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METHOD AND SYSTEM FOR 
COMPREHENSIVE E\".ALUATION OF 
ORTHODONTIC TREATMENT USING 

UNIFIED WORKSTATION 

RELATED APPLICATIONS 

TI1is is a continuation-in-part of application Ser. No. 
10/428,461 filed May 2, 2003, which is a conlinualion-in
part of application Ser. No. 09/834,412, filed Apr. 13, 2001, 
now issued as U.S. Pat. No. 6,632,089. TI1e entire contents 
of both related applications are incorporated by reference 
herein. 

' BACKGROUND OF THE INVENTION 

A. Field of the Invention 
TI1is invention relates to the field of computerized tech

niques for orthodontic treatment planning for human 
patients. More particularly, the invention is directed to an 
interactive workstation and associated computerized tech
niques for facilitating integration of various tasks performed 
in planning treatment for orthodontic patients, and more 
particularly evaluation of a proposed treatment plan. 

B. Description of Related Art 
'l11e lradi!ional process of diagnosis and Lrealment plan

ning for a patient with orthodontic problems or disease 
typically consists of the practitioner obtaining clinical his
tory, medical history, dental history, and orthodontic history 
of the patient supplemented by 2D photographs, 2D radio
graphic images, CT scans, 2D and 3D scanned images, 
ultrasonic scanned images, and in general non-invasive and 
sometimes invasive images, plus video, audio, and a variety 

2 
short-cut, relying predominantly on their intuition to select 
a treatment plan. for example, the diagnosis and treatment 
planning is often done by the practitioner on a sheet of 
acetate over !he X-rays. All of these factors frequently 

5 contribute towards trial and error, hit-and-miss, lengthy and 
inefficient treatment plans that require numerous mid-course 
adjustments. While at the beginning of treatment things 
generally run well as all teeth start to move at least into the 
right direction, al lhe end of!rea!menl a lo! of lime is los! by 

1 o adaptations and corrections required due to the fact that the 
end result has not been properly plaimed at any point of time. 
By and large, this approach lacks reliability, reproducibility 
and precision. More over, there is no comprehensive way 
available lo a practitioner lo stage and simulate the treatmenl 

15 process in advance of the actual implementation to avoid the 
often hidden pitfalls. And the patient has no choice ai1d does 
not know that treatment time could be significai1tly reduced 
if proper plaiming was done. 

Jn recent years, computer-based approaches have been 
20 proposed for aiding orthodontists in their practice. However, 

these approaches are limited to diagnosis and treatment 
plam1ing of craniofacial structures, including the straighten
ing of teeth. See Andreiko, U.S. Pat. No. 6,015,289; Snow, 
U.S. Pal. No. 6,068,482; Kopelmann et al., U.S. Pal. No. 

25 6,099,314; Doyle, et al., U.S. Pat. No. 5,879,158; Wu et al., 
U.S. Pat. No. 5,338,198, and Chisti et al., U.S. Pat. Nos. 
5,975,893 and 6,227,850, the contents of each of which is 
incorporated by reference herein. Also see imaging and 
diagnostic software and other related products marketed by 

JO Dolphin Imaging, 6641 Independence Avenue, Cai1oga Park, 
Calif. 91303-2944. 

A method for generation of a 3D model of the dentition 

of communication records. Additionally, physical models, 
such as made from plaster of paris, of the patient's teeth are 35 

created from Lhe impressions taken of the patient's upper 
and lower jaws. Such models are manually converted into 
teeth drawings by projecting teeth on drawing paper. Thus, 
there is a large volume of images and data involved in the 
diagnosis and treatment planning process. Furthennore, the 40 

information may require conversion from one fonn to 
another and selective reduction before it could become 
usefol. There are some computerized tools available to aid 
the practitioner in these data conversion and reduction steps, 

from an in-vivo scan of t11e patient, and interactive com
puter-based treatment planning for orthodontic patients, is 
described in published PCT patent application of OraMctrix, 
Inc., the assignee of this invention, publication no. WO 
01/80761, the contents of which are incorporated by refer
ence herein. 

Other background references related to capturing three 
dimensional models of dentition and associated crai1iofacial 
structures include S. M. Yamai1y and A. A. Farag, "A System 
for Humai1 Jaw Modeling Using Intra-Oral Images" in Proc. 
IEEE Eng. Med. Biol. Soc. (E1\4BS) Conj, Vol. 20, Hong 
Kong, October 1998, pp. 563-566; and M. Yamany, A. A. 

for example to convert cephalometric x-rays (i.e., 2 dimen- 45 

sional x-ray photographs showing a lateral view of the head 
and jaws, including teeth) into points of interest with respect 
to soft tissue, hard tissue, etc., but they are limited in their 
functionalities and scope. Even then, there is a fairly sub
stantial amount of manual work involved in these steps. 50 

Farag, David Tasman, A.G. Farman, "A3-D Reconstruction 
System for the Human Jaw Using a Sequence of Optical 
Images," IEEE Transactions on Medical Imaging, Vol. 19, 
No. 5, May 2000, pp. 538-547. The contents of these 
references are incorporated by reference herein. 

TI1e technical literature farther includes a body of litera
ture describing the creation of 3D models of faces from 
photographs, ai1d computerized facial animation and mor
phable modeling of faces. See, e.g., Pighin el al., Synthe
sizing Realistic Facial Expression from Photographs, Com
puter Graphics Proceedings SIGGRAPH '98, pp. 78-94 
(1998); Pighin et aL Realistic Facial Animation Using 
Image-based 3D Morphing, Technical Report no. UW-CSE-
97-01-03, University of Washington (May 9, 1997); and 
Blai1tz ct al., A Morphable Model.for The Synthesis of3D 

Additionally, a number of measurements, e.g., available 
space between teeth, are also often done manually. Gener
ally, these steps are time consuming and prone to inherent 
inaccuracies. Furthermore, the practitioner has to contend 
with the biological interdependencies within the patient, 55 

which introduces constraints eliminating certain treatment 
options that would otherwise be acceptable, between the soft 
tissue, the hard tissue, and the teeth. There is lack of an 
inlegraled platform which a practitioner could utilize lo 
filter-out non-practicable treatment options. 60 Faces, Computer Graphics Proceedings SIGGRAPH '99 

(August, 1999). The contents of these references are incor
porated by reference herein. 

Consequently, the practitioner is left to mental visualiza
tion, chance process to select the treatment course that 
would supposedly work. Furthermore, lhe diagnosis process 
is some-what ad-hoc and the effectiveness of the treatment 
depends heavily upon the practitioner's level of experience. 65 

Often, due to the complexities of the detailed steps and the 
time consuming nature of them, some practitioners take a 

'lbe presenl invention is directed lo an effective, com
puter-based, integrated and interactive orthodontic treatment 
plamling system that provides t11e necessary tools to allow 
the orthodontist to quickly and efficiently design a treatment 
plan for a patient. The present invention also provides a 
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treatment planning system in which the orthodontist-derived 
parameters for the treatment can be translated into a design 
of the treatment. The preferred embodiment integrates 20 
and 3D images lo drive effective treatment planning. Intel
ligence is built into the system whereby predefined thern
peutic strategies, sucl1 as extraction, intetproximal reduc
tion. distal movement of molars, can have associated value 
sets predefined by the clinician that are used to drive the 
appropriate set-up automatically. Such predefined therapeu-
tic strategics could be entered via convenient user interface 10 

tools, such as by templates. 
TI1e treatment design as described herein also allows for 

real-time conununication of the treatment plan to occur with 
the patient, or transmitted over a communications link and 
shared with a colleague or remote appliance manufacturing 15 

facility. Alternatively, the treatment planning can be per
formed remotely and a digital treatment plan sent to the 
orthodontist for review, interactive modification, or 
approval. 

4 
In a related aspect, a computerized method of planning 

treatment for an orthodontic patient is provided, comprising 
the step of providing an orthodontic treatment planning 
workstation comprising a computing platform having a 
graphical user interface, a processor and a computer stornge 
medium containing digitized records pertaining to a patient. 
The digitized records including image data. TI1e workstation 
includes software instructions providing graphical user 
interface tools for access to the digitized records and for 
planning orthodontic treatment of a patient. The method 
continues with a step of using the workstation to generate a 
proposed set-up for treating the patient, the proposed set-up 
comprising a proposed three-dimensional position of the 
teeth of the upper and lower arches of the patient in a 
post-treatment condition. TI1e method further continues with 
a step of conducting an evaluation of the proposed set-up, 
the evaluation prompted by computer instmctions providing 
a series of predetermined steps for guiding a user to inter
actively evaluate the proposed set-up. 'll1e predetermined 

SUMMARY OF THE INVENTION 

In a first aspect, an orthodontic treatment planning work
station is provided comprising a computing platform having 

20 steps comprise steps for 1) evaluation of said proposed 
set-up against boundary conditions for treatment of the 
patient, the boundary conditions including a least a 111.idline 
and an occlusal plane, and 2) evaluation of whether the tooth 
positions in both arches, and the inter-arch relalionship, of 

25 the proposed set-up are essentially ideal for treatment of the 
patient. 

a graphical user interface, a processor and a computer 
storage medium containing digitized records pertaining to a 
patient. TI1e digitized records include image data. The com
puter storage medium further ii1cludes a set of so.fiware 
instn1ctions providing graphical llSer interface tools for 
providing a user wi tb access lo the digitized records for 30 

planning orthodontic treatment of a pulicnt. ·111e set of 
instructions include: 

a) treatment plan instmctions providing graphical user 
interface tools for allowing the user to interactively 
create a proposed set-up for treatment oflhe patient, the 35 

proposed set-up comprising a proposed three-dimen
sional position of the teeth of the upper and lower 
arches of the patient in a post-treauuent condition; and 

b) evaluation instructions providing a series of predeter
mined steps for guiding a user to interactively evaluate 40 

the proposed set-up. The predetem1ined steps comprise 
steps for 1) evaluation of the proposed set-up against 
boundary conditions for treatment of the patient, the 
boundary conditions including a least a midline, an 
occlusal plane, a fixed reference object (e.g. tooth or 45 

other anatomical structure that remains fixed) and an 
arch fonn, and 2) evaluation of whether the tooth 
positions in both arches, and the inter-arch relationship, 
of the proposed set-up are essentially ideal for treat
ment of the patient, that is, correspond to the treatment 50 

goals of the patient. As used herein, the phrase "essen
tially ideal for treatment of the patient" means that the 
proposed set up satisfies the practitioner's objectives or 
goals for treatment of the patient, in other words, the 
proposed set up meets the objectives for treatment of 55 

the patient, such as interarch relationship, tooth posi
tion, etc., midline placement, overbite and overjet, 
whatever they may be for a given patient. TI1is inven
tion recognizes that there may be more than one 
possible "ideal" setu.P for a given patient, as different 60 

practitioners may arrive at tmique solutions for treat
ment for the patient, and that for any given practitioner 
there may be more lhan one proposed setup thal meets 
the objectives for treatment of the patient, any one of 
which would satisfy the term "essentially ideal for 65 

treatment of the patient." The term "ideal" is thus not 
used in an absolute sense of the word. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Presently preferred embodiments of the invention are 
described below in reference lo the appended drawings, 
wherein like reference numerals refer to like elements in the 
various views, and in which: 

FIG. 1 is block diagram of a system for creating a 
three-din1ensional virtual patient model and for diagnosis 
and planning treatment of the patient. 

FIG. 2 is a flow chart showing a method of three
dimensional face creation from scanning systems, which 
may be executed in software in the computer system of FIG. 
1. 

FIG. 3 is a flow chart showing an alternative method of 
three-dimensional face model face creation using a plurality 
of possible input image or data fonnats, which may be 
executed in software in the computer system of FIG. 1. 

FIG. 4 is a flow chart showing a method of creating a 
complete textured three-dimensional model of teeth. 

FIGS. SA-SE show a technique for combining 20 color 
photographs with 30 tooth data to created textured (colored) 
30 tooth models. 

FIG. 6 is a screen shot of the user interface of FIG. 1 
showing a three-dimensional face model and a three-dimen
sional tooth model, in separate coordinate systems (i.e., prior 
to registration or superposition of the two relative to each 
other). FIG. 6 also shows a plurality of icons, which, when 
activated, provide tools for manipulating the models shown 
in the Figure. 

FIG. 7 is a screen shot showing one possible method of 
placement of the lower jaw 30 data into the face data 
coordinate system using corresponding points that are com
mon to each data set. 

FIG. 8 is a screen shot showing the face data and skull 
data obtained from a CT scan in a common coordinate 
system. 

FIG. 9 is a screen shot showing face data and skull data 
superimposed on X-ray data obtained from the patient. 

FIG.10 is a screen shot showing the superposition of skull 
and face data with X-Ray data. 
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FIGS. 11A-11E are a series of views of a digital model of 
an orthodontic patient obtained, for example from CT scan, 
photographs, or intra-oral scamling with a hand-held 3D 
scanner. 

FIG. 12 is a diagram illustrating a technique for scaling 
orthodontic data obtained from an imaging device, such as 
a camera, to the actual anatomy of the patient. 

FIG. 13 is a diagran1 showing an alternative scaling 
method similar lo that shown in FIG. 12. 

FIG.14 is an illustration of an X-ray ofa set of teeth and 
adjacent bone. 

FIG. 15 is an illustration of scaling the X-ray data of the 
tooth to the actual size of the tooth to produce a scaled digital 
model of the tooth. 

6 
Many of the details and computer user interface tools 

which a practitioner may use in adjusting toot11 position, 
designing appliance shape and location, managing space 
between teeth, and arriving at a finish tooth position using 
interaction with a computer storing and displaying a virtual 
model of teeth are set forth in the prior application Ser. No. 
09/834,412 filed Apr. 13, 2001, and in published OraMetrix 
patent application WO 01/80761 , the contents of which are 
incorporated by reference herein. Other suites of tools and 

10 fi.mctions arc possible and within the scope of the invention. 
Such details will therefore be omitted from the present 
discussion. 

General Description 

FIGS. 16A-16C arc an illustration of a method of deter- 15 
A unified workstation environment and computer system 

for diagnosis, treatment planning and delivery of therapeu
tics, especially adapted for treatment of craniofacial struc
tures, is described below. In one possible exrunple, the 
system is particularly useful in diagnosis ru1d planning 
treatment of an mtlmdontic patient. Persons skilled in the art 

milling orientation reference points in a digital model of a 
patient. 

FIG. 17 is an illustration of a method of mapping the 
orientation reference points of FIGS. 16A-16C to a three
dimcnsional coordinate system. 

FIG. 18 is an illustration of a method of mapping the 
orientation reference points of FIGS. 16A-16C to a three
dimensional coordinate system. 

FIG. 19 is a more detailed block diagram of the treatment 
plaruling software executed by the workstation of FIG. 1. 

PIG. 20 is an illustration of the integration of the patient 
data acquisition, treatment planning and appliance design 
f1mctions that are facilitated by a preferred embodiment of 
the urufied workstation. 

FIGS. 21-58 illustrate screen shots from the workstation 
of FIG. 1, showing various treatment plruming fean1res that 
are provided by the treatment plamling software of FIG. 19 
in a presently preferred embodiment. 

FIG. 59 is a diagram showing the types of evahrntion that 
cru1 be performed in tills invention. 

PIGS. 60- 91 illustrate various screen shots on the work
station of FIG. 1 (or on a remote workstation), showing 
various proposed set-up evaluation features that are pro
vided by the evaluation instructions executed in the work
station in a preferred embodiment. 

20 will understand that the invention, in its broader aspects, is 
applicable to other craniofacial disorders or conditions 
requiring surgery, prosthodontic treatment, restorative treat
ment, etc. 

A presenlly preferred embodiment is depicted in FIG. 1. 
25 The overall system 100 includes a general-purpose computer 

system 10 having a processor (CPU 12) and a user interface 
14, including screen display 16, mouse 18 and keyboard 20. 
The system is useful for plaiming treatment for a patient 34. 

111e system 100 includes a computer storage medium or 
30 memory 22 accessible to the general-purpose computer 

system 10. The memory 22, such as a hard disk memory or 
attached peripheral devices, stores two or more sets of 
digital data representing patient crailiofacial image informa
tion. These sets include at least a first set of digital data 24 

35 representing patient crailiofacial image information obtained 
from a first imaging device and a second set of digital data 
26 representing patient crru1iofacial image information 
obtained from a second image device different from the first 
image device. The first and second sets of data represent, at 

40 least in part, common craniofacial anatomical structures of 
the patient. At least one of the first and second sets of digital 
data nonnally would include data representing the external 
visual appearance or surface configuration of lhe face of the 

FIG. 92-94 are an index of icons that may be provided to 
the user on the display of the workstation in various treat
ment planning and setup evaluation phases or modules in the 
software, with the icons associated with the fi.mctions 
described in the index. In instances where the different icons 45 

patient. 
In a representative and non-limiting example of the data 

sets, the first data set 24 could be a set of two dimensional 
color photographs of the face and head of the patient 
obtained via a color digital camera 28, and the second data 
set is three-dimensional image information of the patient's 
teeth, acquired via a suitable scaru1er 30, such as a hand-held 
optical 3 D sca1mer, or other type of scrumer. 111e memory 22 

appear to be the srune in these Figures, different colors are 
used for lines or other features in the icons, and this variation 
in color is not reOecled in the black and while drawings used 
for FIGS. 92-94. 

FIG. 95 shows a screen shot of the user interface of the 50 
workstation, after the user has selected individual brackets 
for use in treating the patient. The user has navigated to a 
screen display in which the user is shown the particular 
brackets for each tooth. When they llighlight a bracket, a 
virtual model of the bracket is displayed and the prescription 
of the bracket can be evaluated against a nonnative database. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Before describing the treatment planning features of tills 
invention in detail, an overview of a unified workstation will 
be set forth initially. "!be workstation, in a preferred embodi
ment, provides software features that create two dimensional 
and/or three-dimensional virtual patient model on a com
puter, which can be used for purposes of treatment plamling 
in accordance with a presently preferred embodiment. 

may also store other sets 27 of digital image data, including 
digitized X-rays, MRI or ullrasound images, CT scanner 
etc., from other imaging devices 36. The other imaging 

55 devices need not be located at the location or site of the 
workstation system 100. Rather, the imaging of the patient 
34 with one or other imaging devices 36 could be performed 
in a remotely located cliruc or hospital, in willch case the 
image data is obtained by the workstation 100 over the 

60 Internet 37 or some other commurucations medhnn, and 
stored in the memory 22. 

111e system 100 further includes a set of computer instruc
tions stored on a machine-readable storage medium. The 
instructions may be stored in the memory 22 accessible to 

65 the general-purpose computer system 10. 111e machine
readable medilllll storing the instructions may alternatively 
be a hard disk memory 32 for the computer system 10, 
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external memory devices, or may be resident on a file server 
on a network connected to the computer system, the details 
of which are not important. The set ofinstructions, described 
in more detail below, comprise instructions for causing the 
general computer system 10 to perfonn several functions 
related to the generation and use of the virtual patient model 
in diagnostics, therapeutics and treatment planning. 

TI1ese fi.mctions include a function of automatically, and/ 
or with the aid of opemtor interaction via the user interface 
14, superimposing the first set 24 of digital data and the JO 

second set 26 of digital data so as to provide a composite, 
combined digital representation of the craniofacial anatomi-
cal structures in a common coordinate system. This com
posite, combined digital representation is referred lo herein 
occasionally as the "virtual patient model," shown on the 15 

display 16 of FIG. 1 as a digital model of the patient 34. 
Preferably, one of the sets 24, 26 of data includes photo
graphic image data of the patient's face, teeth and head, 
obtained with the color digital camera 28. The other set of 
data could be intra-oral 3D scan data obtained from the 20 

hand-held scanner 30, CT scan data, X-Ray data, MRI, etc. 
In the example of FIG. 1, the hand-held scanner 30 acquires 
a series of images containing 3D information and this 
information is used to generate a 31J model in the scanning 
node 3L in accordance with the teachings of the published 25 

PCT application of OraMetrix, PCT publication no. WO 
01/80761, the content of which is incorporated by reference 
herein. Additional data sets are possible, and may be pre
ferred in most embodiments. For example the virtual patient 
model could be created by a superposition of the following 30 

data sets: intra-oral scan of the patient's teeth, gums, and 
associated tissues, X-Ray, CT scan, intra-oral color photo
graphs of the teeth to add true color (texture) to the 3D teeth 
models, and color photographs of the face, that are com
bined in the computer to form a 3D morphablc face model. 35 

These data sets are superimposed with each other, with 
appropriate scaling as necessary to place them in registry 
with each other and at the same scale. The resulting repre
sentation can be stored as a 3D point cloud representing not 
only the surface on the patient but also interior structures, 40 

such as tooth roots, bone, and other strnctures. In one 
possible embodiment, the hand-held in-vivo scanning device 
is used which also incorpomles a color CCD camera to 
capture either individual images or video. 

Tiie software instructions further includes a set of func- 45 

tions or routines that cause the user interface 16 to display 
the composite, combined digital three-dimensional repre
sentation of craniofacial anatomical structures lo a user of 
the system. In a representative embodiment, computer-aided 
design (CAD)-type software tools are used to display the 50 

model to the user and provide the user with tools for viewing 
and studying the model. Preferably, the model is capable of 
being viewed in any orientation. Tools are provided for 
showing slices or sections through the model at arbitrary, 
user defined planes. Alternatively, the composite digital 55 

representation may be printed out on a printer or otherwise 
provided to the user in a visual form. 

Tiie software instructions further include instructions that, 
when executed, provide the user with tools on the user 
interface 14 for visually studying, on the user interface, the 60 
interaction of the craniofacial anatomical structures and their 
relationship to the external, visual appearance of the patient. 
For example, the tools include tools for simulating changes 
in the anatomical position or shape of the cran.iofacial 
anatomical structures, e.g., teeth, jaw, bone or soft tissue 65 

strncture, and their effect on the external, visual appearance 
of the patient. The preferred aspects of the software tools 

8 
include tools for manipulating various parameters such as 
the age of the patient; the position, orientation, color and 
texture of the teeth; reflectivity and ambient conditions of 
light and its effect on visual appearance. The elements nfthe 
cmn.iofacial and dental complex can be analyzed quickly in 
either static fonnat (i.e., no movement of the anatomical 
stmctures relative to each other) or in an dynamic format 
(i.e., during movement of anatomical structures relative to 
each other, such as chewing, occlusion, growth, etc.). To 
facilitate such modeling and simulations, teeth may be 
modeled as independent, individually moveable three 
dimensional virtual objects, using the techniques described 
in the above-referenced OraMetrix published PCT applica
tion, WO 01/80761. 

TI1c workstation environment provided by this invention 
provides a powerful system and for purposes of diagnosis, 
treatment planning and delivery of therapeutics. For 
example, the effect of jaw and skull movement on the 
patient's face and smile can be studied. Similarly, the model 
can be manipulated to arrive at the patient's desired feature 
and smile. From this model, and more particularly, from the 
location and position of individual anatomical structures 
(e.g., individual tooth positions and orientation, shape of 
arch and position of upper and lower arches relative lo each 
other), it is possible to automatically back solve for or derive 
the jaw, tooth, bone and/or soft tissue corrections that must 
be applied to the patient's initial position, which might be 
pre-treatment position or position at any other time during 
treatment, to provide the desired result. This leads directly to 
a patient treatment plan. 

TI1ese simulation tools, in a preferred embodiment, com
prise user-friendly and intuitive icons 35 that are activated 
by a mouse or keyboard on the user interface of the 
computer system 10. When these icons are activated, the 
software instruction provide pop-up, menu, or other types 
screens that enable a user to navigate through particular 
tasks to highlight and select individual anatomical features , 
change their positions relative to other structures, and simu
late movement of the jaws (chewing or occlusion). 
Exan1plcs of the types of navigational tools, icons and 
treatment planning tools for a computer user interface that 
may be useful in this process and provide a point of 
departure for further types of displays useful in this inven
tion arc described in the patent application of Rudger 
Rubbert et al., Ser. No. 09/835,039 filed Apr. 13, 2001, the 
contents of which are incorporated by reference herein. 

TI1e virtual patient model, or some portion thereof, such 
as data describing a three-dimensional model of the teeth in 
initial and target or treMment positions, is useful information 
for generating customized orthodontic appliances for treat
ment of the patient. TI1e position of the teeth in the initial and 
desired positions can be used to generate a set of customized 
brnckets, and customized flat planar archwire, and custom
ized bracket placement jigs, as described in the above
referenced Andreiko et al. patents. Alternatively, the initial 
and final tooth positions can be used to derive data sets 
representing intennediate tooth positions, which are used to 
fabricate transparent aligning shells for moving teeth to the 
final position, as described in the above-referenced Chisti et 
al. patents. The data can also be used to place brackets and 
design a customized archwire as described in the previously 
cited application Ser. No. 09/835,039. 

To facilitate sharing of the virtual patient model among 
specialists and device manufacn1rers, the system 100 
includes software routines and appropriate hardware devices 
for transmitting the virtual patient model or some subset 
thereof, and a proposed set-up for treatment of the patient, 
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over a compu1er ne1work. The treatmenl plan developed in 
the workstation could be either evaluaied locally, on the 
workstation itself, or else at a remote workstation (such as 
al an appli<mce mimufacture i;ite or sile of pr.1ctiLioners Iha! 
perform evaluations for o service). Jn this loner siluation, I.he 
same internctive Lrealment planuing. sofrware is inswlled at 
the remote site, along with the evaluation instructions for 
evaluation of the set-up, as described herein. 

'l11e workstation's software instructions are preferably 
integrated with a patient managcmelll prog.rrun having a 10 

scbeduling fea ture for scheduling appointments for 1he. 
p:nient. The patient management program provides a flex
ible scheduling of patient appointments based Oil progress Of 

treatment of tl1e crnJJiofacial anatomical structures. The 
progress of treatment can be quantified. The progress of 15 

treauuent can be monitored by periodically obtaining 
updated 1hree-dimeusiooal iufom1a1ion regarding the 
progress of treatment of Lbe craniofacial features of the 
patient , such us by obwinin~ up<lu1ed se<ms of the patienl and 
comparison of the resulting 30 model with 1he original 3D 20 

model of the patient prior to initiation of treatment. 
Tims, it is contemplated that system described herein 

provides a se1 of tools and data acquisition aJJd processing 
subsys\ems 1hut togeLher provides a nexiblc, open plalfonn 
or portal to a variety of possible thernpies and treatment 25 

modalities, depending on the preference of the pntien1 and 
the practilioner. For example. a prnctitioDer viewing the 
model and using the trea1ment plawling tools may detenuine 
tbflt a paLient may benefit from a combination ofcus1omized 
orthodontic brockc1s and wires aud removable aligning 30 

devices. Data from the virtual patient models is provided to 
diverse manufacturers for coordinated preparation of cus
tomized appliances. Moreover, the virtlml patieu1 model and 
powerftll tools described herein provide a means by which 
the com,ple1c picture of the patient can be shared ~ i1h other 35 

specialists (e.g., deutists maxilla-fociaJ or oral surgeons, 
cosmetic surgeons, other orthodomists) greaily enhancing 
the ability of diverse specialists to coordinate and apply a 
diverse rouge of1rea1mems lo achieve a desired outcome for 
the patient. In panieular, the overlay or superposition of a 40 

vadety of image information, including 20 X-Ray, 30 teeth 
fo1age daca, photographic data, CT scan data and other data , 
and lhe ability lo toggle back um.I forth between these views 
and simulate changes in position or shape of craniofacial 
strnctures, and the ability to share this virtual patient model 45 

across existing computer networks to other specialists and 
device manufacturer , allows the entire treatment of the 
patient to be simulated antl modeled in a computer. Further
more, the expected resnlls can be displayed before lwnd to 
the palient and changes made depending on 1he patient i11pu1. 50 

10 
one of the data sets will normally include data regarding the 
surface configuration of the face and head. A commercially 
available digital CCD camera 28 (FIG. 1), e.g., can1era 
available from Sony or Canon, can be used to obtliin this 
information. Preferably, the image data is color image data. 
The data sets are obtained by photographing the patient's 
head and face at various viewing angles with the camera and 
storing the resulting image files in the memory of the 
computer. ·111ese images can provide a basis for creating a 
morphable face model. 

TI1e image data regarding the patient's exterior appear
ance can be obtained through other means including via 
scanning of the head and face of the patient via the hand-
held 30-scanner 30 described in the published OraMetrix 
PCT application, referenced previously. If this approach is 
used, it may be beneficial to apply a thin layer of non-toxic, 
opaque and reflective substance to the skin prior to scanning 
to insure adequate data capture by the hand-held scanner. A 
suitable opaquing substance is described in the patent appli
cation of Nancy Butcher ct al. Ser. No. 10/099,042 filed Mar. 
14, 2002, entitled "Method for Wet-Field Scanning," the 
contents of which are incorporated by reference herein. In 
operation, the scanner captures a sequence of overlapping 
images of the surface ofLl1e patient as the scanner is held by 
the hand and moved about the face. TI1e set of images can 
be obtained in only a few minutes. Each image is converted 
to a set of X, Y and Z coordinate positions comprising a 
cloud of points representing the surface of the face. The 
point clouds from each image are registered to each other to 
find a best fit to the dnta. The resulli11g registered point cloud 
is then stored in the memory as a virtual i!Jiee-dimensional 
object. The cons.truclion calibration and operation of the 
sca1mer, and the maru1er of converting scaru1ed data to poiut 
clouds and registering three-dimensional point clouds to 
form a three-dimensional object is described at length in the 
published PCT application ofOraMetrix and tl1erefore omit-
ted from the present discussion for the sake of brevity. Other 
types of scarn1ers or coordinate measuring instruments could 
be used in less preferred embodiments, such as the scanning 
devices in the Yanrnny ct al. articles referenced previously. 

Aside from surface data of the patient obtained by the 
camera 28 or 30 scanner 30, the system typically will 
include the capture of additional datli representing the teeth 
of the patient, and also capture of additional data represent
ing craniofacial structures not visible to the naked eye using 
other imaging devices 36 (FIG. 1). For example, the system 
will acquire digitized images from an X-ray machine cap
turing X-ray photographs of the patient's heatl, jaw, teeth, 
roots of teeth, and otl1er craniofacial strnctures. TI1ese pho
tographs are digitized and stored in tlie memory of the 
computer system. Witll the above general description in mind, additional 

details of presently preferred components and aspects of the 
inventive system and the software modules providing the 
fi.mctions referenced above will be described next. 

Capture of Image Information 
The creation of tbe virtual patient model uses the capture 

and storage of at least two different digital sets ofimage data 

As other possible exan1ples, tlJiee-dimensional magnetic 
resonance images of the patient's head or jaws are obtained 
and stored in the memory. Otl1er examples include images 

55 acquired from a computed tomography (CT) scaimer, ultra
sound iJ.nager, or other type of imaging device. 

of the patient. The image sets will typically represent, at 
least in part , overlapping craniofacial anatomical strnctures 
so that a superposition of them in a common three-dimen- 60 

sional coordinate system may occur. 
TJ1e type of image data tlmt will be obtained will vary 

depending on the avuilable inrnge acquisition devices avail 
able to the practitioner. Preferably, the system employs 
software simulation of changes in shape or position of 65 

cra1liofacial structures (e.g., teeth or jaw) on the visual 
appearance, e.g., smile, of the patient. Accordingly, at least 

While the above discussion has described how 30 image 
of the face can be obtained from a three-dimensional scan
ner, there are oilier possibilities that may be used in the 
prac1ice of aJreruative embodiments. One such alternative is 
creaiing a 3D virtual face from a series of 2-D color 
photographs. T1tis tecbnique is known and described in 
Pighin cl nl., Sy11/hesizi11g Realistic. Facial b7>ressio11from 
Photographs, Computer Graphics Proceedings SIGGRAPH 
'98, pp. 78-94 (1998); PighiJ.1 et al., Realistic Facial Ani
mation Using Image-based 3D Morphing, Technical Report 
no. UW-CSE-97-01-03, University of Washington (May 9, 
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1997); and Blantz et al., A Morphabfe Model for The 
Synthesis of 3D Faces, Computer Graphics Proceedings 
SIGGRAPH '99 (August, 1999), the contents of which are 
incorporated by reference herein. Basically, in this alterna
tive, two-dimensional color pictures of the face are taken 
which are converted automatically to a textured 3 dimen
sional model using a 'morphable model' technique. Here, 
the phrase " textured 3 dimensional model" is used in the 
parlicuk1r sense of a colorized thr~-dimensional object, 
with the word "texture" synonymous with color data, as that 
tenu is used in this particular art. 

Morphable models can be built based on various known 
approaches such as optic flo, algorithms or active model 
mulching strategy, or a combination of both. One appm;ich 
is to scan a set of 2D faces . A shape vector containing 3D 
vertices and texture vector containing RGB color values of 
each vertex represents the geometry of the face. Each face 
is divided into sub regions such as eyes, nose, mouth etc. 
Blending the sub-regions at the borden; generates the com
plete 3D face. Automatic matching and estimating 3D face 
of a 2D color image from morphable model is carried out as 
follows: 

New Shape (Sn) and texture (Tn) are computed as fol
lows: 

12 
the 3D jaw. This transformation matrix will contain the 
information needed to rotate and translate the 3D face 
relative to the 3D jaw in a best-fit manner to align the two 
to each other. Methods of calculation of transfommtion 

5 matrices to achieve registration are taught in the published 
PCT patent application of OraMetrix, Inc., cited previously. 
Similar methods are used for registering the CT scan data 
and X-ray data to the combined 3D face and jaw model. 
Once the superposition is achieved, the resulting model is 

10 displayed on the workstation user interface. The user is 
provided with tools for simulating movement or reposition
ing of craniofacial structures of the virtual patient, and the 
computer animates such movement or repositioning and 
shows the effect of such movement or repositioning on the 

15 external visual appearance of the patient. 
An example of registering scan data of a jaw from an 

intra-oral scan to a 3D face model using human interaction 
is shown in FIGS. 2-7. FIG. 2 is a flow cha.rt showing a 
software method of three-dimensional face creation fmm 

20 scanning systems, which may be executed in software in the 
computer system 10 of FIG. l. There are two possible 
approaches for creating the 3D face, one using a color digital 
camera 28 (FIG. 1) and another using scanning of the face 

S11 ~sa+:i:.a.s; (1) 25 

using the hand held scanner 30 and scanning node 31 (FIG. 
1). In the situation in which a color digital camera is used, 
at step 40 a set 24 of 2D digital color photographic images 

(2) Tn=Ta+~j3t, where Sa and Ta are the averages of Shape 
S and Texture T over all the 3D face datasets; s & t are the 
eigenvectors of the covariance matrices; a and j3 are the 
coefficients of the facial shape and texture for all the faces, 
and n is a sub-region index. 
Rendering paran1eters p contain can1era position, object 

scale, image plane rotation and translation and light inten
sity. From Bayes decision t11eory, the set of paramel'ers, 
( a,j3,p) are deteonined with maximum posterior probability 
for getting a corresponding 3D face from a 20 image. 

Three-dimensional image data sets of the upper and lower 
arches including upper and lower teeth are preferably cre
ated with a 3D optical scanner 30, such as the OraMetrix 
hand-held in-vivo scanner. If the 3D jaw model has no 
texture model , i.e., no color data, the texture data can be 
extracted from the 2 dimensional colored picture of the 
upper and lower jaw and mapped to the 3D coordinates on 
the jaw model using a cylindrical projection teclmique. In 
this technique, a map is constructed in texture space, that for 
each point (u, v), specifies a triangle whose cylindrical 
projection covers that point. The 3D point p corrcsponcling 
to point (u, v) in texture space is computed by intersecting 
a ray with the surface of the corresponding point in the 20 
colored image. 

Superposition or Registration of the Data Sets 
After the images of the face, craniofacial strnctures, 

X-rays, teeth etc. are obtained and stored in memory in 
digital fonn they are superimposed on each other (i.e., 
registered to each allier via sofrware in the workstation) to 
create a complete virtual paticmt model 011 the workstation. 
The superposition of the sets of image data may be devel
oped as an automatic software process, or one in which there 
is user ·involvement to aid in the process. lo one possible 
example, the three-climensional textured model of the face is 
properly aligned with the 3D jaw model obtained from the 
intra-oral scan, 3D skllll data from CT scan, and 2 dimen
sional X-rays to create a virtual patient model. For correct 
alignment of the data sets to each other, a preferred method 
executed by the software selects three or more correspond
ing points on the 3D jaw and the 3D face, and then computes 
a transformation matrix to re-orient the 30 face relative to 

of the face and head are obtained and stored in the memory 
22 of FIG. l. The set 24 of images is supplied to a module 
42 which creates a virtual 3D face using an active model 

30 matching strategy, using the techniques known in the art and 
described in Pighin et aL Synthesizing Realistic Facial 
Expression from Photographs, Computer Graphics Proceed
ings SIGGRAPH '98, pp. 78-94 (1998); PighiL1 et al., 
Realistic Facial Animation Using Image-based 3D Mor-

35 phing, Technical Report no. UW-CSE-97-01-03, University 
of Washington (May 9, 1997); and Blantz et al., A Mor
phable Model for The Synthesis of 3D Faces, Computer 
Graphics Proceedings SIGGRA.PH '99 (August, I999). TI1is 
3D face model is then stored in the hard disk memory of the 

40 computer 10, as inclicatcd at process module 44. 
In alternative embodiments, a 3D scanning of the face 

using a laser or 3D optical scatmer is performed, as indicated 
at 46. The 3D model is pmvided lo a module 48 which 
creates a morphablc model of the face and head with an optic 

45 flow algoritlun. This morphable model is provided to the 
module 42 for creating a 3D face. At step 50, the software 
inquires as to whether a morphable 3D face is available, and 
if not the processing of module 42 executes, in which a 3D 
morph.able model of the face is created. If a morphable 30 

50 face is already available, the software inquires at step 54 as 
to whether texture (color) information is available to add to 
the 3D face. (Note that in many 3D scanner systems there is 
no acquisition of color information, only spatial informa
tion). If color infomiation is not available, the processing 

55 proceeds to module 56. In module 56, the color data is 
provided to the 3D model to create a 3D color morphable 
virtual model. The color data is supplied from the digital 
photographs of the patient, obtained at step 40. The texture 
infonnation is supplied to the 3D model from the scanner 

60 using a cylindrical projection technique in module 56 (or by 
using any other known technique). The textured, morphable 
3D model of the face and head is stored as indicated at 
module 44. 

An alternative software method or process for creating a 
65 3D model of the face is shown in I'IG. 3. TI1e method 

involves the acquisition of a 3D color face model 52 (using 
for example the techniques of FIG. 2), the acquisition of3D 
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color model of the teeth S4, and the acquisition of a model 
S6 of the sk'l.111 using a CT scanner. TI1ese three models are 
supplied to a module S8 which perfonns an aligning trans
formation on the data sets from each of these modules. "!be 
aligning transformation process S8 basically scales and 
provides the necessary X, Y and Z translations and rotations 
to place the data sets into a common coordinate system such 
that common anatomical structures overlap each other. The 
complete 30 face model is stored as indicated al step 60 and 
then supplied to an overlay transformation module 66. The 10 

overlay transformation module 66 obtains a set of 2D color 
face photographs 62 and X-Rays 64, and overlays them to 
the crnnplete 3D face model to result in a combined, 
composite model of the face, skull, teeth, and associated 
tooth roots, bone and other anatomical dam. This composite 15 

representation of the patient is stored in ll database 68 for the 
system 100. 

FIG. 4 shows a process that can be used to combine 3D 
scan data with 2D color photographs to create a 3D color 
model of the teeth. In step 70, the teeth arc scanned with the 20 

hand-held intra-oral scanner 30 of FIG. 1. 111e resulting data 
represent a 3D model of the dentition, which is stored in the 
computer 10. This process is described in the published PCT 
application of OraMetrix, Inc. cited previously. Al step 72, 

14 
performed manually or automatically. For example, the user 
can click and drag the 2D digital photograph 71 and manu
ally move it using the mouse so that it overlaps exactly the 
3JJ model 7S. ·111e colnr infomiation in the 2D photograph 
71 is projected and mapped to the individual triangle sur
faces forming the lower jaw and upper jaw oft11e 30 model 
7S using, for example, a projection algorithm. 111e result a 
texn1red 3D model, is shown in FIG. SD. FIG. SE shows 
textured 3)) model after rotation on the user interface. 

Occlusal and lingual 2-D color photographs of each jaw 
are also obtained and texture data is mapped to the surface 
data. T11e result is a complete true color 3D model of the 
teeth of both arches. 

FIG. 6 is an illustraliou of a screen display on 1he user 
interface of the computer 10. 111e display shows a 3D 
morphable model 102 of patient on the left hand side of the 
display, in a given arbitrary coordinate system X, Y, Z. The 
morphable model 102 is obtained, for example, from color 
photogrophs using !he techniques described previously. A 
three-dimensional model 104 of1cc1h of the patient is ho' n 
on the right hand side of the screen. The 3D model of the 
teeth 104 can be obtained from intra-oral sca.tuling using the 
scanner 30 of FIG. 1, from a laser scan of a physical model 

2D color photographs of the teeth are obtained with a color 25 
digital caniera. In one possible embodiment, the hand-held 
scanner 30 includes a video camera that obtains a continuous 
stream of color video frames separate and apart from the 
acquisition of 3D image data. 111e color photographs of the 
dentition at step 72 could be obtained in this manner. 

At step 74, a 3D textured model of the teeth is created 
using a cylindrical projection technique. Basically, in this 
technique, the color data from the color photographs is 
projected onto the tooth data. The tooth data can be repre
sented as triangular surfaces, with the vertices of each 35 

1riaJ1gle being adjacent points in a point cloud defining the 
surface of the tooth. 111e color is projected on the surfaces, 
and each surface is assigned a value associated with a 
particular color. 111e result is a 3D color model of the teeth 

of lhe dc111i1ion obtaiucd from an impression, from a coor
dinate 1neasuriDg device or some ot11er source. The source is 
not particularly important. The 3D model of the teet11104 is 
shown in a separate coordinate system X', Y', Z'. Screen 
display includes various icons 3S that allow the user lo 
posi1ion the tooth model 104 relative to the morphable 

30 model 102 in order to combine the two in a common 
coordinate system and construct a composite model. 

In FIG. 7, the user has activated an "Align References" 
icon, which causes the screen display to show the box 106 
OD the left hand side of the crccn. The user is provided with 
the option to pick points that represent anatomical struc1ures 
that are common to both the morpbable model 102 and the 
3D tooth model 104. In this particular situation, t11e user has 
selected with the mouse two points on the lower arches 

at step 76. 
FIGS. SA-SE show several screen displays from a user 

interface of the unified workstation that illustrate the process 
of texture mapping a 3D object (here, teeth) by projection of 
color data from a 2D photograph. After a patient's dentition 

40 
which lie at the intersection of the teeth and the gums. These 
two points are shown as a triangle 108 aud a square 110. 
Obviously, other points could be chosen. 111e user t11en 
clicks on the "Apply" tab 112. The result is the 3D tooth 
model 104 is combined with the morphable face 102 model 

is scanned, the virtual teeth and gingiva for both upper and 45 

lower arches are represented as a single surface, in the 
present example a triangle mesh surface. FIG. SA shows a 
2D digital photograph of teeth/gingivae 71 displayed in a 
graphical window 73 along with a 3D virtual model of the 
teeth 7S to one side. The 2D digital photograph 71 is scaled so 
up or down in size as necessary so as to be approximately the 
same in scale (size) as the 3D model of the teeth 7S. This is 
accomplished using any suitable icons or mouse action, such 
as clicking on the 2D photograph and scrolling up or down 
with the mouse to change the size of the 2D image so that 55 

it matches the size of the 3D model. FIG. SB shows the 
surface of the teeth and gingivae of the 3D virtual model 7S 
in greater detail. 111e surface of the model 7S comprises a set 
of minute interconnecting triangle surfaces, with the vertices 
of the triangle surfaces being points that represent the 60 

surface. This is only one possible fonnat for representing the 
surface of a 3D object. 

Afier the 2D photograph and 3D model have been scaled, 
a translation is performed so as to overlap the 3D model and 
the 2D photograph. FIG. SC shows the 2D picn1re 71 65 

transfom1ed by scaling and translation such that it is super
imposed on the 3D model 7S. This superposition could be 

to produce a combined virtual patient model. 

In the example of FIGS. 6-7, the morphable model 102 
was already scaled to the same scale as the tooth model 104. 
In other words, the data representing the morphable face 
model indicates that t11e spatial dimensions oft11e teeth in the 
morphable face model is substantially the same as the spatial 
dimensions of the virtual tooth model 104. Methods of 
perfonning scaling are described below. 

FIG. 8 is an illuslrntion of an alternative embodiment of 
a virtual patient model 34. In tins embodiment, the model 34 
is a combination of data 102 representing a morphable face, 
obtained from a plurality of 2D color photographs, and skull 
data 114 obtained from a CT scan. The two sets of data are 
shown in a common coordinate system, appropriately 
scaled. The manner of combining the two data sets can be 
using the approach described in FIGS. 6 and 7. Altematively, 
the user could click and drag using a mouse one or the other 
of the data sets and manually position it until it is in the 
correct position. As yet another alternative, the sofiware 
could be programmed to find common overlapping fcanircs 
(such as for example teeth) using surface matching algo
ritluns, and t11en position the CT scan model relative to the 
face model such that the common features overlap exactly. 
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FIG. 9 is a screen shot of yet another possible embodi
ment of a virtual patient model. This model combines face 
data 102 from a morphable face model (obtained from 20 
color photographs), skull data 114 from a CT scan, and 
X-roy data 116 obtnined from a set of digital X-Rays of the 
patient. The manner of creating the virtual patient model can 
be for example using the procedure of PIG. 3 and FIGS. 6-7. 
The morphable face model is aligned relative to the CT scan 
data either automatically or using some human interaction. 
The 20 X-Ray data can be morphed into 30 digital data 
using the morphable model algoritluns cited previously. 
Alternatively, the 20 X-Ray data can be combined with 30 
optical scan data of crowns of the teeth to create a combined 
X-Ray/3]) tooth model , which is then combined with lhe 
CT/morphable face model. This process may be optimized 
by using virtual template tooth roots, which are modified to 
fit the X-ray data, and then this combined 3D root model is 
combined with crown data to produce a complete set of 3D 
leeU1, including roots. ·111is combined model is merged into 
the CT scan/morphable face model using the techniques of 
FIGS. 6 and 7 (selecting common points then using the 
"Apply Points" icon, FIG . 7, item 112), using click and drag 
teclmiques, or any other appropriate registration or transfor
mation technique. 

Once the virtual model is created, the user is provided 
with tools that allow the user to hide one or more image data 
in order to study certain features. Furthermore, the user is 
provided with navigation tools with the ability to manipulate 
the model so as to view it from any user-specified perspec
tive. For example, in FIG. 10 a screen shot is shown of the 
superposition of skull data 114 with X-Ray data 116. In this 
example, complete 3D models of the teeth 116 are created 
from X-ray data using the algorithms described previously. 
Alternatively, the complete 3D tooth models 116 are created 
from combining X-Ray data with 30 models of teeth 
obtained by a scan of the crowns of the teeth (using the 
sca1mer 30 of FIG. 1 or from a laser scan of a physical model 
of the dentition), and/or with the use of template tooth roots 
that are modified to match the X-ray data. 

Scaling of Data 
When digital image data from multiple sources are com

bined or superimposed relative to each other to create a 
composite model, i! may be necessary lo scale data from one 
set to the other in order to create a single composite model 
in a single coordinate system in which the anatomical data 
from both sets have the same dimensions in three-dimen
sional space. Hence, some scaling may be required. This 
section describes some approaches lo scaling thaL may be 
performed in one possible embodiment of the invention. 

16 
actual markings 208 and the scaling reference points 210, a 
variety of mathematical operations may be used to deter
mine the scaling factor 212. For example, the coordinate 
differences (distance) between each nf the vertices of !he 

5 triangle may be utilized. As one of average skill in the art 
will forther appreciate, a different number of markings 208 
may be utilized. Por example, two markings may be used or 
four markings may be used, etc. In addition, more than one 
tooth may he marked with similar markings 208. Nole lhat 

10 the markings may be on the exterior of the patient, and a 
local triangulation technique may be used to obtain the 
scaling factor. Further note that the scaling factor 212 
determination is based on an assumption that the scan data 
will have a linear error term in each of the x, y and z axis, 

15 such that a single scaling factor is dctennined and used to 
scale each of the teeth as well as the other aspects of the 
orthodontic structure of the patient. 

FIG. 13 illustrates an alternate marking technique for 
determining a scaling factor for the orthodontic data. As 

20 shown, an actual tooth 206 is marked with a marking 208. 
The marking 208 is of a substantial size so as to be 
adequately measured. Once the orthodontic data is obtained, 
the orthodontic data of the tooth 202 and a corresponding 
scaling reference point (area) 210 are used lo determine !he 

25 scaling factor 212. As one of average skill in the art will 
readily appreciate, a simple mathematical function may be 
used to detennine the scaling factor 212 based on the size 
(dian1eter) difference between the actual marking 208 and 
the scaling reference point 210. As an alternative to marking 

JO as described with reference to FIGS. 12 and 13, the actual 
tooth size, and the size of the model of the tooth, may be 
measured and used to detem1ine the scaling factor. Accord
ingly, the difference between the actual tooth size and the 
size of the tooth in the scan data will constitute the scaling 

35 factor. 
When three-dimensional scanning of the type described in 

the published PCT application of OraMetrix is used, scaling 
of the three-dimensional data is not needed as a true, 
accurate and to scale three-dimensional image is obtained 

40 through the use of triangulation. Likewise, a tme thrcc
dimensional image can be obtained using techniques such as 
computed tomography. However, for video or photographic 
data, and for X-ray data, scaling such as shown in FIGS. 12 
and 13 may be needed in order to merge that data to other 

45 data such as 3D scan data. 

FIG. llA- llE are views of scan data 200 representing the 50 

front, right side, left side, lower and upper arches of a 
patient. The data includes the teeth 202 and the gingiva 204. 
FIG. 12 illustrates a technique of scaling the orthodontic 
data to match the actual orthodontic size. Depending on of 
the scanning teclmiqtle, the orthodontic data will not com- 55 

pletely reproduce the exact size of the teeth and other 
portions of the orthodontic structure. To facilitate the accu
racy of the three-dimensional digital model, at least one 
tooth 206 can be marked utilizing one or more markings 
208. The marking is done prior to obtaining the orthodontic 60 

data. Once the orthodontic data for the tooth 206 is obtained, 
scaling reference points 210 are also obtained. The scaling 
reference points are !he poinls in lhe scan data !hal represent 
the image of the markings 208. A determination of the 
differences between the scaling reference points 210 and the 65 

actual markings 208 determine a scaling factor 212. As one 

FIG. 14 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. 14, 
each tooth 206 includes a crown 220, and a root 222 and is 
embedded in bone 224. Accordingly, the orthodontic data 
200 ofFIG. 11 only illustrates the crown 206 of the teeth.As 
such, a complete three-dimensional model of the orthodontic 
patient requires the roots and bone to be included. 

PIG. 15 illustrates a technique of using the scaled digital 
model 226 of the tooth's crown to produce an integrated or 
composite digital model 228 of the tooth. In this embodi
ment, the x-rayed data 230 of the tooth is used in comparison 
with the scaled digital model 226 to determine a per tooth 
scaling factor. The scaled digital model 226 of the tooth is 
positioned to be planar with the x-ray of the tooth 230. 
Having obtained the proper orientation between the two of average skill in the art will readily appreciate, having the 

0125 



US 7,156,655 B2 
17 

objects, the per tooth scaling factor is detennined and 
subsequently used to generate the composite scaled digital 
model 228 of the tooth. In a specific embodiment, the per 
loolh scaling factor is required for current x-ray leclmolo
gies since x-rnys produce a varying amount of distortion s 
from tooth to tOOlh depending on tJ1e distance of the tooth 
from the film, the angle of x-ray transmission, etc. 

To more accurately map the two-dimensional images of a 
tooth onto the three-dimensional model, mul!iple angles of 
the tooth should be used. Accordingly, a side, a front, and a 10 

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 sUilcture are scaled in a 
similar munner. Further note that MR I imuges and any other 
images obtained of the orthodontic patient, may also be 15 

scaled in a similar manner. . more complete representation 
of the tooth roots may be obtained using standardized, 
template 30 virllm l tooth roots, applying the X-Ray data to 
the template tooth ninl ~ and modifying their shape accord
ingly. and them applying the modified tcmpl::nc tooth root to 20 

t11e scan daUI of the crown to creme a scaJed. complete 
virtual tootb object including toot'h roots. 

FIGS. 16A-16C illustrate a i;raphical diagram of select
ing orientation reference points based on physical attributes 
of the orthodomic strncture. The oriei1tat.ion reference poi ms 25 

262 and 266 will be subsequemly used to map the digital 
image of t11e onhodonlic structure into a lhree-dimensfonal 
coordinate sysiem ti.lat will not change duri11i,; the course of 
treatment. In this example, the fremnn 264 has been selected 
to be one of the orientation reference points 266 and the JO 

rngae 260 has been selected as the other reference point 262. 
The freaum 264 is a fixed point in the onhodoniic patient 
that will not change, or change minimally, during the course 
of trea tment. A shown. the frenum 264 is a triangular 
shaped tissue in the upper-portion of the gum of the upper- 35 

arch. The rugae 260 is a cavity in the roof of the mouth 268 
in tl1e upper-arch. 11ie rugae ~ ill a lso not change its physical 
position throngh lreatment. As such, the fremun 264 and the 
rugae 260 are Jixed physical points in the orthodolllie patiem 
that will 001 change during trcauncnt. As such by utilizing 40 
t11ese as the orientation reference points 262 and 266, 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 262 
and 266. However. such physicaJ points need to remain ~5 
constant throughout treatment. Accordingly, alternate physi-
cal points include the incisive papilla, cupid's bow, the 
inter-pupillar midpoint, inler-comissural midpoint (e.g., 
between the lips), inter-alar midpoinl (e.g., between the 
sides of the nose), the prone nasale (e.g., the tip of the nose), 50 

sub-nasale (e.g., junction of the nose and the lip), a dental 
mid-line poim , a point on the bone. a fixed bone marker such 
as .in implant (e.g. 11 screw from u roo t cam1I or.i i surgery). 

1l1e x. y z coordinate system may be mapped to the 
physical points on the digital model of the orthodontic 55 

strncture in a variety of ways. In one examp.le l11e origin of 
t11e x, y, z coordinate system may be placed at the frenum 
264 the z-nxis a ligued with reforence lo tl1e frenum Dnd the 
rugac 260, and t he x-axis is aligned with Lile midlinc of the 
upper and/or lower arch, Th.is is further illustrated in PIGS. 60 

17 and 18. Note thm an external pos.itio.uing system may be 
used to obtain the orientation reference points. For example, 
the patient may sit in u chair al a specific lncaliun of an 
examination room that includes a triangula1ion positioning 
system tbereiu. As such, when the patient is scanned, the 65 

scanned images may be referenced wi1h respect to the 
room's triangulation positioning system. 

18 
FIG. 17 illustrates a graphical represeutmion of mapping 

the orien1atio11 reforencc points 262 and 266 lo the x-z plane 
of the three-dimensional x , y, z coordinate system. ln this 
illustration, orientation point 266, which correspond~ to the 
frenum 264, is e lected as the origin of1he x, y. zcoordinnte 
sys1em. Nole lhnt any Jocn1ion may be selected as lhe origin 
72. 111e orientation points 262 and 266 arc used lo de1ermine 
an x, z plane orientation angle 262. Typically, t11e x, y, z 
coordinate system will be selected such that when looking al 
the patient from a frontal view, the x direction will be to right 
of the patient, they 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, zplane may be in any orientation with 
rcspccl to the reference poinls 262 and 266. 

111e x-y plane is mapped to the orieniarion reference point 
262 and 266 as sbown. in FIG. 18. Tbe orientation referenc.e 
point 262 and 266 are used to generale an x-y pl:me 
orienlnlion angle 284. Based on the x-y plane orienlalion 
angle 284 and lhc x-z plane orientation angle 262, a digital 
model of a tooth 270 may be po ilioned in three-dimensional 
space with respect to the x, y, z coordhune system. As shown 
in FIGS. 17 and 18, the digital model of the tooth 270 
includes a tooth depth 278, an ungle of rotation 276 with 
respect to the x-z axis, an angle of rotation 282 wit11 respect 
to the x-y plane, a positioning vector 274 whlch is in a 
three-dimensional space the length of !lie tooili including 
lhe cro\ n dimension. and tbe root dimen ion. Accordingly, 
each 1ootl1 is then mopped into the x y. z coordinate system 
based on the tooth's center, or any other point of the tooth, 
and lhe dimensions of the digital model oft be corresponding 
lootlt . Once each tooth ha been placed into tbe x, y z 
coordinate system, tJ1e digital model of the tooth is com
plete. Nole thai the lower-arcb is also reforenced to the x, y, 
z coordinate system wherein the dclcnnimllion is made 
based on the occlusal plane of the patient's orthodontic 
stmclure. Alternatively. the lower-arcJ1 may include a sepa
rale tnrec-dimcnsional coordinate syste01 that is mapped to 
tbe coordinate sys1em of the upper-n rcb. ln lhis latter 
example, fixed points ' itbiu the lower-arch would uccd to 
be determined lo produce lhe lower arch's lhree-dimensional 
coordinate system. 

Treatment Planning 
111e computer or workstation 10 (FIG. 1) that includes the 

software for generating the patient model preferably 
includes interactive treatment planning software that allows 
the user to simulate various possible treatments for the 
patient on the workstation and visualize the results of 
proposed treaunents on the user interface by seeing their 
effect on the visual appearance of the patient, especially their 
smile. The interactive treatment planning preferably pro
vide sui table tools and icons thal allow the u er to vnry 
parameters affect ing the patient. Such pur.m1t:ters would 
include parameters thnt can be changed so as to simulme 
change ill the age of lhe patient. aud paramelers l11at allow 
the user to adjust lhe color, texture, posi1ion and orientation 
of the teeth, individually and as a group. The user mauipu
lales ll1e tools for these parameters and tbereby generates 
various vinual patient models ' ith diJfcrcni fea tures and 
smiles. 111e patiem models are displayed 011 tJ1e user inter
face of the workslation where Ibey cm1 be shared with the 
patient directly. Alternatively. tbe workstmion can be 
coupled to a color printer. ·n1e user would simply print out 
hard copies of the screen shots showing the virtual patient 
model. 

The manner in which the oftware is written to provide 
tools a llowing for sinmlation of various parameters can vary 
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widely and is not considered especially critical. One possi
bility is a Windows-based system in which a series of icons 
are displayed, each icon associated wi th a parameter. The 
user dick~ on the icon, and a set of wi ndows are displayed 
allowing the user to enter new infonnation directing a 5 

change in some aspect of the model. The tools could also 
include slide bars, or other features that are displayed to the 
user and tied to specific features of the patient's anatomy. 
Treatment planning icons for moving teeth are disclosed in 
the published PCT application of OraMctrix, Inc., WO 10 

01 /80761 , which gives some idea of the types of icons and 
graphical user interface tools that could be used directly or 
adapted to simulate various parameters. 

Once the user has modified the virtual patient model lo 
achieve the patient's desired feature and smile, it is possible 15 

to automatically back-solve for the teeth, jaw and skull 
movement or correction necessary to achieve this result. In 
particula r, tbe tooth movement necessary can be determined 
by isolating the teeth in the vinu.ul patient model, lreaCing 
this tooth finish position as the final position in the intcrac- 20 

tive treatment planning described in the published OraMe
trix PCT application, WO 01 /80761, designing the bracket 
placement and virtual arch wire necessary to move teeth to 
that position, and then fabricating the wire and bracket 
placement trays, templates or jigs to correctly place the 25 

brackets at the desired location. The desired jaw movement 
can be detennined by comparing the jaw position in the 
virtual patient model ' s finish position with the jaw position 
in the virtual patient model in the original condition, and 
using various implant devices or surgical tcclUliqucs to 30 

change the shape or position of the jaw to achieve the 
desired position. 

The virtual patient model as described herein provides a 
common set of data that is useable in a variety of orthodontic 
or other treatment regimes. For example, the initial and final 35 

(target) digital data sets of the patient's tooth positions can 
be relayed to a manufacturer of customized transparent 
removable aligning shells for manufacture of a series of 
aligning devices as tonght in the Cbisli et al. patents cited 
proviously. Altcmarivcly, the tooth positions may be used to 40 

derive customized bracket prescriptions for use witb a flat 
planar archwire. 

'!11e choice of which treatment modality, and whether to 
use any additional treatment or therapeutic approaches (in
cluding surgery) will depend on Lhe patient in consultation 45 

with the treating physician. The integrated environment 
proposed herein provides essentially a platfonn for a variety 
of possible treatment regimes. Further, the creation and 
display of the virtual patient model provides for new oppor
tunities in patient diagnosis and sharing of patient infonna- 50 

tion across multiple specialties in real time over conununi
cations networks. 

FIG. 19 is a block diagram of an integrated workstation 
environment for creation of the virtual patient model and 
diagnosis, treatment plnmling and delivery of therapeutics. 55 

The workstation environment shown in block dfagrani foDll 
in FIG. 19 may incorporate many of the hardware aspects 
shown in FIG. 1, including scanning or imaging devices 
28/36 for capturing two dimensional images, such as a color 
digital camera or X-Ray machine. The workstation environ- 60 

went wiU preferably include scanning or fo1aging devices 
30/36 for capturing three dimensi nal images and creating 
3D models of the pat ient, including one or more of the 
following: laser scanners for scanning a plaster model of the 
teeth, optical scanner such as the OraMetrix hand-held 65 

scanner 30 referenced in FIG. 1, CT scanner or MRJ. In 
some instances, the scam1ing devices may be located at other 

20 
facilities , in which case the 3D scans are obtained at another 
location and the 3D data is supplied to the workstation 10 
(FIG. 1) over a suitable conummications cha1mel (Internet) 
or via a disk sent in the mail. 

The workstation includes a memory storing machine 
readable instructions comprising an integrated treatment 
planning and model manipulation software program indi
cated generally at 300. The treatment planning instructions 
300 will be described in further detail below. 'l11e treatment 
plamling software uses additional software modules. A 
patient history module 302 contains user interface screens 
and appropriate prompts to obtain and record a complete 
patient medical and dental history, along with pertinent 
demngmphic data for the patient. 

A module 304 contains instrnctions for designing custom 
dental and orthodontic appliances. These appliances could 
include both fixed appliances, e.g., brackets, bands, arch
wires, crowns and bridges, surgical splints, surgical arch
wires, surgical fixation plates, laminates, implants, as well as 
removable appliances including aligning shells, retainers 
and partial or full dentures. In one possible embodiment, the 
module 304 may be located and executed at the site of a 
vendor of custom orthodontic applicants. The vendor would 
receive an order for a custom appliance specifically to fit an 
individual patient. Module 34 would process this order and 
containing instruction for designing the appliance to fit the 
individual morphology and condition of the patient. The 
vendor would take the appliance design, manufacture the 
appliance in accordance with the design, and then sllip the 
custom appliance to the practitioner. Examples of how the 
appliance design module 304 might be implemented include 
the appliance design software developed by OraMetrix and 
described in the published PCT patent application cited 
previously, the customized bracket, jig and wire appliance 
design software of Onnco described in the issued Andrciko 
patents U.S. patent (see, e.g., U.S. Pat. No. 5,431,562) and 
in the published patent application of Chapoulaud, U.S. 
patent publication No. 2002/002841 , the techniques of 
Chisti et al. , U.S. Pat. Nos. 6,227,850 and 6,217,325, all 
incorporated by reference herein. 

The treatment planning software 300 also obtains infor
mation on standard ("off the shelf') dental or appliances 
from a module 306, which stores manufacturer catalogs of 
such appliances, including 3D virtual models of the indi
vidual appliances. 

l11e treatment planning software includes a module 308 
that allows the user to input selections as to variable param
eters that affect the visual appearance of the patient, as input 
to a craniofacial analysis module 328 described below. The 
variable parameters include patient factors : age, weight, sex, 
facial attributes (smile, frown, etc.). The variable parameters 
also include parameters affecting the teeth, including texture 
(colnr), position, spacing, occlusion, etc. 'l11e variable 
parameters further include various illumination parameters, 
including reflectivity of the skin, ambient light intensity, and 
light direction. These parameters are accessed though appro
priate icons on the screen display, such as the icons shown 
in FIGS. 4-7, and pop-up displays that appear that prompt 
the user to enter or vary the selected variablc parameter. 

l11e treatment pla1u1ing software further uses a diagnosis 
and simulation module 310 that displays diagnosis data 
graphically and/or in report fonnat. This diagnosis data 
includes teeth position, 3D face and smile appearnnce, and 
various facial attributes. 

l11e software further includes third party practice man
agement software 312. Infonnation about treatment planes 
generated by the craniofacial analysis module 328 is input to 
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the practice management software 312. Based on the treat
ment plan, this software generates the most productive 
scheduling of appointments for the patient. 111e practice 
management software 312 also generates reports, provides 
insurance and benefit tracking, and supports electronic 5 

claims filing with the patient's insurance company. Prefer
ably, the practice management software provides a flexible 
scheduling of patient appointments based on progress of 
lreatment of the patienl's craniofacial anatomical slmclures. 
The progress of treatment is obtained from periodically 10 

obtaining updated three-dimensional information regarding 
the progress of treatment of the craniofacial features of the 
patient. For example, the patient is periodically rescaJUied 
during the course of treatment. A new virtual patient model 
is created. Depending on the progress of treatment (e.g., 15 

movement of the teeth to target positions) the patient may be 
scheduled for more or less frequent visits depending on their 
progress. 

Referring again generally lo the lrealmenl planning soft
ware 300, the software includes a 30 model generation 20 

module 314 that uses as input the 20 and 30 scanning 
devices. A 30 virtual model of the patient is created by 
module 314, for example, in the maru1er described previ
ously in FIGS. 2 and 3. 

111e system further includes a custom appliance manage- 25 
ment module 315. This module provides appliance specifi
cations and 30 geometry data to the vendor site for the 
purpose of providing necessary input for the design and 
manufacture of custom appliances, such as custom orth
odontic appliances, for the patient. 11lis module also pro- 30 

vides updates to an appliance data module 324 for storing 
custom appliance data within the database. The module 324 
is responsible for managing the database of all the appli
ances, including custom appliances. 

22 
111e output of the morphable model from module 320 and 

the meta-analysis from module 326 is provided to a cran
iofacial analysis module 328. This module takes as input, 
patient information and the patient 3J) virtual model to 
generate diagnosis and simulation data. Based on one or 
more simulation results, this module 328, and/or module 330 
generates a treatment plan and appliance selection. User 
involvement is contemplated in modules 328 and 330. In 
particular, the user may interact with the patient information 
and the morphablc model, and vary the paran1ctcrs 308, to 
simulate different possible treatments and outcomes to arrive 
at a final or target treatment objective for tl1e patient. The 
cra1liofacial analysis module 328 may include some or all of 
the treatment planning features described al length in the 
published PCT application of OraMctrix, Inc. cited previ
ously. 

111e software instructions included in the craniofacial 
analysis module 326 preferably includes a set of instructions 
providing the user with user interface tools (e.g., icons), for 
visually studying on the user interface 316 the interaction of 
the craniofacial anatomical structures and their relationship 
to the external, visual appearance of the patient. For 
example, tools may provide a chewing sinmlation. Alterua
lively, the tools may provide a smile function in which the 
face is morphed to smile, showing the position of the teeth, 
gUins, lips and other structures. These tools simulate 
changes in the anatomical position or shape of craniofacial 
anatomical structures (teeth, lips, skin, etc.) and show the 
effoct of such changes on the visual appearance of the 
patient. As another example, the tools may include tools for 
modifying the shape or position of one or more bones of the 
upper and lower jaws, and show how those modifications 
affect the patient's appearance and smile. 

With reference to FIG. 7, the user would activate one of 
the icons 35 at the top of the screen display. 111c icon may 
be associated with a fonction that would allow the user to 
reposition the location oftl1e upper and lowerteeth. After the 
user changes the position of the teeth, tl1e user would 
activate another icon, "smile", and tl1e face would morph to 
a smile with the teeth in the new position. 

After the patient simulations have been completed and the 
patient and physician are satisfied, the resulting data set of 
teeth position, jaw position, etc. are stored by the diagnosis 
and simulation module 310 of FIG. 19. Tllis module 310 

The 30 virtual patient model is supplied to a knowledge 35 

database 316. The knowledge database includes a 30 Geom
etry data file 316 that stores the 30 geometry data of the 
virtual patient model. This data is supplied to a tagging 
module 322 and a morphable model module 320. The 
morphable model module 320 includes instructions for 40 

creating a morphable model from various 30 model 
san1ples, using the techniques for exan1ple set forth in the 
article ofBlanlz el al., A Morphahle Model.for 71w Synthesis 
of3D Faces , Computer Graphics Proceedings SIGGRAPH 
'99 (August, 1999). 45 preferably includes a routine for storing a three-dimensional 

representation of said patient's craniofacial structures (e.g., 
teeth) in a format suitable for use by a manufacturer of 
orthodontic appliances. Each manufacturer may have a 

111e tagging module 322 includes instmctions for tagging 
or placing pieces of infonnation regarding the virtual patient 
model into each patient record, which is used for statistical 
procedures. In particular, the tagged infomrntion is supplied 
to a meta-analysis module 326. The meta-analysis module 50 

implements a set of statistical procedures designed to accu
mulate experimental and correlational results across inde
pendent studies that address a related set of research ques
tions. Meta-analysis uses the summary statistics from 
individual studies as the data points. A key assmnption of 55 

this analysis is that each study provides a different estimate 
of the underlying relationship. By accumulating results 
across studies, one can gain a more accurate representation 
of the relation than is provided by the individual study 
estimators. In one example, the software will use previous 60 

patient cases/studies to help in the craniofacial analysis 
module 328. For example, surgery cases for "lip and chin" 
will be one set of independent studies, whereas jaw surgery 
to correctly position the upper and lower jaw will be another. 
An orthodontist trying to align the upper and lower jaw will 65 
do a meta-analysis with the module 326 in order to see how 
this treatment will affect the patient' s lip and cllin. 

unique format needed for use by the manufacn1rer, and the 
routine takes that into consideration in storing the data. For 
example, a manufacturer may require 30 digital models of 
the teeth in initial and final positions in the form of triangle 
surfaces, along with archwire and bracket prescription data. 

It is contemplated that the creation and usage of the virtual 
model may occur at the patient care site. In particular, tl1e 
treating physician or orthodontist will access the scan and 
photographic data, create the virtual model therefrom, and 
perfonn the treatment planning and simulation described 
herein in their own office. Once the treatment plan is arrived 
at, the treating physician can export the virtual patient model 
or some subset of data to appliance manufacturers or spe-
cialists, as indicated in FIG. 1. 

Alternatively, the virtual patient model may be created al 
a remote location. In this latter exan1plc, a third party, such 
as an appliance manufacturer, may be the entity that creates 
the virtual patient model and makes it available to the 
treating physician. In this example, the treating physician 
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will have access to the scanners, X-Ray, digital camera, or 
other imaging device, obtain the required data from the 
patient and forward such data to the third party. The tlurd 
party executes the instntctions to create visua li :r.e and 
mnnipul::ne the virtual parient model. 11J.is model can be 
transmitted to the treating physician for their review and 
usage. Then, either the third party could create a proposed 
treatment for review and approval by the treating physician. 
or the trealing physician could create lhe treatment plan. The 
plan is tbcn transmitted to one or more appliance manufoc- 10 

turers for fabrication of therapeutic devices (e.g .. brackets 
and wires, aligning shells, maxillary expansion devices, etc.) 

A treatmenl plan created from the virtual patient model 
described herein may be one in which nnly one type of 
appliances, e.g. fixed of removable, is used during the entire 15 

course of the treatment. Par example, the treaunent plan may 
be one in which brackets and wires are the type of appliance 
that is used. Or, alternatively, the treatment plan may be one 

24 
includes software 314 (such as described above in conjunc
tion with FIG. 19) that takes any possible combination of 
Ulis image data to produce a virtual patient model 34. From 
Ibis virt11al pmicnt model the workstation in one possible 
embodiment includes one or more treatment planning tools 
or software 300 for plaiming treatment for the patient. These 
treatmellt planning tools could include specific software 
provided by vendors of treatment planning software or 
appliances ~uch as tmmufacturer tll software 412, manu
facturer II 2 software 414, software for umnufllcturo.rs 11 3, 4, 
5, . .. ::n 416, 418. 420 as shown. uch software would be 
operable on the virtual patient model 34 and associ::ucd data 
sets represeming the teet11 as described at length herein . To 
provide inlemper..tbility of the soflwure on 1he virtual putienl 
model. lhc virtual pmicnt model may have to ba c rcprc-
enwtions of tbe data that is compatible with the soJ!ware of 

various vendors, which is witlun the ability of persons 
skilled in this art. Moreover, once appliance designs have 
been created by the various species of treatment planning in which removable aligning shells are the type of appliance 

that is used. 
On the other band Ute treatment plan might be such tlmt 

20 software, the preferred embodiment of the workstation 
a~lows export of appliance design, tooth position data or 
other required outputs to any appliance manufacturer so as 
to allow the manufacture of a customized orthodontic appli-

it is a hybrid plan requ iring the use of different rypes of 
appliances during the course of the tre.1tment. In the hybrid 
orthodontic treatment plan, a variety of scenarios are pos
sible. In one type of hybrid treatment plan, different types of 25 

appliances mi'glll be used al different times during the course 
of the treatment. For example, patient may start out with 
brackets and wires and shift at some point during treatment 
to on approach hosed on removable aligning shells. In 
another type of hybrid treatment plan, dilforent types of 30 

appliai1ces mi~ll be used simultaneou ly for example in 
different portions of the mouth, for example brackets imd 
wires could be used for certain teeth and trnnsparent aligning 
shells uses for a different set of teeth. A hybrid treatment 
plan may be chosen right from the beginning, or it may be 35 

introduced dynamically at any stage during the treatment 
course. 

To develop a hybrid treatment plan, the treatment plan
ning soHwnre will preforably include Jea111res of the appli
ance design and 1rc11uuent plomung software of the manu- 40 

facturers of the appliances U1at are used in the hybrid 
treatment. As one example, the treatment planning software 
may include lhe wire and hrnckel features of the OrnMelrix 
tremmcnr plaru1ing software described in the published 
application WO 01/80761 , as well as the treaunent planning 45 

snftware described in the Align Technologies patents to 
Cllisti et a.I ., U.S. Pat. Nos. 5,975,893 and 6,227,850. The 
soflware would thus allow the user to simulate treatment 
with brackets and wires for part of the tooth movement to 
reach a panicular milestone, and also design the configura- 50 

lion of intem1ediate tooth positions and configuration of 
removable aligning shells for the remainder of tooth move
ment. Allematively, the shape of the aligning shells could he 
determined automatically via the treatment planning soft
ware from the tooth configuration at which the shells are first 55 

introduced to the patient and the final tooth position in 
accordance with the teachings of the Chisti et al. patents. 

FIG. 20 is an illustration of the integration of the patient 
data acquisition, treatment planning and appliance design 
functions that are facilitated by a preferred embodiment of 60 

the unified workstation 14. The workstation is provided with 
a plurality of image data sets 400 which can include 20 data 
(e.g. . photogmphs) 402, 30 image d:m1 404 from vurious 31) 
in1agc sources, static models 406 of al l or part of the 
patient's crauiofaci11l anatomy, dynamic models 408 of all or 65 
part of the patient's craniofacial anatomy, color models 410, 
and possibly oilier types of image data. The workstation 14 

ance. Jn other words, if the workstation is equipped wilh 
OraMetrix treatment planning software, such software could 
output tooth position data, appliance design data and any 
other required data into a format compatible with the manu
facturing requirements of any appliance manufacture. This 
inleropenibility or data fom1ats for a11pliancc design is 
hown by arrows 421. 11ms, the work tation provides a 

conversion or fonnatting of appliance design data into a data 
set or output formal speci.fied by any one of a variety of 
particular appliauce manufacturers. In t11e iJtustrated 
embodiruent., the avnilable therapeutics data sets are shown 
as manufacturer no. 1 data set 422 (brackets and customized 
wires), manufacturer no. 2 data set 426 (brackets and wires), 
manufacturer no. 3 data set 426 (removable aligning shells), 
manufacturer no. 4 data set 428 (brackets and wires), or still 
ot11er sets 430. The appljnnce design dota se1 is then fur
nished over the lntcruct to 1J1c vendor of such appliances for 
manufacture of a custom appliance. Hybrid treatment plans, 
as described above, a.re one possibility of a treatment plan 
that may ht! <leveloped using the workstation and virtual 
patient model described herein. 

In one pos ible varia01 of the invention, '!he treatment 
planning software tools 300 are also provided at a remote 
location and some of the tasks of appliance design may be 
performed as a service by a separate workstation, such as a 
workstation of an appliance manufacturer. In this situation, 
the virtual patient model 34 could be provided to the 
appliance manufacturer, a proposed treatment plan is pre-
pared and furnished to the practitioner, and after the plan is 
approved, the appliance manufacturer coordinates Lhe fur
nishing of appliance design data to any designated appliance 
manufacturers that are used to furnish the custom appliance. 

In one possible embodiment, the treatment planning soft
ware includes a set of instructions that perform a measure
ment fi.mction to measure distances in two or three dimen-
sions in the inual patient model e.g .. arch fonn sh,1pe 
measurements and compare the measurements wit11 refer
ence dimensions for an "average" patient of similar age, sex 
and race. These measurements could be obtained in any 
convenient manner, for example from textbooks, mganiza
tions, practitioners, etc. l11esc measurement tools would be 
invoked during the course of treatment to compare tooth 
movement and current tooth position with expected posi-
tions and if deviations occur, the variances could be used as 
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information to modify one or more aspects of the treatment 
plan, such as change the appliance design. 

A specific example of interactive treatment planning with 
a unified workstation will be now described in conjunction 
with FIGS. 21-58. FlGS. 60- 91 describe evaluation of a 
proposed e1 -11p that has been generated in the nianner 
described .in .FIGS. 21- 58. In order 10 provide the functions 
and features described in the features, the workstation 
includes a computing platform (general purpose computer) 
having a graphical user interface, a processor and a com- 10 

puter storage medium containing digitized records pertain
ing to a pa1ient. The d.igitized records include image data . 
such as photographs, x-rays, and scan data of the teeth. The 
workstation further includes a set of software instructions 
providin!!, gi:apllical user interface tools for providiniacccss 15 

to tile d.ig.itized records, such us display and manipu'lntion of 
the images or scan data in the fonu of 30 models. The 
workstation further includes software instrnctions for execu
tion by the processor for facilitating treatment planning for 

26 
a number of specific available screen displays and menus 
which are shown in the menu 460 in the lower left of the 
Figure. The case management tab, and its various features, 
is described at length in the following discussion. Addition
ally, there is a digital treatment planning tab 458 which 
provides forther menus, tools and displays by which the 
practitioner may further move teeth and design the shape 
and configuration of a customized orthodontic appliance. An 
example of the types of menus and tools that are available 
in the tab 458 is the OrnMetrix treatment planning software 
described in application Ser. No. 09/834,412, filed Apr. 13, 
2001. However, it is possible to provide, in the workstation, 
a suite of treatment planning software from different appli
ance manufacturers in which case the user could access the 
treatment planning software for whatever appliance manu
facturer the practitioner wished to use for treatment of the 
patient. In this situation, it may be necessary to fonnat the 
tooth data in a fomiat compatible with the appliance design 
and treatment planning software so as to ensure compatibil-

a patient. 
While there are various ways in which practitioner may 

go abou t the process of designing a treatment plan for a 
patient in a preferred embodime11t of the invention certain 
specified tools are provided which allow a treatment plan to 

20 ity between the various systems that may be installed on the 
workstation. 

be developed in which constraints can be identified and the 25 

treatment plan can be developed without violation of such 
constraints. 

Referring now to FIG. 21, a screen shot from the graphical 
user interface of the workstation of FIG. 1 is shown. The 
workstation includes a computer memory that stores, and 30 

makes available to the practitioner, records in the form of 
digital data pertaining to some or all of the following; the 
patient's clinical history, medical history, de11tal history, and 
orthodontic h.istory as well as 20 photographs, 20 radio 
graph.ic images, CT scans, 20 and 30 scrumcd images, 35 

ultrasonic scanned images, and in general, non-invasive and 
sometimes invasive images, plus video, audio, and a variety 
of communication records, such notes, records of office 
visits, patient letters or communications, etc. All records and 
images arc digitized. The records and images arc made 40 

available through suitable user interface icons which cause 
display of the images and records on the user interface. The 
images can be combined or superimposed to create a virtual 
patient model that includes surface features (soft tissue) of 
the patient in one possible embodiment. 45 

The workstation also further maintains a comprehensive 
set of computer instmctions providing tools in the form of 
icons, screen displays, windows, functions and features, 
accessible through the user interface of the workstation to 
assist the practitioner in planning the treatment. Various 50 

types of tools are contemplated; numerous examples are set 
forth herein. 

In FIG. 21 , a set of tabs 450, 452, 454, 456 and 458 are 
provided. The tab 450 is a patient infomrntion tab which 
provides suitable screen displays for et1tering a variety of 55 

patient infom)ation, such as their name and address, dental 
and clinical history, insurance information, diagnostic infor
mation, names of other treating or consulting practitioners, 
etc . Tab 450 will be discussed in further detail below in 
conjunction witli FIGS. 21A and 21B and r:JGS. 54-58. The 60 

tab 452 is a tab whereby tbe user accesses scan or other 
image data and accesses instructions and menus-for scanning 
the p<t ticnt with an in-vivo intra-om! scanner sucl1 as 
described in the previously cited OraMetrix PCT applica
tion. Tab 454 is a tab by which the user accesses the digital 65 

30 impression of the teeth, obtained from the scanning of 
the patient. Tab 456 is a case management tab and includes 

In FIG . 21, the user has selected a "treatment strategy" 
icon 461, which causes the display 462 to appear. In this 
display, there is a field 464 for the nser to enter high level 
diagnosis and problem classification information, for 
example in the fonn of text. A field 466 is provided which 
provides a matrix fonuat by which the conditions relevant to 
the patient's soft tissue, skeletal, and dental anatomy are 
entered, each with respect to vertical, sagittal, and transverse 
positions, again in text form. TI1e display also includes a 
treatment strategy field 468 where the user will indicate the 
general, high level approach to treatment, such as any 
proposed extractions, appliance type, stages of treatment, 
etc. These fields 464, 466 and 468, along with displayed 
image data for the patient, assist the practitioner in identi
fying the constraints pertinent to the treatment planning. 

FIG. 21A shows the patient information tab 450, with the 
slide bar 850 moved next to "history". Tlie screen display 
shown in FIG. 21A appears, with a field 451 for which the 
user can enter alerting medical conditions, such as AIDS or 
HIV infection, epilepsy, allergy conditions, tuberculosis, 
etc., along with any explanatory data or comment. In field 
453, the user is provided with tools to enter general medical 
condition regarding the patient by clicking on the drop-down 
menu as shown, and entering any appropriate data or com
mentary, as shown. 

In FIG. 21B, the user has moved the slide bar 850 to the 
"Examination" icon, which causes the display shown in FIG. 
218 to appem. This screen allows the user to enter dental 
examination data in field 455, a tooth chart 457 where the 
user clicks on a particular tooth and enters tooth data in 
fields 459, 461 and 463 as indicated. 

After the user has entered the information into the fields 
464, 466, 488 shown in FIG. 21, the user clicks on one of the 
other icons in the field 460 to continue the process of case 
management and initial treatment planning. At this point the 
information entered into the fields of FIG. 21 is stored in the 
computer memory of the workstation. 

In FIG. ~2, the user has now selected a "Midline and 
Aesthetic Occlusal Plane" icon 470, which causes the screen 
display 472 to appear. TI1e user uses this screen to evaluate 
and define both vertical and horizontal lines of references 
such as soft tissue midline, interpupilliary line, etc and also 
define the dental midlines for the upper and lower dentition 
and the aesthetic occlusal planes for both the upper and 
lower arches and cant of the occlusal planes TI1ese midlines 
and occlusal planes are designed relative to the face, which 
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here is a global reference. These lines are useful references 
for where you want the patient's teeth to move. 

When screen display 472 is activated, the workstation 
displays a pair of two-dimensional color photographs of the 
patient, shown as a photo 474 with the patient's mouth 
closed, and a photo 476 with the patient smiling. The display 
includes a field 478 where the patient can maintain the 
midline that the user marks on the images, as described 
below, or activate one of the other tabs indicating !real lo 
upper midline, treat to lower midline, or provide a custom iu 
midline. The midline is entered using the tools 486 on the 
right hand side of the screenAregion 480 is provided for the 
Aesthetic Occlusal Plane ( occlusal plane for the front teeth), 
which the user can indicate or mark on the images of the 
patient using the tools 486 on the right hand side of the 15 

screen. The user marks an Aesthetic Occlusal Plane (AOP) 
for both the maxilla and mandible dentition, and the user is 
provided with fields 480 and 482 for customiwtion of these 
plane.~ (technically, lines in two dimensions). /\ lab 484 is 
provided to create a customized canted AOP with various 2u 

tabs as shown. Thus, the tools provide the user to mark, 
among other things, a midline and maxilla and mandible 
levels and cant of an aesthetic occlusal plane. 

'!be display of FIG. 22 includes a set of tools 486 in the 
form of icons which, when selected, allow the user to mark 25 

on the images various vertical and horizontal lines. For 
example, the user can mark an upper occlusal plane on the 
photographs of the upper arch of the patient, a lower 
occlusal plane (line) in the lower arch of the patient, and 
marking various positions in the upper and lower occlusal 30 

planes, e.g., marking a posterior position of the upper or 
lower occlusal plane (line in 2D) ; marking a functional 
position of the upper or lower occlusal plane; and marking 
an aesthetic position of the upper or lower occlusal phme. 

As shown in FIG. 23, when the user activates the legend 35 

"L" icon 488, a window 490 pops up and a legend appears 
that explains the acronyms for various lines and midlines 
that the user may mark on the images. 

As shown in FIG. 24, the user has activated various icons 
486 and has drawn on the virtual model of the patient an 40 

aesthetic upper occlusal plane ("AU") 494 and a aesthetic 
upper perpendicular line ("AUP") 492 in the left-hand 
image, and a trealment upper occlusal plane ("TxlJ") 498 
and a treatment upper perpendicular line ("TxUP") 496. The 
lines 492, 494, 496 and 498 are all user specified in tenns of 45 

their location. The location is selected by using the work
station mouse, moving the cursor to the location where the 
user wishes lo drnw the midlines and occlusal planes, and 
clicking the mouse. 

Referring now to FIG. 25, after the user has proceeded to 50 

mark the location of midlines and occlusal planes, the user 
clicks on the icon 500, at which point the "Occlusal Plane 
and AP [Anterior, Posterior) Positions" screen display 502 
appears. The display 504 shows other aspects of the patient 
virtual model, here a two-dimensional lateral x-ray view of 55 

the face, including teeth and jaws. Shown on the display 504 
are two of the occlusal planes (line in 2 dimensions) the user 
has previously entered from the screen display of FIG. 24: 
a normal occlusal plane (''NO") 506, and a Treatment 
Occlusal Plane Upper (TxOU) 508, indicating the occlusal 60 

plane to which the teeth are designed to be aligned with as 
a result of treatment of the patient. These lines can be 
segmented into three separate lines, one for the posterior, 
functional and aesthetic. The screen display includes a set of 
icons 510 providing tools for the user to mark various 65 

occlusal planes and locations thereof in two dimensions, as 
well as a Legend icon 520. The display also includes a 

28 
region 512 whereby the user can modify the location of the 
aesthetic occlusal plane (front teeth, teeth 1-3 ), a functional 
occlusal plane (teeth 3-6), and a posterior occlusal plane 
(rear teeth, teeth 6- 8), for both the upper and lower jaws. 
The axis of cant of the occlusal plane can be changed by 
rotating around a predetennined center or fulcrum of rota
tion. Also, the A/P position and inclinations and the vertical 
relations of the incisors with respect to the occlusal plane 
can be represented by animating teeth as shown in FIG. 56, 
57. The desired position of the incisors can be planned. The 
position of the incisors also drives the change in the position 
of the soft tissue, e.g. lips. Any changes can be compared 
against a normative database of positions of various cran
iofacial structures. A complete 21) cephalometric analysis is 
thus possi blc. 

As shown in FIG. 26, when the activates the legend icon 
520, the window 522 pops up and provides a legend for the 
acronyms which accompany the occlusa] planes that are 
shown on the x-ray image 504. The various occlusal planes 
522 arc accessed by activating the icons 510 at the right hand 
side of the screen display, and using the mouse to indicate 
their location on the image 504. 

Referring to Fl G. 27, the user has finished marking the 
midline, the occlusal plane(s) and making any anterior/ 
posterior adjustments, and proceeded activate the "Refer
ence Tooth" icon 550. This action causes the display 552 to 
appear. The display 552 includes a reference tooth selection 
field 556. The display also changes to show a panoramic 
X-ray 554 to appear, showing all of the patient's teeth to 
appear in a line, along with associated soft ti ssuc and 
surrounding bone stmctures. The nser makes a judgn1ent 
decision as to which tooth or teeth should be moved the least 
(or not at all), and selects this tooth (or teeth) to be the 
reference tooth or teeth. llis action is completed by the user 
moving the mouse cursor to the tooth or teeth in the field 556 
and clicking the tooth they wish to select as the reference 
tooth. Here, the user has selected tooth 3 on the upper right 
hand side as the reference tooth, as indicated at 558. Any 
changes in crown position in two dimensions or root posi
tions are seen and transferred into the three-dimensional data 
sets. 

FIG. 27 A shows a screen display with the display showing 
a llallened 3D x-ray of the teeth llallened such that all the 
teeth lie in a two dimensional line, with each tooth having 
a tooth axis indicated by a line segment having one end 
tenninating at the cusp or tip of the tooth and the other end 
of the line segment terminating at the end of the tooth root. 
·111is screen is disph1yed simultaneously with the field 556 
showing the reference tooth selected. TI1e user, having 
inspected the axes of the teeth and their relationship to other 
teeth via the X-ray, may select a dilfere.in reference tooth by 
simply clicking on a different tooth in the field 556. Typi
cally, the user will select a reference tooth in which the axis 
of the tooth does not move during the course of treatment, 
and the displays of FIG. 27 and FIG. 27A facilitates that 
selection. The screen display of FIG. 27A facilitates the 
measurement of the tooth axes to make the reference tooth 
selection. 

TI1c treatment planning process continues by using the 
graphical user interface to align two dimensional images of 
the patient, e.g. x-rays, with three-dimensional virtual teeth 
models. In this manner, the user progresses from two
dimensional treatment planning lo three-dimensional treat
ment planning. One possible embodiment is shown in FIGS. 
28-31. In FIG. 28, the user has selected the "Aligmnent 
2D-3D" icon 570, which causes the screen display 572 to 
appear. In this display, a 3D virtual model of the teeth 116 
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appears on the display, superimposed over a two dimen
sional X-ray photograph 505. The 30 mode.I of 1eec.h 116 is 
created by suitable scanning techniques, such as in-vivo 
scan of the dentition or a scan of a model of the dentition, 
as described previously. After the scan is obtained, the teeth 5 

are eparated from surrounding s1nic1ures and represent·ed in 
the computer as individual. individually moveable, virtual 
tooth objects. TI1e display includes navigation and other 
icons by which the user can rotate the model 116 in any 
desired orientation, show only one or both arches, select or 10 

deselect for display gingival tissue, occlusal planes, etc. The 
30 tooth models are scaled so that they coincide in size with 
the size of the teeth in the 20 image. The superposition 
shown in FIG. 28 could he either perfom1ed manually, or 
possibly automatically with suitable pattern matching aJgo- 15 

ri tlum to idemify tooth objects in the 20 image and lllign the 
30 tooth objects with the teeth in the 20 image. 

In FIG. 28, the functional occlusal plane 508 is displayed 
together with the teeth and the x-ray. Whereas in FIG. 24, the 
upper occlusal plane was shown as merely a line, in FIG. 28 20 

t11e occlusal plane 508 is represented in two dimensions but 
it actually is also represented in three dimensions in FIG. 43. 
Thus, the original 20 representation is transferred to a 
surfac.:e in three dimensions. The user is able lo view the 
arragement of the teeth relative to the bone in any orienta- 25 

tion, such as front perspective or side perspective. 
TI1e arrangement in FIG. 28 facilitates the user under

standing the relationship of the 30 teeth with respect to the 
so±! tissues as well as bone. The 30 plan of the teeth can be 
oriented relative to the occlusal plane 580 that the user has 30 

defined. 

30 
then how he wishes to manage the space. The user further 
proceeds with the design of an desired arch fonn. TI1is is 
done for both arches, typically the mandible first and then 
the maxilla. However, al any time the user can view both 
arches together by activating a hide/display icon. To proceed 
to these tasks, in the illustrated embodiment, the user selects 
a mandible space management icon 620, as shown in FIG. 
32, which causes the screen display 622 to appear. The 
screen display 622 includes a plurality of icons 624 which 
arc used for hiding and displaying various aspects of the 
virtual patient model, soft tissue, occlusal planes, and other 
fean1res of the software. TI1e central region of the display 
622 is used to display the 30 virtual teeth 116. The display 
622 also includes a lower region 626, where the user can 
activate an Arch Fonn tab 636, as shown, or other tabs, 
including a Vertical Positions tab 628, a A/P positions tab 
630, and an Extractions and Stripping tab 632. TI1e arch 
form tab 634 includes an area indicating that the user has 
selected a customized arch form. However, by activating the 
drop down icon 638, the user can scroll through and select 
pre-defined arch fonn types that are stored in the worksta
tion, and adapt tooth position to standard arch forms. At all 
times, the user is able to interactively move any tooth or 
Leeth on lhe grnphical user interface relative lo the desired 
arch fom1, by clicking the tooth to select the tooth and then 
dragging the tooth with the mouse to a new position. 

Space analysis can be dynamically evaluated by affecting 
the following parameters: midline, arch form, A/P position, 
tooth position, the reforence tooth, tooth size, spatial distri
bution of the teeth in the arch and by appliance prescription, 
either selectively or in tandem. Furthem10re, space manage-

Jn FIG. 28A, the user has activated icons 574 for display ment can be effectuated by simulation of interproximal 
of both arches and a midline plane 581 . reduction, buildup of the tooth, extraction, distal and mesial 

In FIG. 29, the user lws selected for display both the upper tooth movement, expansion of the jaw, axial inclination 
and lower arches by activation of icon 602, and treatment 35 angle change, rotation change, ovcrjct and overbite change, 
occlusal planes 606 and 608 for the upper and lower arches. appliance choice, adjustment of inter-arch relationship, or 
The occlusal planes 606 and 608 are activated by selecting selectively maintaining crowding. 
the icon 604. Note that in FIG. 29, the occlusal planes are The tab 634 further includes measurement tools 640 
rendered and displayed in three dimensions as a three- which provide cuspid distance measurements and inter-
dimcnsional surface, whereas, initially in FIG. 24, the mid- 40 molar distance measurements for the current tooth positions 
line and occlusal planes were rendered in two dimensions. displayed on the screen. The user can also set points 
The three dimensionality of the planes 606 and 608 is hard anywhere on the virtual model and activate an icon to get a 
Lo see in FIG. 29, but becomes more apparent when the dislance measurement, or invoke a graph tool as desc.:ribed 
model of the teeth is rotated or viewed from an orientation elsewhere. FIG. 32 also shows a display 644 that provides an 
that is not so closely in line with the planes 606 and 608 . 45 arch length discrepancy measurement (in terms of mm) 

In FIG. 30, the user has activated icon 610 which causes which indicates, given the current virtual tooth positions, 
a mid-sagittal clipping plane 612 to appear. The location whether there is sufficient length in the arch (positive values) 
where the clipping plane 612 inlersecls Lhe front Leeth in Lhe or whether some interproximal reduction, tooth rotation, 
upper and lower arches is sbown by the sbaded areas 614. extraction, distal movement of the molars, uprighting of the 
The clipping plane can be moved over the arch to view the 50 molars, changing of the torque of the teeth, changing the NP 
teeth in any cross-sectional view, using navigation icons. position of the incisors, expanding the arch form, maintain-
The view shown in FIG. 30 allows the user to judge ing selective crowding, adjusting the level of the occlusal 
suhjeclively the wlationship between the upper and lower plane or the midline, axial inclination of teeth, overjet or 
incisors, mid compare that with the 20 views, for example, overbite or other action is required to fit the teeth in the arch 
from a 20 X-ray. 55 (negative values). The left-right balance in the arch length 

As shown in FIG. 31, the user can adjust the position of discrepancy can be changed by interactively selecting the 
the clipping plane and thereby change the location at which midline and moving the midline either to the right or left. 
the plane in1er.sects tJ1e upper and lower arches, as will be In FIG. 32, the presenting malocclusion is seen. TI1e user 
appreciated from a comparison of c.hc shaded areas 614 in has indicated that they wish to hold the malocclusion as 
FIG. 31 with Lhc areas 614 in PIG. 30. TI1e user adjusts the 60 indicated at 646. In FIG. 33, the keep lateral segments tab 
position oflhe upper and lower incisors in the clipping plane 650 has been activated. TI1is feature immobilizes the lateral 
illustration to match the posi tion tha1 was determined in the segments (premolars and molars) and allows for the align-
20 laLeral view in FIG. 57. men! to occur only thrnugh the change in the arch form 

When the user is satisfied with the 20-30 aligning step, anteriorly. The user can define the incisor position based on 
the user proceeds to addi tional tasks, includiug space evalu- 65 the lower incisor based on where it was initially. TI1e user 
ation, and space management tasks by ~ hlcb the user first can hold the buccal segment (basically holding the lateral 
evaluates bow much space is needed to align the teeth and segments) then impose no movement and you allow for full 
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alignment of the anterior 1ee1h. Whm this has done is tell the 
practilioner how much space is needed in the arch length and 
at the same time the display provides the inter-molar and 
inter-cuspid width based upon holding the posterior leeth 
fixed. In other words, as the user changes the constraints in 
tenns of tooth mobility, the user is provided instantaneous 
measurements in terms of arch length and the new positions 

32 
activate an icon at the top of the screen and the original tooth 
position is also shown, with the difference in position shown 
in a contrasting color. 

FIG. 36A shows a screen display when the treatment 
planning icon 900 is actuated. This icon takes the user to 
addition treatment planning software which enables a user to 
further define the shape of the arch form, move teeth relative 
to each other, and design customized appliances. Many of 
the features shown in the display of FIG. 36A are described 

of the teeth that are allowed to move. TI1e user can selec
lively immobilize Leeth or allow their free movement in 
three planes of space, either individually or in groups. 10 in the published PCT application WO 01/8076, and therefore 

will not be repeated here. The user has highlighted the 
"TARGET PARAMETER" icon 902, wltich allows the user 
to customize the configuration of the desired target arch 

'foe teeth are moved to a more ideal position. TI1is action 
changed the cuspid distance from FIG. 32, but did not 
change the molar distance. The length discrepancy tool 644 
indicates that the righl and lefl arch length has increased 
from the previous values, which would require some inter- 15 

proximal reduction, extraction, or some other action to fit the 
teeth to the arch length. 

In FIG. 34, the user has selected "full aligned", as 
indicated at 660. Bolh the cuspid dislance and the molar 
distance have changed, as indicated by the measurement 20 

tools 640. TI1e length discrepancy, as indicated by the 
display 644, has now returned to zero, indicating that the 
arch fonu is "good". "Fully aligned" allows free movement 
of all the teeth along the pre-selecled arch form. If some arch 
length discrepancy remained, the user could simulate a 25 

change in arch form, midliue, occlusal plane. rotalion of 
teeth about their axis, extraction etc. to rectify the situation. 
1f the user wants to customize the shape of the arch form 
they activate the slide line tab, discussed later. 

In FIG. 35, the user has activated icons 670 and 672, 30 

which causes the display to show both the original position 
of the teeth (areas with dark shading indicated at 674) and 
the new position as a result of the mandible space manage
ment exercise (white areas, indicated at 676. This color 
coding helps the user visualize the tooth movement that will 35 

occur in accordance with the proposed treatment plan. Titis 
feature of reference back to the original malocclusion is 
available at any time and in any plane, both in 3D or 2D 
images or combi1iation. 

In FIG. 36, lh user has activated icon 680 which causes 40 

a slide line 682 to appear. The slide line can positioned at 
different levels, such as the bracket level, the level of the 
cusp tips, ur the level of the interproximul contuct poinls. 

Arch length discrepancy can be defined at various levels, 
including contact points, cusp tips and at the level of 45 

brackets, based upon the location of the slide line that is 
chosen. Then, the effect of bracket prescription on the 
dentilion is also modeled in deOning the position of the teeth 
in the arch, thus providing the clinician with a method of 
understanding the effects of his appliances on arch length 50 

inadequacy. 
TI1e slide line 682 is a tool that assists the user in changing 

lhe shape of the arch form. 'l11e slide line 680 includes 
anchor points 683 spaced along the length of the slide line 
682, which are affixed to labial surfaces of the teeth in the 55 

positions shown, TI1e slide line 682 also includes points 681 
equidistantly spaced from the anchor points, which the user 
manipulates to cause the slide line to bow out or in rela1 ive 
to the teeth, and thereby change the shape of the arch form. 
For example the user would click on one of the points 681 60 

and drag the point 681 out away from the slide line, which 
would cause the slide line to bow outwardly towards the 
point 681. The clamping or anchor points can be moved by 
the user anywhere along the slide line. TI1e slide line (as was 
the case with the midline) allows for designing asymmetric 65 

arch forms. Whenever the user wishes to compare the 
proposed arch fonu with the original tooth position, they 

form. Here, in area 906, the user can scroll through a series 
of available general arch form types. In field 903, the user is 
provided with various tools to make the arch form symmet-
ric (or not symmetric), enter in values for transverse, sagittal 
or vertical movement, or change the relation of the overbite 
or ovei:jet. As shown in FIG. 36A, the slide line feature 682 
is also displayed, which the user can use as described 
previously to change the shape of the arch using the slide 
line features. 

In FIG. 37, the user has activated an icon to show a 
midline plane 690 to appear. By inleractively moving the 
midline (using click and drag teclutique ), the user can 
change the orientation of the midline relative to the teeth in 
the arch and thereby change the right/left values shown in 
the length discrepancy icon 644. The midi ine is shifted 
slightly to the patient's right. The lateral segments are held 
fixed while the midlinc shift is only carried out by the 
anterior teeth. If "full aligned" had been checked the all the 
teeth would move along the slide line to accommodate the 
new position of the midline. Note also in this Figure that the 
new position of the teeth can be measured against the 
original as indicated by the lightly speckled pattern of the 
posterior teeth, which indicates little movement of the lateral 
teeth from the malocclusion position (the difference in 
position indicated by the dark or shaded spots on the teeth). 

In FIG. 37 A, the user has selected a parameter tab 690, 
which includes icons 691 for midline shift (left or right), the 
measurement tools providing cuspid and intenuolar dis
tance, and a tool 694 indicating the amount of over bite and 
overjet, given the current conOguration. ·n1is data is obtain
able since the position of the upper arch relative to the lower 
arch is known in the in the computer, and the position of the 
incisors in both arches is known in three-dimensional space. 
Tims, the display allows the user to interactively move the 
leeth and immediately realize the elf eel of tooth movemenl 
on overbite and overjet. You can also adjust overjet and 
overbite parameters to see their effect on the arch length 
inadequacy. 

By activating icon 692, the user can manage the spacing 
between teeth by having all spacing between Leelh lo be 
equal. By activating icon 693, the user invokes a collision 
detection algorithm that prevents the user from moving teeth 
in a manner such that a tooth collides with another tooth, 
either in the same arch or in the opposing arch. The software 
allows for interproximal reduction by ruorplting the tooth 
shape to match the available space, using a simple morphing 
algorithm that shrinks the tooth in two or three dimensions. 

In FIG. 38 the user has invoked the simulation of the 
midline plane 690. By movement of the midline plane left or 
right they can correct the length discrepancy (left or right) 
for the arch. 

In FIGS. 39 and 39A, the user has activated a gingival 
display icon 700 which causes the display to show both the 
3D virtual teeth 116 and a 30 model of the gingival tissue 
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FIGS. 44 and 44A show the user activating a grid icon 
740, which causes the display to show a grid 742. The grid, 
which is in units of millimeters, gives the user an additional 
tool lo gauge distances between teeth (e.g. , inter-molar 
width, inter-canine width, etc .). In FIG. 44, the numbers in 
the field 632 above the check boxes are essentially evenly 
distributed among the teeth in the left hand side of the arch, 
and in the right hand side of tl1e arch, indicating that the 
interproximal reduction is symmetrically and evenly dislrib-

702. This icon can be activated at any time in the space 
planning screen. TI1e model 702 of the gingival tissue can be 
obtained from a scan of the patient's mouth with an intra
nrnl 30 scanner as described previously, or it could be 
obtained from a scan of a physical model of the patient. The 
gingival tissue 702 is separated from the scan daia of 1be 
teeth 116 so that the two types of objects can be modeled as 
separate 3D objects and thus displayed either alone or 
together. In FIG. 38, the proposed treatml!nt indicate sub
stantial bumps 703 on the lingual side of the teeth. The 
gingival tissue is morpbed to show the e:ffect of tooth 
movement to this position on the gingival tissue. Since 
gingival tissue closely follows the underlying bone, the 
bumps 703 may indicate that the proposed tooth movement 
is incompatible with the patients mandible bone structure. 
This could be confirmed for example by zooming in ou Ille 
location of the bumps 703, invoking the display of under
lying bone stmcture from an X-ray or CT scan stored in the 

10 uted between the teeth. The teeth can be morphed accord
ingly to simulate the change in shape either through reduc
tion in size or buildup in size as nece sitated by tile 
treatment. Byun-checking any of the boxes in field 632, the 
user can simulate a tooth extraclinn and move Leeth to 

15 manage the gap in space on a tooth by tooth basis, or have 
the space distributed evenly between the teeth, etc. Once the 
useris satisfied, they can go to the screen of FIG. 28 and see 
where the teeth are relevant to the bone. 

' orkstalion and examining the superposition of the vinual 
tooth over the underlying bone. In FIG. 39A, the user has 20 

moved tooth 701 slightly and the gingival tissue 702 "mor
phs" to follow the position of the tooth. 

FIG. 45 shows the virtual model of the teeth of the lower 
jaw. Because the teeth arc shown in a plan view it may be 
difficult for the user to see ilie texture and surface charac
teristics of the teeth. Thus, the user interface preferably 
includes an icon 744, which when activated allows the user 
to change the simulated illumination of the teeth, i.e., 

25 become brighter, or come from a di:fferent place, in order to 
more clearly show the surface characteristics of the teeth. 

Jn FIG. 40, the user has activated navigation icons on the 
display to rotale the model ofteetb+gingiv;il 1issue to a new 
orientation. Th user has also activated lhcA/P positions tab 
630, which allows the user to constrain either a singular 
movement of teeth or a group movement of teeth in the A/P 
direction. The display shows a field 710 which allows the 
user to either maintain or interactively change the A/P 
posi1ion of tl1e right molar, a field 712 that allows the user 30 

to in1eractively change the A/P posi1ion of the central 
incisors, and a field 714 that allows the user to interactively 
change or maintain the A/P posilion of the left molar. As 
shown in FIG. 40, the user has interactively changed the 
a!llcrior posi1ion of the central teeth by an amounl of 1.5 35 

mm, and the change is simulated by moving the central teeth 
anterior wise by 1.5 nun and keeping the back teeth fixed 
and showing the new position on the screen display. The 1.5 
mm movement may not be sufficient given the 0.9 mm arch 
length inadequacy remaining. 

FIG. 46 shows tl1e user activating tl1e vertical position tab 
628 . This tab includes a field 750 in which the user can either 
maintain the malocclusion vertical position of the right 
molars, or change the position by any user specified amount 
either towards or away from the occlusal plane. Similarly, 
the tab includes a field 752 where the user can either 
maintain or change the vertical position of the front teeth. A 
field 754 allows the user to maintain or change the vertical 
position of the left molars. 

PIG. 4 7 A shows a contact points feature that provides the 
user of a graphical display of tl1e contact points between 
teeth. The user has activated tl1e arch form tab 634, but the 
contact point function can be invoked at any time while the 

In FIG. 41, the user has selected an icon 720 that causes 
1be di.splay to sbow an occlusal plane 722. along with the 
position of 1he teetll 116 il1 a proposed arrangement. The 
areas where the occlusal plane in1crsc.c1s the tccih 116 arc 

40 user is in the "Mandible Space Management" routine. The 
user has activated icon 760, which signifies that the user 
wishes to inspect and measure and the contact points 
between the teeth. When icon 760 is clicked, points 762 

shown as white areas 724 of the teeth. 45 

As shown in FIG. 42, tl1e user has re-oriented the teetl1 to 

appear on tl1c teeth, which indicate the points of contact 
between the teeth. TI1e points 7 62 are joined by straight lines 
764, which indicate the shortest distance between the points. 
By placing the cursor on a particular tooth, the display 
shows the tooth number and distance along the line in 
millimeters. This gives us the true measure of the widest 

a side view and activated the icons to show both the teeth 
116 and tl1e treatment occlusa] plane 722. This view gives 
the user a better view of the points of intersection of the 
occlusal plane with the teeth. 

50 points in the teeth. TI1ese contact points are automatically 
identified and the measurements are also automatic. TI1e user 
can also change the location of the points to make additional 
measurements of the teeth. For example, for tooth 41 , the 

In FIG. 43, the user has activated the extractions/stripping 
tab 632. This causes the display to show the teetl1 of the 
lower arch, and a row of numbers corresponding to each 
tooth in the lower arch. The display also includes a check 55 
box 730 below each number. If the user un-checks tl1e box 
730, the corresponding tooth disappears to simulate an 
extraction. The numbers above the check boxes indicate the 
spacing needed in each half or the arch to meet the arch 
length requirements and reduce the arch lengili discrepancy 60 
to zero. 

The display also includes an icon 721, which, when 
activuted, all the teeth in the arch are moved in three 
dimensions such that they just touch the occlusal plane. This 
is an automatic function, since the location of the teeth and 65 

teeth cusps are known in three dimensions, and the treatment 
occlusal plane is also known in three dimensions. 

distance is 5.5 mm. 
FIG. 47B shows the teeth of FIG. 47A rotated and 

displayed in a new orientation. Dy using the camera navi
gation icons 766, the user can zoom in or rotate the teeth to 
have a new viewpoint as desired. This enables the user to see 
more readily, in three dimensions, how the teeth arc ori
ented. 

FIG. 47C shows the user activating an icon 770 which 
uses a feature extraction algorithm to highlight for the user 
the marginal ridges and indicate the distance along lhe 
marginal ridges. TI1c marginal ridges and associated lines 
connecting them across the teeth are shown in FIG. 47C as 
lines 772. Other feature extraction tools are possible, includ-
ing icons for showing cusp tips and cusp fossa . 
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Usage of the contact points featme of FIGS. 47Aand 47B 
is shown in FIGS. 47C and 470. In FIG. 470, the user has 
displayed the malocclusion teeth model 116 along with the 
lines 772 indicaling the marginal ridges, together with the 
occlusal plMe 780. Note that the lines 772 have a pro
nounced step relationship. In FIG. 47E, the user has inter
actively moved the teeth in the model 116 so that the teeth 
just touch the occlusal plane 780. Note that the step rela
tionship in the lines 772 has essentially disappeared. 'l11e 
user can either move a tooth individually or select a group 10 

of teeth and move them as a group. Once the molars have 
been moved as shown in FIG. 470 the user will typically 
proceed to setting up the incisor position. To do this, the user 
may wish lo invoke Lhe clipping plane feature discussed 
elsewhere in this document to cut through the teeth and 15 

define the upper and lower incisor relationship in two 
dimensions, and then in three dimensions. 

After the user has completed space management for the 
mandible using the lools in the previous figures, the user 
proceeds to maxilla space management usiug the tab 790. 2u 
Similar screen displays as shown in the previous "Mandible 
Space Management" figures are provided to the user and thy 
perform space management tasks for the upper arch. 

After completion of maxilla space management, the user 
proceeds to click on a "Space Management (Mandible and 25 

Maxilla)" icon 792, and the screen display of FIG. 48 
appears. In this display, the user is provided with the same 
set of icons across the top of the display, allowing the u er 
to hide or show the upper or lower arches, gingiva 1 stnicture, 
occlusal planes, contact points, X-ray or other image data, JO 

etc. Here, the user has selected for display both arches in the 
occlused condition and the tooth model U6 is displayed. 
This display includes a field 800 whereby the user can shift 
the midline of both the upper and lower arches right or .leJi 
by pressing the Rand L buttons with the mouse. The midi ino J5 

then shifts, with the amount of the shift indicated in numeri-
cal vaJue. The display includes an overbite icon 804, which 
indicates the amount of over bite in nuu. Th,e user can user 
the icon to change interactively the amount of the overbite. 
Similarly. using icon 802 the user can change the amoll111 of 40 

the overjet. TI.ie 1ools 806 and 808 provide 1he leng1h 
discrepancy for both arches. FIGS. 48A and 48B shows 
similar functionality being availablti during activation of the 
"Digital Treatment Planning Icon 900 and its associated 
displays; in these figures the Target Parameter tab 902 is 45 

selected and the user is changing values for overbite and 
over jet via the numerical value entry fields 910 and the 
results are immediately visible on the display. 

In FIGS. 49 and 49A, the user has activated the icons 
across the top of the display to simultaneously display both 50 

a 20 panoramic X-ray 810 of the teeth and jaw as well as the 
30 model of the teeth, but with the teeth 116 spread out and 
represented in two dimensions in registry with the 2]) 
panorama X-ray. TI1e teeth models that are shown in FIG. 49 
represent the tooth positions in a proposed treatment. In FIG. 55 

4913, the user has unchecked the X-ray icon and only the 
teeth are displayed. In FIGS. 49, 49A and 49B, the user 
activates the icons to superimpose the 30 model in registry 
with the 20 x-ray. The user thus is able to figure out the axis 
inclinations of the teeth and can revisit the selection of a 60 

reference tooth (see FIG. 27) if appropriate. Any changes in 
tooth position and its effect on root position can be evaluated 
in the 2D/3]) model of the panorex rndiogrnph, CT scan, etc. 
plus superimposed crowns, as in FIGS. 49A and 49B. From 
these views, the user can quickly arrive at a proposed setup 65 

by aligning (interactively moving) the 30 teeth up and down 
to find the ideal position, selecting or designing an arch form 

36 
and midline, and then wrapping the teeth around the desired 
arch form in three dimensions. When viewing the resulting 
proposed set up, e.g., in FIGS. 48 and 48A, the user is again 
given arch length inadequacy from a three dimensional 
model and proceed to modify the set up to eliminate the arch 
length inadequacy using the techniques described previ
ously. As proposed modifications are made, the user is 
instantly provided with new values for arch length inad
equacy, and can immediately determine whether the pro
posed modifications arc sufficient to remove remaining arch 
length inadequacy. 

In FIG. 50 the teeth 116 that are shown are the maloc
clusion or original arrangement of the teeth. Thus, FIGS. 49 
and 50 show that the user ca.11 toggle back and forth between 
initial tooth configuralion and proposed treatments for the 
patient. Any changes in any one-environment of module 
changes the values in the otl1er environments. 

In FIG. 51 and FIG. 51A, the user has used the navigation 
icons to rotate the view shown in FIG. 50. Tiie user is 
provided wi1h excellent visual aids to view how the teetl1 
line up with 1he tooth roots . 

FIG. 52 illustrates that Lhe user can unclick the icon 
causing the X-rr1y to appear on the screen and simply 
perfom1 pace uianagement for both the upper and lower 
arches usiag 1he virtual teetl1 models. As shown in FIG. 52, 
1he 1ceth 116 nre arranged in a line and seen from an anterior 
view. Fl(i. 53 shows the view of lhe teelh 113 from the 
opposite direction. 

After the user has completed the task of managing space 
between the virtual teeth in the proposed arrangement; the 
user i able to cycle back and repeat any oftl1e previous steps 
by activating 'Lbc icons on the lower left portion of the 
display und entering into the appropriate displays and mak
ing further adjustments in the proposed arrangement. 

TI1e user can tl1en access the rest of~he treatment planning 
soflware, such as tl1e softwareind.ic.1tcd by tab 458 (FIG. 21) 
aud proceed with additional trca1me111 planning procedures. 
Finally, when they are finished, the user selects a finalized 
proposed trcauu ut plan for 1rca1ing 1he pati n1. ·nus updates 
the patient's prescription and is stored in the workstation. 
The display of FIG. 48 shows how the patient 's teeth will 
look at 1he end of treatment. djusLm~ts in inter-ar<:h 
relationships, as shO\ 1\ in FIGS. 28 and 29, either as a re ult 
change in overjet or overbite, or change in relationship of the 
jaws, are either tooth driven or jaw driven. TI1ese actions 
change arch length inadequacy values. TI1ese can all be 
simulated on the user interface. 

FIG. 54 shows the user entering tl1e patient infomiation 
tab 450, where the patient has access to dental clinical 
examinations and dental radiograpllic examination. The 
upper left hand portion 848 includes a slide bar 850 tl1at 
allows the ust:lr to access various fields, inclutling demo
gropbies, patient history, examination (notes), photographs. 
and X-rays. Additional fields are made available by activat
ing the "Next" icon. The user has moved the slide bar to 
X-rays. In the display 854, the user is provided with the 
X-rays that are currently stored for the patient, which 
include a later X-ray of the face ("Lateral Ccph"). The 
portion 856 of the display shows the X-ray and icons for 
rotation of the X-ray, changing the brightness and contrast, 
and displaying a mirror image of tl1e X-ray. The user can 
point and click in any region of interest to access dental 
history or access photo image databases, radiographic 
images, and so forth. The navigation icons allow the user to 
rotate, pan, zoom all the X-rays to see them appropriately to 
check for pathology, etc. Also, the user can mark up the 
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X-rays for making measurements in two dimensions, mea
suring angles, and entering that information into the patient 
database. 

In FIG. 55, the user has navigated to a soft tissue analysis 
screen from the patient information window. Here, the user 

38 
compromising the angulation of some teeth so they can 
occupy a larger or a smaller space in the arch, or increasing 
the mesiodistal tooth size in the arch with the deficiency in 
tooth material (build-ups). 

TI1e present software provides measuring tools for mea
suring these parameters and conducting this analysis (using 
the contact points algorithm described and illustrated pre
viously). Moreover, the workstation includes a database of 
normative or nom1al ratios for patients. ·111e user compares 

is allowed to enter into the workstation via field 860 specific, 
numerical values for initial measurements of soft tissue, 
desired values for these soft tissue parameters. In the field 
862, the user is able to measure or calculate angles, e.g., 
between various teeth and various planes, angles of canting 
of planes that the user has specified, etc. Again, these angles 
are calculated by means of display on the workstation of 
patient's X-rays or other image data (including possibly scan 
data). 

10 the ratio for the patient, obtained directly using the measur
ing tools, and compares the result with the normative values 
from the database in the workstation. The difference is 
displayed for the user. The result is the Bolton tooth size 
discrepancy and is useful in Lrealment planning and allows 

The workstation includes a database of "normal" or 
normative measurements for patients of different ages, races, 
and sexes, for both soft tissue measurements as well as all 

15 the user to measure the total fom1 or shape of the teeth. 
Another feanire provided herein is the so-called "Angle 

classification", which is a measure of how closely the upper 
and lower arches fit in an occlused condition. The classifi-
cation system is as follows. 

20 Class I malocclusion (Ncutroclusion) 

of the angles shown in FIG. 55. The comparison thus leads 
the practitioner to identify deviations from normative mea
surements. The display shows the nonual values in the right 
hand col mun 864 of the displays 860 and 862. Thus, as the 
user is designing treatment and entering proposed or 
"desired" values for any of these biological parameter, the 
screen display simultaneously displays the "nonnal" values 
for a patient having the same (or approximately the same) 25 

characteristics as that of the patient. 
Additional feature extraction algorithms that the worksta

tion preferably provides besides the marginal ridge and 
contact points features described previously, include algo
rithms for identifying tooth cusps and fossa of the teeth. 30 

Such measurement tools are useful in automatically per
forming the Bolton tooth discrepancy level and Angel clas
sification methods. 

One of the unique fean1res of the software is that the 
measurement features described herein allow the practitio- 35 

ner to determine the Bolton tooth size discrepancy. 
Bolton Analysis 
A method developed by W. Bolton (1958) for the evalu

ation of mesiodistal tooth size discrepancies between sets of 
corresponding maxillary and mandibulartecth. The analysis 40 

distinguishes between the "overall ratio," which involves all 
penuanent teeth except the second and third molars, and the 
"anterior ratio," which encompasses only the six anterior 
teeth of each jaw. For this analysis it is assumed that the 
relatively smaller tooth material is the correct one. A table of 45 

standard values lists the tooth width value in the opposing 
arch that is ideally related to this given correct value. The 
difference between the ideal and actual dental width in the 
arch with the excess value gives an estimate in millimeters 
of the severity of tooth size discrepancy between the arches. 50 

Tooth Size Discrepancy (Bolton Discrepancy) 
Incongruity between the sums of the mesiodistal tooth 

sizes of sets of corresponding maxillary and mandibular 
teeth, is determined by the Bolton analysis. A discrepancy 
could involve the "overall ratio" (which encompasses all 55 

permanent teeth except the second and third molars) or the 
"anterior ratio" (which includes the six anterior teeth of each 
jnw) and is identified as a mnxillnry or mandibulnr excess or 
deficiency. Only deviations that arc larger than two standard 
deviations are considered to be of potential clinical signifi- 60 

cance. 
A tooth size discrepancy may cause difficulties in achiev

ing an ideal overjet and overbite or arriving at a good 
intcrcuspation during the final stages of orthodontic treat
ment. Different ways to address such a problem include 65 

extraction of teeth in the arch with the excess tooth material 
(usually one mandibular incisor), interproximal stripping, 

A malocclusion in which the buccal groove of the mandibu
lar first permanent molar occludes with the mcsiobuccal 
cusp of the maxillary first pennanent molar. The tenn "Class 
I" is sometimes used incorrectly as a synonym for normal 
occlusion, although in reality, it only signifies a normal 
relationship of maxillary and mandibufor first molars in the 
sagittal plane. 
Class II malocclusion (Distoclusion, Postnonnal occlusion) 

A malocclusion in which the buccal groove of the mandibu
lar first permanent molar occludes posterior (distal) to the 
mcsiobuccal cusp of the maxillary first pcm1ancnt molar. 
The severity of the deviation from the Class I molar rela
tionship usually is indicated in fractions (or multiples) of the 
mesiodistal width of a premolar crown ("cusp" or "unit") 
Class II malocclusion, Division 1 

A Class II malocclusion with proclined maxillary incisors, 
resulting in an increased overjet 
Class III malocclusion (Mesiocclusion, Prenomial occlu

sion) 
A malocclusion in which the buccal groove of the man

dibular first permanent molar occludes anterior (mesial) to 
the mesiobuccal cusp of the maxillary first permanent molar. 
The same conventions as described above are used to 
indicate the severity of deviation from a Class I molar 
relationship. 

Angle Classification 
"Subdivisions" (left or right) are used in asymmetric situa

tions to indicate the side that deviates from a Class I molar 
relationship. 
The workstation software features measurement tools to 

directly make these measurements (by measuring the dis
tance between cusps and fossa of opposing teeth). The 
results can be quantified and displayed to a user, and 
compared to normative values in a database. Additionally, 
the values can be classified in accordance with the Angle 
classification system, e.g., Class I, Class II or Class III. The 
resulting display of classification is useful for interdigitation 
or changing the spacing between the opposing teeth. 

Another fean1re of the software is that it allows the teeth 
in either or both arches to be displayed as semi-transparent 
objects, which allows the user to view through the teeth to 
sec opposing teeth or adjacent teeth. Several possible 
method of providing semi-transparent teeth is to show fewer 
of the points in a point cloud of teeth or fewer triangles in 
a mesh or triangle surface representation of the teeth. 
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FIG. 56 illustrate the patient has navigated to a cephalo
metric marking screen in the patient information tab, where 
the user has chosen for display a lateral ceph X-ray of the 
head. 111e user has also retracted two dimensional template 
teeth 870 from a library of template teeth and superimposed 
the template teeth over the X-ray. The user has also activated 
the icon s 872 and 873 which causes an occlusal plane 874 
to appear on the display. By activating the icons 876 in the 
left hand side of the display, the use can navigate lo 
calculations screens and associated tools, which provide the 10 

user with the ability to calculate various parameters, a soft 
tissue analysis screen, landmark stan1s, display options and 
other tools. TI1e user can move the teeth in two dimensions, 
both the upper and lower teeth. The user marks lhe occlusal 
plane, and that the user is able to move the teeth relative to 15 

the occlusal plane. 
In FIG. 57, the user has navigated to a hard tissue analysis 

screen, wherein the user is provided with tools to mark 
various hard tissue anatomical locations on the X-ray image. 
Herc, the user has activated icons to compare initial and 20 

desired tooth positions using template teeth to simulate a 
proposed treatment of the patient. TI1e dark teeth 880 
represent a proposed tooth position whereas the ligb.t teeth 
882 represent initial tooth positions. The user can change the 
proposed tooth position by moving the dark teeth using the 25 

mouse by clicking and dragging. 
In FIG. 58, the user has navigated to a screen display 

showing both the hard and soft tissue, with the display 884 
proving the user the tools to mark spooilic soft tissue 
locaLions on the irnial patient model, including Glabella, 30 

soft tissue Naison, subnasele, mentolabial sucus, etc. By 
closing out of window 884, the user accesses the window 
886 where the user is able to enter hard tissue points in a 
similar fashion on the display. The user is again able to make 
measurements between any points that arc marked on the 35 

screen and measure corresponding angles. 
TI1e treatment planning described in FIGS. 22-26 and 

54-58 is essentially done in two dimensions. After these 
initial steps are taken, the software allows the user to 
undergo more specific treatment planning operations in three 40 

dimensions using the virtual 3D model of the teeth, as 
described in conjunction with FIGS. 27-53. All changes to 
den tal position or hone clumge:; cm1 be translutc<l into 
changes in soft tissue appcamucc using morphing algo. 
rithms. ·n1e icons also allow for standnrdized views: side, 45 

planar, etc. 

40 
design parameters (bracket and wire posn10n, or other 
treatment design, such as staged shell configuration) for 
treatment of the patient. 

It will be appreciated that the comprehensive functionality 
provided by software described herein is folly applicable to 
a full range of craniofacial disorders, and while the preferred 
embodiment is in an orthodontic context, the invention is 
certainly not so limited. 

It will further be noted that there may be some interde
pendencies between the constraints, in other words, if the 
user changes one constraint, e.g., occlusal plane, other 
constraints may also be affected (in 2 and 3 dimensions). 
Examples of such constraints include AJP positions of the 
incisors and molars, intemmlar width, intercanine width, 
amount of ovcrjct, amount of overbite, sagittal relation of 
the teeth, and lip protrusion. 

Evaluation 
Most of the user interface tools described herein can be 

used to evaluate lhe dentition and the associated craniofacial 
stmcturcs. The dentition may be viewed in a number of 
states either singularly or comparatively. There are four 
possible states of interest for conducting evaluaLions: set-up 
state, initial state, response state. and final state. TI1e set-up 
stale is defined as a proposed or simulated three-dimensional 
position of a single tooth or the entire dentition and it reflects 
a state of desired or targeted occlusion. The set-up state is 
arrived at by using the treatment planning software tools and 
features described herein (or equivalent features). The initial 
state represents the non-treated malocclusion. The response 
state is the current representation of the patient's orthodontic 
state during treatment. TI1e final state is defined as the state 
of the dentition and associated craniofacial structures at the 
end of treatment. Furthermore, orthodontic appliances can 
be evaluated with respect to these different states. Addition
ally, each of these states may be compared against nonnative 
databases applicable to each state. Nonnative databases also 
exist for the appliances. 

Evaluation of each state may have different goals. The 
objective of the treatment set-up evaluation is to verify if the 
simulation meets the desired objectives of the treatment. 
TI1is is accomplished by evaluating a number of criteria: (a) 
boundary conditions such as arch fonn, m.idline, reference 
objects such as fixed teeth (teeth to remain fixed during 
treatment), etc., (b) inter arch relationships in the sagittal, 
vertical and transverse direction such as overjet, overbite, 
etc., ( c) intra-arch relationships at the individual tooth level 
or tooth-to-tooth level at the first, second, or third order 
level. Additionally, the soft tissue structures such as the 
gingival tissue or skeletal structures may be compared in 

After the user has completed the task of managing space 
between the virtual teeth in the proposed armngement, 
designing the desired arch form, and arriving at a proposed 
tooth arrangement or treatment plan, the user is able to cycle 
back and repeat any of the previous steps by activating !he 
icons on the lower left portion of the display and entering 
into the appropriate displays and making further adjustments 
in the proposed arrangement. 

50 association with the setup. The patient's bite registration 
may be compared as well. The set-up state may be compared 
to any of the previously mentioned states. 

TI1e user can then access the rest of the treatment pla1ming 
software, such as the software indicated by tab 458 (fIG. 21) 
and proceed with additional treatment planning procedures. 
Finally, when they are finished , the user selects or saves the 
treatment plan. TI1e process can be repemcd as often as 
desired and the screen displays are structured so that the user 
can navigate anywhere in the displays at any time, and 
therefore repeat, as necessary, the aligning steps, the design 
of the arc·h, enter additional patient inlhrm<1tion, l:lccess the 
appliance design fean1rcs and change the appliance design, 
etc. Moreover, as the design of tooth finish position dictates 
or drives the prescription of the appliance, the present 
treatment planning techniques lead directly to appliance 

FIG. 59 shows various types of treatment set-up evalua
tions covered under the preferred embodiments of the 

55 present invention. Treatment set-up evaluation may be 
undertaken to verify (a) treatment set-up against patient's 
malocclusion, (b) treatment set-up against patient's response 
state, ( c) appliance prescription for the treatment; while 
bringing to bear in the evaluation process patient's data sets 

60 including virtual 3D models derived from in-vivo scanning 
or scanning of physical model of the patient ' s dentition, 20 
photographs, 20 and 3D x-rays, and various combinations 
thereof, and prnctitioner notes; and treatment related nor
mative databases and appliance libraries including bracket 

65 libraries, arch wire template libraries, and libraries of other 
types of appliances including removable shell appliances. 
These treatment set-up evaluations and appliance evalua-

0137 



US 7,156,655 B2 
41 

lions coupled with data sets and Ii braries can be done 
collectively in a systematic way, or individually, or in any 
desired combination. Note in the present text that the evalu
ation of the sel up stale is described comprehensively. 
However, the tools described herein may be effectively 
employed to evaluate the additional set-up states described 
previously, including set-up states representing the current 
situation during the course of treatment and a final position 
of the teeth. 

In preferred embodiments of the present invention, the 10 

evaluation is a combination of user exercise of clinical 
judgment and software tools that are provided on the work
station. TI1ese software tools are coded in software as 
instructions providing a series of predetermined steps for 
guiding a user to interactively evaluate the proposed set-up. 15 

The predetennined steps comprise steps for 1) evaluation of 
the proposed set-up against boundary conditions for treat
ment of the patient, the boundary conditions including a 
least a midline and an occlusal plane, and 2) evaluation of 
whether the tooth positions in both arches, and the inter-arch 20 

relationship, of the proposed set-up are essentially ideal for 
treatment of the patient. As used herein, the phrase "essen
tially ideal for treatment of the patient" means that the 
proposed sel up satisfies the practitioner's objectives for 
treatment of the patient, in other words, the proposed set up 25 

meets the objectives for treatment of the patient, such as 
interarch relationship, tooth position, etc., rn.idline place
ment, overbite and overjet, whatever they may be for a given 
patient. This invention recognizes that that there may be 
more than one possible ideal setup for a given patient, as 30 

different practitioners may arrive at unique solutions for 
treatment for the patient, and that for any given practitioner 
there may be more than one proposed setup that meets the 
objectives for treatment of the patient, any one of which 
would satisfy the term "essentially ideal for treatment of the 35 

patient." 
TI1e set-up evaluation may be performed by the practi

tioner that prepared the set up, or it may be perfonned by a 
third party, who may be located remotely. In either situation, 
a workstation is provided which includes the virtual 3D 40 

model of the proposed set-up and the evaluation tools as 
described at length herein. 

·111e purpose of the evaluation is several-fold: 

42 
be obtained by using the in-vivo scanner described in 
the published PCT application of OraMetrix, cited 
previously. 

e) Provide a check on the choice and design of therapeutic 
devices. Unless the setup is evaluated correctly, any 
therapeutic device design (e.g. , bracket placement loca
tion or archwire shape) may be wrong. ll1e evaluation 
provides for dynaniic change of the setup, ru1d resulting 
appliance design, before the initiation of treatment. 

The treatment planning system described herein provides an 
ideal bnsis for performing these evaluations. More particu
larly, it provides a complete and integrated workstation 
environment and all the necessary processes and software 
tools to perfonn the evaluation. Image data and actual 
measurements quantifying the relationship between the 
patient's teeth and associated bone and facial anatomy are 
literally at the practitioner's fingertips. TI1e workstation 
provides ways to systematically look at the set-up, including 
providing standardized views (plan, side, anterior, posterior, 
etc.). The workstation provides both measurement tools and 
a full suite of visualization tools to both measure the 
proposed setup as well as model interactively proposed 
changes in the set up. Complete user interaction with the 
virtual patient and the proposed set up is possible, both in a 
single site (on one workst<1tion) and also in a multiple site 
situation where the model is shared with diflerent practitio
ners (e.g. , surgeons, orthodontists, prosthodontists, etc. all 
treating the same patient). 

TI1e set-up evaluation function can be invoked by the user 
clicking on an icon or node in a case management tree. See 
FIG. 60, icon 1000. Highlighting this icon opens a list of 
predetermined set-up evaluation steps, show in the window 
1002 below the tree. The use of predetennined set-up 
evaluation steps, such as the steps listed in the window 1002 
(an any substeps within any of the modules shown in 
window 1002), provides structure in the evaluation review 
and assists the user in performing a complete, systematic and 
comprehensive review of the set-up. °!"be set-up evaluator 
then proceeds to execute each of the evaluation steps that are 
indicated in the window 1002. While passing through the 
evaluation steps, the user may evaluate whether t11e pro
posed set-up meets the boundary conditions and the required 
treatment plan. To assist in this process, the user is provided a) Determine how close the set up is to the objectives 

identified for treatment of the patient; 
b) Determine how close the set-up is to established 

clinical standards of care; 

45 with an icon 1010, which, when activated, displays the 
user' s notes and allows the user to review their notes 
containing the treatment prescription that were previously 
entered when the treatment plan was created. c) Provide a means by which the proposed set-up can be 

evaluated in a multi-practitioner environment, for 
example in a situation where all practitioners in the 50 

group have to agree on the set-up. Obviously, the 
proposed set up is transportable over a communications 
network (e.g., Internet) in the form of a file or else 
accessible on a central server where others can access 

If, during the evaluation, the user desires to make any 
modifications to the set-up, the user can activate a "modify" 
icon 1004. This icon is present at every step in the set-up 
evaluation process. The user is able to modify the treatment 
plan in any manner desired. The changes carry over to 
further steps in tl1e evaluation process. At the end of the 

it using known computer networking technology. 55 process, the user can choose to accept or reject the modifi
cations, using the icons 1006 and 1008. d) TI1e evaluation can also serve as a guide by evaluating 

the course of treatment and the eventual outcome of 
treatment and providing a meru1s to measure the dif
ference between the actual outcome and the expected 
outcome. To realize this aspect, the practitioner would 60 

need to periodically obtain updated scans of the patient 
during the course of treatment and compare the current 
(or final) tooth position with the expected position and 
use measuring tools or other graphical devices (e.g., 
shading on tooth models) to quantify the aniount of 65 

variance between the actual and expected position. 
Tooth position data during the course of treatment can 

In preferred embodiments, a proposed set-up evaluation 
consists of a sequence of instmctions or process tlow, 
realized by activation of the steps set forth in window 1002 
in FIG. 60, which causes a sequence of screen displays to 
appear, each with tool bars and tabs and shown in the FIGS. 
60-90. In the preferred embodiment, two types of evalua
tions are performed: firntly, were the boundary conditions 
met? In other words, conduct a check that the boundary 
conditions in the set-up have been delivered in accordance 
with the proposed prescription. TI1is evaluation is shown in 
FIGS. 60-75 and 78 and described in more detail below. The 
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botu1dary conditions consist of two types: the boundary 
conditions of the craniofascial complex as a whole, and 
boundary conditions of the dental complex, including arch 
form, midline, occlusal plane(s) and position of one or more 
reference teeth. Secondly, a methodical evaluation of the 
proposed set up is perfomted to see if 1.he trealment is ideal 
for lhe patient. 111is evaluation is performed in several 
discrete steps, as described in detail below. 

·nu: first step, of analyzing the boundal)' conditions, 
involves evaluation of the midline (viewing frontal photo- 10 

graphs and panorex images), the tooth models and checking 
the upper and lower midlines. Next, the occlusal planes are 
checked. Then the axes of the reference tooth or teeth are 
checked. ·n1en a check of any fixed teeth is made- conf1m1 
A.IP position oflhc teeth is fixed, the vertical position is held 15 

fixed, and the torques are held fixed. The second step, of 
checking that the set-up is ideal, includes a check of the 
aesthetic appearance of the teeth in the proposed arrange
ment, in various perspectives, and their functional and 
occlusal relationship to the other teeth. The set up evaluation 20 

includes evaluation or confirmation of the following: the 
interarch relationships: occlusion class for both right and left 
sides, overjet, overbite, as well as tooth-to-tooth relation
ships: front intra-arch incisor alignment for uppers and 
lowers (axial alignment, embrasures, contact points), canine 25 

tooth intra-arch tooth alignment, lateral intra-arch buccal 
segment tooth aligmnent, and tooth positions and rotations 
(in/out relationships, first order rotation aligmnent, contact 
points for both upper and lower arches). 111e evaluation 
proceeds to checking the marginal ridges, third order torque 30 

for the buccal segments and front segments (including 
left/right torque symmetry). 

111e user then optionally performs a final check of the 
setup by comparing the frontal photographs to the maloc
clusion and the set-up. After concluding the evaluation, the 35 

user indicates their decision by activating one of the icons 
1004, 1006 and 1008 shown in FIG. 60: Accept, Modify or 
Reject. If the user seeks to modify the set-up, they click on 
Modify and then go back and use any of the tools described 
herein to make appropriate changes, and then go through the 40 

evaluation checklist again. When they are finally finished, 
they click on "ACCEPT' (icon 1008) and the proposed 
setup is saved as such in memory for the workstation along 
with the date the set-up was accepted. 

111e tools used in the set up, appliance or other evaluation 45 

can vary depending on the sophistication of the treatment 
planning software and the types of functions and features 
that are pnwided to the user. All tools previously described 
for treatment planning are also available for set-up, appli
cance, or other evaluation. In a preferred embodiment, these 50 

features include, among other things: 
111e ability to superimpose X-ray or other images on the 

proposed set up; 

44 
111e ability to view and select sectional views; 
The ability to view and select reference lines or planes; 
111e ability to view axial inclinations as shown in FIG. 64; 
'J11e ability to hide certain views or elements as shown in 

FIGS. 65A-65C, where FJG. 65A shows teeth, brack
ets, and arch wire; FIG. 65B shows brackets and arch 
wire and hides teeth; and FIG. 65C shows arch wire and 
hides teeth and brackets; 

·1be ability to view panommic view; 
111e ability to convert a three-dimensional image into a 

two dimensional image and back to three-dimensional 
image. For example, a patient's three-dimensional den
tition model can be viewed in two-dimension where 
subsequently teeth are repositioned and then resulting 
two-dimensional dentition model is wrapped back into 
the desired arch form thus recreating the 30 model 
which may be modified from its original fom1; 

The ability to extract features of interest to the user; 
·1be ability to recall the practitioner's notes from com

puter memory and display them along side the pro
posed set-up; 

111e ability to superimpose the proposed set-up over the 
original malocclusion model and display, using shading 
or color features , the changes in tooth position between 
initial and final positions; 

111e ability to superimpose the proposed set-up on a 
"graph paper" or grid feature in which the lines on the 
graph as drawn in known increments (e.g., I mm), so 
as to enable the user to quickly make estimates regard
ing distances between portions of the virtual tooth 
models, or to use the graph paper grid for point-to-point 
measurements, including displacements in 20 or 30; 

The ability to have simultaneous multiple views on the 
same screen by way of split-screen arrangement; 

111e ability to be able to sec transparently through one or 
more objects for viewing characteristics on the other
wise hidden surface, e.g., see back side of teeth from 
the front view of teeth as shown in FIG. 66; 

The ability to be able to use multiple tools concurrently; 
Recall values from a normative database of orthodontic 

values for a large population of orthodontic patients; 
Provided standardized views of the set-up, e.g., front, 

side, lop, bottom, etc. 
Model effects of tooth movement to the proposed treat

ment condition on soft tissue, such as gingival 
111e ability to manipulate at intra-arch level, inter-arch 

level, or on a tooth-to-tooth basis; 
·111e ability lo perform variety of comparisons between 

states or conditions; etc. 
For set-up evaluation, records in the form of digital data 

pertaining to some or all of the following, which are stored 
in the computer memo!)' of the workstation, are available to 
the practitioner or the user: the patient's clinical history, 
medical history, dental history, and orthodontic history as 111e ability to compare the proposed set-up against a 

variety of image data, including photographs; 
TI1e ability to view and select two dimensional and three 

dimensional images in a standard view or in a view 
driven by the user; 

The ability to view boundary condition as shown in FIG. 
61 by an arch form, 

55 well as 20 photographs, 20 radio graphic images, CT scans, 
20 and 30 scanned images, 20 and 30 x-rays, ultrasonic 
scanned images, and in general, non-invasive and sometimes 
invasive images, plus video, audio, and a variety of com
nmnication records, such notes, records of office visits, 

TI1e ability to see multiple states along with boundary 
conditions such as shown for example in FIG. 62 where 
malocclusion is shown by darker shaded teeth, final 
state is shown by light shaded teeth, and arch form is 
shown as a boundal)' condition; 

111e ability to select and see a single tooth as shown in 
FIG. 63A or a segment of teeth as shown in FIG. 63B; 

60 patient letters or communications, etc. All records and 
images are digitized. These patient data are available in the 
pre-processed form as well as post-processed form. The 
records and images are made available through suitable user 
interface icons which cause display of the images and 

65 records on the user interface. The images are combined or 
superimposed to create a virtual patient 30 model that 
includes surface features (soft tissue) of the patient. These 
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digital records can be accessed by a single practitioner or 
user or multiple practitioner-specialists or users through 
Internet. Such access can be made simultaneously by some 
all or users or at di!Terenl times. 

46 
from initial to final pos1hons are shown by usage of a 
shading feature, indicated in areas 1018. 

In PIG. 70, the user has activated icon 1020 to check the 
position of the midline of the lower arch, and activated one 
or more of the icons 1022 to show the teeth of the lower jaw, 
the discrepancy in tooth movement, slide lines, and other 
fcanires. 

In FIG. 71, the user is evaluating the aesthetic occlusal 
plane 1026 of the upper arch by activating icon 1024. The 
lower midline is shown by virtue of the user activating icon 
1020. 

In FIG. 72, Lhe user has aclivaled an icon to hide the 
aesthetic occlusal plane and instead is viewing the upper 
arch and the lower midline 1016, in its relationship to the 
upper arch. 

Various possible evaluation steps may be taken in the 
set-up evaluation. One set of steps is shown in the window 
1002 in PIG. 60. A slightly modified version of the series of 
steps is a presently preferred embodiment and will now be 
described in detail. It will be apprecialed that considerable 
latitude may be exercised in the series of evaluation steps 10 

that may be appropriate for a given patient, and thus the 
following description is offered by way of example and not 
limitation. Moreover, the order in which the steps is not 
necessary critical. Presently preferred embodimenls prnvide 
the user to go through the series of steps in any order they 15 

wish, jump from one step to another, omit steps, etc. simply 
In flIG. 73, the user rotated the model to a side view by 

activating a side view icon or using camera navigation icons, 
to Lhereby view the lower midline and its relation to the 

20 
upper arch in the side view. 

by highlighting and activating the step in the window 1002 
in FIG. 60. 

Step 1. Check Midline, Occlusal Plane and fixed Teeth 
In the evaluation process, the evaluator checks for the 

compliance of the proposed set up with practitioner devel
oped boundary conditions in the craniofacial complex and in 
the dental complex: the midline, the occlusal plane(s), and 

In FIG. 74, the user has activated the "graph paper" tool, 
wherein the upper arch is shown superimposed on a ruling 
1028 resembling graph paper, with each line in the graph 
representing 1 nun. As used herein, the "graph paper" tool lhe position of fixed or reference Leeth (if any) whose 

position is not supposed to change during the course of 
treatment. In this step, the display of the workstation shows 
a frontal 3D model of the proposed set-up and provides the 
user with access (via suitable icons) to the frontal photo
graphs of the patient's face and head, lateral 2D ceph X-ray 
images, panorcx images, and any other suitable 2D or 3D 
images. The user views these images and makes decisions 
about the correctness of the location of the aesthetic occlusal 
planes, the location of the midline, and the placement and 
position of the fixed tooth or teeth. Appropriate icon tools 

25 refers to a tool in which the virtual model of the sel-up is 
shown superimposed on a "graph paper" or checkerboard 
background on the screen display, which the graph paper 
units in any appropriate scale. 

In FIG. 75, the user has activated icons to show the upper 
JO and lower arches to check the functional and posterior 

occlusal planes as indicated in the region 1030 below the 
display of the teeth. 

arc provided by which the user is able to input additional 35 

notes or comments via a dialog box, and icons by which the 
proposed treatment plan can be modified or interactively 
studied, such as icons for treat to upper midline, treat to 
lower midline, maintain midline, shift midline, shift occlusal 
plane, etc. 40 

111ese references could be either boundary conditions or 
used as a starting point. 111e tools used here are the radio
graphic examination records (X-rays), two-dimensional 
photographs, and initial model of the teeth, and the various 
icons and user interface features that allow the user to access 45 

these data points and interactively view them and change 
their position. A key feature here is the ability to superim
pose the virtual 3D leelh or 2D or 3]) image data showing 
bone and root structures of the teeth, and provide the user to 
freely navigate through the models and images, view them 50 

from any orientation, and zoom in or out, etc. 
Moreover, the proposed set-up and its relationship to 

boundary condilions can be observed in various combina
tions of hard and soft tissue, such as teeth and gingival, teeth 
and lip or cheek, teeth and bone, or teeth, bone and soft 55 

tissue. 
FIG. 60 shows the user activating the step 1012 that leads 

to screen displays and tabs 1014 that provide these ±i.mc
tions. 

flIG. 67 shows the user interface in this initial boundary 60 

condition module, after clicking on an icon that recalls from 
memory photographic image data for the patient. 

FIG. 68 shows the user interface after Lhe user clicks on 
an icon that recalls X-ray data. 

FIG. 78 shows a screen shot in which a check of the 
reference teeth is performed, using the self-explanatory 
steps the user is prompted to perform shown in region 1030. 
The model of the teeth includes axis features 1032 that show 
the axial orienlalion and inclination of the tooth axis for all 
the teeth in both arches. 

Step 2. Check Lower Arch Form and AP Positions 
At this step, the user is allowed to compare the lower arch 

form in the proposed set-up with the malocclusion model. 
The two models can be superimposed on each other with the 
change in position in the teeth indicated in a contrasting 
color on the user interface, as described previously. The user 
is able to check the incisor positions, incisor angles, and 
molar positions. 111e AP position and the incisal angle values 
in the proposed set-up are displayed numerically on the user 
interface, and Lhe user is able lo compare these values with 
the prescription that was entered previously. 

111e user is also a hie to check the slide line, discussed 
previously, check the arch for symmetry using tools such as 
the "graph paper" tool or with other measurement tools. The 
user is also able to evaluate both visually and numerically 
the inter-molar width and the inter-canine width. 

The user is also able to hide/show gingival tissue by 
activating the gingival icons. This allows the user to evaluate 
the toolh-soft Lissue relationships for all teeth and at the 
malocclusion contact points. 

FIG. 76 shows the user entering this step of the process. 
The lower arch is displayed in the main window. The user is 
prompted to perform the steps shown in area 1040. Addi
tional Labs 1042 are provided for modifying the arch form, 
modifying the inter-arch relationship of the teeth including 

Ill G. 69 shows the user interface viewing the virtual 
model of the lower arch in the proposed set-up, with the 
midliue plane 1016 shown. Discrepancy in tooth position 

65 simulating performing extractions of teeth, interproximal 
reductions, or buildup on teeth, and simulating perfom1ing 
mandible displacements. 
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Step 3. Check Upper Arch Fann and AP Positions 
TI1is step is similar to step 2, except that the evaluation is 

done for the upper arch form and the Leeth in the upper arch. 
The user compares the upper arch form in the proposed 
set-up with the malocclusion model. The two models can be 
superimposed on each other with the change in position in 
the teeth indicated in a contrasting color on the user inter
face, as described previously. 111e user is able to check the 
incisor positions, incisor angles, and molar positions. The 
AP position and the incisal angle values in the proposed 
set-up are displayed numerically on the user interface, and 
the user is able to compare these values with the prescription 
that was entered previously. 

The user is also able to check the slide line, discussed 

48 
set-up virtual model, special objects, and views are provided 
to help the user in checking the alignment: 

For vertical alignment of the cusps and the incisal edges, 
superposition of the virtu<il model on "graph paper" on the 

5 screen display, a display of a line connecting tl1e cusp tips, 
and panorama views. 

For axial inclination, the graph paper tool, a display of 
numerical values of tooth axes or lines showing the tootl1 
axis, the occlusal or interproximal contact points, and pan-

1u orama views. 
Additionally, tlie screen display may provide for the 

display of actual tootl1 displacement values in three dimen
sions, indicating the movement of the teeth from the initial 
malocclusion position lo the proposed set-up position. 

previously, check the arch for symmetry using tools such as 15 

the "gmph paper" tool or with other measurement tools. 
As before, tl1e evaluation in this step can be performed 

with or without display of the gingival tissue. All standard 
views of the arches are made available to the user, including 
clipping plane, frontal , side, panorma, etc. 

TI1e user is also able to evaluate both visually and 
numerically the inter-molar width and the inter-canine 
width. FIG. 74 shows the screen show of the user interface when 

TI1e user is also able to hide/show gingival tissue by 
activating the gingival icons. "lliis allows the user to evaluate 
the tooth-soft tissue relationships for all teeth and at the 
malocclusion contact points. 

FIG. 77 is a scrocn shot of the user cntcdng the check 
maxilla module, wJ1erein the main window displays the 
maxilla and the user is provided with tools and icons as 
indicated for perfom1ing the operations described above. 

20 the user has entered into this module. The user has selected 
to show the teeth of the lower arch. Each tooth is shown witl1 
the axis of the tooth indicated. TI1e check boxes shown in 
region 1052 provide prompts for assisting the user to evalu
ate the set-up in a systematic manner. The user activates an 

25 icon to show tl1e upper arch and the user proceeds to perform 
the same tasks for the upper arch. 

Step 4. Check Occlusion Class, Overbite and Overjet 

Step 6. Tooth Positions, Rotations and Marginal Ridges 
In this step, the user continues to check that the set-up is 

ideal by evaluating the in-out alignment of the teeth and tl1eir 
Next, using the right and left side views of the proposed 

set up the llSer is directed to check the occlusion cla s for 
the molars, premolars, and canines. TI1e Angle classification 
of the occlusion can be determined, as described above. The 
degree of overjet and overbite in the proposed arrangement 
can be both visually observed and quaniified numerically, 
using the back view and lingual views of the upper and 
lower arches. TI1e numerical values are represented in a 
input dialog box shown below the main viewer. Clipping 
plane features can be invoked which <illow for viewing the 
cross-section of the teeth. 

30 position, on an individual basis, the rotat'ion of the teeth, and 
the position of 'lhe marginal ridges. The user is able to 
activate appropriate tools to assist in this evaluation, includ
ing graph paper, occlusal and interproximal contact points, 
marginal ridge lines and embrasure line features, and pos-

35 sibly others. arious views of tl.tc set-up, including frontal. 
side, clipping plru1c panorama, etc. arc made available by 
activating appropriate icons on the screen display or by 
using camera navigation icons. 

TI1e analysis of the inter-arch rel<itionship can proceed by 
an evaluation of teeth on a tooth by tooth basis, by com
parison of a slide line for the upper arch with the slide line 

Again, as before, tl1ese evaluations can be done with a 
40 display of the gingival tissue, or with the gingival tissue 

hidden. 

of the lower arch, evaluation of the position and axis of 
inclination of a reference tooth, display of gingival tissue, or 45 
hiding gingival tissue, and evaluation of the contact points 
between teeth in the same arch, the marginal ridges, cusp 
tips and fossa. 

FIGS. 79 and 80 show the screen shot of the user interface 
after the user has entered the occlusion class, overjet and 50 

overbite module by clicking on the icon 1050 in window 
1002. The main window shows the upper and lower arches 
and the user is provided with the tools and icons as shown 
for performing the checks described herein. 111e check boxes 
shown in region 1044 provide a means for prompting the 55 
user to perform specific checks and thereby evaluate the 
set-up in a systematic way. 

Step 5: Intra-Arch Tooth Alignment and Relation 
At this step, the user is provided with suitable displays of 

the proposed set-up and associated icons to check the 60 

intra-arch vertical and axial alignment of the teeth in the 
maxilla and mandible. The roots of the teeth should prefer
ably be avail<ible for viewing in this step, hence the panorex 
X-ray is available and can be overlaid on the 3D tooth 
model. In this step, the user may also view the proposed 65 
interproximal reduction of the teeth and space created by 
such reduction. Besides the standard views of the proposed 

TI1is step can be incorporated in the menu of display 
screen available in the mandible and maxill<i inter-arch 
relationship, as shown in FIGS. 81-90. 

FIG. 82 shows tl1e user viewing the cusp tips and marginal 
ridges of the lower arch. 

FIG. 83 shows the user viewing the cusp tips and marginal 
ridges of Lhe lower arch, but in a diITerent view from lhat 
shown in FIG. 75. 

FIG. 84 shows the user viewing the cusp tips and marginal 
ridges of the lower arch in a panorama layout. 

FIG. 85 shows the user viewing the fossa of tl1e teeth in 
the lower arch, again in <i panomma view. 

FIG. 86 shows the user activating a measurement tool in 
which the widtl1 of the crown of the teeth of the lower arch 
is displayed in numerical fashion above each tooth (in mm). 

FIG. 87 shows a different view of the teeth of the lower 
arch with the measurement tool activated. 

FIG. 88 shows the lower arch displayed in a different 
view, again with tl1e measurement tool activated. 

FIG. 89 shows the user viewing the lower arch with the 
contact points between the teeth of the lower arch and the 
upper arch shown in color coding. In one possible embodi
ment, the contacts in which a collision occurs during occlu
sion would be indicated in one color, e.g., red, and areas 
were no collision occurs but the distance between the teeth 
of the upper ru1d lower arches is less than some tl!feshold 
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would be indicated with a separate color, e.g., green. Further 
details on this feature are described in the co-pending patent 
application of Hans Imgrund et al., Ser. No. 10/ 137,495 filed 
May 1, 2002, incorporaled by reference herein. 

FIG. 90 shows the user emering the modnle for perfonn- 5 

ing similar evaluations on the maxilla. In this figure, the user 
has simulated extraction of a tooth. 

S1ep 7. Third Order Torque 
I this step, the torque values for each tooth are compared 

with the malocclusion and checked for symmetry. The lU 

display includes a display of respeclive tooth dis placemen I 
values and 1orque values. This steps uses the graph paper 
took for visualizing the buccal torque. For the front torque, 
the teeth can be viewed from any direction, including from 

50 
craniofacial structures. The computer storage medium fur
ther stores a virtual appliances, e.g., a library of virtual 
appliances such as brackets and archwire. TI1e method 
continues with the step of providing in the computer storage 
medium a set of software instmctions for graphical user 
interface tools for access to the digitized records for treat-
ment set-up evaluation of the patient, and a set of computer 
instructions providing a set of treatment set-up evaluation 
tools for a user. '!be method continues with the step of using 
the treatment set-up evaluation tools to evaluating appli
ances selected and positioned on the virtual models for 
proposed use in achieving the treatment-set-up state. 

The appliances may include brackets and arch wires. The 
computer storage medium will typically store images of the 

the roots. TI1c embrasure line may be invoked. 
After the user has completed the evaluation, the user 

enters the order information menu by activating icon 1060, 

15 appliances (in 2D and/or 3D), include images of the brackets 
and the arch wires, The applian~e libraries may include 
templates and specifications of the brackets and arch wires. 
An example screen shot is shown in FIG. 95, which shows as shown in FIG. 91. The user is provided with a display of 

tl1e general prc:;cription for treatment 11f the palient. By 
scrolling down using the scroll tool 1062, the user interface 20 

displays a coruplc1e set of prescrip1ion and diagnosis infor
mation for treatment of the patient, including appliance 
design data (type, model, placement location, etc), treatment 
stages, etc. 

FIGS. 92-94 show an index of possible icons on the 25 

evaluation displays of PIGS. 60-90. The functions provided 
by the icons are set forth in lhe index. 

While the seven-step approach just described is one 
possible me1hodical approach 10 selup evaluation, it will be 
understood thlll oilier possible approaches arc possible. 30 

Additionally, the steps need not be performed in the order 
recited. ln particular, the user may wish to go back and fonb 
between the various steps and repeat them (for example, 
where changes are made to the proposed set-up), j1Hnp over 
some steps and come back to them lalcr on, etc. Still other 35 

steps could be insened into the menu of steps. 
TI1e evaluation could be carried out on lhe workstation in 

the clinic or office where the patient is being treated. 
Alternatively, the proposed set-up could be transmitted over 
a communications medium (such as a computer nciwork 40 

cable network, telephone phone !in~ etc.) to a remote 
workstation where 1be evaluation ·occurs by a user Ill a 
remote Jocalion. ']be evaluation could be perfom1ed al the 
remote location and a revised set-up sent back to the clinic 
or office where the patient is being treated for confirmation 45 

or approval. TI1e third party conducting the evaluation could 
be trained personnel at an appliance manufacturer, a prac-

the brackets the user has selected for treatment of the patient, 
including the prescription data for the bracket, manufacturer, 
model. etc. When the user clicks on one of the bracket 
selections, a virtual model of a bracket is displayed. TI1e user 
can access a normative database by clicking on an appro
priate lab to thereby compare the prescriplinn against data in 
the nonnative database. 

TI1e digitized records include the patient's scan data and 
photographs. The method may include the steps of evaluat
ing the brackets against the bracket libraries, the scan data, 
and the photographs. 

In one embodiment the digitized records include the 
patienrs scan da1a aud photographs :md the me1hod comin
ued with the steps of evaluating 1he arch wires bends of I" 
order 2"a order, and 3m order: evaluating arch wires force 
systems, and evaluating the arch wires against standard 
templates from the appliance libraries. TI1c evaluation of the 
brackets and arch wires may be done iteratively and/or in 
combination with each other. For further details on interac
tive treatment planning using virtual models of orthodontic 
appliances, the reader is referred to prior application Ser. No. 
09/834,412, filed Apr. 13, 2001. 

Presently preferred and alternative embodiments of the 
invention have been set forth. Variation from the preferred 
and alternative embodiments may be made without depar-
n1rc from the scope and spirit of this invention. 

We claim: 
1. An unified orthodontic workstation comprising a com

puting platfom1 having a graphical user interface. a proces
sor and a computer storage medium comuining digiliz1td 
records pertaining to a patient, said digitized records includ-

ti lioner or entity providing evaluation of set-ups as a pro
fessional service, by another physician or health care prac
titioner also treating the patient, or otherwise. 

Still further evaluation steps could be performed, such as 
evaluation of the proposed orthodontic appliance design and 
selection of components of Lhe orthodontic appliance, the 
proposed position of the appliance on the teeth, and stages 

50 ing image data, text data, a proposed set-up for orthodontic 
treatment of the patient, and a set of software instmctions 
providing graphical user interface tools for providing a user 
wilh access lo said digitized records for evaluating orth-

of treatment. Additionally, the proposed treatment may 55 

encompass hybrid appliances (combinations of brackets and 
wires and other types of tooth aligning devices such as 
shells). 

In a related aspect, a method is provided for orthodontic 
evaluation for appliances of a patient. The evaluation is 60 

facilitated by a treatment planning workstation comprising a 
computing pla1fora1 lmving a grnpllicnl user interface, a 
processor und u compuler stor..1ge medium. Thi! me1hod 
includes the steps of storing in 1hc compu1cr storage mcdiwn 
digitized records including image data and virtual dentition 65 

models of patient s initial srate and a treatment set-up slate 
i.e .• a proposed treatmenl position of the tcelh and associated 

odontic treatment of a patient, wherein said set of instn1c
tions include: 

evaluation instructions providing a series of predeter
mined steps for guiding a user to interactively evaluate 
said proposed set-up, said proposed set-up comprising 
a proposed three-dimensional position of the dentition 
and the surrounding craiuofacial stmcture, wherein the 
predetermined steps comprise steps for I) evaluation of 
said proposed set-up against boundary conditions for 
trealmenl of the patient, lhe boundary conditions 
including at least a midline, an occl us al plane, a fixed 
reference object, and an arch form, and 2) evaluation of 
whether the tooth positions in both arches, and the 
inter-arch relationship, of the proposed set-up corre-
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spond to the treatment goals for the patient; said 
evaluation instrnctions further comprising instmctions 
for evaluation of a customized arch wire; wherein said 
customized arch wire is designed for said proposed 
set-up; and wherein said evaluation of said customized 
arch wire includes evaluation of bends in said custom
ized arch wire of 1st order, 2"d order, and 3"1 order. 

2. TI1e workstation of claim 1, wherein the evaluation 
instructions further comprise instructions which allow a user 
to modify the proposed set-up during one or more of said 10 

predetemiined steps, and wherein modifications made in any 
one of said one or more predetennined steps are carried over 
to subsequent steps in said series of predetermined steps . 

3. The workstation of claim 1, wherein said evaluation 
instmctions forthcr comprise instmctions which allow a user 15 

to navigate through said series of predetermined steps in any 
order desired by the user. 

52 
conducting an evaluation of said proposed set-up, said 

evaluation prompted by computer instmctions provid
ing a series of predetem1ined steps for guiding a user to 
interactively evaluate said proposed set-up, wherein the 
predetermined steps comprise steps for l) evaluation of 
said proposed set-up against boundary conditions for 
treatment of the patient, the boundary conditions 
including at least a midline, an occlusal plane, a fixed 
reference object and an arch form, and 2) evaluation of 
whether the tooth positions in both arches, and the 
inter-arch relationship, of the proposed set-up corre-
spond to the treatment goals of the patient; and 

conducting an evaluation of a customized arch wire; 
wherein said customized arch wire is designed for said 
proposed set-up; and wherein said evaluation of said 
customized arch wire includes evaluation of bends in 
said customized arch wire of l st order, 2"d order, and 3rd 

order. 4. The workstation of claim 1, wherein the evaluation 
instructions further comprise instructions which allow a user 
to compare the position of the teeth in the proposed set-up 
to associated bone and soft tissue in the craniofacial com
plex. 

9. The method of claim 8, wherein said computer instruc-
20 tions arc loaded on said workstation and said evaluation is 

thereby performed by a user using said workstation. 
10. The method of claim 8, wherein said proposed set-up 

is transmitted over a conununications medium to a remote 5. TI1e workstation of claim 1, wherein said series of 
predetermined steps comprise the following evaluation steps 
of the proposed set-up: 

1. checking said midline, said occlusal plane and refer
ence objects, if any, 

workstation, said remote workstation comprising said com-
25 puter instmctions providing said series of predetermined 

steps for guiding a user to interactively evaluate said pro
posed set-up. 

2. checking the lower arch fonn and the anterior/posterior 
(AP) positions of teeth in the lower arch; 

3. checking the upper arch fonn and thcAPpositionofthc 30 

teeth in the upper arch; 
4. checking the overbite and overjet; 
5. checking intra-arch tooth aligmnent; 
6. checking intra-arch tooth positions, rotations, contact 

points, marginal ridges, cusp tips, central grooves and 35 

cusp-fossa relations; 
7. checking the torque values of at least some of the teeth 

11. TI1e method of claim 8, wherein the computer instmc
tions forther comprise instmctions which ollow a user to 
modify the proposed set-up during one or more of said 
predetermined steps, and wherein modifications made in any 
one of said one or more predetennined steps are carried over 
to subsequent steps in said series of predetermined steps. 

12. 111e method of cloim 8, wherein the computer instmc
tions forther comprise instmctions which allow a user to 
navigate through said series of predetermined steps in any 
order desired by the user. 

of the upper and lower arches; 
8. checking bite registration; 
9. checking gingival stmcturc; 
10. checking functional contact points; and 
11. checking axial inclination of teeth. 

13. The method of claim 8, wherein the evaluation 
instmctions farther comprise instructions which allow a user 

40 to compare the position of the teeth in the proposed set-up 
to associated bone and soft tissue in the craniofacial com
plex. 

6. The workstation of claim 5, wherein said evaluation 
instmctions arc designed to guide a user to follow steps 1-11 
in numerical order, while simultaneously providing the user 45 

to navigate from any one of said steps to any other of said 
steps. 

7. 'I11e workstation of claim 5, wherein step 4 further 
comprises instmctions for allowing a user to check an 
occlusion class of said proposed set-up. 

8. A computerized method of evaluating a proposed set-up 
of treatment for an orthodontic patient, comprising the steps 
of: 

50 

providing an orthodontic treatment planning workstation 
comprising a computing platform having a graphical 55 

user interface, a processor and a computer storage 
medimn containing digitized records pertaining to a 
patient, said digitized records including image data, and 
a set of software instmctions providing graphical user 
interface tools for providing a user with access to said 60 

digitized records and for evaluating orthodontic treat
ment of a patient; 

14. The method of claim 8, wherein said series of prede
termined steps comprise the following evaluation steps of 
the proposed set-up: 

1. checking said midline, said occlusal plane and refer
ence objects, if any, 

2. checking the lower arch form and the anterior/posterior 
(AP) positions of teeth in the lower arch; 

3. checking the upper arch form and the AP position of the 
teeth in the upper arch; 

4 . checking the overbite and overjet; 
5. checking intra-arch tooth alignment; 
6. checking intra-arch tooth positions, rotations, contact 

points, marginal ridges, cusp tips, central grooves and 
cusp-fossa relations; 

7. checking the torque values of at least some of the teeth 
of the upper and lower arches. 

8. checking bite registration; 
9. checking gingival structure; 
10. checking fm1ctional contact points; and 
11. checking axial inclination of teeth. 

providing the proposed set-up for treating the patient, the 
proposed set-up comprising a proposed three-dimen
sional position of the dentition and surrounding cran
iofacial structure of the patient in a post-treatment 
condition; 

15. ·111e method of claim 14, wherein said computer 
instructions arc designed to guide a user to follow steps 1-11 

65 in nmnerical order, while simultaneously providing the user 
to navigate from any one of said steps to any other of said 
steps. 
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16. An orthodontic treatment planning and evaluation 
workstation comprising a computing platform having a 
graphical user interface, a processor and a computer storage 
medium comprising: 

said comptner storage mediwn containing digi1ized 
records including pntienl image dnta, rext data pertain
ing 10 the paticnl, and vi mm I models of said patient's 
dentition in (1) an initial slate, and (2) a trealmenl 
set-up state; 

said computer storage further including a set of software to 
instructions providing gmphical user inlerface tools for 
access to said digitized records for planning ortllodon-
tic treatment of said patient, and a set of computer 
instructions providing a set of evaluation tools for a 
user to evaluate, with reference to said patient i1uagc 1 ~ 
data and text data, lhe treatment set-up slate against 
boundary conditions for treatment of the patient and 
whether the tooth positions in the ll'eatmenl set-up 
corresponds to the treatment goals for Lhe patient; and 

said computer storage further including a sci of soil ware 20 

instructions for evaluation of a cus1omized arcll wire; 
wherein said customized arch wire is designed for said 
treatment set-up; and wherein said evnluntion of said 
customized arch wire includes evaluation f bends in 
said customized arch wire of 1" order, 2"" order, and 3"" 25 

order. 
17. The workstntion of claim 16 wherein said evaluation 

tools further comprise automalic loolh fo;;turc identification 
1ools cnabl ing said user to au tomatically identify anatomical 

30 
fentures of interest. 

18. The workstation of claim 17, wherein said anatomical 
features -comprise at least one of contact points, marginal 
ridges, cusp tips, cusp fossa. cuspal grooves, gingival mar
gins and 'height or ging.iva. 

19. The workstation of claim 17, wherein said evaluation 
tools fortber comprise icon tools that enable said user to 
select particular tooth features for identification. 

35 
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patient's axial inclinations of crowns and roots from x-rays 
to virtual model of said patient's dentition in at least one of 
said states. 

26. 'lbe workstation of claim 16, wherein said evaluation 
tools further comprise automntic mensurement tool for 
enabling said user in performing quantitative and qualitative 
analysis of said virtual model of the patient's dentition in at 
least one of said stales using grids and point-to-point dis
tances. 

27. The workstation of claim 16, wherein said evaluation 
tools further comprise user selected measurement tools for 
enabling said user in performing quantitative and qualitative 
ana lysis using grids and point-to-point distances in 20 and 
31). 

28. The workstation of claim 16, wherein said digitized 
record further comprise a normative database. 

29. The workstation of claim 28, wherein said nonnative 
database enables said user to compare said initial state and 
said treatmt:lll s1::1-up slate against normative data. 

30. TI1c \ orkstation of claim 28, wherein said nonnative 
databa e enables said user in perfonning radiographic and 
phoiograph.ic ana1ysis of said patient against nonnative data. 

31. The workstation of claim 16, wherein said evaluation 
tools further comprise appliance evaluation tools enabling 
said user in inreructively evaluating appliances including at 
least one of bracket type, prescription, geometry and posi-
1lo1\· arch wire geometry and configuration: or a combina
tion thereof. or any other appliance proposed for treatment 
of tile patient, either prior 10 or following installation of soid 
applillllces on said patient's teeth. 

32. TI1e workstation of claim 31, wherein said appliance 
evaluation tools further enable said practitioner in interac
tively evaluating bracket positions, arch wire geometry, or a 
combination tbereof. 

33. The workstation of claim 16, wherein said evaluation 
tools further comprise standardized perspective views to 
interactively view said patient's dentition comprising fron
tal, saggital, or transverse view. 

34. 111e workstation of claim 16, wherein said digitized 20. The workstation of claim 16, wherein said evaluation 
tools further comprise viewing tools enabling said user to 
interactively manipulate said patient's virtual model in a 
two-dimensional view, a three-dimensional view, or a com
bination thereof. 

21 . 111e workstation of claim 20, wherein said viewing 
tools further enable said user to interactively examine and 
manipulate any point of interest on said patient's dentition 
virtual model, including individual teeth or a sub-set of 
teeth, in a two-dimensional view, a three-dimensional view, 
or a combination thereof. 

40 records further comprise a library of virnial bracket sets 
enabling said user in evaluating a prescription for said 
treatment set-up state and said evaluation tools enabling said 
pmclilioner lo make adjustments to said prescription by 
choosing au appropriate bracket from said library and/or 

45 changing the position of said bracket relative to a tooth. 
35. TI1e workstation of claim 16, wherein said evaluation 

tools enable comparisons of tooth positions in sajd patient's 
initial slate relative to tooth positions in said treatment 
set-up state. 

36. The worksitation of claim 35, wherein said compari
sons of tooth positions are done by viewing said initial state 
and proposed treatment set-up side-by-side. 

22. The workstation of claim 20, wh_rein said viewing so 
tools further enable said user to interactively flatten and 
manipulate a three-dimensional virtual model of the 
patient's dentition into a two-dimensional panuramic view 
and then convert said panoramic view back 10 a thrcc
dimensional structure by confom1ing said panonuuic view lO 

37. 'Jlie' orks1alion of claim 35, wherein said compari
sons are do11e by superimposition of said states and provid-

55 ing visual indicja of the change of position from said initial 
state and said proposed treatment set-up state. a desired arch fonu. 

23 . The workstation of claim 16, wherein s;,iid evaluation 
tools further comprise illumination 1001 enabling said user 
to visualize olherwise hard 10 see features . 

24. The workstation of claim 16, wherein said evaluation 
tools further comprise special visualiwtion tools enabling 
said user to select, visualize and modify the patient's axial 
inclinations of cro~ ns and roots of said virtual model of the 
patient's dentition in at least one of said states. 

25. 111e workstation of claim 24, wherein said evaluation 
tools further comprise special tools enabling transfer of said 

38. TI1e ~ orkstatiou of claims 35, wherein said compari
sons of tooth positfons are dolle auto111atically. 

39. TI1c workstation of claims 35, wllercin said compari-
60 sons of tooth positions are done by comparison of position 

of user selected reference poin1 in the virtual model of the 
patient's dentition. 

40. method for orthodontic evaluation facilitated by a 
treatment planning and evaluation workstation comprising a 

65 computing platform having a graphical user interface, a 
processor and a computer storage medium comprising the 
steps of: 
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storing in said computer storage medium digitized records 
including image data, text data, and a virtual model of 
patient's dentition in an initial state and a treatment 
set-up state; 

providing in said computer storage a set of software 
instructions for graphical user interface tools for access 

56 
select, visualize and modify the patient's axial inclinations 
of crowns and roots of said virtual model of the patient's 
dentition in at least one of said states. 

49. T11e method of claim 48, wherein said evaluation tools 
further comprise tools enabling transfer of said patient's 
axial inclinations of crowns and roots from x-rays to said 
virtual model of said patient's dentition in at least one of said 
states. 

50. The method of claim 40, wherein said evaluation tools 
10 further comprise automatic measurement tools for enabling 

said user in performing quantitative and qualitative analysis 
of said virtual model of the patient's dentition in at least one 
of said states using grids and point-to-point distances. 

to said digitized records for planning orthodontic treat
ment of said patient, and a set of computer instructions 
providing a set of evaluation tools for a user, wherein 
the predetcnnined steps comprise steps for 1) evalua
tion of said proposed set-up against boundary condi
tions for treatment of the patient, and 2) evaluation of 
whether the tooth positions in both arches, and the 
inter-arch relationship, of the proposed set-up corre
spond to the treatment goals for the patient; and 
wherein the predetermined steps permit said user to 
freely select the order in which the evaluation steps are 
conducted, and wherein when the user selects each step 
the instructions provide task-specific graphical user 
interface tools guiding said user in performing evalu- 20 

ation tasks associated with each step; 

51. The method of claim 40, wherein said evaluation tools 
15 further comprise user selected measurement tools for 

enabling said user in performing quantitative and qualitative 
analysis using grids and point-to-point distances in 2D and 
3D. 

providing in said computer storage a set of software 
instructions comprisi.ng tools for evaluation of a cus
tmniir.l.>d arch wire· 

evaluating said treatment set-up witlD the · aid of said 25 

evaluation tools; and 
evaluating said customized arch wire with the aid of said 

tools for evaluation of a customized arch wire; wherein 
said customized arch wire is designed for said lrem
ment set-up; and wherein said evaluation of snid cus- 30 

tomized arch wire includes evaluati<>n of bends ip. said 
customized arch wire of I st order, 1!"1 order, and 3"1 

order. 
41. The method of claim 40 farther comprising rhe step 

of providing tooth foamrc idcntifica1ion 1ools enabling said J5 

user 10 automatically visually identify anatomical feature of 
interest. 

42. The method of claim 41. wherein aid anatomical 
fea tures include contact points. marginal ridges. cusp tips, 
cusp fo sa, cuspal grooves, gia.gival margins, and height of 40 

gingiva. 

52. 111e method of claim 40, wherein said digitized 
records further comprise a nonnative database. 

53. T11e method of claims 52, further comprising the step 
of comparing said initial state and said treatment set-up state 
ag.1inst snid nonnative d:ita. 

54. The method of claim 53, wherein said normative 
database enables said user in performing radiographic and 
photographic analysis of said patient against normative data. 

55. 111e method of claim 40, further comprising the step 
of perfon11ing an appliance evaluation, wherein said user 
interactively evaluates appliances including at least one of 
bracket posit ions, or a combination of a lenst one of bracket 
positfons and arch wire geometry, or any other appliance 
fixture either prior to or followii:ig installation of said 
appliances on sajd patient's teeth. 

56. The method of claim 40 wherei.n said customized orcb 
wire evaluation step further comprises interactively evalu
ating said cus tomized arch wire force system. 

57 . "Ille method or cloim 40, wherein said evuluation 
further comprises providing standardized perspective views 
to interactively view said patient's dentition comprising 
frontal , sagsilal, or transverse view. 

58. The method of claim 40, wherein said digitized 
records further comprise a library of virl'llal brnckcl sets 
enabling said user in evaluating a prescription for said 

43 . The me1hod of claim 41, further comprising the s1ep 
or selecting an icon 1ha1 enab les a user to select a par1icular 
anmomical feature for idcn1ific::n ion. 

44. The method of claim 40, further comprising the lcp 
of providing viewing tools enabling said user 10 inieractively 
examine and manipulate any point of i11teres1 on said 
patient's dentition virtual model, including individuul let:lh 

45 
treatment set-up state and said evaluation tools enabling said 
pmctitioner to make adjustments lo said prescription by 
choosing an appropriate bracket from said library and/or 
changing the pos.ition of said bracket relative to a tooth. 

or a sub-set of teeth, in a two-dimensiounl view, 11 three
dimensional view, or a combination thereof. 

45. The method of claim 44, further comprising 1he step 
of providing viewing tools enabling said 11ser 10 interactively 
manipulate said patient's virtual model in a two-dimensinnul 
view, a three-dimensional view, or a combination thereof. 

59. Tue method of claim 40, wherein said evaluation tools 

50 
cnublll compurisons of tooth positions in said patient's initial 
state relative 10 tooth positions in said treatment set-up state. 

60. 1l1e method of claim 59, wherein said comparisons of 
iooth positions are done by viewing said initial state and 
proposed lrcatment set-up side-by-side. 

61. The method of claim 59, wherein said comparisons are 
done by superimposition of said states and providing visual 
indicia of the change of position from said initial state and 
said proposed treatment set-up state. 

46. The method of claim 44, wherein said viewing tools 55 
further enable said user to interactively flatten and manipu
late a three-dimensional virtual model of the patient's den
tition into a two-dimensional panommic view and then 
convert said panoramic view back to a three-dimensional 
structure by conforming said panoramic 'liew to a desired 
arch form. 

62. TI1e method of claims 59, wherein said comparisons 

60 of tooth positions are do1w automatically. 
63. T11e method of claims 59 wherein said comparisons 

of tooth positions are done by comparjson of position of user 
selected reference points in the virtual model of the pa1ient's 
dentition. 

47. The method of claim 40, furth.er comprising the step 
of providing tools thal simulate changes in illumimllion of 
said virtual model of the dentition to highlight otherwise 
hard to see features. 

48. TI1e method of claim 40, wherein said evaluation tools 
further comprise visualization tools enabling said user to 

65 64. A method for orthodontic treatment evaluation for a 
patient facilitated by a treatment planning and evaluation 
workstation comprising a computing platform having a 
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graphical user interface, a processor and a computer storage 
medium comprising the steps of: 

(a) storing in said computer storage medium digitized 
records pertaining to the patient including image data 
including 2d and 3D radiographic data, photographic 
data and 3D data sets comprising virnial models of the 
patient's dentition in an initial state and a treatment 
set-up state; 

(b) providing in said computer storage a set of so ft ware 
instmctions for graphical user interface tools for access 10 

to said digitized records for treatment set-up evaluation 
of said patient, and a set of computer instmctions 
providing a set of treatment evaluation tools for a user; 

(c) with the aid of said evaluation tools, evaluating said 
patient's treatment set-up by performing the following 15 

steps: 
1. checking said midline, said occlusal plane and refer

ence objects, if any, 
2. checking the lower arch form and the anterior/posterior 

(AP) positions of teeth in the lower arch; 
3. checking the upper arch form and the AP position of the 

teeth in the upper arch; 
4. checking the overbite and overjet; 
5. checking intra-arch tooth alignment; 

20 

6. checking intra-arch tooth positions, rotations, contact 25 

points, marginal ridges, cusp tips, central grooves, and 
cusp-fossa relations; 

7. checking the torque values of at least some of the teeth 
of the upper and lower arches; 

8. checking bite registration; 
JO 

9. checking gingival stmcture; 
10. checking functional contact points; and 
11. checking axial inclination of teeth; 

wherein steps (1)-(11) are done in the order listed above or 35 
in any other order selected by said user, and repeated as 
deemed necessary by said user and wherein steps (1)-(11) 
forther include making comparisons and making modifica
tions in the treatment set-up as and when necessary; 

( d) further providing in said computer storage a set of 40 
software instructions comprising tools for evaluation of 
a customized arch wire; 

(e) evaluating said customized arch wire with the aid of 
said tools for evaluation of a customized arch wire; 
wherein said customized arch wire is designed for said 45 
treatment set-up; and wherein said evaluation of said 
customized arch wire includes evaluation of bends in 
said customized arch wire of I st order, 2"d order, and 3rd 

order; and 
(f) accepting said treatment set-up when results in steps 50 

(1)-(11) in step (c) and step (e) are acceptable; other
wise rejecting said treatment set-up. 

65. The method of claim 64, further comprising the step 
of comparing said states against digital records for the 
patient, said records comprising at least one of scan data, 55 

dentition model, intra-oral photographs, x-rays, panorex 
X-ray, and lateral ceph X-ray. 

66. The method of claim 65, further comprising compar
ing said states against a dentition model derived from a 
physical model of the patient's dentition. 

67. The method of claim 64, further comprising the steps 
of evaluating individual virtual teeth in at least one of the 
virtual models of the patient's dentition from a morphomet-
ric perspective and providing tools by which changes in the 
shape of the teeth may be simulated. 

68. The method of claim 64, further comprising providing 
interactive and communications features in said workstation 
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wherein one or more specialists may remotely examine said 
patient's records and conduct a remote evaluation of said 
treatment set-up state. 

69. The method of claim 64, wherein said patient's 
digitized records further include said patient's pre-processed 
dentition data and further comprising the steps comparing 
said patient's pre-processed dentition data with said 
patient's post-processed data. 

70. The method of claims 69, wherein step (c) is further 
conducted using said patient's pre-processed data. 

71. A method for orthodontic evaluation for appliances of 
a patient facilitated by a treatment planning workstation 
comprising a computing platfonn having a graphical user 
interface, a processor and a computer storage medium 
comprising the steps of: 

storing in said computer storage medium digitized records 
including image data and virtual dentition model of 
patient's initial state and treatment set-up state, said 
medium further storing virtual appliances; 

providing in said computer storage a set of software 
instrnctions for graphical user interface tools for access 
to said digitized records for treatment set-up evaluation 
of said patient, and a set of computer instructions 
providing a set of treatment set-up evaluation tools for 
a user; and 

with the aid of said treatment set-up evaluation tools 
evaluating appliances selected and positioned for use in 
achieving said treatment-set-up state; wherein said 
appliances include customized arch wires; said custom
ized arch wires having been designed for said treatment 
set-up; and wherein said customized arch wires include 
bends of I st order, 2"d order, and 3rd order. 

72. The method of claim 71, wherein said appliances 
include brackets, said appliance images include images of 
said brackets, and said appliance libraries include templates 
and specifications of said brackets. 

73. The method of claims 72, wherein said digitized 
records include said patient's scan data and photographs and 
further comprising the steps of evaluating said brackets 
against said bracket libraries, said scan data, and said 
photographs. 

74. The method of claims 71, wherein said digitized 
records include said patient's scan data and photographs and 
further comprising the steps of evaluating said arch wires 
force systems, and evaluating said arch wires against stan
dard templates from said appliance libraries. 

75. The method of claims 73, wherein said evaluation of 
said brackets and said customized arch wires is done item
tively and in combination of each other. 

76. A method for orthodontic treatment set-up evaluation 
for individual teeth of a patient facilitated by a treatment 
planning workstation comprising a computing platfom1 hav
ing a graphical user interface, a processor and a computer 
storage medium comprising the steps of: 

storing in said computer storage medium digitized records 
including image data and virtual models of patient's 
dentition in an initial state and treatment set-up state; 

providing in said computer storage a set of software 
instrnctions for graphical user interface tools for access 
to said digitized records for treatment set-up evaluation 
of said patient, and a set of computer instmctions 
providing a set of treatment set-up evaluation tools for 
a user, said evaluation tools for evaluation of said 
proposed set-up state against boundary conditions for 
treatment of the patient, the boundary conditions 
including a least a midline, an occlusal plane, a fixed 
reference object, and an arch fonn, and 2) evaluation of 
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whether the tooth positions in both arches, and the 
inter-arch relationship, of the proposed set-up corre
spond to the treatment goals for the patient; with the aid 
of said treatment set-up evaluation tools evaluating said 
patient's individual teeth in the treatment set-up state; 

further providing in said computer storage a set of soft
ware instructions comprising tools for evaluation of a 
customized arch wire; and 

evaluating said customized arch wire with the aid of said 
tools for evaluation of a customized arch wire; wherein 10 

said customized arch wire is designed for said treat
ment set-up; and wherein said evaluation of said cus
tomized arch wire includes evaluation of bends in said 
customized arch wire of I" order, 2"d order, and 3'" 
order. 

77. The method of claim 76, wherein said individual teeth 
include crown and root, and said patient's records include 
true anatomy images of said teeth and x-rays of said teeth's 
true roots or representations. 

15 

78. TI1e method of claim 77, further comprising the steps 20 

of defining the orientation of said individual teeth in the x, 
y, and z planes automatically or through selection by user 
from said patient's x-rays or from photographs or clinical 
examinations or through derivation from models by placing 
a reference line below and touching said crown away from 25 

said root, drawing an axis through said crown and said root 

60 
providing in said computer storage a set of software 

instructions for graphical user interface tools for access 
to said digitized records for treatment set-up evaluation 
of said patient, and a set of computer instructions 
providing a set of treatment set-up evaluation tools for 
a a user; 

with the aid of said treatment set-up evaluation tools 
viewing said patient's dentition in a treatment set-up 
state in an occluscd state; 

further providing in said computer stomge a set of soft
ware instructions comprising tools for evaluation of a 
customized arch wire; 

evaluating said customized arch wire with to aid of said 
tools for evaluation of a customized arch wire; wherein 
said customized arch wire is designed for said treat
ment set-up; and wherein said evaluation of said cus
tomized arch wire includes evaluaLion of bends in said 
customized arch wire of 1" order, 2"d order, and 3rd 
order, and 

providing communications features in said workstation 
wherein multiple pmclilioners may evaluate said treat
ment set-up and customized arch wire design over the 
Internet. 

in the center of said tooth, and measuring inclination of said 
axis relative to opposing tooth and relative to adjacent tooth, 
wherein the step of measuring inclination of said axis 
includes measuring said inclination in x, y, and z planes. 

79. TI1e method of claim 78, wherein the placement of 
said reference line and said axis are done automatically by 
said treatment planning workstation. 

83 . The workstation of claim 16, wherein said memory 
further stores a virtual model of Lhe patient's dentition 

30 
during the course of treo tme.nt and a virtual model of the 
patient's dentition at tbe conclusion of treatment. 

80. TI1e method of claim 78, wherein the placement of 
said reference line and said axis are selected by said prac- J5 

titioner or user. 
81 . TI1e method of claim 78, wherein said individual teeth 

can be represented by reference lines for orientation viewed 
as points or as lines. 

82. A method for orthodontic treatment set-up evaluation 40 

of a patient facilitated by a treatment planning workstation 
comprising a computing platform having a graphical user 
interface, a processor and a computer storage medium 
comprising the steps of: 

storing in said computer storage medium digitized records 45 

including image data and virtual models of patient's 
dentition in an initial state and a treatment set-up state; 

84. The method of claim 40, wherein said memory further 
stores a virtual model of the patient's dentition during the 
course of treatment and a virtual model of the patient's 
dentition at the conclusion of treatment. 

85. The method of claim 84, wherein the method further 
comprises the step of perfonniog an evaluation of the 
treatment set-up using the evaluation tools based on the 
progre s oftreatmentas indicated by the virtual model of the 
pmient ' s dentition during tlie course of treatment. 

86. The method of claim 84, wherein the method further 
comprises the step of performing an evaluation of the virtual 
model of the patient's dentition at the conclusion of treat
ment using the evaluation tools. 

* * * * * 
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