad < "20170609") 

onversion or convert$4) ) AND ( 
ligner image) (dentition image) ( 
eth) and ((acquisition or acqui$4 
btain$4) ( image teeth ) ( patient 
erson)) (orthodo$4 aligne$4) and 

II II 

((interior exterior outlines) (dentition 
aligner images)) and (@ad < 
"20170609") 

(@ad < "20170609") and 
((("Debraux") near3 
("Laurent"))).INV. and (orthodontic 
aligner) ( patient or person) 

("DENTAL") near3 
'MONITORING"))).AS,AANM. and 
rthodontic aligner) ( patient or 
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L7 5 (@ad < "20170609") and USPAT AND OFF 2020/12/23 
((("DENTAL") near3 06:37 
("MONITORING"))).AS,AANM. 

L6 3 (@ad < "20170609") and US-PGPUB; AND OFF 2020/12/23 
((("SALAH") near3 ("Philippe"))),INV. USPAT; 
and (orthodontic aligner) ( patient or USOCR; 
person) FPRS; EPO; 

06:37 

JPO; 
DERWENT; 
IBM_TDB 

L5 2 (@ad < "20170609") and US-PGPUB; AND OFF 2020/12/23 
((("Pellissard") near3 USPAT; 06:37 
("Thomas"))),INV. and (orthodontic USOCR; 
aligner) ( patient or person) FPRS; EPO; 

JPO; 
DERWENT; 
IBM_TDB 

L4 2 (@ad < "20170609") and US-PGPUB; SAME OFF 2020/12/23 
((("Ghyselinck") near3 USPAT; 06:37 
("Guillaume"))),INV. and USOCR; 
(orthodontic aligner) ( patient or FPRS; EPO; 
person) JPO; 

DERWENT; 
IBM_TDB 

L10 3 (@ad < "20170609") and US-PGPUB; AND OFF 2020/12/23 
((("DENTAL") near3 USPAT; 06:38 
("MONITORING"))).AS,AANM. and USOCR; 
(orthodontic aligner) ( patient or FPRS; EPO; 
person) JPO; 

DERWENT; 
IBM_TDB 

L9 48 (@ad < "20170609") and US-PGPUB; AND OFF 2020/12/23 
((("DENTAL") near3 USPAT; 06:38 
("MONITORING"))).AS,AANM. USOCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

L8 137 ((("DENTAL") near3 US-PGPUB; AND OFF 2020/12/23 
("MONITORING"))).AS,AANM. USPAT; 06:38 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

L13 3 (("20050192835" 1 "20180168780" 1 US-PGPUB; AND OFF 2020/12/23 
"8879813" 1 "20170049311" I USPAT; 06:39 
"20180168780" 1 "20150132708" 1 USOCR; 
"20170049311" I FPRS; EPO; 
"20090291417").PN.) and JPO; 

(@ad < "20170609") and 
((("SALAH") near3 ("Philippe"))).INV. 
and (orthodontic aligner) ( patient or 
person) 

(@ad < "20170609") and 
((("Pellissard") near3 
("Thomas"))).INV. and (orthodontic 
aligner) ( patient or person) 

(@ad < "20170609") and 
((("Ghyselinck") near3 
("Guillaume"))).INV. and 
(orthodontic aligner) ( patient or 
person) 

(@ad < "20170609") and 
((("DENTAL") near3 
("MONITORING"))).AS,AANM. and 
(orthodontic aligner) ( patient or 
person) 

(@ad < "20170609") and 
((("DENTAL") near3 
("MONITORING"))).AS,AANM. 

((("DENTAL") near3 
("MONITORING"))).AS,AANM. 

(("20050192835" I "20180168780" I 
"8879813" I "20170049311" I 
"20180168780" I "20150132708" I 
"20170049311" I 
"20090291417").PN.) and 
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(orthodontic aligner) ( patient or DERWENT; 
person) and (@ad < "20170609") IBM_TDB 

L12 3 (("20170049311" I "20170086943" 1 US-PGPUB; SAME OFF 2020/12/23 
"20090291417" I "20050192835" 1 USPAT; 06:39 
"20080172386" I "8879813" 1 USOCR; 
"20050192835" I "20180168780" I FPRS; EPO; 
"8879813" I "20090191503" 1 JPO; 
"20150132708" I "20090291417" 1 DERWENT; 
"20180168780" I "20150132708" I IBM_TDB 
"20170049311" 1 
"20090291417").PN.) and 
(orthodontic aligner) ( patient or 
person) and (@ad < "20170609") 

L11 5 (("20170049311" I "20170086943" 1 US-PGPUB; AND OFF 2020/12/23 
"20090291417" I "20050192835" 1 USPAT; 06:39 
"20080172386" I "8879813" 1 USOCR; 
"20050192835" I "20180168780" I FPRS; EPO; 
"8879813" I "20090191503" 1 JPO; 
"20150132708" I "20090291417" 1 DERWENT; 
"20180168780" I "20150132708" I IBM_TDB 
"20170049311" 1 
"20090291417").PN.) and 
(orthodontic aligner) ( patient or 
person) and (@ad < "20170609") 

L16 5 (("10052174" I "10507079" 1 US-PGPUB; SAME ON 2020/12/23 
"7074038" I "8562338" I "8636509" USPAT; 06:40 
1 "8961173" I "9022781" 1 USOCR; 
"9333052" I "9642678").PN.) and FPRS; EPO; 
(orthodo$4 align$4) ( patient or JPO; 
person) and (@ad < "20170609") DERWENT; 

IBM_TDB 

L15 3 (("20090191503" I "20050192835" 1 US-PGPUB; SAME ON 2020/12/23 
"20180168780" I "8879813" 1 USPAT; 06:40 
"20090191503" 1 USOCR; 
"20090291417").PN.) and FPRS; EPO; 
(orthodo$4 align$4) ( patient or JPO; 
person) and (@ad < "20170609") DERWENT; 

IBM_TDB 

L14 4 (("20090191503" I "20050192835" 1 US-PGPUB; AND ON 2020/12/23 
"20180168780" I "8879813" 1 USPAT; 06:40 
"20090191503" 1 USOCR; 
"20090291417").PN.) and FPRS; EPO; 
(orthodo$4 align$4) ( patient or JPO; 
person) and (@ad < "20170609") DERWENT; 

IBM_TDB 

L19 8 ((20100068672 I "2016066637" 1 US-PGPUB; AND OFF 2020/12/23 
"223131450").DID.) USPAT; 06:41 

USOCR; 
FPRS; EPO; 
JPO; 

(orthodontic aligner) ( patient or 
person) and (@ad < "20170609") 

(("20170049311" I "20170086943" I 
"20090291417" I "20050192835" I 
"20080172386" I "8879813" I 
"20050192835" I "20180168780" I 
"8879813" I "20090191503" I 
"20150132708" I "20090291417" I 
"20180168780" I "20150132708" I 
"20170049311" I 
"20090291417").PN.) and 
(orthodontic aligner) ( patient or 
person) and (@ad < "20170609") 

(("20170049311" I "20170086943" I 
"20090291417" I "20050192835" I 
"20080172386" I "8879813" I 
"20050192835" I "20180168780" I 
"8879813" I "20090191503" I 
"20150132708" I "20090291417" I 
"20180168780" I "20150132708" I 
"20170049311" I 
"20090291417").PN.) and 
(orthodontic aligner) ( patient or 
person) and (@ad < "20170609") 

(("10052174" I "10507079" I 
"7074038" I "8562338" I "8636509" 
I "8961173" I "9022781" I 
"9333052" I "9642678").PN.) and 
(orthodo$4 align$4) ( patient or 
person) and (@ad < "20170609") 

(("20090191503" I "20050192835" I 
"20180168780" I "8879813" I 
"20090191503" I 
"20090291417").PN.) and 
(orthodo$4 align$4) ( patient or 
person) and (@ad < "20170609") 

(("20090191503" I "20050192835" I 
"20180168780" I "8879813" I 
"20090191503" I 
"20090291417").PN.) and 
(orthodo$4 align$4) ( patient or 
person) and (@ad < "20170609") 

cc20100068672 I "2016066637" I 
"223131450").DID.) 
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DERWENT; 
IBM_TDB 

L18 2 ((US-1755187-$ I US-20100068672- US-PGPUB; AND OFF 2020/12/23 
$).DID.) USPAT 06:41 

L17 1 ("20100068672").PN. US-PGPUB; AND OFF 2020/12/23 
USPAT 06:41 

L20 4 ( "20170100214" ) And (effici$6 or US-PGPUB; AND ON 2020/12/23 
adventag$4 or cost or money or USPAT; 
sav$4 or application or improv$4 or USOCR; 
motivation or object$4 or benefit$4 FPRS; EPO; 
or optimiz$4 or reduce$4 or JPO; 
overhead or automatic$4 or DERWENT; 

06:43 

Advantageou$4 or advantages or IBM_TDB 
(quality or QOS) or ( over$head) or 
(security$4 )) and (@ad < 
"20170609") 

L26 11 ((("Ghyselinck") near3 US-PGPUB; AND OFF 2020/12/23 
("Guillaume"))),INV. and USPAT; 06:46 
(orthodontic aligner) ( patient or USOCR 
person) 

L25 11 ((("Pellissard") near3 US-PGPUB; AND OFF 2020/12/23 
("Thomas"))),INV. and (orthodontic USPAT; 
aligner) ( patient or person) USOCR 

06:46 

L24 20 ((("SALAH") near3 ("Philippe"))),INV. US-PGPUB; AND OFF 2020/12/23 
and (orthodontic aligner) ( patient or USPAT; 
person) USOCR; 

06:46 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

L27 11 ((("Debraux") near3 US-PGPUB; AND OFF 2020/12/23 
("Laurent"))),INV. and (orthodontic USPAT; 
aligner) ( patient or person) USOCR 

06:47 

L30 1 ("20140120488" or "20170100214" US-PGPUB; SAME ON 2020/12/23 
or "20080050692" or "20160128803" USPAT; 
or "20030124480" or "20100068672" USOCR; 

06:51 

) and ( distances or space or gap or FPRS; EPO; 
length) (pixel$4 or image) JPO; 

DERWENT; 
IBM_TDB 

L29 9 ("20140120488" or "20170100214" US-PGPUB; AND ON 2020/12/23 
or "20080050692" or "20160128803" USPAT; 
or "20030124480" or "20100068672" USOCR; 

06:51 

) and ( distances or space or gap or FPRS; EPO; 
length) (pixel$4 or image) JPO; 

DERWENT; 
IBM_TDB 

( "20170100214" ) And (effici$6 or 
adventag$4 or cost or money or 
sav$4 or application or improv$4 or 
motivation or object$4 or benefit$4 
or optimiz$4 or reduce$4 or 
overhead or automatic$4 or 
Advantageou$4 or advantages or 
(quality or QOS) or ( over$head) or 
(security$4 )) and (@ad < 
"20170609") 

((("SALAH") near3 ("Philippe"))).INV. 
and (orthodontic aligner) ( patient or 
person) 

r "20080050692" or "20160128803 
r "20030124480" or "20100068672 

) and ( distances or space or gap or 
length) (pixel$4 or image) 

("20140120488" or "20170100214" 
or "20080050692" or "20160128803" 
or "20030124480" or "20100068672" 
) and ( distances or space or gap or 
length) (pixel$4 or image) 
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L28 4 ("20140120488" or "20170100214" US-PGPUB; SAME ON 2020/12/23 
or "20080050692" or "20160128803" USPAT; 
or "20030124480" or "20100068672" USOCR; 

06:51 

) and (dentition$4 aligner$4 images ) FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

12/23/2020 6:52:51 AM 
C:\Users\mpatel4\Documents\EAST\Workspaces\App - 16001049 - evaluating orthodontic aligner.wsp 

("20140120488" or "20170100214" 
or "20080050692" or "20160128803" 
or "20030124480" or "20100068672" 
) and (dentition$4 aligner$4 images) 

12/23/2020 6:52:51 AM 
C:\Users\mpatel4\Documents\EAST\Workspaces\App - 16001049 - evaluating orthodontic aligner.wsp 
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determination, for each of a plurality of teeth... - Google Scholar Page 1 of 2 

Method of evaluating an orthodontic aligner 
n T - US Patent App. 16 2016 - GoVe Patents 
... The purpose of step (c) is to determine a view of the final reference model that is ... apparatus around 
the final reference model in order to speed up the determination of said ... step 1). By observing 
the final reference model under the virtual acquisition conditions determined in step ... 
• gg All 2 versions DO 

Monitor€ng of dentition 
p saiah, Ayac:tia, L Debran.x. . . US Patent App. 15 2017 Goegke Patents 
... determination of the shortest path, on the surface of the initial reference model, between two ... the 
positioning of teeth toward a theoretical model corresponding to a determined positioning of ... 
reference model and of the final reference model in order to determine the deformation ... 

gg Cited by 31 Related articles All 2 versions 

Method for monitor€ng dentition 
PSeah, $IV Ay a cb e, L D e bra ti x.. . tiS Patent App. 15 .. . , 2018 Soogle Patents 
... squares method, over all the points of contact remaining so as to determine the occlusal ... iii until 
all the projections of the points of contact have covered a determined sector, preferably ... 
determination of the shortest path, on the surface of the initial reference model, between two ... 
* 99 All 2 versions R) 

Method for fac€litating dental diagnosis and treatment 

DR ',$tashattac US Patent 5,562,448, 1996 Goeg e patents 
... description 6; 210000004513 Dentition Anatomy 0 description 5; 230000037401 dentition Effects 
0 ... 208000003432 Bone Diseases Diseases 0 description 1; 210000003298 Dental Enamel 
Anatomy 0 ... Effects 0 description 1; 230000001960 triggered Effects 0 description 1. Images 
• ET Cited by 442 Related articles All 2 versions V.> 

Method for monitoring dentition 
P Se iiVAyadie, L Debraa X, G - US Patent , 2' 019 - Googe Patents 
... determination of the shortest path, on the surface of the initial reference model, between two ... the 
positioning of teeth toward a theoretical model corresponding to a determined positioning of ... 
reference model and of the final reference model in order to determine the deformation ... 
* gg Cited by 3 Related articles All 4 versions 

Method for monitoring an orthodontic treatment 

saiah irtf Aeche,  t)ebrasx, G Ghystenck... - US Patent 2019  Gong Patents 
e21) determination of virtual acquisition conditions to be tested; e22) production of a 

two-dimensional e24) comparison of the updated and reference maps so as to determine a value 
for ... with greater accuracy than said virtual acquisition conditions to be tested determined on the ... 
* gg Cited by 2 Related articles All 4 versions tO. 

Method for monitoring an orthodontic treatment 
p saiah, W Ayadie, Debra G Ghyset US Patent 2019 Goeg Palents 
... the end of the preceding steps, called "final reference model", in order to determine the movement ... 
to the actual acquisition conditions in a reference model to be tested determined from the ... e21) 
determination of virtual acquisition conditions to be tested; e22) production of a two ... 
*- gg Cited by 1 Related articles All 4 versions i:4> 

Method and system for tooth segmentation in dental images 
s chcitn, LA Pay US Patent 6751493, 2014 - Goog Patents 
... 238000000926 separation method Methods 0 description 7; 210000002455 Dental Arch Anatomy 
0 description 6; ... 230000000694 effects Effects 0 description 1; 238000010191 image analysis 
Methods 0 description 1; ... 238000002372 labelling Methods 0 description 1. Images. 
• 9 Cited by 15 Related articles All 4 versions Vt> 

https://scholar.google.com/scholar?h1=en&as sdt=0%2C47&q=+++determination%2C+f... 12/13/2020 

determination, for each of a plurality of teeth ... - Google Scholar 

Method of evaluating an orthodontic aligner 

... The purpose of step (c) is to determine a view of the final reference model that is ... apparatus around 
the final reference model in order to speed up the determination of said ... step 1 ). By observing 
the final reference model under the virtual acquisition conditions determined in step ... * ~rn .A.II 2 versions ~~ 

Monitoring of dentition 

... determination of the shortest path, on the surface of the initial reference model, between two ... the 
positioning of teeth toward a theoretical model corresponding to a determined positioning of ... 
reference model and of the final reference model in order to determine the deformation ... * gg Cited by 31 Related articles All 2 versions ~ti, 

Mett1od for monitoring dentition 

... squares method, over all the points of contact remaining so as to determine the occlusal ... iii until 
all the projections of the points of contact have covered a determined sector, preferably ... 
determination of the shortest path, on the surface of the initial reference model, between two ... * gg .A.II 2 ve,sions ~~ 

Method for facilitating dental diagnosis and treatment 

... description 6; 210000004513 Dentition Anatomy 0 description 5; 230000037401 dentition Effects 
0 ... 208000003432 Bone Diseases Diseases 0 description 1; 210000003298 Dental Enamel 
Anatomy 0 ... Effects 0 description 1; 230000001960 triggered Effects 0 description 1. Images * £!£! Cited by 442 Related a,ticles All 2 vers,ons ~~ 

Method for monitoring dentition 

... determination of the shortest path, on the surface of the initial reference model, between two ... the 
positioning of teeth toward a theoretical model corresponding to a determined positioning of ... 
reference model and of the final reference model in order to determine the deformation ... * gg C,ted by 3 R.elated artic,es All 4 versions ~~ 
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Listing of Claims: 

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

application: 

1. (Currently Amended) A method for evaluating the shape of an orthodontic aligner 

worn by a patient, said method comprising the following steps: 

1) acquisition of at least one two-dimensional image of teeth of said patient, referred 

to as "updated image", under actual acquisition conditions; 

at least one updated image referred to as "aligner image", at least partially 

representing the aligner in a service position in which it is worn by said teeth; and 

at least one updated image referred to as "dentition image", identical to or different 

from the aligner image, representing said teeth, 

2) if the dentition image is different from the aligner image, conversion of the dentition 

image so that it represents said teeth as seen under the acquisition conditions 

used during the acquisition of the aligner image in step 1); 

3) determination, by means of image processing software, for each of a plurality of 

teeth represented on the dentition and aligner images, of interior and exterior tooth 

outlines representing the outline of the free end of said tooth on the dentition and 

aligner images, respectively; 

4) comparison of the interior and exterior tooth outlines, followed by determination of

so as to determine at least one score according to said comparison. 

2. (Original) The method as claimed in claim 1, comprising, after step 4), the following 

step: 

5) comparison of the score against an acceptability threshold and the emission of 

information according to the result of the comparison. 

3. (Original) The method as claimed in claim 1, in which the dentition and aligner images 

are different, the method comprising the following steps: 
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(a) prior to step 1), the creation of a digital three-dimensional model of at least part 

of a dental arch bearing said teeth, or "initial reference model" and, for each 

tooth of the initial reference model, definition of a digital three-dimensional 

reference model of said tooth, or "tooth model"; 

(b) modification of the initial reference model by moving the tooth models until a final 

reference model compatible with the dentition image is obtained; 

(c) search for a two-dimensional view of the final reference model that is compatible 

with the aligner image; 

(d) conversion of the dentition image into said view. 

4. (Previously presented) The method as claimed in claim 1, in which the dentition and 

aligner images are the same image. 

5. (Original) The method as claimed in claim 1, in which step 4) comprises the following 

steps: 

for each of a plurality of teeth for which the interior and exterior tooth outlines have 

been determined; 

i) determination of a distance between the interior and exterior tooth outlines; 

ii) determination of a distance threshold, preferably using the distances determined 

in the immediately preceding step; 

iii) for each of said teeth, determination of a distance score dependent on 

- the distance between the interior and exterior teeth outlines, and 

- the distance threshold. 

6. (Currently amended) The method as claimed in claim 4- 5. in which the distances are 

measured in pixels. 

7. (Original) The method as claimed in claim 5, in which, in step ii), the distance 

threshold is dependent on the smallest of the distances determined in step i). 

8. (Original) The method as claimed in claim 1, in which step 4) comprises the following 

steps: 
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F) for each pair of an adjacent left-hand tooth and of an adjacent right-hand tooth in 

at least a triplet of adjacent first, second and third teeth, for each of which interior 

and exterior tooth outlines have been determined, the first and third teeth being 

adjacent to the second tooth, 

determination of an offset between the interior teeth outline of said left-hand tooth 

and the interior teeth outline of said right-hand tooth, referred to as "interior offset", 

and determination of an offset between the exterior teeth outline of said left-hand 

tooth and the exterior teeth outline of said right-hand tooth, referred to as the 

"exterior offset", 

then 

determination of the difference between the interior offset and the exterior offset, 

known as the "offset difference"; 

ii') determination of an offset-difference threshold, preferably using the offset 

differences determined in step i'); 

iii') the determination, for each tooth of said triplet, of at least one offset score, 

dependent on the offset difference with an adjacent tooth, and on the offset-

difference threshold. 

9. (Original) The method as claimed in claim 8, in which the interior and exterior offsets 

are measured in pixels. 

10. (Original) The method as claimed in claim 9, in which, in step iii'), the offset-difference 

threshold is dependent on the smallest of the offset differences determined in step 

ii'). 
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REMARKS 

Reconsideration of the subject application in view of the present Amendment is 

respectfully requested. 

The Applicant acknowledges, with appreciation, the indication of the allowability of 

claims 3, 5 and 7-10. 

By the present amendment, claims 1 and 6 are amended. 

Please note that claim 1 is amended based on specification page 14, lines 19-22. 

Claim 1, step 4, is also amended to improve clarity. Claim 6 is amended to correct claim 

dependency to provide a proper antecedent. 

With regard to the objection to claim 1, please note that claim 1, step 4, is amended 

to recite "comparison of the interior and exterior tooth outlines, so as to determine at least 

one score according to said comparison." The step 4 deals with comparing the outlines 

(please see page 16, line 17). Thus, step 4) relates to a comparison of an interior tooth 

outline with an exterior tooth outline, a score being determined according to the 

comparison. A person of ordinary skill in the art knows how to compare a first outline with 

a second outline. Accordingly, it is respectfully requested that the objection to claim 1 be 

withdrawn. 

With regard to the rejection of claims under 35 U.S.C. §112, regarding clarity, 

please note the following: 

Claim 1, step 3, recites "determination, by means of image processing software, 

for each of a plurality of teeth represented on the dentition and aligner images, of interior 

and exterior tooth outlines representing the outline of the free end of said tooth on the 

dentition and aligner images, respectively' (emphasis added). 

As set forth within the subject application, "A person skilled in the art knows how 

to process an image in order to isolate an outline" (page 14, line 19). In particular, a 

person of ordinary skill in the art knows how to determine an outline of interior tooth 

representing the outline of the free end of said tooth on the dentition images from said 

dentition images and how to determine an outline of exterior tooth representing the outline 
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of the free end of said tooth on the aligner images, by means of image processing 

software. 

As specified at page 7, lines 3-10, of the subject application, the interior tooth 

outline qualifies a line which delimits the free end of a tooth on an image and the exterior 

tooth outline qualifies a line which delimits part of the aligner on an image. 

Accordingly, step 3 in claim 1 is therefore sufficiently clear for a person of ordinary 

skill in the art to implement this step. 

As mentioned, claim 6 is amended to correct claim dependency (i.e., now 

dependent to depend from claim 5). Such change in dependency corrects the issue 

regrading antecedent. 

Accordingly, it is respectfully requested that the rejection of claims under 35 U.S.C. 

§112 be withdrawn. 

With regard to the rejection of claims under 35 U.S.C. §103 in view of the asserted 

combination of GREENBERG (U.S. Pub. No. 2014/0120488) and WEN (U.S. Pub. No. 

2017/0100214), please note the following: 

a) Claim 1 recites: "A method for evaluating the shape of an orthodontic aligner worn 

by a patient." 

Please note that the subject application states: "A method according to the 

invention makes it considerably easier to evaluate the suitability of the aligner for the 

treatment, while at the same time making this evaluation particularly reliable. In particular, 

the method can be implemented using simple photographs or films, taken without special 

precaution, for example by the patient. The number of orthodontist appointments can 

therefore be limited" (see pages 2, line 30 to page 3, line 4). 

The aim of the invention is to evaluate the suitability of an orthodontic aligner worn 

by a patient, from images. the orthodontic aligner comprising a tray having a shape 

determined to fix the aligner on the teeth, but also according to a target positioning desired 

for the teeth (page 6, lines 28-30). 

On the contrary, the aim of GREENBERG and WEN is to determine an orthodontic 

treatment, define at least an aligner consequently, and then create it. 
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In particular, GREENBERG teaches to create a base of an aligner corresponding 

to the actual shape of the teeth of the patient and then alter the shape according to the 

desired movement (see paragraph [0011] of GREENBERG). Moreover, WEN only 

suggests an evaluation made by the practitioner, the evaluation being executed visually 

or by acquiring a new scan of the treated dentition and then compare with the original 

treatment plan (see paragraph [0152] of WEN). 

As such, GREENBERG and WEN teach away from the invention as claimed. 

b) Moreover, claim 1 also recites the "determination, by means of image processing 

software, for each of a plurality of teeth represented on the dentition and aligner images, 

of interior and exterior tooth outlines representing the outline of the free end of said tooth 

on the dentition and aligner images, respectively and the "comparison of the interior and 

exterior tooth outlines, so as to determine at least one score according to said 

comparison." 

The Applicant agrees with the statement of the Office action that GREENBERG 

does not suggest such features. 

However, WEN does not suggest these features either. 

First of all, WEN never suggests the "acquisition of at least one two-dimensional 

image of teeth of said patient, referred to as `updated image', under actual acquisition 

conditions; at least one updated image referred to as `aligner image-, and even less an 

image representing "at least partially representing the aligner in a service position in which 

it is worn by said teeth." 

On the contrary, WEN only describes the fabrication of an aligner once the 

treatment plan has been approved (see for example paragraphs [0025,] [0028], [0157], 

[0192] of WEN). Note that WEN disclosures orthodontic planning systems — please note 

the title. 

Therefore, the aligner does not exist yet in the method of WEN and thus an image 

of an aligner worn by the patient cannot be acquired. 

In addition, WEN only teaches a method to create an aligner using a support 

structure, the appliance being formed upon the support structure (see FIG. 16, reference 

item no. 514, paragraph [0022] and paragraph [0276]). Even if the support structure 
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corresponds to the outer surface of the dentition, it never suggests determining the outline 

of the free end of tooth, and even less on an aligner image nor on a dentition image.

Finally, WEN only teaches to create the aligner with a support structure (see 

paragraph [0058]). WEN does not deal with comparing "the interior and exterior tooth 

outlines", and even less in order "to determine at least one score according to said 

comparison." 

In particular, WEN paragraph [0034] describes a method to decompose teeth 

movements by means of a neural network, in order to determine the specific movements 

allowed between one stage to the next stage. Paragraph [0034] never suggests 

comparing "the interior and exterior tooth outlines, so as to determine at least one score 

according to said comparison." 

In addition, WEN paragraph [0058] only teaches a method, which is already known 

and common, to fabricate an oral appliance from a support structure whereas paragraph 

[0034] deals with the decomposition of a tooth movement. These paragraphs cannot be 

combined. Moreover, even if a person of ordinary skill in the art would have imagined 

combining these paragraphs, the combination would never have led to the invention as 

claimed, as the combination only describes a prediction of teeth movements between two 

successive stages and the fabrication of appliances for correcting malocclusions in the 

dentition. 

Therefore, WEN does not teach or suggest the missing features of GREENBERG. 

So, even assuming, arguendo, that GREENBERG and WEN were to be combined, the 

present invention would not be provided. 

Independent claim 1 is therefore new and inventive. Therefore, claim 1 is 

patentable. The dependent claims are patentable for the same reasons and for the further 

limitations set forth therein. 

Accordingly, it is respectfully requested that the rejection of claims under 35 U.S.G. 

§103 be withdrawn. 

In light of the foregoing, it is respectfully submitted that the present application is 

in condition for allowance and notice to that effect is hereby requested. 
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outlines", and even less in order "to determine at least one score according to said 

comparison." 

In particular, WEN paragraph [0034] describes a method to decompose teeth 

movements by means of a neural network, in order to determine the specific movements 

allowed between one stage to the next stage. Paragraph [0034] never suggests 

comparing "the interior and exterior tooth outlines, so as to determine at feast one score 

according to said comparison." 

In addition, WEN paragraph [0058] only teaches a method, which is already known 

and common, to fabricate an oral appliance from a support structure whereas paragraph 

[0034] deals with the decomposition of a tooth movement. These paragraphs cannot be 

combined. Moreover, even if a person of ordinary skill in the art would have imagined 

combining these paragraphs, the combination would never have led to the invention as 

claimed, as the combination only describes a prediction of teeth movements between two 

successive stages and the fabrication of appliances for correcting malocclusions in the 

dentition. 

Therefore, WEN does not teach or suggest the missing features of GREENBERG. 

So, even assuming, arguendo, that GREENBERG and WEN were to be combined, the 

present invention would not be provided. 

Independent claim 1 is therefore new and inventive. Therefore, claim 1 is 

patentable. The dependent claims are patentable for the same reasons and for the further 

limitations set forth therein. 

Accordingly, it is respectfully requested that the rejection of claims under 35 U.S.C. 

§103 be withdrawn. 

In light of the foregoing, it is respectfully submitted that the present application is 

in condition for allowance and notice to that effect is hereby requested. 
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(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1 

2 

3 

Please check the appropriate assignee category or categories (will not be printed on the patent) : ❑ Individual ❑ Corporation or other private group entity ❑ Government 

4a. Fees submitted: ❑Issue Fee ❑Publication Fee (if required) ❑Advance Order - # of Copies 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

❑ Electronic Payment via EFS-Web ❑ Enclosed check ❑ Non-electronic payment by credit card (Attach form PTO-2038) 

❑ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 

5. Change in Entity Status (from status indicated above) 

❑ Applicant certifying micro entity status. See 37 CFR 1.29 

❑ Applicant asserting small entity status. See 37 CFR 1.27 

❑ Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature 

Typed or printed name 

Date 

Registration No. 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of 3 

OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

108676 7590 

Ronald M. Kachmarik 
Cooper Legal Group LLC 
6505 Rockside Rd. 
Suite 330 
Independence, OH 44131 

05/05/2021 

APPLICATION NO. FILING DATE 

16/001,049 06/06/2018 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Philippe SALAH N&P-51411 8141 

TITLE OF INVENTION: METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

PATEL, MAHENDRA R 2645 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

382-128000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 08/05/2021 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 
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/ r" b3At,,,\  UNITED STATES PATENT AND TRADEMARK OFFICE 

(4 , A\ UNITED STATES DEPARTMENT OF COMMERCE 
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INRNT„,co,

United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

16/001,049 

108676 7590 

Ronald M. Kachmarik 
Cooper Legal Group LLC 
6505 Rockside Rd. 
Suite 330 
Independence, OH 44131 

06/06/2018 

05/05/2021 

Philippe SALAH N&P-51411 8141 

EXAMINER 

PATEL, MAHENDRA R 

ART UNIT PAPER NUMBER 

2645 

DATE MAILED: 05/05/2021 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200. 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When OMB approves an agency request to 
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the OMB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid OMB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application No. Applicant(s) 
16/001,049 SALAH et al. 

Notice of Allowability Examiner Art Unit AIA (FITF) Status 
MAHENDRA R PATEL 2645 Yes 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address—
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.C3 This communication is responsive to the claims filed on 03/25/2021. 

❑ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on 

2.O An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the 
restriction requirement and election have been incorporated into this action. 

3.0 The allowed claim(s) is/are 1-10 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) DAII b) ❑ Some *c) ❑ None of the: 

1. CI Certified copies of the priority documents have been received. 
2. ❑ Certified copies of the priority documents have been received in Application No. . 

3. ❑ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

❑ including changes required by the attached Examiner's Amendment / Comment or in the Office action of 
Paper No./Mail Date . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each 
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1.0 Notice of References Cited (PTO-892) 

2.O Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date . 

3.0 Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4.O Interview Summary (PTO-413), 
Paper No./Mail Date. 

5. ❑ Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

7. ❑ Other . 

/MAHENDRA R PATEL/ 
Primary Examiner, Art Unit 2645 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210329 

Notice of Allowability 

Application No. 
16/001,049 
Examiner 
MAHENDRA R PATEL 

Applicant(s) 
SALAH etal. 
Art Unit I AIA (FITF) Status 
2645 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the claims filed on 03/25/2021. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-10 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ~All b) 0 Some *c) D None of the: 

1. ~ Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. ~ Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/MAHENDRA R PATEL/ 
Primary Examiner, Art Unit 2645 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210329 
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Application/Control Number: 16/001,049 Page 2 
Art Unit: 2645 

DETAILED ACTION 

1. This communication is in response to the claims filed on 03/25/2021. 

Application No: 16/001,049. 

The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

Reasons for allowance 

2. Claims 1-10 are allowed. 

The following is an examiner's statement of reasons for allowance: 

The reason for allowance is that the prior arts of record fail to teach the limitations along with 

preamble as a whole claim. The limitations recited in the independent claims comprise a 

particular combination of elements, functions and preamble, which are neither taught nor-

suggested by the prior arts as a whole claim. 

The representative claim 1 distinguish features are underlined and summarized below: 

A method for evaluating the shape of an orthodontic aligner worn by a patient, said 
method comprising the following steps: 

1) acquisition of at least one two-dimensional image of teeth of said patient, referred to as 
CC updated image", under actual acquisition conditions; 

at least one updated image referred to as "aligner image", at least partially representing the 
aligner in a service position in which it is worn by said teeth; and at least one updated image 
referred to as "dentition image", identical to or different from the aligner image, representing 
said teeth, 

2) if the dentition image is different from the aligner image, conversion of the dentition image so 
that it represents said teeth as seen under the acquisition conditions used during the acquisition of 
the aligner image in step 1);
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3) determination, by means of image  processing software, .for each of a plurality of teeth 
represented on the dentition and aligner images, of interior and exterior tooth outlines 
representing  the outline of the free end of said tooth on the d.entition and aligner image„.
respectively; 

4) comparison of the interior and exterior tooth outlines so as to determine at least one score 
according to said comparison. 

3. Applicant's independent claim 1 comprises a particular combination of underlined 

features in combination with other recited limitations, which are neither taught nor-suggested 

by the prior arts as a whole claim. 

Dependent claims are deemed allowable for the same reasons as corresponding 

independent claims. 

Prior Art References 

4. The closest combined references of GREENBERG, WEN and Kitching teach following: 

GREENBERG (US 20140120488 Al) teaches a system and method for orthodontic 

alignment includes a radiographic template. The radiographic template has a plurality of metallic 

markers. A negative impression of a patient's dental arch is made. At least one orthodontic 

treatment aligner is produced. The aligner is manufactured based in part on a computed 

axial tomography (CT) scan of a patient wearing the radiographic template and a separate 

scan of the radiographic template, wherein the data is processed by superimposition of the 

orthodontic aligner on the CT images of the patient including a jaw in axial and panoramic 

views. In this manner, the tooth above the gum line, represented by the negative impression as 
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well as the tooth below the gum line, represented by the CT data is used to design the 

orthodontic aligner. 

WEN (US 20170100214 Al) teaches systems and methods for treating teeth to correct 

for malocclusions. This may be accomplished in one variation by receiving a scanned dental 

model of a subject's dentition, determining a treatment plan having a plurality of 

incremental movements for repositioning one or more teeth of the subject's dentition, and 

fabricating one or more aligners correlating to a first subset of the plurality of incremental 

movements. 

Kitching (US 8562338 B1) teaches systems and methods of developing and tracking 

delivery and patient progression through an orthodontic treatment plan. One method includes 

identifying deviations from an orthodontic treatment plan, including receiving a digital 

representation of an actual arrangement of a patient's teeth after an orthodontic treatment plan 

has begun for the patient and prior to completion of the orthodontic treatment plan. The method 

further includes comparing the actual arrangement to a pre-determined planned arrangement to 

determine if the actual arrangement substantially deviates from the planned arrangement, the 

comparing including matching teeth from a previously segmented model to a surface of an 

unsegmented representation of the actual arrangement; and calculating one or more 

positional differences between the actual and planned arrangements of at least some of the 

corresponding teeth. 
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However cited references, alone or in any combination, neither discloses nor fairly 

suggests combination of features specifically listed above and/or underlined in particular, 

if the dentition image is different from the aligner image, conversion of the 

dentition image so that it represents said teeth as seen under the acquisition conditions used 

during the acquisition of the aligner image; determination, by means of image processing 

software, for each of a plurality of teeth represented on the dentition and aligner images, of 

interior and exterior tooth outlines representing the outline of the free end of said tooth on the 

dentition and aligner images, respectively; comparison of the interior and exterior tooth 

outlines so as to determine at least one score according to said comparison. 

GREENBERG teaches a system and method for orthodontic alignment includes a 

radiographic template; but failed to teach one or more limitations including, 

if the dentition image is different from the aligner image, conversion of the 

dentition image so that it represents said teeth as seen under the acquisition conditions used 

during the acquisition of the aligner image; determination, by means of image processing 

software, for each of a plurality of teeth represented on the dentition and aligner images, of 

interior and exterior tooth outlines representing the outline of the free end of said tooth on the 

dentition and aligner images, respectively; comparison of the interior and exterior tooth 

outlines so as to determine at least one score according to said comparison. 

WEN and Kitching alone or in combination failed to cure the deficiency of 

GREENBERG. 
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Thus, the cited references, atone or in combination, fail to disclose or suggest each of the 

elements recited by the independent claims. 

5. The present invention provides an improved method for evaluating the shape of an 

orthodontic aligner worn by a patient. Further, the invention makes it considerably easier to 

evaluate the suitability of the aligner for the treatment, while at the same time making this 

evaluation particularly reliable. In particular, the method can be implemented using simple 

photographs or films, taken without special precaution, for example by the patient. The 

number of orthodontist appointments can therefore be limited. 

6. Therefore, when taken as a whole application, and incorporating all the respective 

limitations, none of the prior art discloses the features as claimed. 

Conclusion 

7. Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submission should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

8. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Mahendra Patel whose telephone number is (571)270-7499. The 

examiner can normally be reached on 9:30 AM to 5:30 PM (EST). 
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Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, Applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

httDiliww w.usoto,-Yoviinterview vacticc 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Anthony Addy can be reached on (571) 272-779. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be 

obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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S163 23 (@ad < "20170609") and ( US-PGPUB; 
(acquisition or acqui$4 or obtain$4) ( USPAT; 
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DERWENT; 
IBM_TDB 
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DERWENT; 
IBM_TDB 
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18:25 

( aligner image ) (dentition image) ( US-PGPUB; 
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person) ) (orthodo$4 aligne$4) and FPRS; EPO; 
(@ad < "20170609") JPO; 

DERWENT; 
IBM_TDB 

S169 5 
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person) ) (orthodo$4 aligne$4) and JPO; 
(@ad < "20170609") DERWENT; 

IBM_TDB 

SAME ON 2021/04/28 
23:27 

(@ad < "20170609") and ( 
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image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) 

(@ad < "20170609") and (orthodo$4 
align$4) ( patient or person) 

age) (dentition image) ( teeth) 
nd ((acquisition or acqui$4 or 
btain$4) ( image teeth ) ( patient 
erson)) (orthodo$4 aligne$4) 

(orthodo$4 align$4) ( patient or 
person) and (@ad < "20170609") 

( (acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

eth) and ((acquisition or acqui$4 
btain$4) ( image teeth ) ( patient 
erson)) (orthodo$4 aligne$4) and 

ad < "20170609") 

( (conversion or convert$4)) AND ( 
aligner image) (dentition image) ( 
teeth) and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 
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S170 11 ( ( threshold$4) (emission or US-PGPUB; 
output$4 or report$4 or output) ) USPAT; 
and (orthodo$4 aligne$4) and (@ad USOCR; 
< "20170609") FPRS; EPO; 

JPO; 
DERWENT; 
IBM_TDB 

S171 0 

SAME ON 2021/04/28 
23:28 

( ( scor$4 or weight$4) ( US-PGPUB; 
threshold$4) (emission or output$4 USPAT; 
or report$4 or output) ) and USOCR; 
(orthodo$4 aligne$4) and (@ad < FPRS; EPO; 
"20170609") JPO; 

DERWENT; 
IBM_TDB 

S172 16,982,773 

SAME ON 2021/04/28 
23:28 

( (G06K$ or G06Q$ or G06F$ or US-PGPUB; 
G06N$ or G06T$ or G05D$ or G08B$ USPAT; 
or G09G$ or G07C$ or G07D$ or USOCR; 
G07G$ or G06F$ or G06T$ or G01C$ FPRS; EPO; 
or G01R$ or B60R$ or B60D$ or JPO; 
B62D$ or B60T$ or B06W$ or A61B$ DERWENT; 
or A61C$ or G16H$ or H04W$ or IBM_TDB 
H04L$ or H04B$ or H04M$ or H04N$ 
or H04Q$ or H043$ ).CPC. ) 

S173 13 

AND ON 2021/04/28 
23:29 

( (G06K$ or G06Q$ or G06F$ or US-PGPUB; 
G06N$ or G06T$ or G05D$ or G08B$ USPAT; 
or G09G$ or G07C$ or G07D$ or USOCR; 
G07G$ or G06F$ or G06T$ or G01C$ FPRS; EPO; 
or G01R$ or B60R$ or B60D$ or JPO; 
B62D$ or B60T$ or B06W$ or A61B$ DERWENT; 
or A61C$ or G16H$ or H04W$ or IBM_TDB 
H04L$ or H04B$ or H04M$ or H04N$ 
or H04Q$ or H043$ ).CPC. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4) ) and (@ad < 
"20170609") 

S174 5 

SAME ON 2021/04/28 
23:29 

( (Robotic or robot$4) or ( Artificial US-PGPUB; 
with Intelligence) or (neural with USPAT; 
network) or (Fuzzy) or (semantic or USOCR; 
segmentation) or ( pixel$1 ) or FPRS; EPO; 
(training or testing ) or ( JPO; 
autonomous ) or (track$4) or DERWENT; 
(machine with learning) ) and ( ( IBM_TDB 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4) ) and (@ad < 
"20170609") 

S175 8 

SAME ON 2021/04/28 
23:29 

( ("382"/$).ccls. or ("455"/$).ccls. or US-PGPUB; 
("370"/$).ccls. or ("1"/$).ccls. or USPAT; 

SAME ON 2021/04/28 
23:29 

( ( threshold$4) (emission or 
output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) and (@ad 
< "20170609") 

( ( scor$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

16,982,773 ( (G06K$ or G06Q$ or G06F$ or 
G06N$ or G06T$ or G05D$ or G08B$ 
or G09G$ or G07C$ or G07D$ or 
G07G$ or G06F$ or G06T$ or G01C$ 
or G01R$ or B60R$ or 860D$ or 
862D$ or B60T$ or B06W$ or A61B$ 
or A61C$ or G16H$ or H04W$ or 
H04L$ or H048$ or H04M$ or H04N$ 
or H04Q$ or H04J$ ).CPC. ) 

( (G06K$ or G06Q$ or G06F$ or 
G06N$ or G06T$ or G05D$ or G08B$ 
or G09G$ or G07C$ or G07D$ or 
G07G$ or G06F$ or G06T$ or G01C$ 
or G01R$ or B60R$ or 860D$ or 
862D$ or B60T$ or B06W$ or A61B$ 
or A61C$ or G16H$ or H04W$ or 
H04L$ or H048$ or H04M$ or H04N$ 
or H04Q$ or H04J$ ).CPC. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4)) and (@ad < 
"20170609") 

( (Robotic or robot$4) or ( Artificial 
with Intelligence) or (neural with 
network) or (Fuzzy) or (semantic or 
segmentation) or ( pixel$! ) or 
(training or testing ) or ( 
autonomous ) or (track$4 ) or 
(machine with learning) ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4)) and (@ad < 
"20170609") 
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("600"/$).ccls. or ("250"/$).ccls. or USOCR; 
("351"/$).ccls. Or ("356"/$).ccls. or FPRS; EPO; 
("324"/$).ccls. or ("713"/$).ccls. or JPO; 
("335"/$).ccls. or ("707"/$).ccls. or DERWENT; 
("335"/$).ccls. or ("706"/$).ccls. ) IBM_TDB 
and ( ( (acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and 
(threshold or distan$4 or scor$4) ) 
and (@ad < "20170609") 

S176 2 ((A61C7/002 or G06T7/174 or US-PGPUB; SAME ON 2021/04/28 
G06T7/0012 or A61C7/08 or USPAT; 23:30 
A61C9/0053 or G06T7/136 or USOCR; 
G06T2207/30036).cpc.) and ( ( FPRS; EPO; 
(acquisition or acqui$4 or obtain$4) ( JPO; 
image teeth ) ( patient or person) ) DERWENT; 
(orthodo$4 aligne$4) and (threshold) IBM_TDB 
) and (@ad < "20170609") 

S177 17 ((A61C7/002 or G06T7/174 or US-PGPUB; SAME ON 2021/04/28 
G06T7/0012 or A61C7/08 or USPAT; 23:31 
A61C9/0053 or G06T7/136 or USOCR; 
G06T2207/30036).cpc.) and ( FPRS; EPO; 
(acquisition or acqui$4 or obtain$4) ( JPO; 
image teeth ) ( patient or person) ) DERWENT; 
(orthodo$4 aligne$4) and (@ad < IBM_TDB 
"20170609") 

S178 2 ((A61C7/002 or G06T7/174 or US-PGPUB; SAME ON 2021/04/28 
G06T7/0012 or A61C7/08 or USPAT; 23:31 
A61C9/0053 or G06T7/136 or USOCR; 
G06T2207/30036).cpc.) and ( ( FPRS; EPO; 
(acquisition or acqui$4 or obtain$4) ( JPO; 
image teeth ) ( patient or person) ) DERWENT; 
(orthodo$4 aligne$4) and (threshold) IBM_TDB 
) and (@ad < "20170609") 

S179 3 (("20170049311" I "20170086943" US-PGPUB; SAME OFF 2021/04/28 
"20090291417" I "20050192835" I USPAT; 23:31 
"20080172386" I "8879813" I USOCR; 
"20050192835" I "20180168780" I FPRS; EPO; 
"8879813" I "20090191503" I JPO; 
"20150132708" I "20090291417" I DERWENT; 
"20180168780" I "20150132708" I IBM_TDB 
"20170049311" I 
"20090291417").PN.) and 
(orthodontic aligner) ( patient or 
person) and (@ad < "20170609") 

S180 3 (("20050192835" I "20180168780" I US-PGPUB; AND OFF 2021/04/28 
"8879813" I "20170049311" I USPAT; 23:32 
"20180168780" I "20150132708" I USOCR; 
"20170049311" I FPRS; EPO; 
"20090291417").PN.) and JPO; 

("600"/$).ccls. or ("250"/$).ccls. or 
("351"/$).ccls. Or ("356"/$).ccls. or 
("324"/$).ccls. or ("713"/$).ccls. or 
("335"/$).ccls. or ("707"/$).ccls. or 
("335"/$).ccls. or ("706"/$).ccls. ) 
and ( ( (acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(threshold or distan$4 or scor$4) ) 
and (@ad < "20170609") 

((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold) 
) and (@ad < "20170609") 

((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) and ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

((A61C7/002 or G06T7/174 or 
G06T7/0012 or A61C7/08 or 
A61C9/0053 or G06T7/136 or 
G06T2207/30036).cpc.) and ( ( 
(acquisition or acqui$4 or obtain$4) ( 
image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold) 
) and (@ad < "20170609") 

(("20170049311" I "20170086943" I 
"20090291417" I "20050192835" I 
"20080172386" I "8879813" I 
"20050192835" I "20180168780" I 
"8879813" I "20090191503" I 
"20150132708" I "20090291417" I 
"20180168780" I "20150132708" I 
"20170049311" I 
"20090291417").PN.) and 
(orthodontic aligner) ( patient or 
person) and (@ad < "20170609") 

(("20050192835" I "20180168780" I 
"8879813" I "20170049311" I 
"20180168780" I "20150132708" I 
"20170049311" I 
"20090291417").PN.) and 
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(orthodontic aligner) ( patient or DERWENT; 
person) and (@ad < "20170609") IBM_TDB 

S181 4 (("20090191503" I "20050192835"
"20180168780" I "8879813"
"20090191503" I 
"20090291417").PN.) and 
(orthodo$4 align$4) ( patient or 
person) and (@ad < "20170609") 

S182 2 ("20180353263" I "20170325690"
"20170325689" I "10485638" I 
"20180185125" I "10342645" I 
"20170325910" I "20180204332" I 
"10417774" I "10206759" I 
"10779909" I "20180042698" I 
"20190133717" I "20200360111" I 
"10548690" I "20170100214" I 
"20190026893" I "20170100212" I 
"20200146775" I "20200022784" I 
"10413385" I "20190026598" I 
"9492245" I "10685259" I 
"20190328489" I "20190026894" I 
"20180263731" I "20190350680" I 
"10755409" I "10758322" I 
"20190026889" I "20180263732" I 
"20180263733" I "10828130" I 
"20200085535" I "20070238065" I 
"7880751" I "8126726" I 
"20070168152" I "20200000552" I 
"20070134613" I "20200214801" I 
"9107722" I "20190282333" I 
"8439672" I "20130230818" I 
"20070128574" I "20090191503" I 
"20160008095" I "7970628" I 
"20190090993" I "20200306012" I 
"10507087" I "20160135925" I 
"20190269485" I "20200205943" I 
"20200188068" I "5431562" I 
"5447432" I "20180184989" I 
"10368814" I "20190231478" I 
"20170100213" I "5368478" I 
"7930189" I "9211166" I "6015289" 
I "10653502" I "8152523" I 
"8874452" I "20110269097" I 
"20070129991" I "20150132708" I 
"20110270588" I "20070128573" I 
"20160095668" I "8021147" I 
"20020006597" I "20040115586" I 
"20050271996" I "9622835" I 
"6616444" I "7970627" I "6457972" 
I "20190125493" I "8897902" I 
"20150057983" I "20130325431" I 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

AND ON 2021/04/28 
23:32 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

SAME ON 2021/04/28 
23:33 

0180168780" I "8879813" I 
0090191503" I 
0090291417").PN.) and 
rthodo$4 align$4) ( patient or 

erson) and (@ad < "20170609") 

("20180353263" I "20170325690" I 
"20170325689" I "10485638" I 
"20180185125" I "10342645" I 
"20170325910" I "20180204332" I 
"10417774" I "10206759" I 
"10779909" I "20180042698" I 
"20190133717" I "20200360111" I 
"10548690" I "20170100214" I 
"20190026893" I "20170100212" I 
"20200146775" I "20200022784" I 
"10413385" I "20190026598" I 
"9492245" I "10685259" I 
"20190328489" I "20190026894" I 
"20180263731" I "20190350680" I 
"10755409" I "10758322" I 
"20190026889" I "20180263732" I 
"20180263733" I "10828130" I 
"20200085535" I "20070238065" I 
"7880751" I "8126726" I 
"20070168152" I "20200000552" I 
"20070134613" I "20200214801" I 
"9107722" I "20190282333" I 
"8439672" I "20130230818" I 
"20070128574" I "20090191503" I 
"20160008095" I "7970628" I 
"20190090993" I "20200306012" I 
"10507087" I "20160135925" I 
"20190269485" I "20200205943" I 
"20200188068" I "5431562" I 
"5447432" I "20180184989" I 
"10368814" I "20190231478" I 
"20170100213" I "5368478" I 
"7930189" I "9211166" I "6015289" 
I "10653502" I "8152523" I 
"8874452" I "20110269097" I 
"20070129991" I "20150132708" I 
"20110270588" I "20070128573" I 
"20160095668" I "8021147" I 
"20020006597" I "20040115586" I 
"20050271996" I "9622835" I 
"6616444" I "7970627" I "6457972" 
I "20190125493" I "8897902" I 
"20150057983" I "20130325431" I 
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"10335251" I "20170128161" I 
"20070141527" I "9737257"
"20170311873" I "10405796" I 
"20160220173" I "7220122" I 
"20200085546" I "8727776"
"7837469" I "8591225" I "5683243" 
I "8651859") and ( aligner image ) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

S183 89 ("3412245" I "3412245" I 
"2020216925" I "2020234411"
"3544542" I "2018118200" I 
"3659545" I "3600130" I "3212115" 
I "3212113" I "2018175486" I 
"2182488" I "2420974" I "3179437" 
I "3562426" I "2074582" I 
"2018122557" I "2420974" I 
"3418968" I "3213293" I "3418968" 
I "3212646" I "2016066651" I 
"2016066652" I "2016066654" I 
"3212116" I "3179437" I "3212116" 
I "2074582" I "2008046079" I 
"3212646" I "2008046066" I 
"2242440" I "3212114" I "3212114" 
I "2016066650" I "2020142534" I 
"2182488" I "2020503919" I 
"2506213" I "3636205" I "3445270" 
I "20200109292" I "2017182654" I 
"3212113" I "2016066637" I 
"2242440" I "3672477" I 
"2019040927" I "2017094181" I 
"111315315" I "2008046064" I 
"2009097383" I "3618082" I 
"2015120007" I "3459438" I 
"111683602" I "2019067259" I 
"2012513787" I "3563794" I 
"6049120" I "6072728" I 
"2014144382" I "3324876" I 
"2013255852" I "6595520" I 
"3639215" I "5984308" I "3459438" 
I "2017013478" I "2016066642" I 
"3212115" I "3324876" I "2675390" 
I "3657197" I "20180034506" I 
"2019103850" I "4878121" I 
"2002543917" I "111727022" I 
"3250111" I "4594429" I 
"1994010935" I "2018520804" I 
"2010506629" I "6005680" I 
"101450866" I "0667753" I 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

AND ON 2021/04/28 
23:35 

"10335251" I "20170128161" I 
"20070141527" I "9737257" I 
"20170311873" I "10405796" I 
"20160220173" I "7220122" I 
"20200085546" I "8727776" I 
"7837469" I "8591225" I "5683243" 
I "8651859") and ( aligner image ) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

("3412245" I "3412245" I 
"2020216925" I "2020234411" I 
"3544542" I "2018118200" I 
"3659545" I "3600130" I "3212115" 
I "3212113" I "2018175486" I 
"2182488" I "2420974" I "3179437" 
I "3562426" I "2074582" I 
"2018122557" I "2420974" I 
"3418968" I "3213293" I "3418968" 
I "3212646" I "2016066651" I 
"2016066652" I "2016066654" I 
"3212116" I "3179437" I "3212116" 
I "2074582" I "2008046079" I 
"3212646" I "2008046066" I 
"2242440" I "3212114" I "3212114" 
I "2016066650" I "2020142534" I 
"2182488" I "2020503919" I 
"2506213" I "3636205" I "3445270" 
I "20200109292" I "2017182654" I 
"3212113" I "2016066637" I 
"2242440" I "3672477" I 
"2019040927" I "2017094181" I 
"111315315" I "2008046064" I 
"2009097383" I "3618082" I 
"2015120007" I "3459438" I 
"111683602" I "2019067259" I 
"2012513787" I "3563794" I 
"6049120" I "6072728" I 
"2014144382" I "3324876" I 
"2013255852" I "6595520" I 
"3639215" I "5984308" I "3459438" 
I "2017013478" I "2016066642" I 
"3212115" I "3324876" I "2675390" 
I "3657197" I "20180034506" I 
"2019103850" I "4878121" I 
"2002543917" I "111727022" I 
"3250111" I "4594429" I 
"1994010935" I "2018520804" I 
"2010506629" I "6005680" I 
"101450866" I "0667753" I 
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"5567907" I "2010188178" I 
"5362577" I "107920870"
"2019147868" I "3462373" I 
"3743007" I "2014144357" I 
"2016034592" I "2005161081" I 
"3563341" I "2008048904"
"2011510745" I "2008046061" I 
"2004500149" I "2010029645" I 
"111655191" I "2018122553" I 
"2002526155" I "2020048960"
"2012092946" I "2661732" I 
"1191898" I "3569167" I 
"2008046054" I "3708069" I 
"2012112867" I "1191896"
"2000069358" I "2675390" I 
"20190022941" I "1191896"
"3620130" I "101420920"
"1984875" I "2007084727" I 
"111656408" I "2013018522" I 
"111655189" I "105232163" I 
"2016122890") and ( aligner image ) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

S184 3 ((US-20170086943-$ or US- US-PGPUB; 
20090191503-$ or US-20050192835- USPAT; 
$ or US-20150132708-$ or US- USOCR; 
20090291417-$ or US-20100068672- FPRS; EPO; 
$ or US-20180036100-$ or US- JPO; 
20160128803-$ or US-20150257856- DERWENT; 
$ or US-20150132707-$ or US- IBM_TDB 
20140120488-$ or US-20080050692-
$ or US-20160175077-$ or US-
20170080249-$ or US-20140356798-
$ or US-20030124480-$ or US-
20150140502-$ or US-20090113714-
$ or US-20190125493-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image ) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

S185 0 

SAME ON 2021/04/28 
23:36 

( (interior or exterior ) AND US-PGPUB; 
(conversion or convert$4) ) AND ( USPAT; 
aligner image ) (dentition image) ( USOCR; 

SAME ON 2021/04/28 
23:37 

"5567907" I "2010188178" I 
"5362577" I "107920870" I 
"2019147868" I "3462373" I 
"3743007" I "2014144357" I 
"2016034592" I "2005161081" I 
"3563341" I "2008048904" I 
"2011510745" I "2008046061" I 
"2004500149" I "2010029645" I 
"111655191" I "2018122553" I 
"2002526155" I "2020048960" I 
"2012092946" I "2661732" I 
"1191898" I "3569167" I 
"2008046054" I "3708069" I 
"2012112867" I "1191896" I 
"2000069358" I "2675390" I 
"20190022941" I "1191896" I 
"3620130" I "101420920" I 
"1984875" I "2007084727" I 
"111656408" I "2013018522" I 
"111655189" I "105232163" I 
"2016122890") and ( aligner image) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

((US-20170086943-$ or US-
20090191503-$ or US-20050192835-
$ or US-20150132708-$ or US-
20090291417-$ or US-20100068672-
$ or US-20180036100-$ or US-
20160128803-$ or US-20150257856-
$ or US-20150132707-$ or US-
20140120488-$ or US-20080050692-
$ or US-20160175077-$ or US-
20170080249-$ or US-20140356798-
$ or US-20030124480-$ or US-
20150140502-$ or US-20090113714-
$ or US-20190125493-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 
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teeth) and ((acquisition or acqui$4 or FPRS; EPO; 
obtain$4) ( image teeth ) ( patient or JPO; 
person) ) (orthodo$4 aligne$4) and DERWENT; 
(@ad < "20170609") IBM_TDB 

S186 0 ( ( comparison or compar$4 or US-PGPUB; 
compared) ( score$4 or weight$4) ( USPAT; 
threshold$4) (emission or output$4 USOCR; 
or report$4 or output) ) and (( FPRS; EPO; 
image$4 teeth ) and ( patient or JPO; 
person) ) and (orthodo$4 aligne$4) DERWENT; 
and (@ad < "20170609") IBM_TDB 

S187 5 

SAME ON 2021/04/28 
23:37 

(("10052174" I "10507079" I US-PGPUB; 
"7074038" I "8562338" I "8636509" USPAT; 
I "8961173" I "9022781" I USOCR; 
"9333052" I "9642678").PN.) and FPRS; EPO; 
(orthodo$4 align$4) ( patient or JPO; 
person) and (@ad < "20170609") DERWENT; 

IBM_TDB 

L9 691,905 

SAME ON 2021/04/28 
23:38 

( (G16H50/50 OR G16H50/20 OR US-PGPUB; 
G16H10/60 OR G16H30/40 OR USPAT; 
G16H50/30 OR G16H50/70 OR USOCR; 
G16H20/40 OR G16H30/20 OR FPRS; EPO; 
G16H40/63 OR G16H80/00 OR JPO; 
B33Y80/00 OR B33Y50/00 OR DERWENT; 
A61N2005/0606 OR A61N2005/0627 IBM_TDB 
OR A61N2005/0629 OR 
A61N2005/0632 OR A61N2005/0633 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61N5/06 OR A61N5/0603 OR 
A61N5/0625 OR A61N2005/0626 OR 
A61N2005/0628 OR A61N2005/0635 
OR A61N2005/0643 OR A61N5/0613 
OR A61N5/103 OR A61N5/1048 OR 
G06T17/00 OR G06T2207/30004 OR 
G06T2207/30036 OR G06T2210/41 
OR G06T7/33 OR G06T7/73 OR 
G06T7/0012 OR G06T7/251 OR 
G06T7/55 OR A61B5/742 OR 
A61B1/00009 OR A61B1/32 OR 
A61B2576/02 OR A61B5/0088 OR 
A61B5/064 OR A61B6/032 OR 
A61B6/14 OR A61B5/4547 OR 
G06F2216/03 OR G06F19/00 OR 
G06F19/3481 OR G06F19/3418 OR 
G06F19/3425 OR G06F19/3437 OR 
G06F30/20 OR A61F2002/30953 OR 
G06K2209/05 OR G06K9/00214 OR 
G06K9/00 OR G06K9/6202 OR 

AND OFF 2021/04/29 
12:08 

( ( comparison or compar$4 or 
compared) ( score$4 or weight$4) ( 
threshold$4) (emission or output$4 
or report$4 or output) ) and (( 
image$4 teeth ) and ( patient or 
person)) and (orthodo$4 aligne$4) 
and (@ad < "20170609") 

(("10052174" I "10507079" I 
"7074038" I "8562338" I "8636509" 
I "8961173" I "9022781" I 
"9333052" I "9642678").PN.) and 
(orthodo$4 align$4) ( patient or 
person) and (@ad < "20170609") 

( (G16H50/50 OR G16H50/20 OR 
G16H10/60 OR G16H30/40 OR 
G16H50/30 OR G16H50/70 OR 
G16H20/40 OR G16H30/20 OR 
G16H40/63 OR G16H80/00 OR 
B33Y80/00 OR B33Y50/00 OR 
A61N2005/0606 OR A61N2005/0627 
OR A61N2005/0629 OR 
A61N2005/0632 OR A61N2005/0633 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61N5/06 OR A61N5/0603 OR 
A61N5/0625 OR A61N2005/0626 OR 
A61N2005/0628 OR A61N2005/0635 
OR A61N2005/0643 OR A61N5/0613 
OR A61N5/103 OR A61N5/1048 OR 
G06T17/00 OR G06T2207/30004 OR 
G06T2207/30036 OR G06T2210/41 
OR G06T7 /33 OR G06T7 /73 OR 
G06T7/0012 OR G06T7/251 OR 
G06T7/55 OR A61B5/742 OR 
A61Bl/00009 OR A61Bl/32 OR 
A61B2576/02 OR A61B5/0088 OR 
A61B5/064 OR A61B6/032 OR 
A61B6/14 OR A61B5/4547 OR 
G06F2216/03 OR G06F19/00 OR 
G06F19/3481 OR G06F19/3418 OR 
G06F19/3425 OR G06F19/3437 OR 
G06F30/20 OR A61F2002/30953 OR 
G06K2209/05 OR G06K9/00214 OR 
G06K9/00 OR G06K9/6202 OR 
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G06Q10/06 OR G09B23/28 OR 
G0133/00 OR G0133/508 OR 
G0133/52).CPC. ) 

( (G16H50/50 OR G16H50/20 OR US-PGPUB; SAME ON 2021/04/29 
G16H10/60 OR G16H30/40 OR USPAT; 12:08 
G16H50/30 OR G16H50/70 OR USOCR; 
G16H20/40 OR G16H30/20 OR FPRS; EPO; 
G16H40/63 OR G16H80/00 OR JPO; 
B33Y80/00 OR B33Y50/00 OR DERWENT; 
A61N2005/0606 OR A61N2005/0627 IBM_TDB 
OR A61N2005/0629 OR 
A61N2005/0632 OR A61N2005/0633 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61N5/06 OR A61N5/0603 OR 
A61N5/0625 OR A61N2005/0626 OR 
A61N2005/0628 OR A61N2005/0635 
OR A61N2005/0643 OR A61N5/0613 
OR A61N5/103 OR A61N5/1048 OR 
G06T17/00 OR G06T2207/30004 OR 
G06T2207/30036 OR G06T2210/41 
OR G06T7/33 OR G06T7/73 OR 
G06T7/0012 OR G06T7/251 OR 
G06T7/55 OR A61B5/742 OR 
A61B1/00009 OR A61B1/32 OR 
A61B2576/02 OR A61B5/0088 OR 
A61B5/064 OR A61B6/032 OR 
A61B6/14 OR A61B5/4547 OR 
G06F2216/03 OR G06F19/00 OR 
G06F19/3481 OR G06F19/3418 OR 
G06F19/3425 OR G06F19/3437 OR 
G06F30/20 OR A61F2002/30953 OR 
G06K2209/05 OR G06K9/00214 OR 
G06K9/00 OR G06K9/6202 OR 
G06Q10/06 OR G09B23/28 OR 
G0133/00 OR G0133/508 OR 
G01J3/52).CPC. ) and ( aligner 
image ) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

((US-20090191503-$ or US- US-PGPUB; AND OFF 2021/04/29 
20050192835-$ or US-20150132708- USPAT; 12:09 
$ or US-20090291417-$ or US- USOCR; 
20100068672-$ or US-20160128803- FPRS; EPO; 
$ or US-20150257856-$ or US- JPO; 
20150132707-$ or US-20160175077- DERWENT; 
$ or US-20170080249-$ or US- IBM_TDB 
20140356798-$ or US-20030124480-

( (G16H50/50 OR G16H50/20 OR 
G16H10/60 OR G16H30/40 OR 
G16H50/30 OR G16H50/70 OR 
G16H20/40 OR G16H30/20 OR 
G16H40/63 OR G16H80/00 OR 
B33Y80/00 OR B33Y50/00 OR 
A61N2005/0606 OR A61N2005/0627 
OR A61N2005/0629 OR 
A61N2005/0632 OR A61N2005/0633 
OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 
OR A61N2005/0653 OR 
A61N2005/0659 OR A61N2005/0662 
OR A61NS/06 OR A61NS/0603 OR 
A61NS/0625 OR A61N2005/0626 OR 
A61N2005/0628 OR A61N2005/0635 
OR A61N2005/0643 OR A61NS/0613 
OR A61NS/103 OR A61NS/1048 OR 
G06T17/00 OR G06T2207/30004 OR 
G06T2207/30036 OR G06T2210/41 
OR G06T7 /33 OR G06T7 /73 OR 
G06T7/0012 OR G06T7/251 OR 
G06T7/55 OR A61BS/742 OR 
A61Bl/00009 OR A61Bl/32 OR 
A61B2576/02 OR A61BS/0088 OR 
A61BS/064 OR A61B6/032 OR 
A61B6/14 OR A61BS/4547 OR 
G06F2216/03 OR G06F19/00 OR 
G06F19/3481 OR G06F19/3418 OR 
G06F19/3425 OR G06F19/3437 OR 
G06F30/20 OR A61F2002/30953 OR 
G06K2209/05 OR G06K9/00214 OR 
G06K9/00 OR G06K9/6202 OR 
G06Q10/06 OR G09B23/28 OR 
G01J3/00 OR G01J3/508 OR 
G01J3/52).CPC. ) and ( aligner 
image) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

((US-20090191503-$ or US-
20050192835-$ or US-20150132708-
$ or US-20090291417-$ or US-
20100068672-$ or US-20160128803-
$ or US-20150257856-$ or US-
20150132707-$ or US-20160175077-
$ or US-20170080249-$ or US-
20140356798-$ or US-20030124480-
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$ or US-20150140502-$ or US-
20170100214-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image ) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

1,024 ("IPCOM US 16001049 ApriI2921") or US-PGPUB; AND OFF 2021/04/29 
(("20180353263" OR "20170325689" USPAT; 12:25 
OR "10485638" OR "20170325690" USOCR; 
OR "10779909" OR "20190133717" FPRS; EPO; 
OR "20200360111" OR JPO; 
"20180204332" OR "20190026893" DERWENT; 
OR "10206759" OR "20180042698" IBM_TDB 
OR "10417774" OR "20180185125" 
OR "10342645" OR "20170325910" 
OR "10685259" OR "20190026598" 
OR "10755409" OR "20190026889" 
OR "20190026894" OR 
"20190125493" OR "20210038324" 
OR "20190046276" OR 
"20190328489" OR "20190026599" 
OR "8126726" OR "20070168152" 
OR "20110269097" OR "8152523" 
OR "20050271996" OR "8021147" 
OR "20180263731" OR "10973611" 
OR "7880751" OR "20070134613" 
OR "20180263733" OR "10828130" 
OR "20200022784" OR 
"20170100212" OR "20180184989" 
OR "10368814" OR "20190350680" 
OR "20210045843" OR "10413385" 
OR "20070238065" OR 
"20200085535" OR "9492245" OR 
"20180263732" OR "20040197727" 
OR "20200390522" OR "10758322" 
OR "20070099147" OR 
"20200000552" OR "7156655" OR 
"8177551" OR "8465280" OR 
"20080248443" OR "9211166" OR 
"20110270588" OR "20010002310" 
OR "20090298017" OR 
"20040029068" OR "20160095668" 
OR "20190269485" OR "8454365" 
OR "20080280247" OR "7905725" 
OR "7717708" OR "8780106" OR 
"10888400" OR "10507087" OR 

$ or US-20150140502-$ or US-
20170100214-$).did. or (US-
9642678-$ or US-8562338-$).did. or 
(WO-2016066637-$ or CN-
104970891-$ or KR-20180017454-
$).did. or (US-20150132708-$ or US-
20130209952-$).did.) and ( aligner 
image) (dentition image) ( teeth) 
and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

("IPCOM US 16001049 April2921") or 
(("20180353263" OR "20170325689" 
OR "10485638" OR "20170325690" 
OR "10779909" OR "20190133717" 
OR "20200360111" OR 
"20180204332" OR "20190026893" 
OR "10206759" OR "20180042698" 
OR "10417774" OR "20180185125" 
OR "10342645" OR "20170325910" 
OR "10685259" OR "20190026598" 
OR "10755409" OR "20190026889" 
OR "20190026894" OR 
"20190125493" OR "20210038324" 
OR "20190046276" OR 
"20190328489" OR "20190026599" 
OR "8126726" OR "20070168152" 
OR "20110269097" OR "8152523" 
OR "20050271996" OR "8021147" 
OR "20180263731" OR "10973611" 
OR "7880751" OR "20070134613" 
OR "20180263733" OR "10828130" 
OR "20200022784" OR 
"20170100212" OR "20180184989" 
OR "10368814" OR "20190350680" 
OR "20210045843" OR "10413385" 
OR "20070238065" OR 
"20200085535" OR "9492245" OR 
"20180263732" OR "20040197727" 
OR "20200390522" OR "10758322" 
OR "20070099147" OR 
"20200000552" OR "7156655" OR 
"8177551" OR "8465280" OR 
"20080248443" OR "9211166" OR 
"20110270588" OR "20010002310" 
OR "20090298017" OR 
"20040029068" OR "20160095668" 
OR "20190269485" OR "8454365" 
OR "20080280247" OR "7905725" 
OR "7717708" OR "8780106" OR 
"10888400" OR "10507087" OR 
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"20200205943" OR "20150057983" 
OR "7474307" OR "9622835" OR 
"20170258420" OR "20070128574" 
OR "10335251" OR "20130325431" 
OR "20100179789" OR 
"20070207437" OR "20170128161" 
OR "8469705" OR "20200188068" 
OR "20040015327" OR 
"20140379356" OR "20140288894" 
OR "7234937" OR "7970628" OR 
"20160051348" OR "20120231421" 
OR "8897902" OR "8113829" OR 
"20070183633" OR "20110184762" 
OR "9208531" OR "7134874" OR 
"8496474" OR "20040110110" OR 
"20130302743" OR "20140180463" 
OR "8562340" OR "8734150" OR 
"20060286501" OR "8105080" OR 
"20150351871") ) 

(("20180353263" OR "20170325689" US-PGPUB; SAME ON 2021/04/29 
OR "10485638" OR "20170325690" USPAT; 12:25 
OR "10779909" OR "20190133717" USOCR; 
OR "20200360111" OR FPRS; EPO; 
"20180204332" OR "20190026893" PO; 
OR "10206759" OR "20180042698" DERWENT; 
OR "10417774" OR "20180185125" IBM_TDB 
OR "10342645" OR "20170325910" 
OR "10685259" OR "20190026598" 
OR "10755409" OR "20190026889" 
OR "20190026894" OR 
"20190125493" OR "20210038324" 
OR "20190046276" OR 
"20190328489" OR "20190026599" 
OR "8126726" OR "20070168152" 
OR "20110269097" OR "8152523" 
OR "20050271996" OR "8021147" 
OR "20180263731" OR "10973611" 
OR "7880751" OR "20070134613" 
OR "20180263733" OR "10828130" 
OR "20200022784" OR 
"20170100212" OR "20180184989" 
OR "10368814" OR "20190350680" 
OR "20210045843" OR "10413385" 
OR "20070238065" OR 
"20200085535" OR "9492245" OR 
"20180263732" OR "20040197727" 
OR "20200390522" OR "10758322" 
OR "20070099147" OR 
"20200000552" OR "7156655" OR 
"8177551" OR "8465280" OR 
"20080248443" OR "9211166" OR 
"20110270588" OR "20010002310" 

"20200205943" OR "20150057983" 
OR "7474307" OR "9622835" OR 
"20170258420" OR "20070128574" 
OR "10335251" OR "20130325431" 
OR "20100179789" OR 
"20070207437" OR "20170128161" 
OR "8469705" OR "20200188068" 
OR "20040015327" OR 
"20140379356" OR "20140288894" 
OR "7234937" OR "7970628" OR 
"20160051348" OR "20120231421" 
OR "8897902" OR "8113829" OR 
"20070183633" OR "20110184762" 
OR "9208531" OR "7134874" OR 
"8496474" OR "20040110110" OR 
"20130302743" OR "20140180463" 
OR "8562340" OR "8734150" OR 
"20060286501" OR "8105080" OR 
"20150351871") ) 

(("20180353263" OR "20170325689" 
OR "10485638" OR "20170325690" 
OR "10779909" OR "20190133717" 
OR "20200360111" OR 
"20180204332" OR "20190026893" 
OR "10206759" OR "20180042698" 
OR "10417774" OR "20180185125" 
OR "10342645" OR "20170325910" 
OR "10685259" OR "20190026598" 
OR "10755409" OR "20190026889" 
OR "20190026894" OR 
"20190125493" OR "20210038324" 
OR "20190046276" OR 
"20190328489" OR "20190026599" 
OR "8126726" OR "20070168152" 
OR "20110269097" OR "8152523" 
OR "20050271996" OR "8021147" 
OR "20180263731" OR "10973611" 
OR "7880751" OR "20070134613" 
OR "20180263733" OR "10828130" 
OR "20200022784" OR 
"20170100212" OR "20180184989" 
OR "10368814" OR "20190350680" 
OR "20210045843" OR "10413385" 
OR "20070238065" OR 
"20200085535" OR "9492245" OR 
"20180263732" OR "20040197727" 
OR "20200390522" OR "10758322" 
OR "20070099147" OR 
"20200000552" OR "7156655" OR 
"8177551" OR "8465280" OR 
"20080248443" OR "9211166" OR 
"20110270588" OR "20010002310" 
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OR "20090298017" OR 
"20040029068" OR "20160095668" 
OR "20190269485" OR "8454365" 
OR "20080280247" OR "7905725" 
OR "7717708" OR "8780106" OR 
"10888400" OR "10507087" OR 
"20200205943" OR "20150057983" 
OR "7474307" OR "9622835" OR 
"20170258420" OR "20070128574" 
OR "10335251" OR "20130325431" 
OR "20100179789" OR 
"20070207437" OR "20170128161" 
OR "8469705" OR "20200188068" 
OR "20040015327" OR 
"20140379356" OR "20140288894" 
OR "7234937" OR "7970628" OR 
"20160051348" OR "20120231421" 
OR "8897902" OR "8113829" OR 
"20070183633" OR "20110184762" 
OR "9208531" OR "7134874" OR 
"8496474" OR "20040110110" OR 
"20130302743" OR "20140180463" 
OR "8562340" OR "8734150" OR 
"20060286501" OR "8105080" OR 
"20150351871") and ( aligner image 
) (dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") ) 

(("20180353263" OR "20170325689" US-PGPUB; AND ON 2021/04/29 
OR "10485638" OR "20170325690" USPAT; 12:25 
OR "10779909" OR "20190133717" USOCR; 
OR "20200360111" OR FPRS; EPO; 
"20180204332" OR "20190026893" PO; 
OR "10206759" OR "20180042698" DERWENT; 
OR "10417774" OR "20180185125" IBM_TDB 
OR "10342645" OR "20170325910" 
OR "10685259" OR "20190026598" 
OR "10755409" OR "20190026889" 
OR "20190026894" OR 
"20190125493" OR "20210038324" 
OR "20190046276" OR 
"20190328489" OR "20190026599" 
OR "8126726" OR "20070168152" 
OR "20110269097" OR "8152523" 
OR "20050271996" OR "8021147" 
OR "20180263731" OR "10973611" 
OR "7880751" OR "20070134613" 
OR "20180263733" OR "10828130" 
OR "20200022784" OR 
"20170100212" OR "20180184989" 

OR "20090298017" OR 
"20040029068" OR "20160095668" 
OR "20190269485" OR "8454365" 
OR "20080280247" OR "7905725" 
OR "7717708" OR "8780106" OR 
"10888400" OR "10507087" OR 
"20200205943" OR "20150057983" 
OR "7474307" OR "9622835" OR 
"20170258420" OR "20070128574" 
OR "10335251" OR "20130325431" 
OR "20100179789" OR 
"20070207437" OR "20170128161" 
OR "8469705" OR "20200188068" 
OR "20040015327" OR 
"20140379356" OR "20140288894" 
OR "7234937" OR "7970628" OR 
"20160051348" OR "20120231421" 
OR "8897902" OR "8113829" OR 
"20070183633" OR "20110184762" 
OR "9208531" OR "7134874" OR 
"8496474" OR "20040110110" OR 
"20130302743" OR "20140180463" 
OR "8562340" OR "8734150" OR 
"20060286501" OR "8105080" OR 
"20150351871") and ( aligner image 
) (dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609")) 

(("20180353263" OR "20170325689" 
OR "10485638" OR "20170325690" 
OR "10779909" OR "20190133717" 
OR "20200360111" OR 
"20180204332" OR "20190026893" 
OR "10206759" OR "20180042698" 
OR "10417774" OR "20180185125" 
OR "10342645" OR "20170325910" 
OR "10685259" OR "20190026598" 
OR "10755409" OR "20190026889" 
OR "20190026894" OR 
"20190125493" OR "20210038324" 
OR "20190046276" OR 
"20190328489" OR "20190026599" 
OR "8126726" OR "20070168152" 
OR "20110269097" OR "8152523" 
OR "20050271996" OR "8021147" 
OR "20180263731" OR "10973611" 
OR "7880751" OR "20070134613" 
OR "20180263733" OR "10828130" 
OR "20200022784" OR 
"20170100212" OR "20180184989" 
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OR "10368814" OR "20190350680" 
OR "20210045843" OR "10413385" 
OR "20070238065" OR 
"20200085535" OR "9492245" OR 
"20180263732" OR "20040197727" 
OR "20200390522" OR "10758322" 
OR "20070099147" OR 
"20200000552" OR "7156655" OR 
"8177551" OR "8465280" OR 
"20080248443" OR "9211166" OR 
"20110270588" OR "20010002310" 
OR "20090298017" OR 
"20040029068" OR "20160095668" 
OR "20190269485" OR "8454365" 
OR "20080280247" OR "7905725" 
OR "7717708" OR "8780106" OR 
"10888400" OR "10507087" OR 
"20200205943" OR "20150057983" 
OR "7474307" OR "9622835" OR 
"20170258420" OR "20070128574" 
OR "10335251" OR "20130325431" 
OR "20100179789" OR 
"20070207437" OR "20170128161" 
OR "8469705" OR "20200188068" 
OR "20040015327" OR 
"20140379356" OR "20140288894" 
OR "7234937" OR "7970628" OR 
"20160051348" OR "20120231421" 
OR "8897902" OR "8113829" OR 
"20070183633" OR "20110184762" 
OR "9208531" OR "7134874" OR 
"8496474" OR "20040110110" OR 
"20130302743" OR "20140180463" 
OR "8562340" OR "8734150" OR 
"20060286501" OR "8105080" OR 
"20150351871") and ( aligner image 
) (dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") ) 

2,617 ("IPCOM WO 16001049 ApriI2921") US-PGPUB; AND OFF 2021/04/29 
or ( "3412245" OR "3412245" OR USPAT; 12:26 
"2020234411" OR "2020216925" OR USOCR; 
"3659545" OR "2016066651" OR FPRS; EPO; 
"3212646" OR "3213293" OR JPO; 
"2016066652" OR "3212115" OR DERWENT; 
"3212113" OR "3212114" OR IBM_TDB 
"2016066650" OR "2017182654" OR 
"3445270" OR "3212113" OR 
"2016066637" OR "2016066654" OR 
"3212116" OR "3212646" OR 

OR "10368814" OR "20190350680" 
OR "20210045843" OR "10413385" 
OR "20070238065" OR 
"20200085535" OR "9492245" OR 
"20180263732" OR "20040197727" 
OR "20200390522" OR "10758322" 
OR "20070099147" OR 
"20200000552" OR "7156655" OR 
"8177551" OR "8465280" OR 
"20080248443" OR "9211166" OR 
"20110270588" OR "20010002310" 
OR "20090298017" OR 
"20040029068" OR "20160095668" 
OR "20190269485" OR "8454365" 
OR "20080280247" OR "7905725" 
OR "7717708" OR "8780106" OR 
"10888400" OR "10507087" OR 
"20200205943" OR "20150057983" 
OR "7474307" OR "9622835" OR 
"20170258420" OR "20070128574" 
OR "10335251" OR "20130325431" 
OR "20100179789" OR 
"20070207437" OR "20170128161" 
OR "8469705" OR "20200188068" 
OR "20040015327" OR 
"20140379356" OR "20140288894" 
OR "7234937" OR "7970628" OR 
"20160051348" OR "20120231421" 
OR "8897902" OR "8113829" OR 
"20070183633" OR "20110184762" 
OR "9208531" OR "7134874" OR 
"8496474" OR "20040110110" OR 
"20130302743" OR "20140180463" 
OR "8562340" OR "8734150" OR 
"20060286501" OR "8105080" OR 
"20150351871") and ( aligner image 
) (dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609")) 

("IPCOM WO 16001049 April2921") 
or ( "3412245" OR "3412245" OR 
"2020234411" OR "2020216925" OR 
"3659545" OR "2016066651" OR 
"3212646" OR "3213293" OR 
"2016066652" OR "3212115" OR 
"3212113" OR "3212114" OR 
"2016066650" OR "2017182654" OR 
"3445270" OR "3212113" OR 
"2016066637" OR "2016066654" OR 
"3212116" OR "3212646" OR 
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"3212116" OR "3212114" OR 
"2016066642" OR "3212115" OR 
"2017144628" OR "3420538" OR 
"2017144934" OR "3179437" OR 
"2018122557" OR "3418968" OR 
"2074582" OR "3562426" OR 
"3418968" OR "2074582" OR 
"3770845" OR "2008046079" OR 
"2010506629" OR "3179437" OR 
"111727022" OR "5362577" OR 
"2004243141" OR "2019040927" OR 
"3672477" OR "3432218" OR 
"2182488" OR "2420974" OR 
"2004267790" OR "2017218040" OR 
"2008018253" OR "3471617" OR 
"2002514125" OR "2018175486" OR 
"3600130" OR "2008046066" OR 
"2004255205" OR "2007190402" OR 
"3563341" OR "2018122553" OR 
"2420974" OR "3620048" OR 
"2005008441" OR "3432219" OR 
"4927602" OR "2014012184" OR 
"4883699" OR "4928396" OR 
"4963280" OR "3432217" OR 
"2011087963" OR "2007330823" OR 
"2007203085" OR "5425054" OR 
"3432267" OR "20200109292" OR 
"2182488" OR "2007181717" OR 
"2005021714" OR "2007084727" OR 
"4459699" OR "2506213" OR 
"2011087964" OR "2007167685" OR 
"1984875" OR "3432267" OR 
"2004098379" OR "111683602" OR 
"3432312" OR "20190107683" OR 
"2918240" OR "2675390" OR 
"2327372" OR "111132607" OR 
"2020048960" OR "1119309" OR 
"2019162164" OR "2014512891" OR 
"2165672" OR "1624823" OR 
"5671734" OR "2015179084" OR 
"5416132" OR "3145411" OR 
"101153054" OR "3530232" OR 
"2012112867" OR "2008046064" OR 
"2004098378" OR "2675390" OR 
"1624823" OR "3620130" OR 
"2289458" OR "3569167" OR 
"2011507613" OR "5959539" OR 
"106572831" OR "20170101284" OR 
"2018504191" OR "2010524529" OR 
"2000019929" OR "1119309" OR 
"111714228" OR "2000019929" OR 
"111655191" OR "20070085092" OR 
"112638312") 

"3212116" OR "3212114" OR 
"2016066642" OR "3212115" OR 
"2017144628" OR "3420538" OR 
"2017144934" OR "3179437" OR 
"2018122557" OR "3418968" OR 
"2074582" OR "3562426" OR 
"3418968" OR "2074582" OR 
"3770845" OR "2008046079" OR 
"2010506629" OR "3179437" OR 
"111727022" OR "5362577" OR 
"2004243141" OR "2019040927" OR 
"3672477" OR "3432218" OR 
"2182488" OR "2420974" OR 
"2004267790" OR "2017218040" OR 
"2008018253" OR "3471617" OR 
"2002514125" OR "2018175486" OR 
"3600130" OR "2008046066" OR 
"2004255205" OR "2007190402" OR 
"3563341" OR "2018122553" OR 
"2420974" OR "3620048" OR 
"2005008441" OR "3432219" OR 
"4927602" OR "2014012184" OR 
"4883699" OR "4928396" OR 
"4963280" OR "3432217" OR 
"2011087963" OR "2007330823" OR 
"2007203085" OR "5425054" OR 
"3432267" OR "20200109292" OR 
"2182488" OR "2007181717" OR 
"2005021714" OR "2007084727" OR 
"4459699" OR "2506213" OR 
"2011087964" OR "2007167685" OR 
"1984875" OR "3432267" OR 
"2004098379" OR "111683602" OR 
"3432312" OR "20190107683" OR 
"2918240" OR "2675390" OR 
"2327372" OR "111132607" OR 
"2020048960" OR "1119309" OR 
"2019162164" OR "2014512891" OR 
"2165672" OR "1624823" OR 
"5671734" OR "2015179084" OR 
"5416132" OR "3145411" OR 
"101153054" OR "3530232" OR 
"2012112867" OR "2008046064" OR 
"2004098378" OR "2675390" OR 
"1624823" OR "3620130" OR 
"2289458" OR "3569167" OR 
"2011507613" OR "5959539" OR 
"106572831" OR "20170101284" OR 
"2018504191" OR "2010524529" OR 
"2000019929" OR "1119309" OR 
"111714228" OR "2000019929" OR 
"111655191" OR "20070085092" OR 
"112638312") 
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L19 0 ( "3412245" OR "3412245" OR US-PGPUB; AND ON 2021/04/29 
"2020234411" OR "2020216925" OR USPAT; 12:32 
"3659545" OR "2016066651" OR USOCR; 
"3212646" OR "3213293" OR FPRS; EPO; 
"2016066652" OR "3212115" OR PO; 
"3212113" OR "3212114" OR DERWENT; 
"2016066650" OR "2017182654" OR IBM_TDB 
"3445270" OR "3212113" OR 
"2016066637" OR "2016066654" OR 
"3212116" OR "3212646" OR 
"3212116" OR "3212114" OR 
"2016066642" OR "3212115" OR 
"2017144628" OR "3420538" OR 
"2017144934" OR "3179437" OR 
"2018122557" OR "3418968" OR 
"2074582" OR "3562426" OR 
"3418968" OR "2074582" OR 
"3770845" OR "2008046079" OR 
"2010506629" OR "3179437" OR 
"111727022" OR "5362577" OR 
"2004243141" OR "2019040927" OR 
"3672477" OR "3432218" OR 
"2182488" OR "2420974" OR 
"2004267790" OR "2017218040" OR 
"2008018253" OR "3471617" OR 
"2002514125" OR "2018175486" OR 
"3600130" OR "2008046066" OR 
"2004255205" OR "2007190402" OR 
"3563341" OR "2018122553" OR 
"2420974" OR "3620048" OR 
"2005008441" OR "3432219" OR 
"4927602" OR "2014012184" OR 
"4883699" OR "4928396" OR 
"4963280" OR "3432217" OR 
"2011087963" OR "2007330823" OR 
"2007203085" OR "5425054" OR 
"3432267" OR "20200109292" OR 
"2182488" OR "2007181717" OR 
"2005021714" OR "2007084727" OR 
"4459699" OR "2506213" OR 
"2011087964" OR "2007167685" OR 
"1984875" OR "3432267" OR 
"2004098379" OR "111683602" OR 
"3432312" OR "20190107683" OR 
"2918240" OR "2675390" OR 
"2327372" OR "111132607" OR 
"2020048960" OR "1119309" OR 
"2019162164" OR "2014512891" OR 
"2165672" OR "1624823" OR 
"5671734" OR "2015179084" OR 
"5416132" OR "3145411" OR 
"101153054" OR "3530232" OR 
"2012112867" OR "2008046064" OR 

( "3412245" OR "3412245" OR 
"2020234411" OR "2020216925" OR 
"3659545" OR "2016066651" OR 
"3212646" OR "3213293" OR 
"2016066652" OR "3212115" OR 
"3212113" OR "3212114" OR 
"2016066650" OR "2017182654" OR 
"3445270" OR "3212113" OR 
"2016066637" OR "2016066654" OR 
"3212116" OR "3212646" OR 
"3212116" OR "3212114" OR 
"2016066642" OR "3212115" OR 
"2017144628" OR "3420538" OR 
"2017144934" OR "3179437" OR 
"2018122557" OR "3418968" OR 
"2074582" OR "3562426" OR 
"3418968" OR "2074582" OR 
"3770845" OR "2008046079" OR 
"2010506629" OR "3179437" OR 
"111727022" OR "5362577" OR 
"2004243141" OR "2019040927" OR 
"3672477" OR "3432218" OR 
"2182488" OR "2420974" OR 
"2004267790" OR "2017218040" OR 
"2008018253" OR "3471617" OR 
"2002514125" OR "2018175486" OR 
"3600130" OR "2008046066" OR 
"2004255205" OR "2007190402" OR 
"3563341" OR "2018122553" OR 
"2420974" OR "3620048" OR 
"2005008441" OR "3432219" OR 
"4927602" OR "2014012184" OR 
"4883699" OR "4928396" OR 
"4963280" OR "3432217" OR 
"2011087963" OR "2007330823" OR 
"2007203085" OR "5425054" OR 
"3432267" OR "20200109292" OR 
"2182488" OR "2007181717" OR 
"2005021714" OR "2007084727" OR 
"4459699" OR "2506213" OR 
"2011087964" OR "2007167685" OR 
"1984875" OR "3432267" OR 
"2004098379" OR "111683602" OR 
"3432312" OR "20190107683" OR 
"2918240" OR "2675390" OR 
"2327372" OR "111132607" OR 
"2020048960" OR "1119309" OR 
"2019162164" OR "2014512891" OR 
"2165672" OR "1624823" OR 
"5671734" OR "2015179084" OR 
"5416132" OR "3145411" OR 
"101153054" OR "3530232" OR 
"2012112867" OR "2008046064" OR 
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"2004098378" OR "2675390" OR 
"1624823" OR "3620130" OR 
"2289458" OR "3569167" OR 
"2011507613" OR "5959539" OR 
"106572831" OR "20170101284" OR 
"2018504191" OR "2010524529" OR 
"2000019929" OR "1119309" OR 
"111714228" OR "2000019929" OR 
"111655191" OR "20070085092" OR 
"112638312") and ( aligner image ) 
(dentition image) and ((acquisition or 
acqui$4 or obtain$4) ( image ) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

(dentition image) ( aligner image ) 
((acquisition or acqui$4 or obtain$4) 
( image ) ) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

(dentition image) ( aligner image ) 
((acquisition or acqui$4 or obtain$4) 
( image ) ) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) ( aligner image ) (dentition 
image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) 
( patient or person) ) (orthodo$4 
aligne$4) and (@ad < "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) and ( acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) and (@ad < "20170609") 

( ( threshold$4) (emission or 
output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) (@ad < 
"20170609") 

US-PGPUB; AND ON 2021/04/29 
USPAT; 12:33 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; SAME ON 2021/04/29 
USPAT; 12:33 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; AND ON 2021/04/29 
USPAT; 12:34 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; AND ON 2021/04/29 
USPAT; 12:34 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; SAME ON 2021/04/29 
USPAT; 12:36 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

"2004098378" OR "2675390" OR 
"1624823" OR "3620130" OR 
"2289458" OR "3569167" OR 
"2011507613" OR "5959539" OR 
"106572831" OR "20170101284" OR 
"2018504191" OR "2010524529" OR 
"2000019929" OR "1119309" OR 
"111714228" OR "2000019929" OR 
"111655191" OR "20070085092" OR 
"112638312") and ( aligner image ) 
(dentition image) and ((acquisition or 
acqui$4 or obtain$4) ( image ) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

(dentition image) ( aligner image) 
((acquisition or acqui$4 or obtain$4) 
(image)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

(dentition image) ( aligner image) 
((acquisition or acqui$4 or obtain$4) 
(image)) (orthodo$4 aligne$4) and 
(@ad < "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) ( aligner image) (dentition 
image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) 
( patient or person) ) ( orthodo$4 
aligne$4) and (@ad < "20170609") 

( ("20140120488" or "20080050692" 
or "20160128803" or "20030124480" 
) ) and ( acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or 
person) and (@ad < "20170609") 

( ( threshold$4) (emission or 
output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) (@ad < 
"20170609") 
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L46 5 ((US-20170086943-$ or US- US-PGPUB; AND OFF 2021/04/29 
20180036100-$ or US-20140120488- USPAT; 12:47 
$ or US-20080050692-$ or US- USOCR; 
20090113714-$ or US-20190125493- FPRS; EPO; 
$).did.) and ( aligner image ) JPO; 
(dentition image) ( teeth) and DERWENT; 
((acquisition or acqui$4 or obtain$4) IBM_TDB 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

4/29/2021 12:49:23 PM 
C:\Users\mpatel4\Documents\EAST\Workspaces\App - 16001049 - evaluating orthodontic aligner.wsp 

((US-20170086943-$ or US-
20180036100-$ or US-20140120488-
$ or US-20080050692-$ or US-
20090113714-$ or US-20190125493-
$).did.) and ( aligner image) 
(dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) 
( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (@ad < 
"20170609") 

4/29/2021 12:49:23 PM 
C:\Users\mpatel4\Documents\EAST\Workspaces\App - 16001049 - evaluating orthodontic aligner.wsp 
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("370"/$).ccls. or ("1"/$).ccls. or ("60T/$).ccls. 
or ("250"/$).ccls. or ("351"/$).ccls. Or 
("356"/$).ccls. or ("324"/$).ccls. or 
("713"/$).ccls. or ("335"/$).ccls. or 
("707"/$).ccls. or ("335"/$).ccls. or 
("706"/$).ccls. ) and ( ( (acquisition or acqui$4 
or obtain$4) ( image teeth ) ( patient or 
person) ) (orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4) ) .clm. 

L25 2 ( (G06K$ or G06Q$ or G06F$ or G06N$ or 
G06T$ or G05D$ or G08B$ or G09G$ or G07C$ 
or G07D$ or G07G$ or G06F$ or G06T$ or 
G01C$ or G01R$ or B60R$ or B60D$ or B62D$ 
or B60T$ or B06W$ or A61B$ or A61C$ or 
G16H$ or H04W$ or H04L$ or H04B$ or H04M$ 
or H04N$ or H04Q$ or H043$ ).CPC. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) (orthodo$4 
aligne$4) and (threshold or distan$4 or scor$4) 
) .clm. 

L32 3 

L30 2 

( ( threshold$4) (emission or output$4 or 
report$4 or output) ) (orthodo$4 aligne$4) 
.clm. 

( (Robotic or robot$4) or ( Artificial with 
Intelligence) or (neural with network) or 
(Fuzzy) or (semantic or segmentation) or ( 
pixel$1 ) or (training or testing ) or ( 
autonomous ) or (track$4 ) or (machine with 
learning) ) and ( ( (acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) and (threshold or 
distan$4 or scor$4) ) .clm. 

L35 1 ( (interior or exterior ) AND (conversion or 
convert$4) ) AND ( aligner image ) (dentition 
image) ( teeth) and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) .clm. 

L34 1 ( ( comparison or compar$4 or compared) ( 
score$4 or weight$4) ( threshold$4) (emission 
or output$4 or report$4 or output) ) and (( 
image$4 teeth ) and ( patient or person) ) and 
(orthodo$4 aligne$4) .clm. 

DBs Default Plurals Time 
Operator Stamp 

US- SAME ON 2021/04/29 
PGPUB; 12:35 
USPAT 

US- SAME ON 2021/04/29 
PGPUB; 12:35 
USPAT 

US- SAME ON 2021/04/29 
PGPUB; 12:37 
USPAT 

US- SAME ON 2021/04/29 
PGPUB; 12:37 
USPAT 

US- SAME ON 2021/04/29 
PGPUB; 12:38 
USPAT 

US- SAME ON 2021/04/29 
PGPUB; 12:38 
USPAT 

EAST Search History 

EAST Search History (Interference) 

( ("382"/$).cels. or ("455"/$).cels. or 
("370"/$).cels. or ("l"/$).cels. or ("600"/$).cels. 
or ("250"/$).cels. or ("351"/$).cels. Or 
("356"/$).cels. or ("324"/$).cels. or 
("713"/$).cels. or ("335"/$).cels. or 
("707"/$).cels. or ("335"/$).cels. or 
("706"/$).cels. ) and ( ( (acquisition or acqui$4 
or obtain$4) ( image teeth ) ( patient or 
person)) (orthodo$4 aligne$4) and (threshold 
or distan$4 or scor$4) ) .elm. 

( (G06K$ or G06Q$ or G06F$ or G06N$ or 
G06T$ or G0SD$ or G08B$ or G09G$ or G07C$ 
or G07D$ or G07G$ or G06F$ or G06T$ or 
G01C$ or G01R$ or B60R$ or B60D$ or B62D$ 
or B60T$ or B06W$ or A61B$ or A61C$ or 
G16H$ or H04W$ or H04L$ or H048$ or H04M$ 
or H04N$ or H04Q$ or H04J$ ).CPC. ) and ( ( 
(acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) ( orthodo$4 
aligne$4) and (threshold or distan$4 or scor$4) 
) .elm. 

telligence) or (neural with network) or 
uzzy) or (semantic or segmentation) or ( 

ixel$1 ) or (training or testing ) or ( 
utonomous) or (track$4) or (machine with 
arning) ) and ( ( (acquisition or acqui$4 or 
btain$4) ( image teeth ) ( patient or person) 
rthodo$4 aligne$4) and (threshold or 

( (interior or exterior) AND (conversion or 
convert$4)) AND ( aligner image) (dentition 
image) ( teeth) and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) .elm. 

( ( comparison or compar$4 or compared) ( 
score$4 or weight$4) ( threshold$4) (emission 
or output$4 or report$4 or output) ) and (( 
image$4 teeth ) and ( patient or person) ) and 
(orthodo$4 aligne$4) .elm. 
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L33 4 (dentition image) ( aligner image ) ((acquisition US- SAME ON 2021/04/29 
or acqui$4 or obtain$4) ( image ) ) (orthodo$4 
aligne$4) .clm. 

PGPUB; 
USPAT 

12:38 

L38 3 ( aligner image ) (dentition image) ( teeth) and US- SAME ON 2021/04/29 
((acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) (orthodo$4 
aligne$4) .clm. 

PGPUB; 
USPAT 

12:40 

L36 3 ( ( scor$4 or weight$4) ( threshold$4) US- SAME ON 2021/04/29 
(emission or output$4 or report$4 or output) ) 
and (orthodo$4 aligne$4) .clm. 

PGPUB; 
USPAT 

12:40 

L40 2 ( (conversion or convert$4) ) AND ( aligner US- SAME ON 2021/04/29 
image ) (dentition image) ( teeth) and PGPUB; 12:41 
((acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) (orthodo$4 
aligne$4) .clm. 

USPAT 

L41 8 ( (acquisition or acqui$4 or obtain$4) ( image US- SAME ON 2021/04/29 
teeth ) ( patient or person) ) (orthodo$4 
aligne$4) .clm. 

PGPUB; 
USPAT 

12:42 

L44 1 ( ( comparison or compar$4 or compared) ( US- SAME ON 2021/04/29 
score$4 or weight$4) ( threshold$4) (emission 
or output$4 or report$4 or output) ) and (( 
image$4 teeth ) and ( patient or person) ) and 

PGPUB; 
USPAT 

12:43 

(orthodo$4 aligne$4) .clm. 

L43 1 ( (interior or exterior ) AND (conversion or US- SAME ON 2021/04/29 
convert$4) ) AND ( aligner image ) (dentition 
image) ( teeth) and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or person) ) 

PGPUB; 
USPAT 

12:43 

(orthodo$4 aligne$4) .clm. 

L45 2 ( (G16H50/50 OR G16H50/20 OR G16H10/60 US- SAME ON 2021/04/29 
OR G16H30/40 OR G16H50/30 OR G16H50/70 PGPUB; 12:44 
OR G16H20/40 OR G16H30/20 OR G16H40/63 USPAT 
OR G16H80/00 OR B33Y80/00 OR B33Y50/00 
OR A61N2005/0606 OR A61N2005/0627 OR 
A61N2005/0629 OR A61N2005/0632 OR 
A61N2005/0633 OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 OR 
A61N2005/0653 OR A61N2005/0659 OR 
A61N2005/0662 OR A61N5/06 OR A61N5/0603 
OR A61N5/0625 OR A61N2005/0626 OR 
A61N2005/0628 OR A61N2005/0635 OR 
A61N2005/0643 OR A61N5/0613 OR 
A61N5/103 OR A61N5/1048 OR G06T17/00 OR 
G06T2207/30004 OR G06T2207/30036 OR 
G06T2210/41 OR G06T7/33 OR G06T7/73 OR 
G06T7/0012 OR G06T7/251 OR G06T7/55 OR 
A61B5/742 OR A61B1/00009 OR A61B1/32 OR 
A61B2576/02 OR A61B5/0088 OR A61B5/064 
OR A61B6/032 OR A61B6/14 OR A61B5/4547 
OR G06F2216/03 OR G06F19/00 OR 
G06F19/3481 OR G06F19/3418 OR 

( (conversion or convert$4)) AND ( aligner 
image) (dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) ( orthodo$4 
aligne$4) .elm. 

( ( comparison or compar$4 or compared) ( 
score$4 or weight$4) ( threshold$4) (emission 
or output$4 or report$4 or output) ) and (( 
image$4 teeth ) and ( patient or person) ) and 
(orthodo$4 aligne$4) .elm. 

( (interior or exterior ) AND ( conversion or 
convert$4)) AND ( aligner image) (dentition 
image) ( teeth) and ((acquisition or acqui$4 or 
obtain$4) ( image teeth ) ( patient or person) ) 
(orthodo$4 aligne$4) .elm. 

( (G16H50/50 OR G16H50/20 OR G16H10/60 
OR G16H30/40 OR G16H50/30 OR G16H50/70 
OR G16H20/40 OR G16H30/20 OR G16H40/63 
OR G16H80/00 OR B33Y80/00 OR B33Y50/00 
OR A61N2005/0606 OR A61N2005/0627 OR 
A61N2005/0629 OR A61N2005/0632 OR 
A61N2005/0633 OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 OR 
A61N2005/0653 OR A61N2005/0659 OR 
A61N2005/0662 OR A61NS/06 OR A61NS/0603 
OR A61NS/0625 OR A61N2005/0626 OR 
A61N2005/0628 OR A61N2005/0635 OR 
A61N2005/0643 OR A61NS/0613 OR 
A61NS/103 OR A61NS/1048 OR G06T17/00 OR 
G06T2207 /30004 OR G06T2207 /30036 OR 
G06T2210/41 OR G06T7/33 OR G06T7/73 OR 
G06T7/0012 OR G06T7/251 OR G06T7/55 OR 
A61BS/742 OR A61Bl/00009 OR A61Bl/32 OR 
A61B2576/02 OR A61BS/0088 OR A61BS/064 
OR A61B6/032 OR A61B6/14 OR A61BS/4547 
OR G06F2216/03 OR G06F19/00 OR 
G06F19/3481 OR G06F19/3418 OR 
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G06F19/3425 OR G06F19/3437 OR G06F30/20 
OR A61F2002/30953 OR G06K2209/05 OR 
G06K9/00214 OR G06K9/00 OR G06K9/6202 
OR G06Q10/06 OR G09B23/28 OR G0133/00 
OR G0133/508 OR G0133/52).CPC. ) and ( 
aligner image ) (dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) (orthodo$4 
aligne$4) .clm. 

( (A61C7/002 OR A61C7/08 OR A61C9/0053 US- SAME ON 2021/04/29 
OR A61C7/00 OR A61C7/14 OR A61C7/16 OR PGPUB; 12:49 
A61C13/0022 OR A61C2007/004 OR A61C7/02 USPAT 
OR A61C7/12 OR A61C7/145 OR A61C7/146 
OR A61C7/18 OR A61C7/20 OR A61C9/0046 
OR A61C13/0004 OR A61C13/0019 OR 
A61C19/006 OR A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR A61C2201/007 
OR A61C2203/00 OR A61C7/36 OR A61C9/00 
OR A61C9/004 OR G16H50/20 OR G16H50/50 
OR G16H50/70 OR G16H10/60 OR G16H30/40 
OR G16H30/20 OR G16H50/30 OR G16H15/00 
OR G16H20/40 OR G16H70/20 OR G16H80/00 
OR G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR G06T17/00 OR 
G06T2207/30036 OR G06T2210/41 OR 
G06T2207/10028 OR G06T2207/30004 OR 
G06T7/254 OR G06T7/33 OR G06T7/73 OR 
A61B1/00009 OR A61B1/24 OR A61B2576/02 
OR A61B1/00011 OR A61B1/00039 OR 
A61B1/04 OR A61B1/32 OR A61B2090/367 OR 
A61B5/0013 OR A61B5/0022 OR A61B5/0077 
OR A61B5/0088 OR A61B5/064 OR 
A61B5/4542 OR A61B5/4547 OR A61B5/742 
OR A61B5/745 OR A61B6/032 OR A61B6/14 
OR A61N2005/0606 OR A61N2005/0626 OR 
A61N2005/0627 OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 OR 
A61N2005/0633 OR A61N2005/0635 OR 
A61N2005/0643 OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 OR 
A61N2005/0653 OR A61N2005/0659 OR 
A61N2005/0662 OR A61N5/06 OR A61N5/0603 
OR A61N5/0613 OR A61N5/0625 OR 
A61N5/103 OR A61N5/1048 OR 
A61F2002/30953 OR G06K2209/05 OR 
G06K2209/055 OR G06K9/00214 OR 
G06K9/6267 OR G06N20/00 OR G06N3/02 OR 
G06N5/003 OR G06N7/005 OR 
G06Q10/06).CPC. ) and ( ( aligner image ) 
(dentition image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) ( patient 
or person) ) (orthodo$4 aligne$4)) .clm. 

G06F19/3425 OR G06F19/3437 OR G06F30/20 
OR A61F2002/30953 OR G06K2209/05 OR 
G06K9/00214 OR G06K9/00 OR G06K9/6202 
OR G06Q10/06 OR G09B23/28 OR G01J3/00 
OR G01J3/508 OR G01J3/52).CPC. ) and ( 
aligner image) (dentition image) ( teeth) and 
((acquisition or acqui$4 or obtain$4) ( image 
teeth ) ( patient or person) ) ( orthodo$4 
aligne$4) .elm. 

( (A61C7/002 OR A61C7/08 OR A61C9/0053 
OR A61C7/00 OR A61C7/14 OR A61C7/16 OR 
A61C13/0022 OR A61C2007/004 OR A61C7/02 
OR A61C7/12 OR A61C7/145 OR A61C7/146 
OR A61C7/18 OR A61C7/20 OR A61C9/0046 
OR A61C13/0004 OR A61C13/0019 OR 
A61C19/006 OR A61C19/04 OR A61C19/06 OR 
A61C19/066 OR A61C19/10 OR A61C2201/007 
OR A61C2203/00 OR A61C7/36 OR A61C9/00 
OR A61C9/004 OR G16H50/20 OR G16H50/50 
OR G16H50/70 OR G16H10/60 OR G16H30/40 
OR G16H30/20 OR G16H50/30 OR G16H15/00 
OR G16H20/40 OR G16H70/20 OR G16H80/00 
OR G06F2216/03 OR G06F19/00 OR 
G06F16/95 OR G06F30/20 OR G06T17/00 OR 
G06T2207/30036 OR G06T2210/41 OR 
G06T2207/10028 OR G06T2207/30004 OR 
G06T7 /254 OR G06T7 /33 OR G06T7 /73 OR 
A61Bl/00009 OR A61Bl/24 OR A61B2576/02 
OR A61Bl/00011 OR A61Bl/00039 OR 
A61Bl/04 OR A61Bl/32 OR A61B2090/367 OR 
A61BS/0013 OR A61BS/0022 OR A61BS/0077 
OR A61BS/0088 OR A61BS/064 OR 
A61BS/4542 OR A61BS/4547 OR A61BS/742 
OR A61BS/745 OR A61B6/032 OR A61B6/14 
OR A61N2005/0606 OR A61N2005/0626 OR 
A61N2005/0627 OR A61N2005/0628 OR 
A61N2005/0629 OR A61N2005/0632 OR 
A61N2005/0633 OR A61N2005/0635 OR 
A61N2005/0643 OR A61N2005/0647 OR 
A61N2005/0651 OR A61N2005/0652 OR 
A61N2005/0653 OR A61N2005/0659 OR 
A61N2005/0662 OR A61NS/06 OR A61NS/0603 
OR A61NS/0613 OR A61NS/0625 OR 
A61NS/103 OR A61NS/1048 OR 
A61F2002/30953 OR G06K2209/05 OR 
G06K2209/055 OR G06K9/00214 OR 
G06K9/6267 OR G06N20/00 OR G06N3/02 OR 
G06NS/003 OR G06N7/005 OR 
G06Q10/06).CPC. ) and ( ( aligner image ) 
(dentition image) ( teeth) and ((acquisition or 
acqui$4 or obtain$4) ( image teeth ) ( patient 
or person)) (orthodo$4 aligne$4)) .elm. 
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L49 4 ("2014012048W or "20170100214" or US- AND ON 2021/04/29 
"20080050692" or "20160128803" or PGPUB; 12:50 
"20030124480" or "20100068672" ) and ( 
distances or space or gap or length) (pixel$4 or 
image) .clm. 

USPAT 

L48 1 ((interior exterior outlines) (dentition aligner US- AND ON 2021/04/29 
images) ) .clm. PGPUB; 12:50 

USPAT 

4/29/2021 12:51:50 PM 
C:\Users\mpatel4\Documents\EAST\Workspaces\App - 16001049 - evaluating orthodontic aligner.wsp 

("20140120488" or "20170100214" or 
"20080050692" or "20160128803" or 
"20030124480" or "20100068672" ) and ( 
distances or space or gap or length) (pixel$4 or 
image) .elm. 

4/29/202112:51:50 PM 
C:\Users\mpatel4\Documents\EAST\Workspaces\App - 16001049 - evaluating orthodontic aligner.wsp 
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acquisition of at least one two-dimensional image... - Google Scholar Page 1 of 1 

Conference/Symposium-Medical Simulation and Image-Guided Surgery Special 
Sessions for the Society of Photo-Optical Instrumentation Engineers 
RL Galov,,ay jr - 2001
... We had hoped to get at least 20 abstracts so we could fill one day of the meeting, we received 
more than 90 ... to use marker-based registration must be made before acquisition. For this reason, 
marker ... The reason that images of a patient are acquired in multiple ... 
* 'fitted by I Related articies 

Design of patient-specific ankle-foot orthotics 
Ao c K , Caestone 2007 researchg l-,).net 
... reaction forces of normal gait (Figure 5) distributed over time is shown for one walking cycle ... It 
is an excellent representation of the industry standard, and parallels units used at Spaulding ... 
2.3.1 - Fixed Bridge Implantation Materialise is a company that was founded in 1990, and ... 

gg Cfted by 6 Related articles All 2 versions 20 

Multimodal images registration constrained by rigid structures with applications 
fine radiotherapy 

thJ Bos d'Ajscne 2005 - Giesec 
... The original prototype took hours to acquire a slice and more than one day to reconstruct it using 
the inverse transformation proposed by Radon ... The axis of acquisition can also be important ... 
acquired with different modalities: Images of a same scene acquired with different ... 
• 99 Related articles All 4 versions SO 

Using Doppler Ultrasound for Diagnosing and Staging of Rhinosinusitus-
Implementation on a Clinicai Scanner 
D S P den 2012 - 
... 2.5.1 C++ vs Java ... but are not limited to, B-mode images, RF-data (raw format data) and FFT (fast 
fourier transform) sequences acquired from the ... This is due to one being available at the 
Department of Electrical Measurements, Lund Institute of Technology, and the possi- bility of ... 
• 99 Related articles All 4 versions 14).

DESIGN OF PATIENT SPECIFIC ANKLE-FOOT ORTHOTICS ME 701-702 
Final Paper 

... The transducers will acquire an image of the residual limb of an amputee ... In order 
to switch out resins it would have to be offline for at least a week ... The lead time to 
create one part was 1-3 days and manufacturing cost was high ... 
* 99 Related articles tO 
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I Method of evaluating an orthodontic aligner 

Is method for evaivating tie shape of an orthodontic aligner wom by a patient. Acquisition o€ at ieast one two-

dimensionai image et teeth of the patent as "updated image." At east one updated image as 5aiigner image." at 

least partially representing the aligner in a service position. At least ore.. 

CURRENT ASSIGNEES: DEN3A!. mONITOR:NG SA!. 
US201803S3263 ! VS APPEICAT:ONS ! 15•DEC-2O1R 

2. Process for evaluating an orthodontic splint 

The irwerition relates to a m•--0,-sti for evaluating the shape of an orthodontic gutter carded by a patent. said 

method comprising the foiiowing steps: l; acquisition of at least one two- dirriensionai image of teeth of said 

patient calied "updated im Age. under at least.. 

CURRENT ASSIGNEES: DENTAL NICkiii0FING!.AS 
EP341224Set ! £PO MINTS ! 22-IAN-2420 

Method for evaluating an orthodontic gutter 

The invention reiates to a method for evaluating the shape ...if an orthodontic guttr:r saiiied by a patient, said 

method comprising the toiiowing steps. 1) acquisition of at least one two-climenSicinal image of teeth of said 

patient. f.:3;ied "qr.rdaff:d image", under conditions o€ actual acquisition, at... 

CURRENT ASS:EiNEES: LICNTAL mehaToPiNci SAL 
FRO,S7242A1 ! FRANCE APPLICATIONS ! I4•DEC•201I: 

5, Method for evaluating an orthodontic splint 

The invention relates to a method for evaluating the shape of an orthodontic gutter carried by a patent. said 

method comprising the foiiowing steps: 1) acquisition of at ieast one two-dimensional image of teeth of said 

patient. calied "updated image. under actual acquisition conditions, at least.. 

CURRENT ASSIGNEES' DENTAL MONIIOR:NG. LAS 
EP341224SA1 ! EPO APPLICATIONS i12-DEC-2018 

Method for evaluating an orthodontic gutter 

The invention :views to a method for evaluating the shape o€ ari orthodontic gutter canied by a patient, said 

method Pon:wising the foilowing steps. 1) acquisition of at least one two-dimr:nskiriai of :v.*, o€ said 

patient. calied "updated image, under actual acquisition coed urns, at ;east.. 
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PART B FIE(S) TRANSMITTAL 

Complete and send this form, together with the applicable fee(s), by mail or fax, or via EFS-Web. 
By mail, send to: Mail Stop ISSUE FEE 

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

By fax. send to: (571) 273-2885 

INSTRUCTIONS: This %lin should be used Ear transnitting the ISSUE FEE and PUBLICATION FEE (ifrequired). Blocks 1 through 5 should be comp leted where appropriate 
All further correspondence including the Patent, advance orders and notification of maintenance fees will be ladled to the current correspondence address as indicated unless 
corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate " FEE ADDRESS" for maintenance fee 
notifications. 

C'OP.12 1.:SPONDIINCE ADDRESS (Note: Use Block 1 for any Chasw. ofaci dress) 

108676 7590 05/05/2021 

Ronald M. Kachmarik 
Cooper Legal Group LLC 
6505 Rockside Rd. 
Suite 330 
Independence, OH 44131 

Note: A certificate of mailing can only be used Sr domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used %r any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, mist 
have its own certificate of mailing or transnission. 

Certificate of Mailing or Transmission 
I hereby certify that this Few) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmittal to de 
USPTO via EFS-Web or by Eicsitnile to (57 I )273-2885, on the date below. 

IAmy Ansbro (Typed orpriMed rem) 

/Amy Ansbro/ 

August 4, 2021 

(Signature) 

(Date) 

APPLICATION NO !MING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO 

16/001,049 06/06/2018 Philippe SALAH N&P-51411 8141 

TITLE OF INVENTION: METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

TYPE EN II rY'sTATUs ISSUE 11E-DOE PUBLICATION FEE DUE PREY. PAID ISS1,c -TOTAL 

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/0512021 

EXAMINER 

PATEL, MAHENDRA R 2645 
("Ass- sunc.Ass 
382-128000 

1. Change of correspondence address or indication of
Address" (37 CFR 1.363) 

O Change of correspondence address (or Change of 
Correspondence Address form PT3/SB/ 122) attached. 

O " Fee Address" indication (or "Fee Address" Indication 
tiann PIO/SB/47; Rev 03-09 or more recent) 
attached. Use of a Customer Number is required. 

2. For printing on the patent front page, list 

(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single fi nn (having as a member 
a registered attorney or agent) and the names of 
up to 2 registered patent attorneys or agents. If 
no name is listed, no name will be printed. 

I. Cooper Legal Group, LLC 

2. Ronald M. Kachrnarik 

3. ASSIGNEE NAME AND RESIDENCE DATA 1O BE PRINTED ON THE PAlENT(pnnt or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Ifan assignee is identified below, the document must have been 
previously recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion ofthis form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

DENTAL MONITORING 

(B) RESIDENCE: (CITY and STATE or COUN1RY) 

PARIS, FRANCE 

P lease check the appropriate assignee category or categories (will not be printed on the patent): 0 Individual Corporation or other private group entity O Government 

4a. Fees Submitted: Ellssue Fee ❑ PublicationFee (ifrequired) 0 Advance Order- # of Copies 

4b. Method of Payment (Please first reapph, any previously paid fee shown above): 

0 Electronic Payment via EFS-Web DEnclosed check 0 Non-electronic payment by credit card (Attach Srm P10-2038) 

El The Director is hereby authorized to charge the required ke(s), any deficiency, or credit any overpayment to Deposit Account No. _ 5(15°88

5. Change of Entity Status (from status indicated above) 

o Applicant certifying micro entity status. See 37 CFR 1.29. 

❑ Applicant asserting small entity status. See 37 CFR 1.27. 

❑ Applicant changing to regular undiscounted tee status. 

NOTE: Absent a valid Certification ()Micro Entity Status (see Earns PTO/SB/15A and I56), issue fee 
payment in the micro entity amount will not be accepted at the risk ofapplication abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken as 
a notification of loss of entitlement to micro entity status. 

NO1E: Checking this box will be taken as a notification ofloss ofentitlement to snnll or nicro entity 
status, as applicable. 

NOW.: This %rm oust be st tied uz accordance ',viz It CFR 1 .31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /Ronald M. Kachmarik/ 
Typed or printed name Ronald M. Kachmarik 

Date August 4, 2021 
Registration No. 34512 

P701-85 Part B (08-18) Approved br use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Dili cc. U.S. DEPARTMENT OF COMMERCE 

PART B - FEE(S) TRA.NSl\.1ITTAL 

Complete and send this form, together with the applicable fee(s), by mail or fax, or via EFS-Web. 
By mail, send to: Mail Stop ISSUE FEE 

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

By fax. send to: (571) 273-2885 

INS1RTJCTIONS: TI1isform should be used for transmitting the!SSUEFEE andPUBLICA TIONFEE (ifrequired). Blocks l through5 shouldbecorri:,leted where appropriate. 
All farther correspondence including the Patent. advance orders and notification ofrmintenance fees w:dl be rmiled to the current correspondence address as indicated unless 
conccted belo,v or directed othcnvise in Block 1, by (a) spcci!~/lng a ne'.X/ concspondencc address: and/or (b) ind]cating a separate "FEE ADDRESS" for rrnintenancc fee 
notLfication~. 

CTJR,'<.ENT CORRESPONDENCE ADDRESS (Note: Use Block 1 fur any chauge ofaddress) Note: A ccnificatc of rrnihng can only be used for don-cstic rr£ilings of the 
Fce(s) Transwittal. ~n1is certificate cannot be used for any other accorri-rnnying 
papers. Each additional papt:":r, such as an assignn&rH or fnnnl drmving. rrust 
have its o,vn certificate ofnniling or transmission. 

108676 7590 05/05/2021 

Ronald M. Kachmarik 
Cooper Legal Group LLC 
6505 Rockside Rd. 
Suite 330 
Independence, OH 44131 

APPLICATION NO HLINGDATE 

16/001,049 06i06/2018 

Certificate of Mailing or Transmission 
I hereby certir; that this Fee(s) Transmittal is being deposited with the United 
Stales Postal Service with sufficient postage for first class rmil in an envelope 
addressed to the Mail Stop ISSIJE FEE address above, or being transmitted to tile 
IJSPTO via EFS-Web or by fucsimile to (57 l) 2 Ti-2885 on the date below 

Amy Ansbro (Typed orprinted rnrre) 

/Amy Ansbro/ (Signature) 

August 4, 2021 (Date) 

FIRST NAMED INVENTOR ATTO&'\fEY DOC'KET NO CONH&\1AT!ON NO 

Philippe SALAH N&P-51411 8141 

1TIU OF INVENTION METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

APPLN.1YPE ENTirt STATUS ISSUE FEE DUE PUBL! ATkN FEE DUE PREV. PAID ISSUE FEE T TAL !'EE( SI DUE 

non provisional UNDISCOUNTED $1200 

EXAMINER 

PATEL, MAHENDRA R 

1. Change of correspondence address or indication of·' Fee 
Address'' (37 CFR 1.363) 

D Change of correspondence address (or Change of 
Correspondence Address form PTD/SB/122) attached. 

D" Fee Address" indication (or·· Fee Address" Indication 
funn PTO/SB/47; Rev 03-09 ornure recent) 
attached. Use of a Customer Number is required. 

$0.00 $0.00 $1200 08/05/2021 

ART UNIT 

2645 
QASS-SUBCLASS 

382-128000 

2. For printing on the patent front page, list 

(]) The nm:res ofup to 3 registered patent attorneys 
or agents OR, al!cma!ivcly, 

(2) The nmre ofa s]nglefinn(havingasarrenber 
a regi~tered attorney or agent) and the nan-e~ of 
up to 2 registered patent attorneys or agents. If 
no name is listed, no nam: will be printed. 

L Cooper Legal Group, LLC 

2- Ronald M. Kachmarik 

3. ASSIGNEE NAJVIE AND RESIDENCE DATA 10 BE PRIN1ED ON 1HE PA 1ENT (print or!ype) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the parent. Ifan assignee is identlficd bdow, the do current m.1s t have been 
prnviously recorcfod, or J]kd for recordation, as sc! forth in 37 CFR 3.11 and 37 CFR 3.81\a) Corr11letion of!his Ji1rrn is NOT a subs!ituh, for JJ!ing an assignm:nt 

(A) NAME OF ASSIGNEE 

DENTAL MONITORING 
(B) RESIDENCE: (CITY and STATE or COUNTRY) 

PARIS, FRANCE 

Please check the appropriate assignee category or categories (will not be pri,ted on the patent): D Individual [Z] Corporation or other private group entity D Govemrrent 

4a. Fees Submitted: [2]IssueFee D PublicationFee (ifrequired) D Advance Order - # of Copies _ 

4b. I\tiethod of Payrr.ent (Pleasefirsl reappb,' an_v previov.sly paid fee shm1:n above): 

0 Electronic Payn-cntvia EFS-VVeb □Enclosed check D Non-electronic payncnt by credit card (Attach :fbnnPTO-2038) 

[Z] 'Ihe Director is hereby authorized to charge the required fue(s), any deficiency,, or cred1t any overpayn~nt to Deposit Account No. 505088 

5 Change of Entity Status (Jrornstatus indicated above) 

D Applicant certifying micro entity status. See 37 CFR 1.29. 

D Applicant asserting snnH entity status. Sec 3 7 CFR 12 7, 

D Applicant changing to regular undiscounted fee status. 

NO1E: Absent a valid Certification ofMicro Entity Status (see forrns PTO/SB/15A and 15B), issue ree 
payn12nt in the mcro entity aIIDunt w:dl not be accepted at the risk of application abandon~nt. 

NOTE· If the apphcation was previously under micro entity status, checking this box,viH be taken as 
a notification ofloss ofenti!lem:nt to micro entity status. 

NOTE: Checking this box will be taken as a notiiicationofloss ofemitlerrem to srmll or micro entity 
status. as app Ii cab le 

NO'IF:: This form ITT.JS! be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR l.4 fur signature requirenlcnts and ce1tifications. 

Authorized Signature 

Typed or printed naITE 

/Ronald M. Kachmarik/ 

Ronald M. Kachmarik 

PTOL-85 Part B (0S-18) Approved furuse through 0i/3 i/2020 0MB 0651-0033 

Date August 4, 2021 
Registration No. 34512 

U.S. Patent and Tradermrk Office; U.S. DEPARTMENT OF COM1\1ERCE 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget approval before requesting 

most types of information from the public. When OMB approves an agency requestto collect information from the public, OMB (i) provides a 

valid OMB Control Number and expiration date for the agency to display on the instrumentthat will be usedto collect the information and (ii) 

requires the agency to inform the public aboutthe OMB Control Number's legal significancein accordancewith 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain or retaina benefit by the public 

which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U,S.C. 122 and 37 CFR 1.14. This collection is 

estimated to take 30 minutesto complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will 

vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 

reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 

1450, Alexandria, Virginia 22313-1450. DO NOTSEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. 

Box 1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of 
information unless it displays a validOMB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579} requires that you be given certain information in connection with your submission of the attached form 
related to a patent application or patent. Accordingly, pursuantto the requirements of the Act, please be advised that: (1) the general authority 
for the collection ofthis information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for 
which the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or 
examine your submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subjectto the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) 
and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the Department ofJusticeto determine 
whether disclosure ofthese records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or 
administrative tribunal, including disclosuresto opposing counsel in the courseof settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an 
individual, to whom the record pertains, when the individual has requested assistancefrom the Member with respect to the subject 
matter ofthe record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor ofthe Agency having need for the information in 
order to perform a contract. Recipients of information shall be required to comply with the requirements ofthe Privacy Act of 1974, as 
amended, pursuant to 5 U,S.C, 552a(m). 

5. A record related to an international Application filed under the Patent Cooperation Treaty in thissystem of records may be disclosed, as 
a routine use, to the International Bureau ofthe World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review 
(35 U.S,C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, 
during an inspection of records conducted by GSA as part ofthat agency's responsibility to recommend improvements in records 
management practices and progra ms, under authority 0144 U,S.C, 2904 and 2906. Such disclosureshall be made in accordancewith the 
GSA regulations governing inspection of recordsfor this purpose,and any other relevant (i.e., GSAor Commerce) directive.Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant 
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further,a record may be disclosed,subject to the limitations of37 
CFR 1.14, as a routine use, to the public ifthe recordwas filed in an application which becameabandoned or in which the proceedings 
were terminated and which application is referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcernentagency, if the 
USPTO becomes aware of a violation or potentialviolation of law or regulation. 

0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget a pprova I before requesting 

most types of information from the public. When 0MB approves an agency request to collect information from the public, 0MB (i) provides a 

valid 0MB Control Number and expiration date for the agency to display on the instrument that wil! be used to coilect the information and (ii) 

requires the agency to inform the public about the 0MB Control l\Jumber's legal significance in accordance with 5 CFR 1320.5/b). 

The information co!lected by PTOL-85 Part Bis required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public 

which is to file (and by the USPTO to process) an application. Confidentia !ity is governed by 35 U.S.C. 122 and 37 CFR 1.14. This coilection is 

estimated to take 30 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will 

vary depending upon the individua ! case. Any comments on the a mount of time you require to complete this form and/or suggestions for 

reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P .0. Box 

1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P .0. 

Box 1450, Aiexa ndria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons a re required to respond to a co!lection of 

information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission oft he attached form 

related to a pa tent application or patent. Accordingly, pursua ntto the requirements of the Act, please be advised that: (1) the genera I authority 

for the collection of this information is 35 U.S.C. 2(b)(2); (2)furnishingofthe information solicited is voluntary; and (3)the principal purpose for 
which the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 

a pp!ication or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or 
examine yours ubmission, which may res ult in termination of proceedings or abandonment of the application or expiration oft he patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form wi!I be treated confidentially to the extent a !lowed under the Freedom of Information Act (5 U.S.C. 552) 

and the Privacy Act (5 U.S.C 552a ). Records from this system of records may be disclosed to the Department of Justice to determine 

whether disclosure of these records is required by the Freedom of Information Act. 
2. A record from this system ofrecords may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or 

a dmi nistra tive tri buna I, including disclosures to opposing counsel in the course of settlement negotiations. 

3. A record in this system ofrecords may be disclosed, as a routine use, to a Member of Congress submitting a request involving an 

individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject 
matter oft he record. 

4. A record in this system of records may be dis dosed, as a routine use, to a contractor of the Agency having need for the information in 

order to perform a contract. Recipients of information shal! be required to comply with the requirements oft he Privacy Act of 1974, as 

a mended; pursuant to 5 U.S.C. 552a(m). 
5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be dis dosed, as 

a routine use, to the International Bureau of the World ! ntel lectual Property Organization, pursuant to the Patent Cooperation Treaty. 
6. A record in this system of records may be dlsdosed; as a routine use, to a not her fed era I agency for purposes of Nationa ! Security revlevv 

(35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)l. 

7. A record from this system ofrecords may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, 

during an inspection ofrecords conducted by GSA as pa rt of that agency's responsibility to recommend improvements in records 

management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure sha !I be made in accorda ncewith the 
GSA regulations governing inspection of records for this purpose, and any other relevant {i.e., GSA or Commerce) directive.Such 

disclosure shall not be used to make determinations about individuals. 
8. A record from this system of records may be disclosed, as a routine use, to the pub!ic after either publication of the app!ication pursuant 

to 35 U.S.C. 122{b) or issua nee of a patent pursuant to 35 U.S.C. 151. Further, a record may be disciosed, subject to the limitations of37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings 

were terminated and which application is referenced by either a published application, an application open to public inspection or an 

issued patent. 
9. A record from this system ofrecords may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 

USPTO becomes aware ofa violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 16001049 

Filing Date: 06-Jun-2018 

Title of Invention: METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

First Named Inventor/Applicant Name: Philippe SALAH 

Filer: Ronald M. Kachmarik/Amy Ansbro 

Attorney Docket Number: N&P-51411 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111(a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1200 1200 

Electronic Patent Application Fee Transmittal 

Application Number: 16001049 

Filing Date: 06-Jun-2018 

Title of Invention: METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

First Named Inventor/Applicant Name: Philippe SALAH 

Filer: Ronald M. Kachmarik/Amy Ansbro 

Attorney Docket Number: N&P-51411 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1200 1200 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1200 

  

Description 

  
Fee Code 

  
Quantity 

  
Amount 

  
Sub-Total in 

USD(95) 
  

Extension-of-Time: 

  

Miscellaneous: 

  

  Total in USD ($) 1200 

   

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 
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Electronic Acknowledgement Receipt 

EFS ID: 43430751 

Application Number: 16001049 

International Application Number: 

Confirmation Number: 8141 

Title of Invention: METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

First Named Inventor/Applicant Name: Philippe SALAH 

Customer Number: 108676 

Filer: Ronald M. Kachmarik/Amy Ansbro 

Filer Authorized By: Ronald M. Kachmarik 

Attorney Docket Number: N&P-51411 

Receipt Date: 04-AUG-2021 

Filing Date: 06-JUN-2018 

Time Stamp: 23:25:05 

Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1200 

RAM confirmation Number E202184N25343985 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Electronic Acknowledgement Receipt 

EFSID: 43430751 

Application Number: 16001049 

International Application Number: 

Confirmation Number: 8141 

Title of Invention: METHOD OF EVALUATING AN ORTHODONTIC ALIGNER 

First Named Inventor/Applicant Name: Philippe SALAH 

Customer Number: 108676 

Filer: Ronald M. Kachmarik/Amy Ansbro 

Filer Authorized By: Ronald M. Kachmarik 

Attorney Docket Number: N&P-51411 

Receipt Date: 04-AUG-2021 

Filing Date: 06-JUN-2018 

Time Stamp: 23:25:05 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1200 

RAM confirmation Number E202184N25343985 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Number 

Document Description File Name 
File Size(Bytes)/ 
Message Digest 

Multi 
Part /.zip 

Pages 
(if appl.) 

1 Issue Fee Payment (PTO-85B) IssueFeeTransmittal.pdf 

194601 

no 2 
81a9c4c4083611,615633731,109a739c704e 

3d51d 

Warnings: 

Information: 

2 Fee Worksheet (SB06) fee-info.pdf 

38319 

no 2 
Xdb9gebba27110d4k35135Mbac446e2c 

8614 

Warnings: 

Information: 

Total Files Size (in bytes): 232920 

This Acknowledgement Receipt evidences receipt 
characterized by the applicant, and including page 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

on the noted date by the USPTO 
counts, where applicable. 

includes the necessary components 
1.54) will be issued in due 
date of the application. 

35 U.S.C. 371 

of the indicated documents, 
It serves as evidence of receipt similar to a 

for a filing date (see 37 CFR 
course and the date shown on this 

is compliant with the conditions of 35 
acceptance of the application as a 

Filing Receipt, in due course. 

includes the necessary components for 
of the International Application Number 

subject to prescriptions concerning 
establish the international filing date of 

If a new application is being filed and the application 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 
Acknowledgement Receipt will establish the filing 
National Stage of an International Application under 
If a timely submission to enter the national stage of an international application 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating 
national stage submission under 35 U.S.C. 371 will be issued in addition to the 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, 
national security, and the date shown on this Acknowledgement Receipt will 
the application. 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

194601 

1 Issue Fee Payment (PT0-85B) lssueFeeTransmittal.pdf no 2 
81 a9c4c4083b1 b61Sf8373b109a739c704e 

3d51d 

Warnings: 

Information: 
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If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
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the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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