Office de la Proprieté Canadian

CA 2725818 C 2013/12/31

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 725 81 8
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2009/06/02 (51) CLInt./Int.Cl. A67C 73/00(2006.01)

(87) Date publication PCT/PCT Publication Date: 2010/01/21 (72) Inventeurs/Inventors:

(45) Date de délivrance/lssue Date: 2013/12/31
(85) Entree phase nationale/National Entry: 2010/11/25

VIOLANTE, KIMBE
JACKSON, JON, US;
KING, ARLO, US

(86) N° demande PCT/PCT Application No.: US 2009/003351 | (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2010/008435

RLY LOUISE, US;

DENTSPLY INTERNATIONAL INC., US

(30) Priontes/Priorities: 2008/06/02 (US61/130,622); (74) Agent: SMART & BIGGAR

2009/01/23 (US61/205,797)

(54) Titre : PROCEDES DE CONCEPTION D'UNE PROTHESE DENTAIRE PERSONNALISEE A L'AIDE D'IMAGES

NUMERIQUES D'UN PATIENT

(54) Title: METHODS FOR DESIGNING A CUSTOMIZED DENTAL PROSTHESIS USING DIGITAL IMAGES OF A

PATIENT

DENTAL PRACTITIONER {DP)/
PATIENT INTERFACE

DP TAKES DIGITAL e — -

DENTAL PRACTITIONER {DP
SOFTWARE (SW) INTERFACE

PHOTO(S) OF PATIENT’S
FACE,

DP CONSULTS WITH

DP UPLOADS IMAGE(S) INTO
THE SW PROGRAM.

v

SW FORMATS PATIENT
IMAGE(S) TO CORRECT SIZE
AND IDENTIFIES FACIAL
CONTOURS.

y

DP ACCEPTS OR ADJUSTS SW
RECOMMENDATIONS FOR
FOR SIZE AND LOCATION OF
FACIAL CONTQURS.

Y

PATIENT TO SELECT A |« w—— —

TOOTH SHADE GUIDE.

DP CONSULTS WITH PATIENT

SW PROVIDES SHADE GUIDE
OPTIONS WITH DEFAULT
RECOMMENDATION,

v

DP.ENTERS SHADE GUIDE (OR)
ACCEPTS S\‘V DEFAULT,

SW PROVIDES ANTERIOR
MOULD FORM SELECTIONS
WITH DEFAULT
RECOMMENDATION.

v

ON FINAL TOOTH SHADE.

DP ENTERS MOULD FORM (OR)
ACCEPTS SW DEFAULT.

DP ENTERS DESIRED TOOTH

SHADE.

Y

DP CONSULTS WITH PATIENT
ON ANTERIOR TOQTH I

SW PROVIDES ANTERIOR
TOOTH ARRANGEMENT
OPTIONS WITH DEFAULT
RECOMMENDATION,

ARRANGEMENT.

(57) Abréegée/Abstract:

DP ENTERS ANTERIOR TOOTH
ARRANGEMENT (OR) ACCEPTS
SW DEFAULT.

Methods and systems for producing customized dental restoration and prosthesis, particularly denture prescriptions using a
computer software program are provided. In this system, digital photographs of the patient to be fitted with the denture are taken,

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C

OPIC - CIPO 191

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A




CA 2725818 C 2013/12/31

anen 2 25 818
13) C

(57) Abrege(suite)/Abstract(continued):

and the photographs are transferred to the software program. Based on these photographs, the program makes certain
calculations. The program then prompts the dental professional to select the desired materials and structure for the denture. Based
on this Input, the program automatically produces a prescription for the denture. The digital prescription Is sent to a dental
laboratory for making the denture.



wO 2010/008435 A1 | I} 1} V0 0 0 OO0 A R

CA 02725818 2010-11-25

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
21 January 2010 (21.01.2010)

(10) International Publication Number

WO 2010/008435 Al

(81)

(51) International Patent Classification:
A61C 13/00 (2006.01)
(21) International Application Number:
PCT/US2009/003351
(22) International Filing Date:
2 June 2009 (02.06.2009)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
61/130,622 2 June 2008 (02.06.2008) Uus
61/205,797 23 January 2009 (23.01.2009) US
(71) Applicant (for all designated States except US):
DENTSPLY INTERNATIONAL INC. [US/US]; 570

WEST COLLEGE AVENUE, P.O. BOX 872, YORK, PA

17405-0872 (US).

(74)

Inventors; and

Inventors/Applicants (for US only): VIOLANTE KIM-
BERLY LOUISE [US/US]; 3640 SURREY DRIVE,
YORK, PA 17406 (US). JACKSON JON [US/US];
17803 NE 23RD STREET, VANCOUVER, WA 98684

(US). KING ARLO [US/US]; 68 KINGSBRIDGE
DRIVE, LUMBERTON, NJ 08048 (US).

Agents: BIEBER, James, B. et al.; Dentsply Internation-
al Inc., 570, West College Avenue, P.o. Box 872, York,
PA 17405-0872 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,

[Continued on next page]

(54) Title: METHODS FOR DESIGNING A CUSTOMIZED DENTAL PROSTHESIS USING DIGITAL IMAGES OF A PA-

TIENT

FIGURE 1

DENTAL PRACTITIONER (DP)/
PATIENT INTERFACE

DENTAL PRACTITIONER {DP)/
SOFTWARE (SW) INTERFACE

DP TAKES DIGITAL >
PHOTO{(5) OF PATIENT'S

DP UPLOADS IMAGE{S) INTO
THE SW PROGRAM.

FACE.

¥

SW FORMATS PATIENT
IMAGE(S) TO CORRECT SIZE
AND IDENTIFIES FACIAL
CONTOURS.

¥

DP ACCEPTS OR ADJUSTS SW
RECOMMENDATIONS FOR
FOR SIZE AND LOCATION OF
FACIAL CONTOURS,

y

DP CONSULTS WITH
PATIENT TO SELECT A |«
TOOTH SHADE GUIDE.

SW PROVIDES SHADE GUIDE
OPTIONS WITH DEFAULT
RECOMMENDATION.

v

DP ENTERS SHADE GUIDE (OR})
ACCEPTS SW DEFAULT,

\ J

SW PROVIDES ANTERIOR
MOULD FORM SELECTIONS
WITH DEFAULT
RECOMMENDATION.

L ]

DP CONSULTS WITH PATIENT
ON FINAL TOOTH SHADE.

DP ENTERS MQULD FORM (CR)
ACCEPTS SW DEFAULT.

DP ENTERS DESIRED TOOTH
SHADE.

'

SW PROVIDES ANTERIOR
TOOTH ARRANGEMENT
OPTIONS WITH DEFAULT
RECOMMENDATION.

4

DP CONSULTS WITH PATIENT
ON ANTERIOR TOOTH "
| ARRANGEMENT. '

DP ENTERS ANTERIOR TOOTH
ARRANGEMENT (OR) ACCEPTS
SW DEFAULT.

(57) Abstract: Methods and systems for producing cus-
tomized dental restoration and prosthesis, particularly
denture prescriptions using a computer software program
are provided. In this system, digital photographs of the
patient to be fitted with the denture are taken, and the
photographs are transterred to the software program.
Based on these photographs, the program makes certain
calculations. The program then prompts the dental pro-
fessional to select the desired materials and structure for
the denture. Based on this input, the program automati-
cally produces a prescription for the denture. The digital
prescription 1is sent to a dental laboratory for making the
denture.




CA 02725818 2010-11-25

WO 2010/008435 A1 MMM} AW 0 A0 0 A 0 R0 A

SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

UA, UG, US, UZ, VC, VN, ZA, ZM, ZVW. MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),

API (BF, BJ, CF I, CM, GA, GN ML

(84) Designated States (unless otherwise indicated, for every g)/IR, N(E, éN,J:Fg, Zr((j}()}’ CL CM, GA, GR, GQ, GW, ML,

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, Published:
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

— 'th international h t (Art. 21(3
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, with international search report (Art. 21(3))



CA 02725818 2010-11-25
WO 2010/008435 PCT/US2009/003351

METHODS FOR DESIGNING A CUSTOMIZED DENTAL PROSTHESIS
USING DIGITAL IMAGES OF A PATIENT

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates generally to methods for designing customized dental
restorations and prostheses and particularly dentures. The methods involve taking digital
photographs of the patient to be fitted with the restoration or prosthesis and transferring the
photographs to a computer software program. The software program uses the photographs to
make certain calculations that are translated into their corresponding anterior maxillary tooth

mould forms. The program prompts the dental professional to select the desired materials

and structure for the denture, such as denture tooth shade, tooth arrangement, patient ridge
condition, occlusal scheme, and denture base. This information is used to generate a

customized prescription for the denture. The resulting prescription is sent to a dental

laboratory that manufactures the denture.

Brief Description of the Related Art

[0002]  Dental professionals use different dental prostheses or appliances to treat patients
with lost teeth or tooth structure. By the terms, “prosthesis,” “restoration” “and “appliance”
as used herein, 1t 1s meant a dental product that replaces or restores lost tooth structure, teeth,
or oral tissue including, but not limited to, fillings, inlays, onlays, veneers, crowns, bridges,
full dentures, removable partial dentures, relines of full and partial dentures, nightguards,
occlusal splints, and the like.. Common dental prostheses for full or partially edentulous
patients include, for example, full dentures and partial dentures. The dentures are used to
restore or replace the lost teeth. In general, removable partial dentures are used to replace
some, but not all, of the patient’s natural teeth. The partial denture includes a base having a

partial set of embedded artificial teeth which rests in the edentulous space and is coupled to
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abutment teeth by clasps or other connectors. Full dentures, on the other hand, are used to
replace all of the patient’s natural teeth. A full denture includes a base having a full set of
embedded artificial teeth which fits over either the upper gum tissue or lower gum tissue.
Partial dentures are designed to preserve any remaining teeth along with hard and soft oral
tissue. The dentures must be functional. Furthermore, the denture should enhance the dental
and facial aesthetics of the patient. The denture teeth should appear natural. However, it is
often difficult to make form-fitting and comfortable dentures. The process is time-consuming
requiring the patient to make several dental office visits. In many instance, the dentist must

reshape and adjust the denture several times before the patient is satisfied.

[0003] Today, a variety of methods are used to make dentures. In one traditional method, a
dentist first takes impressions of a patient’s dental anatomy. A paste-like material, such as an
alginate, 1s placed in a standard or custom-made impression tray. The dentist inserts the tray
in the mouth of a patient and he/she bites down into the tray. Separate impression trays for
the upper and lower dental arches are used. The dentist allows the impression material to
harden and then removes the trays from the patient’s mouth. The hardened impressions are
finally sent to a dental laboratory. There, a dental technician prepares models of the
upper/lower dental arches by pouring dental stone into the hardened impressions. After a
release coating 1s applied to the dental models, they are placed in a conditioning oven and
~warmed. A polymerizable resin used to form the baseplate is molded over the warm models.
Then, the resin-coated models are placed 1n a hght-curing unit and irradiated with light to
harden the baseplate resin. After the light-curing cycle has been completed, the models are
removed from the unit and allowed to cool. The hardened baseplates are removed from the
respective models. It 1s customary for the technician to mount wax occlusal rims over the
baseplates. The resulting wax rim baseplates are returned to the dentist so they can be
evaluated for fit and comfort in the patient’s mouth. Then, the completed occlusal

registration 1s articulated.

[0004] Next, artificial teeth are built on the processed baseplate and wax rims using a “lost
wax’’ process. In this method, wax is applied to the baseplate and a set of artificial teeth is
positioned 1n the wax. The processed baseplate, with completed tooth arrangement, is placed
in a flask containing an investing material. Then, the flask i1s heated to eliminate the wax.
Upon melting, the wax flows out of the flask. Removing the wax from inside of the flask

leaves an interior cavity having the shape of the denture. In a next step, a polymerizable
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acrylic composition 1s “packed into” into the interior cavity of the flask. The acrylic
composition 1s heated so that 1t bonds to the teeth and baseplate. When this acrylic

composition cures and hardens, it will hold the artificial teeth in position.

[0005] Designing and fabricating dentures is a complex process. Many time-consuming
steps must be followed to prepare a denture having good aesthetics and mechanical
properties. Artificial teeth having the proper color, shade, translucency, length, width, and
geometry must be selected and incorporated into the baseplate. The process involves
nuﬁerous dental professionals including dentists, dental assistants, and laboratory technicians

and their work must be carefully coordinated to produce an aesthetically-pleasing and

functional denture.

[0006] In recent years, computer-based systems using, digital images have been developed so
that certain dental prostheses can be made more efficiently in a time-saving manner. For
example, Lehmann, US Patent 6,786,726 discloses a computer network system for making
prostheses such as caps, crowns, bridges, fillings, and the like. In this method, the dental
practitioner takes a digital image of the patient's tooth (resulting in a real image). A reference
tooth shade (resulting in a reference image) image is also taken. The real and reference
images are correlated to find a composite match number having an associated shade. The
1mages are forwarded via computer network to a dental laboratory giving a dental technician
access to the images. This allows both the dentist and technician to have simultaneous
access to the images - they are able to evaluate the patient’s case and develop a treatment

plan together using the interactive network.

[0007] Jelonek, US Patent 7,035,702 discloses a method for making dental restorations
involving the steps of determining the geometrical and aesthetic constraints of the restoration.
These constraints are inputted 1into a computer to mathematically select a recipe for producing
the dental restoration. A database of materials and procedures for preparing the dental
restoration 1s compiled. Then, a recipe for making the restoration is produced from the

database based on inputted data.

[0008] Taub, US Patent 7,33,874 discloses methods for designing and producing dental
prostheses using a communication network between a dental clinic and dental laboratory.

The system also includes a dental service center which is a separate entity from the dental

3
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laboratory. The service center generates a virtual 3D model of the patient's dentition from
data obtained by scanning the teeth directly or by scanning a physical model of the teeth. The
manufacturing of the prosthesis is shared between the service center and dental lab. The
clinic sends instructions to the dental laboratory and service center. In one example, the data
needed to produce the virtual 3D model is transmitted from the dental clinic or laboratory to .
the dental service center. A prescription specifying the teeth that are to be moved in the
dental treatment as well as the final position of the teeth is sent to the service center. Then,
the service center uses software to make a virtual 3D model, which is used to determine the
dental appliance needed. Finally, this information is sent to the dental Jab which makes the

appliance.

[0009] The above-described systems may provide some advantages, but they are not used for
designing and making dentures for edentulous patients, which present particular problems.
As described above, in a conventional denture-making process, the dentist must manually
measure the facial and oral dimensions of the patl;ent, and selects artificial tooth colors,
shades, and dimensions using manual tools such as tooth indicators, shade guides, and mould
guides. Based on this information, the dentist sends a prescription for the denture to a dental
laboratory. There are many variables to this ﬁrocess and the resulting prescription for the
denture depends upon the techniques, skills, and experience level of the dental professionais.
Some prescriptions will provide detailed information about the requested denture including
patient's dental anatomy, baseplate materials, tooth dimensions and shapes, tooth color and
shades, and the like. Other prescriptions will simply request the denture be made as the
laboratory sees fit and will only provide information on the tooth shade.

[0010]The methods and system of the present invention provides the dental professional with
a new chair-side method for writing denture prescriptions. The dentist can use the system to
generate detailed digital prescriptions including information on facial dimensions of the
patient, tooth length, width and geometry, requested composition of the artificial teeth,
edentulous ridge condition and occlusal registration of the patient, denture base materials, and
color and shade of the artificial teeth. The resulting prescription can be sent by e-mail, paper
mail, or facsimile to a dental laboratory that will manufacture the denture. This system is

easy-to-use, consistent, and time-saving for the dentist.
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[0010a} Specific aspects of the invention include:

a method for producing a customized denture prescription, the method
comprising the steps of: a) placing a reference indicia on a face of a patient, the reference
indicia having a predetermined dimension; b) positioning a mouth shield generally in a mouth
of the patient, the mouth shield being dimensioned to cover at least a portion of teeth of the
patient; ¢) taking at least one digital photograph of the face, wherein the mouth shield creates
a voided area in the at least one digital photograph; d) loading the at least one digital
photograph to a computer software program, wherein the computer software program
compares the predetermined dimension of the reference indicia to one or more other areas of
the face to identity and measure facial contours of the patient; €) creating at least one digital
image of the at least one digital photograph, the at least one digital image being formatted
relative to the identified and measured facial contours of the face and the voided area; f)
entering or selecting desired materials or entering or selecting a desired structure, or both, for
making a denture, in consultation with the patient, using the computer software program so
that the computer software program automatically produces a prescription for the denture; g)
superimposing the entered or selected desired materials or the entered or selected desired
structure, or both, for making the denture into the voided area of the at least one digital image
so that a practitioner or the patient, or both, can see the results of what the patient may look

like with the denture in place; and h) transmitting the prescription to a dental laboratory for

making of the denture; and

a method for producing a customized denture prescription, the method
comprising the steps of: a) placing a reference indicia on a face of a patient, the reference
indicia having a predetermined dimension; b) positioning a mouth shield generally in a mouth
of the patient, the mouth shield being dimensioned to cover at least a portion of teeth of the
patient; c) taking at least one digital photograph of the face, wherein the mouth shield creates
a voided area 1n the at least one digital photograph; d) loading the at least one digital
photograph to a computer software program, wherein the computer software program
compares the predetermined dimension of the reference indicia to one or more other areas of

the face to 1identify and measure facial contours of the patient; e) creating at least one digital

4a
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image of the at least one digital photograph, the at least one digital image being formatted
relative to the identified and measured facial contours of the patient and the voided area; f)
entering or selecting at least one combination of materials and structure for making a denture,
in consultation with the patient, including a desired tooth shade guide and tooth shade, the
tooth shade being chosen from the tooth shade guide, from a set of predetermined materials
and structures provided by the computer software program; g) superimposing the at least one
combination of materials and structure for making the denture into the voided area of the at
least one digital image so that a practitioner or the patient, or both, can see the results of what
the patient may look like with the denture in place; h) entering or selecting a desired
combination of the at least one combination of materials and structure for making the denture

so that the computer software program automatically produces a prescription for the denture;

and 1) transmitting the prescription to a dental laboratory for making the denture.

4b
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011]The novel features that are characteristic of the present invention are set forth in the
appended claims. However, the preferred embodiments of the invention, together with
further objects and attendant advantages, are best understood by reference to the following

detailed description in connection with the accompanying drawings in which:

|0012]FIG. 1 1s a block functional diagram showing the general steps of preparing a denture

in accordance with one embodiment of this invention;

[0013]FIG. 2 is a schematic diagram showing a digital imaging system that can be used to
prepare a denture 1n accordance with one embodiment of this invention;
[0014]FIG. 3 1s a perspective frontal view of a patient ready to be photographed with the

digital imaging system of this invention;

[0015}FIG. 4A is a perspective view of a mouth shield for placing in the mouth of a patient
to be photographed with the digital imaging system of this invention;

[0016]FIG. 4B 1s a perspective view of a reference sticker for placing on the forehead of a

patient to photographed with the digital imaging system of this invention;

|0017]FIG. 5 1s a perspective view of a digital image of a patient showing facial contours

marked with reference lines;

|0018]FIG. 6 1s a computer screen shot showing different dental shade guides that can be

used in accordance with this invention;

|0019]FIG. 7 1s a computer screen shot showing different tooth mould forms that can be used

in accordance with this invention;
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[0020] FIG. 8 1s a computer screen shot showing different edentulous ridge conditions of a

patient to be fitted with a denture that can be used in accordance with this invention;

|0021]FIG. 9 1s a computer screen shot showing different occlusal schemes for a patient to be

fitted with a denture that can be used 1n accordance with this invention;

[0022]FIG. 10 1s a computer screen shot showing different denture base materials and

baseplate colors tor a patient to be fitted with a denture that can be used in accordance with

this invention; and

[0023]FIG. 11 1s a schematic diagram showing the general steps of designing and making a

denture 1n accordance with one embodiment of this invention.

DETAILED DESCRIPTION OF THE INVENTION
[0024] The present invention provides different methods for designing customized dental
restorations and prostheses, particularly dentures, using digital images. Although the
methods described herein primarily refer to dentures, it should be understood that other dental
restorations and prostheses can be designed in accordance with the invention. Referring to
FIG. 1, the functional steps for designing and preparing a denture in accordance with one
version of the invention are generally shown. Particularly, in Step 1, the dental practitioner
takes at least one digital photograph of a patient’s face and transfers the photograph to a

computer software program.

[0025]Referring to FIG. 2, a digital imaging system, which can be used in the system and
method, 1s generally indicated at (10). Ordinary digital cameras (12) can be used to take
color digital photographs of a patient (14). Preferably, only one color digital photograph of
the patient’s face 1s taken, the photograph being a frontal view (16). Additional color digital
photographs, however, can be taken if needed. For example, a profile or side view
photograph of the patient could be taken. The digital photographs are loaded in a software
program which 1s loaded 1n a computer (20) that includes a user interface system such as
keyboard and/or mouse (22). The software can be packaged in any conventional way, for

example, as a compact disc (CD). The software provides the user with interface tools such as

¢
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graphic 1cons, images, text, windows, menus, and other screen displays so he/she can

navigate their way through the program and complete the steps required to generate a denture

prescription.

[0026]Pnor to taking the digital photographs, a grey screen reference sticker” (24) is placed
on the forehead of the patient and a grey screen mouth shield" (26) is positioned inside the
mouth of the patient. The sticker (24) and mouth shield (26) are used so that a grey screening
and color balancing procedure can be performed as described further below. In FIG. 3, a
frontal view of a patient (14) wearing reference sticker (24) and mouth shield (26) is shown.
Reterring to FIG. 4A, the mouth shield (26) has a ribbon-like structure with notched portions
(27a, 27b). The mouth shield (26) 1s made from a thin, soft, and flexible material. The
mouth shield should have good dimensional stability and be sufficiently rigid so that it retains
Its position once 1t 1s placed inside of the mouth Suitable materials for making the mouth
shield (26) include, but are not limited, to urethane foam and flexible wax-based sheets. The
mouth shield (26) 1s designed to fit most patients and has a length in the range of about 70 to
about 90 mm; width of about 25 to about 50 mm; and thickness of about 0.25 to about 3 mm.
The mouth shield (26) is placed in the mouth of the patient (14) and folded over at notched
portions (27a, 27b) so that 1t 1s tightly secured between the gums and lips. To adjust the fit of
the mouth shield (26) for a given patient, scissors can be used to trim excess portions. As
shown in FIG. 3, the mouth shield (26) resembles an athletic mouth guard when positioned in
the mouth of the patient (14). As shown in FIG. 4B, the removable reference sticker (24) is a
paper or film material having an adhesive coated on its backside. The square-shaped sticker
(24) generally measures about 1 cm x about 1 cm. The sticker (24) can be placed on the

forehead of the patient and removed after the photographs have been taken.

[0027]The color grey preferably 1s used for the reference sticker (24) and mouth shield (26),
because it contrasts sharply with other skin colors and the patient would not normally be
wearing any other grey object on his/her face when taking the photographs. In “grey
screening,  the system checks to see which pixels in the input image (digital color
photograph) are not grey and labels those pixels as "target" pixels. The software then blends
the "input 1mage" (patient's facial image, which is a collection of all target pixels) into a
"destination 1image" that will appear on the computer monitor screen (21). The pixels in the
grey areas are not labeled as target pixels and thus will not be blended in with the rest of the

pixels constituting the facial features.
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'[0028]This technique of blending two 1mages together after a color has been removed from

one of the images can be referred to as chroma keying. This results in the input image (facial
image) having “color voids" or “color removal points” (where pixels are missing) upon being
blended into the destination image. Particularly, voids will appear in the area of the forehead

(where the grey screen sticker has been placed) and area of the mouth (where the grey screen

mouth shield has been inserted).

[0029] The sottware program first looks to the forehead area. Because the software knows the
relative dimensions of the grey sticker (24), it can use this information to make key
measurements of the forehead and other facial contours. In addition,.the software fills in the
voided mouth area with selected tooth shades and tooth forms per the methods discussed
further below. That 1s, the practitioner can select a particular.denture structure with artificial
teeth and "drop" this picture into the open mouth area of the digital image. The resulting
destination image with selected denture is shown to the patient. Thus, the patient can see the
results of selecting a specific denture before the treatment plan is finalized. The patient can
see how a particular denture structure will affect their overall appearance. The system is
beneficial to the practitioner and patient, because i1t can simulate different treatment plans

using different sets of artificial teeth.

[0030]Upon recerving the digital image, the software automatically engages in color
balancing to adjust the color of the captured digital image and generate a color balanced
reproduction. Color balancing techniques are known in the digital imaging industry. Color
balancing 1s needed, because colors 1n the captured digital image can shift resulting in an off-
color image of the subject. Color shifting can be due to a variety of reasons, for example,
shadows, lighting, and backdrops used when the digital image was taken. In the method of
this invention, the colors of the facial 1mage of the patient can become distorted; thus, color
balancing of the image 1s needed. Once the digital image has been properly color balanced, a
selected artificial tooth set can be “dropped’ into the image and a denture préscription can be
generated as described 1n more detail below. In the color balanced digital image, the color of
the selected “dropped in” tooth set is perceived correctly. That is, the color, shade, hue,
brilhance, intensity, RGB values, and other characteristics of the tooth set and facial digital

image match-up properly. This benefits the dental practitioner, because he/she is better able
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to select the most appropriate tooth shade with input from the patient. The practitioner and

patient can better visualize which tooth shade is the most natural looking.

[0031]1t 1s recognized that other imaging techniques can be used in accordance with this
ivention. For example, a “green-screening’ system can be used, wherein the reference
sticker (24) and mouth shield (26) are green colored. However, a “green-screening” system

1s less preferred, because there can be problems with color balancing and the captured digital

image may be off-color.

[0032]In addition to the color balancing step, the software automatically formats the digital
image to the correct size, and the formatted, color-balanced image appears on the monitor
screen (21) so that the practitioner can view it easily. The software program then identifies
the key facial contours, for example, chin, temple, vertical midline, and horizontal plane
across the pupils. It 1s important that vertical and horizontal reference planes of the patient’s
face be considered so that an aesthetically-pleasing denture with artificial teeth having proper
occlusion can be made. The program identifies the vertical midline and horizontal plane
across the pupils as shown in FIG. 5. The dental practitioner can use the reference lines
automatically provided by the program if they are acceptable. Alternatively, the practitioner
can override the recommendations made by the program and mark key facial landmarks that
they believe are more accurate. The program then provides a recommended face shape that
the practitioner again has the ability to accept or override with his/her own selection. In some
Instances, the program can include a “default” face shape. For example, the face shape,
“square tapering” could be used as the default and this shape would be automatically entered
1f the user did not enter otherwise. Once the facial contours and face shape have been entered
and accepted by the practitioner, the software automatically determines the width and length
of the central incisor artificial teeth that will be used in the denture. The practitioner also has
the ability to accept or decline these measurements and enter his’her own measurements.
After all of the requested information has been entered and accepted, the program will
provide the recommended maxillary anterior denture tooth mould forms to be used for

making the artificial teeth as discussed further below.

|0033]Reterring back to the block diagram in FIG. 1, the dental practitioner next enters the
color shade guide that will be used for determining the color and shade of the artificial teeth

to be used 1n the finished denture. Standard dental shade guides are known in the dental

9
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industry and these guides can be used in the system of this invention. For example,
Portrait™ [PN™, Trubyte Bioform™ IPN™, or Bioblend™ [IPNT™, shade guides available
from Dentsply International (York, PA) can be used. Other suitable shade guides include
Vita Classical™ and Vita 3-D™ shade guides available from Vita Zahnfabrik H. Rauter
GmbH & Co. KG (Germany). The software can provide the practitioner with at least two,
and more preferably three shade guide options, to select there from. For example, the
software can be programmed so that the text and/or graphic icons of the shade guides:
Portrait IPN, Bioform IPN, and Bioblend IPN appear on the computer monitor screen. For
example, referring to FIG. 6, a screen shot shows three possible shade guide select options.
The user can enter the desired shade guide by “clicking” on the mouse and selecting a shade
guide from this predetermined set. In some instances, the program can further include a
default shade guide. So, 1f the user does nothing, the default shade guide is automatically
selected. In FIG. 6, the first shade guide option (Portrait IPN) is designated as the default

selection for illustration purposes.

[0034]In accordance with this invention, the dental practitioner uses a tangible, hand-held
shade guide (not shown) to select the most appropriate tooth color and shade. As noted
above, shade guides are well known 1n the dental industry. The shade guides include
removable colored tabs. The colored tabs come 1n a variety of shades resembling the
appearance of natural teeth. Each shade provides a unique enamel translucency, color
blending, and contrasting colors between neck and body of the artificial tooth. To determine
the approprnate tooth shade for a given patient, the practitioner removes one of the tabs and
holds 1t up in the mouth of the patient. Together, the practitioner and patient decide upon the
appropriate tooth shade. In making this decision, the practitioner and patient address such
questions as: Which tooth shade 1s the most natural looking? Which tooth shade will
complement the patient’s natural features? And, which tooth shade will enhance cosmetic
appearance? The selected tooth shade from the given tooth shade guide is then entered. The
software program may provide a drop-down menu on the monitor screen (21) listing each of
the predetermined tooth shades for a given shade guide. The practitioner can enter the
desired shade by simply scrolling down the menu and clicking on the shade guide 1n this
predetermined set. For example, the Portrait IPN dental shade guide includes 27 translucent
shades ranging from shades designated as “P1 to P81.” If the practitioner and patient decide
that “P2” tooth shade 1s the best match, the practitioner can enter this shade into the program.

In turn, the program can generate an image simulating a denture with the selected tooth

10
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shade. Thus, the patient can see the effect of selecting a specific tooth shade and how this
shade will impact their appearance. The program also can provide side-by-side comparisons
of a denture made with a first tooth shade against a denture made with a second and different
tooth shade. These images should be used for comparison references only. In considering
‘which tooth shade would provide the best aesthetics for a given patient, the practitioner

should use an actual hand-held tooth shade guide as described above.

[0035]Next, the program recommends a denture tooth mould form that will be used for
making the denture. The mould form 1s chosen based on facial contours, tooth
measurements, patients ridge condition, and tooth shades entered according to the steps
described above. Moulds for making teeth are well known and include the Bioform® mould
system; and Biostabil®, Monoline®, Anatoline®, and Euroline® pqsterior mould forms,
available from Dentsply. As indicated, the moulds are available in anterior and posterior
forms. The anterior moulds are used for producing the anterior teeth (central incisors, lateral
inc1sors, and canines), while the posterior moulds are used for producing the posterior teeth
(premolars and molars). For example, 1f the Portrait IPN tooth shade guide (as discussed
above) 1s used, there are 62 anterior mould and 27 posterior occlusal mould forms available
based on the Bioform mould system (tapered at angles of 0, 10, 20, 22, 33, and 40 degrees)
that can be used. On the other hand, 1if the Bioblend IPN tooth shade guide (as discussed
above) 1s used, there are 58 upper and lower anterior mould form options and 4 posterior
occlusal mould forms available. The approprate artificial tooth mould form for making the
denture can be recommended from these sets and displayed on the computer screen allowing

the practitioner to select there from.

[0036]In one preterred embodiment, in the anterior region, at least two, and more preferably,
three tooth mould form options are provided by the software program. The user can enter the
desired anterior mould form based on these predetermined select options. Referring to FIG.
7, a screen shot of the monitor shows three possible anterior mould form options. The user
can simply click on the mouse, thereby selecting an anterior mould form from this
predetermined set. In some instances, the program can further include a default anterior
mould form. For example, in FIG. 7, the first mould form is designated as the default
selection. Alternatively, if the practitioner wishes, he/she can decide to over-ride the given
options and enter a different tooth mould form. In addition, the practitioner, in consultation

with the patient, enters the appropriate anterior tooth arrangement that will provide the

11
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desired aesthetics and function in the finished denture. In one preferred embodiment, the
program can provide three anterior tooth arrangements as options, and the practitioner can

select any one of these arrangements.

[0037]Following the functional steps illustrated in FIG. 1, the practitioner next evaluates the
edentulous ridge condition of the patient and enters this information. The edentulous ridge
refers to the remaining portion of the alveolar ridge and soft tissue after the teeth have been
removed. The practitioner evaluates and generally characterizes the ridge condition as being
either poor, average, or good. The program can provide these three options for selection as
shown 1n the computer screen shot of FIG. 8. The practitioner enters the ridge condition that
most closely resembles the patient’s actual condition. Based on the edentulous ridge
condition, suitable posterior denture tooth mould form options are provided as shown in FIG.
8. The practitioner can select the desired mould form from the set displayed on the computer
screen. For example, if the patient has an average ridge condition, then the posterior mould
form options: Biostabil® (tapered at 22°); (tapered at 20°) and Anatoline® (tapered at 10°),

are displayed, and the practitioner selects one of these mould forms.

[0038]1In addition, the practitioner enters the desired occlusal scheme for the patient. Several
occlusal scheme select options can be provided by the software as shown in the computer
screen shot of FIG. 9. For example, the occlusal schemes can be classified as: a) bilateral
balanced, b) lingualized, or ¢) linear, and the practitioner can select from one of these
options. In FIG. 9, the bilateral balanced option is designated as the default occlusal scheme

for 1llustration purposes. If the practitioner wishes, he/she can accept this default option.

[0039] The matenal that will be used to make the denture is also entered. The practitioner can
work with the patient in making this decision or accept the default selections made by the
program. A set of predetermined denture base materials preferably i1s loaded in the software
program and appear as select options on the computer screen as shown in FIG. 10. For
example, denture bases made from such materials as Lucitone 199® acrylic resin or Eclipse®
baseplate resin which 1s a wax-like polymerizable matenal, both available from Dentsply can
be added as predetermined selections. In this example, the user can enter the desired denture
base maternial by clicking on the mouse and selecting either Lucitone 199® acrylic resin or

Eclipse® baseplate resin. The desired color of the baseplate also needs to be entered. The

12
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baseplate color can be entered by selecting a color from a wide variety of select color options
provided by the program. As also shown in FIG. 10, several color options intended to
resemble healthy gum tissue can be provided including light pink; light reddish pink; and
dark pink. Alternatively, the baseplate can be clear and transparent. Eclipse® baseplates are
available n a clear version. Desired denture base materials and colors can be selected from
the automatically programmed sets. In preferred cases, the program includes default select
denture base materials and colors. For example, in FIG. 10, Lucitone 199® acrylic resin in

1ts original color is designated as the default selection.

[0040}1t should be understood that the functional steps shown in the block diagram of FIG. 1
are for 1llustrative purposes only and are not meant to be restrictive. In other versions, it is
contemplated that some of the steps could be eliminated to expedite the method for
generating the customized prescription. Also, it is anticipated that the sequence of steps
could be changed 1n some instances depending upon the needs of the practitioner and patient.
As shown 1n FIG. 1, the output of the system, based on the input of data and other
information as described above, 1s a digital prescription for making a denture for the given
patient. The customized digital prescription includes detailed information on facial
dimensions of the patient, tooth length, width and geometry, requested composition of the
artificial teeth, edentulous ridge condition and occlusal scheme, denture base materials, and
color and shade of the artificial teeth. In addition, the digital prescription is HIPAA-

comphant. One example of such a digital prescription is shown below.

[0041] Example of Digital Prescription
Facial Classification: Square tapering

Tooth Length: 9.60

Width of the anterior teeth: 8.60

Denture tooth composition: Premium IPN

Ridge condition: Average

Occlusal scheme: Bilateral balanced

Denture base material: Lucitone 199® acrylic resin
Denture base color: Original

Shade guide: Portrait™

Anterior shade: P2

Posterior shade: P2

13
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Maxillary
Anterior Teeth: Shade P2, Mould 22G Posterior Teeth: Shade P2, Mould 31M
Mandibular
Anterior Teeth: Shade P2, Mould P Posterior Teeth: Shade P2, Mould 31M

[0042] The resulting customized digital prescription can be sent by e-mail, facsimile, paper
mail, or other means to a dental laboratory that will manufacture the denture. In addition, a
copy of the digital prescription can be provided to the patient for his/her records. The dental
laboratory can use conventional techniques to fabricate the denture as prescribed. In FIG.
11, a schematic diagram showing the basic steps of generating a customized digital

prescription and transmitting the prescription to a dental laboratory in accordance with this

invention are shown.

[0043] The methods and systems of this invention provide the dental practitioner with a new
tool for designing and making dentures. As described above, the dentist can use the system
to generate customized digital prescriptions. In addition, the system can be used as a tutorial
tfor patients and staff in the dental office. For practitioners, the system offers many benefits
including a quick and accurate means for prescribing dentures and recording the
prescriptions. The system helps the practitioner by providing a step-by-step guide to
designing a customized denture for a given patient. The practitioner is led step-by-step

through the procedure.

[0044] Particularly, the system provides reference points across the facial digital image(s) of
the patient so that the dentist can more accurately identify facial contours. Based on this
information, the system automatically provides facial and tooth measurements and provides
suggestions for tooth shade and denture base shade. Furthermore, the system prompts the
practitioner by asking key questions such as: What 1s the edentulous ridge condition of
patient? What 1s the occlusal scheme? What 1s the desired tooth arrangement? This helps
the practitioner design a close fitting and comfortable denture. The resulting denture helps
enhance the appearance of the patient and 1s fully functional. The system also helps facilitate
two-way communication between the practitioner and patient. Rather than the practitioner

deciding on the make and style of the denture and dictating this to the patient one-way, the
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patient 1s invited to participate in the process. The patient is asked for input on the desired
tooth shade and denture base shade along with other decision points. Thus, the system is
more interactive — the practitioner and patient are more engaged in the process. Each person

feels that he/she has more input and control over the design and fabrication of the denture.

[0045]Persons skilled 1n the art will appreciate that various modifications can be made to the
illustrated embodiments and description herein without departing from the spirit and scope of
the present invention. It is intended that all such modifications within the spirit and scope of

the present invention be covered by the appended claims.
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CLAIMS:

1. A method for producing a customized denture prescription, the method

comprising the steps of:

a) placing a reference indicia on a face of a patient, the reference indicia having

a predetermined dimension;

b) positioning a mouth shield generally in a mouth of the patient, the mouth

shield being dimensioned to cover at least a portion of teeth of the patient;

¢) taking at least one digital photograph of the face, wherein the mouth shield

creates a voided area in the at least one digital photograph;

d) loading the at least one digital photograph to a computer software program,
wherein the computer software program compares the predetermined dimension of the

reference indicia to one or more other areas of the face to identify and measure facial contours

of the patient;

¢) creating at least one digital image of the at least one digital photograph, the

at least one digital image being formatted relative to the 1dentified and measured facial

contours of the face and the voided area;

f) entering or selecting desired materials or entering or selecting a desired
structure, or both, for making a denture, in consultation with the patient, using the computer

software program so that the computer software program automatically produces a

prescription for the denture;

g) superimposing the entered or selected desired materials or the entered or
selected desired structure, or both, for making the denture into the voided area of the at least
one digital image so that a practitioner or the patient, or both, can see the results of what the

patient may look like with the denture in place; and

h) transmitting the prescription to a dental laboratory for making of the

denture.
16
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2. The method of claim 1, wherein one photograph of the face is taken, the

photograph being a frontal view.

3. The method of claim 1, wherein the facial contours of the patient are used to

determine length, width, and shape of artificial teeth to be used in the denture.

4, The method of claim 1, wherein entering the desired materials of the denture

includes:
a) entering tooth mould forms for the artificial teeth used in the denture;
b) entering an edentulous ridge structure; or

¢) entering an occlusal scheme of the patient.

5. The method of claim 4, wherein anterior tooth mould forms are entered or

posterior tooth mould forms are entered, or a combination of both.

6. The method of claim 1, wherein entering the desired materials for making the

denture includes entering a denture baseplate material.

7. The method of claim 6, wherein the denture baseplate material has a color and

shade matching the color and shade of the gum tissue of the patient.

8. The method of claim 6, wherein the denture baseplate material is substantially
transparent.
9. The method of claim 6, wherein the denture baseplate material is made from an

acrylic polymer or a wax-like polymerizable material.

10. The method of claim 1, wherein the prescription is transmitted to the dental

laboratory via e-mail, paper mail, or facsimile and optionally is also provided to the patient.

1. A method for producing a customized denture prescription, the method

comprising the steps of:
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a) placing a reference indicia on a face of a patient, the reference indicia having

a predetermined dimension;

b) positioning a mouth shield generally in a mouth of the patient, the mouth

shield being dimensioned to cover at least a portion of teeth of the patient;

¢) taking at least one digital photograph of the face, wherein the mouth shield

creates a voided area in the at least one digital photograph;

d) loading the at least one digital photograph to a computer software program,
wherein the computer software program compares the predetermined dimension of the

reference indicia to one or more other areas of the face to identify and measure facial contours

of the patient;

e) creating at least one digital image of the at least one digital photograph, the
at least one digital image being formatted relative to the identified and measured facial

contours of the patient and the voided area;

f) entering or selecting at least one combination of materials and structure for

making a denture, in consultation with the patient, including a desired tooth shade guide and

tooth shade, the tooth shade being chosen from the tooth shade guide, from a set of

predetermined materials and structures provided by the computer software program;

g) superimposing the at least one combination of materials and structure for
making the denture into the voided area of the at least one digital image so that a practitioner

or the patient, or both, can see the results of what the patient may look like with the denture in

place;

h) entering or selecting a desired combination of the at least one combination

of materials and structure for making the denture so that the computer software program

automatically produces a prescription for the denture; and

1) transmitting the prescription to a dental laboratory for making the denture.

18
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12. The method of claim 11, wherein the set of predetermined structures and

materials includes at least two options for selecting the dental shade guide.

13. The method of claim 12, wherein one shade guide option is set as a default
option.
o0 14 The method of claim 11, wherein the set of predetermined structures and

matenials includes:

a) at least two options for selecting a tooth mould form for artificial teeth used

in the denture;

b) at least two options for selecting an edentulous ridge structure of the patient;
10 c) at least two options for selecting an occlusal scheme of the patient; or

d) at least two options for selecting a denture base material and at least two

options for selecting denture base color.

15. The method of claim 14, wherein the tooth mould form options are for anterior

teeth, posterior teeth, or a combination of both.

15 16. The method of claim 14, wherein a default option is set as:
a) one mould form option;

b) one occlusal scheme option; or

¢) one denture base material option 1s set as a default option and one denture

base color.

20 17. The method of claim 11, wherein the prescription is transmitted to the dental

laboratory via e-mail, paper mail, or facsimile and optionally is also provided to the patient.
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FIGURE 10
DENTURE BASEPLATE MATE
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FIGURE 11

TAKE DIGITAL PHOTOS l
OF PATIENT IN DENTAL
OFFICE.

ENTER DESIRED STRUCTURE
AND MATERIALS TO MAKE

DENTURE INTO SOFTWARE.

GENERATE DIGITAL DENTURE
PRESCRIPTION.

TRANSMIT
PRESCRIPTION

DENTAL LABORATORY
MAKES DENTURE.




DENTAL PRACTITIONER (DP)/
PATIENT INTERFACE

DP TAKES DIGITAL ———

PHOTO(S) OF PATIENT'S
FACE.

DP CONSULTS WITH
PATIENT TO SELECT A 1«

DENTAL PRACTITIONER (DP)/
SOFTWARE (SW) INTERFACE

DP UPLOADS IMAGE(S) INTQ
THE SW PROGRAM.

v

SW FORMATS PATIENT
IMAGE(S) TO CORRECT SIZE
AND IDENTIFIES FACIAL
CONTOURS.

y

DP ACCEPTS OR ADJUSTS SW
RECOMMENDATIONS FOR
FOR 5IZE AND LOCATION OF
FACIAL CONTQURS.

y

TOOTH SHADE GUIDE.

SW FROVIDES SHADE GUIDE
OPTIONS WITH DEFAULT
RECOMMENDATION,

v

DP.ENTERS SHADE GUIDE (OR)
ACCEPTS S\JvV DEFAULT.

SW PROVIDES ANTERIOR
MOULD FORM SELECTIONS
WITH DEFAULT
RECOMMENDATION.

DP CONSULTS WITH PATIENT
ON FINAL TOOTH SHADE.

L 4

DP ENTERS MOULD FORM {QR)
ACCEPTS SW DEFAULT.

DP ENTERS DESIRED TOOTH

SHADE.

SW PROVIDES ANTERIOR
TOOTH ARRANGEMENT
OPTIONS WITH DEFAULT
RECOMMENDATIQN.,

DP CONSULTS WITH PATIENT
ON ANTERIOR TGOTH
ARRANGEMENT,

DP ENTERS ANTERIOR TCOTH
ARRANGEMENT (QR) ACCEPTS
SW DEFAULT,
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