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METHOD AND APPARATUS FOR PRODUCING A 
THREE-DIMENSIONAL DIGITAL MODEL OF AN 

ORTHODONTIC PATIENT 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to the practice of 
orthodontics and in particular to a method and apparatus for 
treating an orthodontic patient. 

BACKGROUND OF THE INVENTION 

[0002] Orthodontic is knoWn to be the practice of manipu 
lating a patient’s teeth to provide better function and appear 
ance. In general, brackets are bonded to a patient’s teeth and 
coupled together With an arched Wire. The combination of 
the brackets and Wire provide a force on the teeth causing 
them to move. Once the teeth have moved to a desired 
location and are held in a place for a certain period of time, 
the body adapts bone and tissue to maintain the teeth in the 
desired location. To further assist in retaining the teeth in the 
desired location, a patient may be ?tted With a retainer. 

[0003] To achieve tooth movement, orthodontists utiliZe 
their expertise to ?rst determine a three-dimensional mental 
image of the patient’s physical orthodontic structure and a 
three-dimensional mental image of a desired physical orth 
odontic structure for the patient, Which may be assisted 
through the use of x-rays and/or models. Based on these 
mental images, the orthodontist farther relies on his/her 
expertise to place the brackets and/or bands on the teeth and 
to manually bend (i.e., shape) Wire, such that a force is 
asserted on the teeth to reposition the teeth into the desired 
physical orthodontic structure. As the teeth move toWards 
the desired location, the orthodontist makes continual judg 
ments as to the progress of the treatment, the next step in the 
treatment (e.g., neW bend in the Wire, reposition or replace 
brackets, is head gear required, etc.), and the success of the 
previous step. 

[0004] In general, the orthodontist makes manual adjust 
ments to the Wire and/or replaces or repositions brackets 
based on his or her expert opinion. Unfortunately, in the oral 
environment, it is impossible for a human being to accu 
rately develop a visual three-dimensional image of an orth 
odontic structure due to the limitations of human sight and 
the physical structure of a human mouth. In addition, it is 
humanly impossible to accurately estimate three-dimen 
sional Wire bends (With an accuracy Within a feW degrees) 
and to manually apply such bends to a Wire. Further, it is 
humanly impossible to determine an ideal bracket location 
to achieve the desired orthodontic structure based on the 
mental images. It is also extremely difficult to manually 
place brackets in What is estimated to be the ideal location. 
Accordingly, orthodontic treatment is an iterative process 
requiring multiple Wire changes, With the process success 
and speed being very much dependent on the orthodontist’s 
motor skills and diagnostic expertise. As a result of multiple 
Wire changes, patient discomfort is increased as Well as the 
cost. As one Would expect, the quality of care varies greatly 
from orthodontist to orthodontist as does the time to treat a 
patient. 
[0005] As described, the practice of orthodontic is very 
much an art, relying on the expert opinions and judgments 
of the orthodontist. In an effort to shift the practice of 
orthodontic from an art to a science, many innovations have 
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been developed. For example, US. Pat. No. 5,518,397 
issued to Andreiko, et. al. provides a method of forming an 
orthodontic brace. Such a method includes obtaining a 
model of the teeth of a patient’s mouth and a prescription of 
desired positioning of such teeth. The contour of the teeth of 
the patient’s mouth is determined, from the model. Calcu 
lations of the contour and the desired positioning of the 
patient’s teeth are then made to determine the geometry 
(e.g., grooves or slots) to be provided. Custom brackets 
including a special geometry are then created for receiving 
an arch Wire to form an orthodontic brace system. Such 
geometry is intended to provide for the disposition of the 
arched Wire on the bracket in a progressive curvature in a 
horiZontal plane and a substantially linear con?guration in a 
vertical plane. The geometry of the brackets is altered, (e.g., 
by cutting grooves into the brackets at individual positions 
and angles and With particular depth) in accordance With 
such calculations of the bracket geometry. In such a system, 
the brackets are customiZed to provide three-dimensional 
movement of the teeth, once the Wire, Which has a tWo 
dimensional shape (i.e., linear shape in the vertical plane and 
curvature in the horiZontal plane), is applied to the brackets. 

[0006] Other innovations relating to bracket and bracket 
placements have also been patented. For example, such 
patent innovations are disclosed in US. Pat. No. 5,618,716 
entitled “Orthodontic Bracket and Ligature” a method of 
ligating arch Wires to brackets, US. Pat. No. 5,011,405 
“Entitled Method for Determining Orthodontic Bracket 
Placement,” US. Pat. No. 5,395,238 entitled “Method of 
Forming Orthodontic Brace,” and US. Pat. No. 5,533,895 
entitled “Orthodontic Appliance and Group Standardize 
Brackets therefore and methods of making, assembling and 
using appliance to straighten teeth”. 

[0007] Unfortunately, the current innovations to change 
the practice of orthodontic from an art to a science have only 
made limited progress. This limit is due to, but not restricted 
to, the brackets being the focal point for orthodontic manipu 
lation. By having the brackets as the focal point, placement 
of each bracket on a corresponding tooth is critical. Since 
each bracket includes a custom siZed and positioned Wire 
retaining groove, a misplacement of a bracket by a small 
amount (e.g., an error vector having a magnitude of milli 
meter or less and an angle of a feW degrees or less) can cause 
a different force system (i.e., magnitude of movement and 
direction of movement) than the desired force system to be 
applied to the tooth. As such, the tooth Will not be reposi 
tioned to the desired location. 

[0008] Another issue With the brackets being the focal 
point is that once the brackets are placed on the teeth, they 
are generally ?xed for the entire treatment. As such, if the 
treatment is not progressing as originally calculated, the 
orthodontist uses his or her expertise to make the appropriate 
changes. The treatment may not progress as originally 
calculated for several reasons. For example, misplacement 
of a bracket, misapplication of a bend in the Wire, loss or 
attrition of a bracket, bonding failure, the patient falls 
outside of the “normal” patient model (e.g., poor groWth, 
anatomical constraints, etc.), patient lack of cooperation in 
use of auxiliary appliance, etc. are factors in delayed treat 
ment results. When one of these conditions arise, the orth 
odontist utiliZes his or her expertise to apply manual bends 
to the Wire to “correct” the errors in treatment. Thus, after 
the original scienti?c design of the brackets, the practice of 
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the orthodontic converts back to an art for many patients for 
the remainder of the treatment. 

[0009] Another issue With the brackets being the focal 
point is that customized brackets are expensive. A custom 
iZed bracket is produced by milling a piece of metal (e.g., 
stainless steel, aluminum, ceramic, titanium, etc.) and 
tumble polishing the milled bracket. While the milling 
process is very accurate, some of the accuracy is lost by 
tumble polishing. Further accuracy is lost in that the place 
ment of the brackets on the teeth and installation of the Wire 
are imprecise operations. As is knoWn, a slight misplace 
ment of one bracket changes the force on multiple teeth and 
hinders treatment. To assist in the placement of the custom 
brackets, they are usually shipped to the orthodontist in an 
installation jig. Such an installation jig is also expensive. 
Thus, such scienti?c orthodontic treatment is expensive and 
has many inherent inaccuracies. 

[0010] Therefore, a need exists for a method and apparatus 
that provides a scienti?c approach to orthodontics through 
out the treatment, maintains treatment costs, and provides a 
three-dimensional digital model of an orthodontic patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 illustrates a graphical diagram of orthodon 
tic data in accordance With the present invention; 

[0012] FIG. 2 illustrates a graphical diagram of scaling in 
accordance With the present invention; 

[0013] FIG. 3 illustrates a graphical diagram of an alter 
nate scaling approach in accordance With the present inven 
tion; 
[0014] FIG. 4 illustrates a graphical diagram of x-rayed 
teeth in accordance With the present invention; 

[0015] FIG. 5 illustrates a graphical diagram of scaling 
the x-rayed tooth in accordance With the present invention; 

[0016] FIG. 6 illustrates a graphical representation of 
determining orientation reference points in accordance With 
the present invention; 

[0017] FIGS. 7 and 8 illustrate a graphical representation 
of mapping the orientation reference points to a three 
dimensional coordinate system in accordance With the 
present invention; and 

[0018] FIG. 9 illustrates a logic diagram of a method for 
producing a three-dimensional digital model of an orthodon 
tic patient in accordance With the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0019] Generally, the present invention provides a method 
and apparatus for producing a three-dimensional digital 
model of an orthodontic patient. Such a method and appa 
ratus include processing that begins by obtaining data of an 
orthodontic structure of the orthodontic patient. The pro 
cessing then continues by obtaining at least one scaling 
reference point of the orthodontic structure. For example, 
the scaling reference point may be a marking placed on a 
tooth prior to obtaining the data. The processing continues 
by scaling the data of the orthodontic structure based on the 
at least one scaling reference point to produce scaled data. 
Note that the data may be video data, x-rays, CAT scans, 
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ultrasound, and/or magnetic resonance images. The process 
then continues by obtaining at least tWo orientation refer 
ence points relating to the orthodontic structure (i.e., ?xed 
physical attributes of the orthodontic structure that Will not 
change, or Will change With negligible effects, during the 
course of treatment). The processing then continues by 
mapping the scaled data to a coordinate system based on the 
at least tWo orientation reference points to produce an 
enhanced three-dimensional digital model of the orthodontic 
patient. With such a method and apparatus, the automated 
treatment of an orthodontic patient occurs in a scienti?c and 
controlled manner. By obtaining an accurate three-dimen 
sional digital model that includes a dentition structure of the 
orthodontic patient, patient treatment can be simulated by a 
computer in three-dimensional space, thereby providing a 
scienti?c approach to orthodontic treatment. 

[0020] The present invention can be more fully described 
With reference to FIGS. 1 through 9. FIG. 1 illustrates a 
graphical representation of orthodontic data 10 of the orth 
odontic structure of an orthodontic patient. In essence, the 
orthodontic data is scan data representing a three-dimen 
sional graphic surface image of the patient’s teeth, gums, 
lips, and other surfaces of the facial area. The orthodontic 
data shoWn in FIG. 1 only includes the teeth 12 and gums 
14. As one of average skill in the art Will appreciate, the 
surfaces may also include lips, cheeks, chin, nose, etc. The 
orthodontic data may be obtained by scanning a patient’s 
mouth to obtain video data thereof. The scanning may be 
done utiliZing a laser scanner, light scanner, ultrasound, 
MRI, CAT scan, or other scanning technique, such as the 
scanning technique, such as the scanning technique dis 
closed in patent application Ser. No. having attorney 
docket number 15009900900, ?led on Apr. 28, 2000, Which 
is hereby incorporated herein by reference. Note that the 
light scanner approach may be directly performed on the 
patient While a laser scanner and other scanning techniques 
are typically done on a plaster model. Regardless of the 
scanning technique, three-dimensional images of the surface 
of the orthodontic structure are obtained. 

[0021] FIG. 2 illustrates a graphical representation of 
scaling the orthodontic data to match the actual orthodontic 
siZe. Depending on of the scanning technique, the orthodon 
tic data Will not completely reproduce the exact siZe of the 
teeth and other portions of the orthodontic structure. To 
facilitate the accuracy of the three-dimensional digital 
model, at least one tooth 22 can be marked utiliZing mark 
ings 24. The marking is done prior to obtaining the orth 
odontic data. Once the orthodontic data for the tooth 20 is 
obtained, the scaling reference points 26 are also obtained. 
Adetermination betWeen the differences betWeen the scaling 
reference points 26 and the actual markings 24 determine a 
scaling factor 28. As one of average skill in the art Will 
readily appreciate, having the actual markings 24 and the 
scaling reference points 26, a variety of mathematical opera 
tions may be used to determine the scaling factor. For 
example, the differences in area formed by the triangles may 
be used to generate the scaling factor, the coordinate differ 
ences betWeen each of the vertices of the triangle may be 
utiliZed. As one of average skill in the art Will further 
appreciate, a different number of markings 24 may be 
utiliZed. For example, tWo markings may be used or four 
markings may be used, etc. In addition, more than one tooth 
may be marked With similar markings 24. Note that the 
markings may be on the exterior of the patient, and a local 
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triangulation technique may be used to obtain the scaling 
factor. Further note that the scaling factor 28 determination 
is based on an assumption that the video data 10 Will have 
a linear error term in each of the X, y and Z axis, such that 
a single scaling factor is determined and used to scale each 
of the teeth as Well as the other aspects of the orthodontic 
structure of the patient. Such scaling Will be discussed With 
reference to FIGS. 4-9. 

[0022] FIG. 3 illustrates an alternate marking technique 
for determining a scaling factor for the orthodontic data. As 
shoWn, an actual tooth 32 is marked With a marking 34. The 
marking 34 is of a substantial siZe to be adequately mea 
sured. Once the orthodontic data is obtained, the orthodontic 
data of the tooth 30 and a corresponding scaling reference 
point 36 are used to determine the scaling factor 38. As one 
of average skill in the art Will readily appreciate, a simple 
mathematical function may be used to determine the scaling 
factor 38 based on the siZe difference betWeen the actual 
marking 34 and the scaling reference point 36. As an 
alternative to marking as described With reference to FIGS. 
2 and 3, the actual tooth siZe may be measured and used to 
determine the scaling factor. Accordingly, the difference 
betWeen the actual tooth siZe the siZe of the tooth in the 
video data 10 Will constitute the scaling factor. 

[0023] When three-dimensional scanning of the type 
described in application Ser. No. , having attorney 
docket number 15009900900 is used, scaling of the three 
dimensional data is not needed as a true three-dimensional 

image is obtained through the use of triangulation. LikeWise, 
a true three-dimensional image can be obtained by X-ray 
techniques such as computed tomography. 

[0024] FIG. 4 illustrates a tWo-dimensional representation 
of image data, such as a graphical diagram of a radiographic 
image, such as an X-ray of a feW teeth. In another embodi 
ment, the radiographic image can be a computed tomo 
graphic image volume. As previously mentioned, the orth 
odontic data contains three-dimensional images of the 
surface of the orthodontic structure. X-rays provide a more 
detailed vieW of the teeth and surrounding hard and soft 
tissue as tWo dimensional image data. As shoWn in FIG. 4, 
each tooth includes a croWn 44 and a root 42 and is 
embedded in bone 40. Accordingly, the orthodontic data 
only illustrates the croWn 44 of the teeth. As such, the 
three-dimensional model of the orthodontic patient requires 
the roots and bone to be included. Note that the X-ray image 
can include addition facial and/or cranial features other than 
those illustrated or described. 

[0025] FIG. 5 illustrates a graphical representation of 
using the scaled digital model 48 of the tooth’s croWn to 
produce an integrated or composite digital model 50 of the 
tooth. In this embodiment, the X-rayed data 46 of the tooth 
is used in comparison With the scaled digital model to 
determine a per tooth scaling factor. The scaled digital 
model 48 of the tooth is positioned to be planar With the 
X-ray of the tooth 46. Having obtained the proper orientation 
betWeen the tWo objects, the per tooth scaling factor is 
determined and subsequently used to generate the composite 
scaled digital model 50 of the tooth. In a speci?c embodi 
ment, the per tooth scaling factor is required for current 
X-ray technologies, since X-rays produce a varying amount 
of distortion from tooth to tooth depending on the distance 
of the tooth from the ?lm, the angle of X-ray transmission, 
etc. 
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[0026] To more accurately map the tWo-dimensional 
images of a tooth on to the three-dimensional model, mul 
tiple angles of the tooth should be used. Accordingly, a side, 
a front, and a bottom vieW of the tooth should be taken and 
mapped to the scaled digital model of the tooth. Note that the 
bone and other portions of the orthodontic structure are 
scaled in a similar manner. Further note that MRI images, 
and any other images obtained of the orthodontic patient, 
may also be scaled in a similar manner. 

[0027] FIG. 6 illustrates a graphical diagram of selecting 
orientation reference points based on physical attributes of 
the orthodontic structure. The orientation reference points 
62 and 66 Will be subsequently used to map the digital image 
of the orthodontic structure into a three-dimensional coor 
dinate system that Will not change during the course of 
treatment. In this eXample, the frenum 64 has been selected 
to be one of the orientation reference points 66 and the rugae 
60 has been selected as the other reference point 62. The 
frenum 64 is a ?xed point in the orthodontic patient that Will 
not change, or change minimally, during the course of 
treatment. As shoWn, the frenum is a triangular shaped tissue 
in the upper-portion of the gun of the upper-arch. The rugae 
60 is a cavity in the roof of the mouth 68 in the upper-arch. 
The rugae Will also not change its physical position through 
treatment. As such, the frenum 64 and the rugae 60 are ?Xed 
physical points in the orthodontic patient that Will not 
change during treatment. As such, by utiliZing these as the 
orientation reference points 62 and 66, a three-dimensional 
coordinate system may be mapped thereto. Note that other 
physical attributes of the orthodontic patient may be used as 
the orientation reference points 62 and 66. HoWever, such 
physical points need to remain constant throughout treat 
ment. Accordingly, alternate physical points include the 
incisive papilla, cupid’s boW, the inter-pupillar midpoint, 
inter-comissural midpoint (e.g., betWeen the lips), inter-alar 
midpoint (e.g., betWeen the sides of the nose), the prone 
nasale (e.g., the tip of the nose), sub-nasale (e.g., junction of 
the nose and the lip), a dental mid-line point, a point on the 
bone, a ?Xed bone marker such as an implant (e.g., a screW 
from a root canal, oral surgery). 

[0028] The X, y, Z coordinate system may be mapped to the 
physical points on the digital module of the orthodontic 
structure in a variety of Ways. In one eXample, the origin of 
the X, y, Z coordinate system may be placed at the frenum 64, 
the Z-aXis aligned With reference to the frenum and the rugae 
60, and the X-aXis is aligned With the midline of the upper 
and/or loWer arch. This is further illustrated in FIGS. 7 and 
8. Note that an eXternal positioning system may be used to 
obtain the orientation reference points. For eXample, the 
patient may sit in a chair at a speci?c location of an 
eXamination room that includes a triangulation positioning 
system therein. As such, When the patient is scanned, the 
scanned images may be referenced With respect to the 
room’s triangulation positioning system. 

[0029] FIG. 7 illustrates a graphical representation of 
mapping the orientation reference points 62 and 66 to the X-Z 
plane of the three-dimensional X, y, Z coordinate system. In 
this illustration, orientation point 66, Which corresponds to 
the frenum 64, is selected as the origin of the X, y, Z 
coordinate system. Note that any location may be selected as 
the origin 72. The orientation points 62 and 66 are used to 
determine an X, Z plane orientation angle 62. Typically, the 
X, y, Z coordinate system Will be selected such that When 
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looking at the patient from a frontal vieW, the X direction Will 
be to right of the patient, the y direction toWards the top of 
the patient’s head and the Z direction Will be out aWay from 
the patient. As one of average skill in the art Will appreciate, 
the orientation of the X, y, Z plane may be in any orientation 
With respect to the reference points 62 and 66. 

[0030] The X-y plane is mapped to the orientation refer 
ence point 62 and 66 as shoWn in FIG. 8. The orientation 
reference point 62 and 66 are used to generate an X-y plane 
orientation angle 84. Based on the X-y plane orientation 
angle 84 and the X-Z plane orientation angle 62, a digital 
model of a tooth 70 may be positioned in three-dimensional 
space With respect to the X, y, Z coordinate system. As shoWn 
in FIGS. 7 and 8, the digital model of the tooth 70 includes 
a tooth depth 78, an angle of rotation 76 With respect to the 
X-Z aXis, an angle of rotation 82 With respect to the X-y plane, 
a positioning vector 74 Which is in a three-dimensional 
space, the length of the tooth including the croWn dimen 
sion, and the root dimension. Accordingly, each tooth is then 
mapped into the X, y, Z coordinate system based on the 
tooth’s center, or any other point of the tooth, and the 
dimensions of the digital model of the corresponding tooth. 
Once each tooth has been placed into the X, y, Z coordinate 
system, the digital model of the tooth is complete. Note that 
the loWer-arch is also referenced to the X, y, Z coordinate 
system Wherein the determination is made based on the 
occlusal plane of the patient’s orthodontic structure. Alter 
natively, the loWer-arch may include a separate three-dimen 
sional coordinate system that is mapped to the coordinate 
system of the upper-arch. In this latter eXample, ?Xed points 
Within the loWer-arch Would need to be determined to 
produce the loWer arches three-dimensional coordinate sys 
tem. 

[0031] FIG. 9 illustrates a logic diagram of a method for 
producing a three-dimensional digital model of an orthodon 
tic patient. The processing steps of FIG. 9 may be imple 
mented as operational instructions that are stored in memory 
and eXecuted by a processing module. For eXample, the 
processing module and memory may be of the type found in 
the orthodontic server as described in co-pending patent 
application, Which is hereby incorporated by reference, 
having an attorney docket number of 15009900101, entitled 
METHOD AND APPARATUS FOR DETERMINING AND 
MONITORING ORTHODONTIC TREATMENT, a ?ling 
date the same as the present application, a Ser. No. , 
and is assigned to the same assignee as the present patent 
application. 

[0032] The process begins at step 90 Where orthodontic 
data of an orthodontic structure of an orthodontic patient is 
obtained. In essence, the orthodontic data includes a three 
dimensional graphical surface image of the orthodontic 
structure, Which may be obtained as video data using a light 
scanner, laser scanner, ultra sound scanner, and/or other 
scanning device. The orthodontic data may further include 
tWo dimensional data such as X-rays, MRIs, CAT scans, 
photographs, etc. In addition to obtaining images of the 
orthodontic structure, the system may obtain color informa 
tion of the teeth and surrounding soft tissue to use as teXture 
information for the three-dimensional object. Note that the 
three-dimensional surface image Which may be obtained as 
video data, includes information regarding the teeth surface, 
gum surface, lips surface and facial surface. Further note 
that the video data may be dynamic motion of the orthodon 
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tic structure Which Will be later used to determine appropri 
ate functionality of the orthodontic structure. 

[0033] The process then proceeds to step 92 Where at least 
one scaling reference point of the orthodontic structure is 
obtained. This may be done by marking at least tWo points 
on one or more teeth via a jig, marking a tooth With a knoWn 
shape via a jig, measuring at least tWo anatomical points, 
identifying at least tWo points on a true three-dimensional 
model, and/or measuring physical dimensions of a tooth. 

[0034] The process then proceeds to step 94 Where the 
data is scaled based on the at least one scaling reference. To 
begin the scaling process, as described With reference to 
FIGS. 1 through 8, the surface data, Which may be obtained 
as video data, is scaled ?rst. Once the video data has been 
scaled, X-rays and/or photographs may be scaled in accor 
dance With the scaled video data. For X-rays, the scaling 
must be done on a tooth by tooth basis by orientating the 
scaled video data on a tooth by tooth basis such that the 
digital module of the tooth surface is substantially planer 
With the tWo-dimensional X-ray, MRI, etc. of a given tooth. 
Having done this, a scaling factor is determined for the given 
tooth based on the planer scaled video data and the tWo 
dimensional image. The tWo-dimensional imagery of the 
tooth (i.e., root and croWn) is then scaled based on the 
scaling factor to produce a scaled tooth. This Was illustrated 
With respect to FIG. 5. Note that regardless of Whether the 
data contains scanned images that Were obtained via an MRI 
process, infrared process, CAT scan, ultrasound, and/or laser 
scan, such images are scaled in accordance With the scaled 
video data. 

[0035] In a speci?c embodiment, by knoWing the param 
eters used to capture the tWo-dimensional image the scaling 
needed to orient the tWo-dimensional image a three-dimen 
sional model can be reduced by changing the virtual orien 
tation of the three-dimensional model to match the tWo 
dimensional vieW. In this manner, the scaling is done by 
manipulating the three dimensional model. Additional ?ne 
tuning of the three-dimensional model orientation can be 
subsequently performed to achieve a best ?t. In this manner, 
any dentition points that can be clearly recogniZed and 
de?ned in both the three-dimensional image and the tWo 
dimensional image (e.g. incisor edges, cusps, etc.) can be 
used to align the images. 

[0036] The process then proceeds to step 96 Where at least 
tWo orientation reference points that relate to the orthodontic 
structure are obtained. These reference points may be 
applied by a practitioner, or local care provider, and may 
include the mid-point frenum, incisive papilla, rugae, 
cupid’s boW, inter-pupillar midpoint, inter-comissural mid 
point, inter-alar midpoint, prone nasale, sub-nasale, dental 
mid-line point, a ?Xed point on a bone, a ?Xed bone marker 
such as implants that resulted from a root canal, oral surgery, 
etc. In addition, facial features may be used as the reference 
points, Which include the ear, lateral aspect of the face, the 
bottom of the chin, the nose, etc. 

[0037] The process then proceeds to step 98 Where the 
scaled data is mapped to a coordinate system based on the 
at least tWo reference points. This Was discussed With 
reference to FIGS. 7 and 8. Note that, if the orthodontic data 
includes a motion picture of the orthodontic structure, the 
moving loWer arch is mapped to the coordinate system to 
obtain functional accuracy of the orthodontic structure. In 
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addition, the movement of the jaW, and hence the orthodon 
tic structure, can be determined by including the bone 
portions related to the jaW using the techniques described 
herein. This allows a simulation using the integrated simu 
lation model to determine alignment and position of the 
loWer jaW. Therefore, modi?cations to the location of den 
tition structures in a digital model can be simulated using 
movement of the jaW to determine if the planned location of 
the dentition structures is appropriate, or if additional modi 
?cation of the model Will create a better result. 

[0038] The process then proceeds to step 100 Where at 
least one stress point of the orthodontic structure is high 
lighted. The stress point could be Within the jaW, mouth or 
anyWhere in the head and is determined based on contact 
betWeen at least one upper-tooth and loWer-tooth of the 
orthodontic structure. The stress point is subsequently used 
to determine a desired orthodontic structure as discussed in 
co-pending patent application, Which is hereby incorporated 
by reference, having an attorney docket number of 
1500.9900601, entitled METHOD AND APPARATUS FOR 
GENERATING A DESIRED THREE-DIMENSIONAL 
IMAGE OF AN IDEAL ORTHODONTIC STRUCTURE, 
having a ?ling date the same as the present patent applica 
tion, a Ser. No. , and is assigned to the same assignee 
as the present patent application. 

[0039] Using an iterative method in accordance With the 
present invention is advantageous over prior methods that 
Were ultimately based upon a single tWo-dimensional analy 
sis. By using a three-dimensional model in accordance With 
a speci?c embodiment of the present invention in conjunc 
tion With an iterative process, any factor that effects tooth 
movement (i.e. brackets, Wires, adhesion, physiological 
changes) can be simulated to determine appropriate treat 
ment changes. Such compensation in treatment is not pos 
sible using prior methods Which Were based upon assump 
tions from a single model that the tooth movement Would 
progress in a knoWn manner. Therefore, the prior art meth 
ods Would specify and a single static treatment based upon 
this assumption. If any unWanted tooth movement occurred 
during treatment, the speci?ed treatment Would no longer be 
valid, requiring changes to be made based upon a practitio 
ner’s expertise. The present system provides a dynamic 
system that through the use of periodic feedback, i.e. peri 
odic three-dimensional scanning, can be monitored and 
adjusted as needed by the system in an ef?cient manner. As 
such, unexpected tooth movement, such as occurs When a 
patient does not cooperate, or through biological changes, 
can be readily controlled. 

[0040] The preceding discussion has presented a method 
and apparatus for producing a three-dimensional digital 
model of an orthodontic patient. By generating a digital 
model of an orthodontic patient, a scienti?c approach to 
orthodontic treatment may be obtained in a closed-looped 
system. As one of average skill in the art Would readily 
appreciate, other embodiments may be derived from the 
teaching of the present invention Without deviating from the 
scope of the claims. 

What is claimed is: 
1. A method for producing a three-dimensional digital 

model of an orthodontic patient, the method comprises the 
steps of: 
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a) obtaining data of an orthodontic structure of the orth 
odontic patient; 

b) obtaining at least one scaling reference point of the 
orthodontic structure; 

c) scaling the data of the orthodontic structure based on 
the at least one scaling reference point to produce 
scaled data; 

d) obtaining at least tWo orientation reference points 
relating to the orthodontic structure; 

e) mapping the scaled data to a coordinate system based 
on the at least tWo orientation reference points to 
produce the three-dimensional digital model. 

2. The method of claim 1 further comprises obtaining the 
data to be at least one of: 

tWo-dimensional imagery of the orthodontic structure and 
video data. 

3. The method of claim 2 further comprises: 

scaling the video data based on the at least one scaling 
reference point to produce scaled video data; and 

scaling the tWo-dimensional imagery based on the scaled 
video data. 

4. The method of claim 3 further comprises, on a tooth by 
tooth basis, 

orientating the scaled video data for a given tooth to be 
substantially planar With the tWo-dimensional imagery 
of the given tooth; 

obtaining a scaling factor for the given tooth based on the 
planar scaled video data and the tWo-dimensional imag 
ery; and 

scaling the tWo-dimensional imagery of the given tooth 
based on the scaling factor to produce a scaled tooth. 

5. The method of claim 4, Wherein step (e) further 
comprises: 

mapping the scaled teeth to the coordinate system based 
on the at least tWo orientation reference points; and 

integrating the scaled teeth and the scaled video data to 
produce the three-dimensional digital model. 

6. The method of claim 5, Wherein the three-dimensional 
digital model includes a combination of at least tWo of: 
three-dimensional digital model of the teeth and roots, gums, 
bones, and soft tissue. 

7. The method of claim 1, Wherein step (a) further 
comprises obtaining color of the teeth and soft tissue of the 
orthodontic structure Within the video data; and 

Wherein step (e) further comprises producing the three 
dimensional digital model having substantially true 
color the teeth and the soft tissue. 

8. The method of claim 1, Wherein step (b) further 
comprises obtaining the at least one scaling reference point 
by at least one of: marking at least tWo points on one or more 
teeth via a jig, marking a tooth With a knoWn shape via a jig, 
measuring at least tWo anatomical points, and measuring 
physically dimensions of a tooth. 

9. The method of claim 8 further comprises: 

obtaining reference video data of the orthodontic structure 
including the at least one scaling reference; 
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comparing the reference video data With the video data to 
obtain a scaling factor; and 

scaling the video data based on the scaling factor to 
produce the scaled video data. 

10. The method of claim 1, Wherein step (d) further 
comprises obtaining the at least tWo orientation points via 
inputs from a practitioner. 

11. The method of claim 1, Wherein step (a) further 
comprises obtaining teeth surface information, gum surface 
information, lip surface information, and facial surface 
information as the video data. 

12. The method of claim 1, Wherein step (a) further 
comprises obtaining dynamic motion of the orthodontic 
structure Within the video data; and 

Wherein step (e) further comprises mapping upper plate 
information of the orthodontic structure With loWer 
plate information of the orthodontic structure based on 
the dynamic motion. 

13. The method of claim 1, Wherein step (e) further 
comprises highlighting a stress point of the orthodontic 
structure Within the three-dimensional digital model, 
Wherein the stress point is determined based on contact 
betWeen upper teeth of the orthodontic structure and loWer 
teeth of the orthodontic structure. 

14. The method of claim 1, Wherein step (a) further 
comprises obtaining a three-dimensional imagery of the 
orthodontic structure. 

15. The method of claim 14 further comprises: 

scaling the three-dimensional imagery based on the scaled 
video data to produce scaled three-dimensional imag 
ery; and 

Wherein step (e) further comprises mapping the scaled 
three-dimensional imagery to the coordinate system 
and integrating the scaled video data With the scaled 
three-dimensional imagery to produce the three-dimen 
sional digital model. 

16. An apparatus for producing a three-dimensional digi 
tal model of an orthodontic patient, the apparatus comprises: 

a processing module; and 

memory operably coupled to the processing module, 
Wherein the memory includes operational instructions 
that cause the processing module to: (a) obtain data of 
an orthodontic structure of the orthodontic patient; (b) 
obtain at least one scaling reference point of the orth 
odontic structure; (c) scale the data of the orthodontic 
structure based on the at least one scaling reference 
point to produce scaled data; (d) obtain at least tWo 
orientation reference points relating to the orthodontic 
structure; (e) map the scaled data to a coordinate 
system based on the at least tWo orientation reference 
points to produce the three-dimensional digital model. 

18. The apparatus of claim 17, Wherein the memory 
further comprises operational instructions that cause the 
processing module to obtain, as the data, at least one of: 
tWo-dimensional imagery of the orthodontic structure and 
video data. 

19. The apparatus of claim 18, Wherein the memory 
further comprises operational instructions that cause the 
processing module to: 

scale the video data based on the at least one scaling 
reference point to produce scaled video data; and 
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scale the tWo-dimensional imagery based on the scaled 
video data. 

20. The apparatus of claim 19, Wherein the memory 
further comprises operational instructions that cause the 
processing module to, on a tooth by tooth basis, 

orientate the scaled video data for a given tooth to be 
substantially planar With the tWo-dimensional imagery 
of the given tooth; 

obtain a scaling factor for the given tooth based on the 
planar scaled video data and the tWo-dimensional imag 
ery; and 

scale the tWo-dimensional imagery of the given tooth 
based on the scaling factor to produce a scaled tooth. 

21. The apparatus of claim 20, Wherein the memory 
further comprises operational instructions that cause the 
processing module to: 

map the scaled teeth to the coordinate system based on the 
at least tWo orientation reference points; and 

integrate the scaled teeth and the scaled video data to 
produce the three-dimensional digital model. 

22. The apparatus of claim 21, Wherein the three-dimen 
sional digital model includes a combination of at least tWo 
of: three-dimensional digital model of the teeth and roots, 
gums, bones, and soft tissue. 

23. The apparatus of claim 16, Wherein the memory 
further comprises operational instructions that cause the 
processing module to: 

obtain color of the teeth and soft tissue of the orthodontic 
structure Within the video data; and 

produce the three-dimensional digital model having sub 
stantially true color the teeth and the soft tissue. 

24. The apparatus of claim 16, Wherein the memory 
further comprises operational instructions that cause the 
processing module to obtain the at least one scaling refer 
ence point by at least one of: marking at least tWo points on 
one or more teeth via a jig, marking a tooth With a knoWn 
shape via a jig, measuring at least tWo anatomical points, and 
measuring physically dimensions of a tooth. 

25. The apparatus of claim 24, Wherein the memory 
further comprises operational instructions that cause the 
processing module to: 

obtain reference video data of the orthodontic structure 
including the at least one scaling reference; 

compare the reference video data With the video data to 
obtain a scaling factor; and 

scale the video data based on the scaling factor to produce 
the scaled video data. 

26. The apparatus of claim 16, Wherein the memory 
further comprises operational instructions that cause the 
processing module to obtain teeth surface information, gum 
surface information, lip surface information, and facial 
surface information as the video data. 

27. The apparatus of claim 16, Wherein the memory 
further comprises operational instructions that cause the 
processing module to: 

obtain dynamic motion of the orthodontic structure Within 
the video data; and 
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map upper plate information of the orthodontic structure 
With loWer plate information of the orthodontic struc 
ture based on the dynamic motion. 

27. The apparatus of claim 16, Wherein the memory 
further comprises operational instructions that cause the 
processing module to: 

highlight a stress point of the orthodontic structure Within 
the three-dimensional digital model, Wherein the stress 
point is determined based on contact betWeen upper 
teeth of the orthodontic structure and loWer teeth of the 
orthodontic structure. 

28. The apparatus of claim 16, Wherein the memory 
further comprises operational instructions that cause the 
processing module to obtaining a three-dimensional imagery 
of the orthodontic structure. 
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29. The apparatus of claim 28, Wherein the memory 
further comprises operational instructions that cause the 
processing module to: 

scale the three-dimensional imagery based on the scaled 
video data to produce scaled three-dimensional imag 
ery; and 

map the scaled three-dimensional imagery to the coordi 
nate system and integrating the scaled video data With 
the scaled three-dimensional imagery to produce the 
three-dimensional digital model. 


