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Description

Technical Field of the Invention

[0001] The present invention relates to the use of a
finite element analysis in order to design and/or select
orthodontic appliances.

Background of the Invention

[0002] Orthodontics is a branch of dentistry that in-
volves the movement of malpositioned teeth to orthodon-
tically correct positions. Before prescribing an orthodon-
tic treatment, X-rays and photographs of the patient’s
teeth and jaw structure are usually taken. Also, a mold
of the patient’s teeth is typically made. This mold along
with the X-rays and photographs provide a model of the
positions of the patient’s teeth and dental arches prior to
treatment.
[0003] The orthodontist also relies on a post treatment
model of the desired positions of the patient’s teeth and
dental arches. This post-treatment model has typically
been a mental model formulated in the mind of the or-
thodontist based on the orthodontist’s experience and
skill. However, computer programs are also known to
assist the orthodontist in the development of a compu-
terized post-treatment model. The orthodontist then de-
vises an initial treatment strategy to move the patient’s
teeth and/or dental arches from their positions as repre-
sented by the pre-treatment model to the desired posi-
tions as represented by the post-treatment model.
[0004] In order to implement the initial treatment strat-
egy, the orthodontist applies various orthodontic appli-
ances to the patient’s teeth. In a typical treatment, brack-
ets are attached to anterior, cuspid, bicuspid, and molar
teeth. An archwire is then be held to the brackets by lig-
atures so that the archwire forms a track to guide move-
ment of the brackets and the associated teeth to desired
positions for correct occlusion. The brackets, archwires,
ligatures, and other ancillary devices used in correctly
positioning teeth are commonly referred to as "braces".
[0005] The orthodontist’s treatment strategy frequently
requires correction of the relative alignment between the
upper and lower dental arches. For example, certain pa-
tients have a condition referred to as a Class II maloc-
clusion in which the lower dental arch is located an ex-
cessive distance in a rearward direction relative to the
location of the upper dental arch when the jaws are
closed. Other patients may have an opposite condition
referred to as a Class III malocclusion in which the lower
dental arch is located in a forward direction of its desired
location relative to the position of the upper dental arch
when the jaws are closed.
[0006] Orthodontic treatment of Class II and Class III
malocclusions are commonly corrected by movement of
the upper and lower dental arches as units relative to one
another. To this end, forces are often applied to each
dental arch as a unit by applying a force to the brackets,

the archwires, and/or ancillary devices applied to the den-
tal arch. In this manner, a Class II or Class III malocclu-
sion can be corrected at the same time that the archwires
and the brackets are used to move individual teeth to
desired positions relative to each other.
[0007] Corrections of Class II and Class III malocclu-
sions are sometimes carried out by use of other devices
such as headgear that include strapping which extends
around the rear of the patient’s head. The strapping is
often coupled by tension springs to the brackets, arch-
wires, and/or ancillary devices. For correction of Class
III malocclusions, the strapping can be connected by ten-
sion springs to a chin cup that externally engages the
patient’s chin. In either instance, the strapping and
springs serve to apply a rearwardly directed force to the
associated jaw.
[0008] Instead of using headgear which is often con-
sidered unsatisfactory because it is visibly apparent,
many practitioners and patients favor the use of intra-
oral devices for correcting Class II and Class III maloc-
clusions. Such devices are often located near the cuspid,
bicuspid, and molar teeth and away from the patient’s
anterior teeth. As a result, intra-oral devices for correcting
Class II and Class III malocclusions are hidden in sub-
stantial part once installed.
[0009] Orthodontic force modules made of an elasto-
meric material have also been used to treat Class II and
Class III malocclusions. Pairs of such force modules are
coupled between the dental arches on opposite sides of
the oral cavity. Elastomeric force modules may be used
in tension to pull the jaws together in a direction along
reference lines that extend between the points of attach-
ment of each force module. Such force modules may be
O-rings or chain-type modules each made of a number
of integrally connected O-rings. These modules are typ-
ically removable by the patient for replacement when
necessary, since the module may break or the elasto-
meric material may degrade during use to such an extent
that the amount of tension exerted is not sufficient. Non-
removable intra-oral devices are also known which rely
on flexible members that are connected to upper and
lower dental arches of a patient. Moreover, telescoping
tube assemblies that may be used to urge the dental
arches toward positions of improved alignment are
known.
[0010] As can be seen, there are a wide variety of Or-
thodontic appliances that are available to an orthodontist
in the implementation of a treatment strategy. However,
few, if any, tools exist to assist the orthodontist in the
accurate selection of appliances that are likely to effec-
tively implement the orthodontist’s initial treatment strat-
egy. Moreover, few, if any, tools exist to allow the ortho-
dontist to accurately predict the effectiveness of the initial
treatment strategy. Therefore, the treatment strategy is
frequently modified over time as the orthodontist ob-
serves the actual movement of the teeth and dental arch-
es in response to the orthodontist’s treatment strategy.
[0011] The use of a finite element analysis has been

1 2 



EP 1 429 680 B1

3

5

10

15

20

25

30

35

40

45

50

55

known in the area of orthodontics. For example, U.S.
Patent No. 5,131,844 discloses that a finite element
structural model of an individual tooth or a set of teeth
may be developed to determine stress distributions under
various loading conditions. This patent suggests that
such a model may then lead to new approaches to the
testing of dental materials, the studying of the effects of
bite dislocations, and the determination of proper restor-
ative conditions. This patent further suggests that the
model can be used for the design of prosthodontics. U.S.
Patent No. 4,975,052 discloses that a finite element mod-
el has been used to determine the optimum angles for a
retractor assembly. It is also known to use a finite element
analysis to determine how loads applied to brackets gen-
erate tensile stresses in the material of the brackets.
[0012] However, a finite element analysis has not been
used to study the interaction between orthodontic appli-
ances and teeth in order to develop an effective ortho-
dontic treatment strategy.
[0013] WO 00/19931 A1 discloses methods and an ap-
paratus for segmenting an Orthodontic treatment path
into clinically appropriate substeps for repositioning the
teeth of a patient. The methods include providing a digital
finite element model of the shape and material of each
of a sequence of appliances to be applied to a patient;
providing a digital finite element of teeth and related
mouth tissue of the patient; computing the actual effect
of the appliances on the teeth by analyzing the finite el-
ements models computationally and evaluating the effect
against clinical constraints.
[0014] US 2001/0002310 A1 discloses a method in
which a computer is used to create a plan for reposition-
ing an Orthodontic patient’s teeth. The computer receives
an initial digital data set representing the patient’s teeth
at their initial positions and a final digital data set repre-
senting the teeth at their final positions. The computer
then uses the data sets to generate treatment paths along
which teeth will move from the initial positions to the final
positions.
[0015] P. Fotos et al., "Orthodontic forces generated
by a simulated archwire appliance evaluated by the Finite
Element Method", The Angle Orthodontist: December
1990, Vol. 60, No. 4, pp. 277-282, discloses a method in
which a finite element method is employed to determine
Orthodontic forces generated by a simulated archwire
appliance.

Summary of the Invention

[0016] A method as defined by claim 1 is provided. The
dependent claims defined embodiments.
[0017] There is also disclosed a method of analyzing
an orthodontic treatment which comprises the following:
modeling first positions of a patient’s teeth; modeling de-
sired second positions of the patient’s teeth; and, per-
forming a finite element analysis based on the orthodon-
tic treatment and a movement of the patient’s teeth be-
tween the first and second positions.

[0018] There is also disclosed a method of determining
an effective orthodontic treatment which comprises the
following: a) creating a first model based upon first posi-
tions of a patient’s teeth; b) creating a second model
based upon second positions of the patient’s teeth,
wherein the second positions represent desired positions
of the patient’s teeth; c) selecting a proposed set of or-
thodontic appliances according to a proposed Orthodon-
tic treatment; d) performing a finite element analysis
based on the proposed orthodontic treatment and a
movement of the patient’s teeth between the first and
second positions; e) selecting a new set of orthodontic
appliances if the finite element analysis indicates that the
proposed Orthodontic treatment produces undesired ef-
fects; and, f) repeating d) and e) as necessary until the
effective orthodontic treatment is achieved.
[0019] There is also disclosed a computer readable
storage medium which has program code stored thereon
which, when executed by a computer, performs the fol-
lowing tasks: a) storing a first position model of a patient’s
teeth; b) storing a second position model of the patient’s
teeth, wherein the second position model represents de-
sired positions of the patient’s teeth; c) storing a set of
Orthodontic appliances; d) applying the set of orthodontic
appliances to the patient’s teeth according to one of the
first and second position models; and, e) performing a
finite element analysis based on the first position model,
the second position model, and the applied set of ortho-
dontic appliances.
[0020] A method according to the invention, imple-
mented with the assistance of a computer, of determining
an effective orthodontic treatment comprises the follow-
ing: a) storing first positions of a patient’s teeth; b) dis-
playing the patient’s teeth according to the first positions;
c) selecting Orthodontic appliances according to a pro-
posed Orthodontic treatment of the patient’s teeth; d)
storing second positions of the patient’s teeth, wherein
the second positions are desired positions, wherein the
selected orthodontic appliances are configured to be in-
stalled on the patient’s teeth in the second positions; and,
e) performing a finite element analysis to assess effects
on the orthodontic appliances and on the patient’s teeth
based on the first and second positions and on the pro-
posed orthodontic treatment.

Brief Description of the Drawing

[0021] These and other features and advantages will
become more apparent from a detailed consideration of
the invention when taken in conjunction with the drawings
in which;

Figure 1 is a block diagram of a computer system
useful in implementing the present invention; and,
Figures 2 A, 2B, and 2C are a flow chart representing
a program that may be executed by the computer
system of Figure 1 in order to implement the present
invention.
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Detailed Description

[0022] Figure 1 shows a simplified block diagram of a
data processing system 10 that may be used to imple-
ment an orthodontic treatment development program in
accordance with the present invention. The data process-
ing system 10 typically includes at least one processor
12, which communicates with a number of peripheral de-
vices by way of a bus system 14. The bus system 14 can
include a local bus and one or more expansion buses
(e.g., ADB, SCSI, ISA, EISA, MCA, NuBus, or PCI), as
well as serial and parallel ports. However, any suitable
bus configuration may be used for the bus system 14.
[0023] The peripheral devices typically include a mem-
ory system 16 having a RAM storage 18, a ROM storage
20, and a file storage 22. The peripheral devices typically
also include a user interface 24 and a network interface
26. The user interface 24 includes connections to such
user interface devices as a keyboard, a mouse, a printer,
a video monitor, speakers, etc. The network interface 26
includes moderns for connections to external machines
such as network servers, web sites, other users, etc. The
data
processing system 10 can be implemented as personal
computer, a workstation, a mainframe, etc.
[0024] The RAM storage 18 may be used to store in-
structions and data during program execution, and the
ROM 20 may be used to store fixed instructions such as
the operating system of the data processing system 10.
The file storage 22 provides non-volatile storage for pro-
grams and data files, and typically includes one or more
hard disk drives, one or more floppy disk drives, one or
more CD drives, one or more removable media cartridge
drives, and/or the like.
[0025] A scanner 28 may be used for scanning the pa-
tient’s teeth or casts of the patient’s teeth. The scans may
be provided as a data set to the data processing system
10 for further processing in accordance with a program
100 shown in Figures 2A, 2B, and 2C. The scanner 28
may be coupled to a port of the data processing system
10 so that it can communicate the scanned data set di-
rectly to the processor 12 through the bus system 14.
Alternatively, the scanner 28 may be located at a remote
location and may communicate the scanned data set to
the data processing system 10 by way of the network
interface 26.
[0026] The data processing system 10 executes the
program 100 shown in Figures 2A, 2B, and 2C. The user
of the program 100 may be the orthodontist who is de-
veloping an orthodontic treatment for a patient. However,
other users can include clinicians, assistants of the treat-
ing orthodontist, orthodontic product developers, etc.
[0027] At a block 102 of the program 100, the appro-
priate patient information is entered and stored for later
use. Such information can include tooth size, upper and
lower dental arch sizes, malocclusion type, age, gender,
and/or any patient information that is desired or relevant.
Next, a pre-treatment model of the patient’s teeth and/or

dental arches is entered. At a block 104, the program
100 may be arranged to offer a choice between method-
ologies for entry of this model. For example, a scale mod-
el of the teeth may be generated automatically or man-
ually and may be entered at a block 106 and stored in
the memory system 16, and the positions of the patient’s
teeth may be entered or calculated and stored in the
memory system 16 at a block 108. Additionally or alter-
natively, the patient’s teeth or a mold of the patient’s teeth
may be scanned through use of the scanner 28 and the
resulting scanned data set, which may include tooth size,
tooth position, and/or shapes of the dental arches, may
be stored in the memory system 16 at a block 110.
[0028] Following processing of the blocks 106, 108,
and/or 110, the upper and lower dental arches, their rel-
ative positions, and the positions of the patient’s teeth
are displayed at a block 112. This display may be used
to facilitate the initial selection of a prescription, brackets,
archwires, ligatures, and/or other orthodontic appliances
by the orthodontist in accordance with the orthodontist’s
proposed orthodontic treatment to achieve the desired
results. These initial selections are entered and stored
in the memory system 16 at a block 114. The orthodon-
tist’s proposed orthodontic treatment strategy will typi-
cally be based on the orthodontist’s experience.
[0029] However, the program 100 at the block 114 may
instead be arranged to make the initial prescription and
appliance selections automatically by comparing the pre-
treatment model entered at the blocks 106, 108, and/or
110 to treatment data stored in the memory system 16.
This treatment data, for example, may be in the form of
a look up table or other data structure containing past
pre-treatment models and the corresponding orthodontic
treatment strategies which were used to successfully
treat the patients from whom the past pre-treatment mod-
els were derived. Thus, the current patient’s pre-treat-
ment model may be used as an address into the memory
system 16 in order to read out the treatment strategy
corresponding to this address. Extrapolation can be used
in the case where a patient’s pre-treatment model is not
an exact match with the stored pre-treatment models.
[0030] At a block 116, the desired final positions of the
patient’s teeth, based on the prescription, the patient’s
arch shapes, archwire shapes, tooth size, etc., are en-
tered and stored in the memory system 16. The desired
final positions of the patient’s teeth may be referred to
herein as the post-treatment model.
[0031] Intermediate positions of the patient’s teeth may
also be entered and stored at the block 116. One or more
such intermediate positions of the patient’s teeth are op-
tionally employed where the orthodontist’s proposed
treatment strategy includes the re-positioning of the pa-
tient’s teeth in stages, where each stage may involve the
replacement or modification of selected appliances such
as force modules and/or archwires, where each stage
involves the employment of different force levels, where
the orthodontist intends to use appliances whose ge-
ometries or properties change over time and may need
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to be replaced during treatment, and/or the like. As an
example, nitinol archwires have memory which must be
taken into account when moving the patient’s teeth from
their final positions to their original positions during exe-
cution of the program 100. Therefore, if nitinol archwires
are used, the material properties of the archwires must
be changed according to un-loading stress-strain curves
during movement of the teeth to the intermediate posi-
tions.
[0032] At a block 118, the program 100 applies the
initially selected appliances to the patient’s teeth when
the teeth are at their desired final positions for full ex-
pression of the teeth. The program 100 at the block 118
then displays the initially selected appliances applied to
the patient’s teeth when the teeth are at their desired final
positions.
[0033] Accordingly, the program 100 has stored both
the pre-treatment model and the post-treatment model
for the patient. At this point, the program 100 at a block
120 calculates and stores position vectors for each of the
patient’s teeth. Each position vector points from the orig-
inal position in the pre-treatment model to the final posi-
tion in the post-treatment model for the corresponding
tooth.
[0034] The program 100 at a block 122 simplifies the
tooth and appliance geometry and converts the format
of the resulting data file for use by a finite element anal-
ysis. The simplification processing of the block 122 is
executed in order to compress the data so as to reduce
the amount of computing power required for downstream
processing. This simplification, for example, may involve
simplifying the tooth geometry by flattening of the occlu-
sal surfaces of the teeth and by simplifying the geometry
of the brackets. Alternatively, other data compression
techniques may instead be used. In any event, given suf-
ficient computing power, the simplification processing
may be omitted so that the block 122 simply converts the
data file format to one used by the finite element analysis
which is executed downstream, as discussed below.
[0035] A finite element analysis such as Abaqus or An-
sys may be used by the program 100. These finite ele-
ment analysis programs are general purpose finite ele-
ment analysis programs that can be used by the program
100 to determine the stresses, strains, forces, friction,
and moments on the selected orthodontic appliances and
on the patient’s teeth, PDL (periodontic ligament struc-
ture), and bone. Finite element analysis programs spe-
cifically written for orthodontic applications can also be
employed.
[0036] At a block 124 of the program 100, material
properties are assigned for the appliances selected at
the block 114. The appliance material properties may be
stored in a database of the memory system 16 and may
be automatically accessed from the data base based up-
on the appliances selected at the block 114. Alternatively,
the material properties for the appliances selected at the
block 114 may be manually entered at the block 124. The
material properties for appliances may require entry each

time that the treating orthodontist changes appliances
during treatment. For examples, archwires of different
thicknesses and/or metals may be changed one or more
times during treatment. Also, the archwires may be bent
into different geometries one or more times during treat-
ment. Each such change may require entry of new ap-
pliance material properties.
[0037] Also, at the block 124, material properties are
assigned for the patient’s teeth. The material properties
of the patient’s teeth may be stored in a database of the
memory system 16 and may be automatically accessed
from the database based on tooth type entered at the
block 114. Alternatively, the material properties for the
patient’s teeth may be manually entered at the block 124.
[0038] Also, the program 100 at the block 124 meshes
all components (teeth and appliances) except for the tar-
get surfaces of the contact pairs if the contact surfaces
are assumed to be rigid. Non-rigid contact pairs can be
meshed. Meshing is typically done by finite element anal-
ysis programs prior to the launching of the analysis itself.
The block 124 may use a typical mesh, or the block 124
may implement one of the automatic mesh generators
known in the art.
[0039] Moreover, contact pairs are defined at the block
124. A contact pair includes the surfaces of two appli-
ances that contact each other. For example, the archwire
and each bracket form corresponding contact pairs, the
archwire and each of the ligatures that holds the archwire
to a corresponding bracket form other corresponding
contact pairs, and the brackets and ligatures form still
other corresponding contact pairs. By convention, one
of the appliances of a contact pair forms a contact surface
and the other of the appliances of the contact pair forms
a target surface. For self-ligating brackets, the archwire
and the caps or clips form yet other corresponding con-
tact pairs. All such contact pairs are defined at the block
124 by identifying and quantifying the areas of the contact
surfaces of the contact pairs. Finally, if non-self-ligating
brackets are proposed for use on the patient, an artificial
cap for each bracket is attached at the block 124 to the
top of the bracket archwire slot in order to prevent the
archwire from coming out of the archwire slot during
movement of the teeth.
[0040] The finite element analysis is then launched at
a block 126 by moving the teeth, as represented by the
data stored in the memory system 16, along the position
vectors from their desired final positions in the post-treat-
ment model to their original positions in the pre-treatment
model. This run of the finite element analysis determines
how the archwires will deform as the teeth move along
the position vectors.
[0041] Then, at a block 128, data related to the patient’s
PDL and bone are added to the data relating to the pa-
tient’s teeth. Also, PDL and bone material properties are
entered at the block 128 and are meshed. These prop-
erties may be based on published PDL and bone material
properties. (See, for example, C. Bouravel, et al., "Sim-
ulation of Orthodontic Tooth Movements," Journal of Oro-
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facial Orthopedics, 1999.) The finite element analysis is
re-run at this point in order to determine the stresses,
strains, forces, friction, and moments that will be exerted
on the appliances, teeth, the PDL for each tooth, and the
bone by the deforming of the archwires as determined
during execution of the block 126. Prior to re-running the
finite element analysis at the block 128, however, the
caps which were added at the block 124, if any, should
be removed, and any elastomeric ligatures to be used in
the proposed orthodontic treatment should be meshed
to any non-self-ligating brackets.
[0042] If intermediate positions are included in the pro-
posed orthodontic treatment, it may be necessary at the
block 128 to finish execution of the finite element analysis
at each intermediate position between the final and orig-
inal positions for processing by a block 130. The block
130 is used in the case where the orthodontist uses in-
termediate positions during treatment as discussed
above. For example, the material or geometric properties
of relevant appliances (such as nitinol archwires) must
be changed when the appliances are changed. Also, a
bone-remodeling model and bio-mechanic material prop-
erties for PDL and bone (which are available from nu-
merous publications such as J. Middleton, et al., "The
Role of the Periodontal Ligament in Bone Modeling: The
Initial Development of a Time-Dependent Finite Element
Model," Amer. Jour. of Orthod. Dentof. Orthop., Feb.
1996, pp. 155-162) are entered at the block 130 in order
to take into account changes in PDL and bone during
treatment. For example, as a tooth moves, bone in front
of the moving tooth may dissolve and bone behind the
moving tooth may grow. These changing bone properties
and the resulting changing bone geometry are modeled
at the block 130 to predict tooth movement versus time.
[0043] At a block 132, the teeth and appliances are
displayed along with the stresses, strains, forces, friction,
and moments determined by the finite element analysis.
This display is examined at a block 134. If, as indicated
by a block 136, the treatment strategy requires modifica-
tion because the stresses, strains, forces, friction, and/or
moments displayed at the block 132 are excessive or are
outside desired ranges or because the force levels be-
come ineffective, the treatment strategy is changed and
the processing of the blocks 114-136 is repeated using
the modified treatment strategy. The treatment strategy
may require modification, for example, in the case where
the stress on an appliance or tooth or bone is excessive
or insufficient or in the case where the strain on a ligament
is excessive or insufficient.
[0044] At this point, if only two positions (original and
final) are required for a successful treatment, processing
may be terminated. Accordingly, a block 138 determines
if there are other positions in the treatment strategy that
have not yet been processed. If so, a block 140 initiates
another iteration of the program 100 in order to move the
teeth to the next position and flow proceeds to the block
108 to implement the next iteration of the program 100.
However, if the block 138 determine that there are no

other positions to be processed, processing is terminat-
ed.
[0045] Certain modifications of the present invention
have been discussed above. Other modifications will oc-
cur to those practicing in the art of the present invention.
For example, the blocks 134 and 136 may be executed
manually or they may be executed automatically by com-
paring the calculated stresses, strains, forces, friction,
and/or moments to acceptable or desired ranges and by
selecting appliances targeted to bring any errant stress-
es, strains, forces, friction, and/or moments within the
desired and/or acceptable ranges.
[0046] Moreover, the present invention has been de-
scribed above in relation to certain orthodontic applianc-
es. However, it should be noted that the present invention
may be used in connection with other orthodontic appli-
ances such as retainers, closing loops, Class II correc-
tors, chains and/or other elastomeric products, head-
gear, facebows, springs, and/or positioners such as
those described in U.S. Patent Nos. 5,975,893 and
6,227,851,
[0047] Furthermore, the terms "first positions" and
"second positions" have been used herein in relation to
positions of a patient’s teeth with respect to an Ortho-
dontic treatment. It should be understood, however, that
either of these first or second positions maybe the original
positions of a patient’s teeth, the final positions of a pa-
tient’s teeth, or any intermediate positions of a patient’s
teeth.
[0048] Accordingly, the description of the present in-
vention is to be construed as illustrative only and is for
the purpose of teaching those skilled in the art the best
mode of carrying out the invention. The details may be
varied substantially without departing from the scope of
the invention as defined by the claims, and the exclusive
use of all modifications which are within the scope of the
appended claims is reserved.

Claims

1. A method, implemented with the assistance of a
computer, of determining an effective orthodontic
treatment comprising:

a) storing first positions of a patient’s teeth;
b) displaying the patient’s teeth according to the
first positions;
c) selecting orthodontic appliances according to
a proposed orthodontic treatment of the pa-
tient’s teeth;
d) storing second positions of the patient’s teeth,
wherein the second positions are desired posi-
tions,
the selected Orthodontic appliances being con-
figured to be installed on the patient’s teeth in
the second positions; and,
e) performing a finite element analysis to assess
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effects on the orthodontic appliances and on the
patient’s teeth based on the first and second po-
sitions and on the proposed Orthodontic treat-
ment, wherein the performing of the finite ele-
ment analysis comprises performing the finite
element analysis based on a movement of the
patient’s teeth from the second positions to the
first positions, and

wherein the performing of the finite element analysis
comprises performing the finite element analysis in
two stages, wherein the first stage determines de-
formation of archwires, and wherein the second
stage determine stresses, strains, forces, and/or mo-
ments on the proposed set of orthodontic appliances
and on the patient’s teeth, periodontic ligament struc-
ture, and bone as a result of the deformation.

2. The method of claim 1 wherein the first positions of
the patient’s teeth are original positions, and wherein
the second positions of the patient’s teeth are final
positions.

3. The method of claim 1 wherein the first positions of
the patient’s teeth are original positions, and wherein
the second positions of the patient’s teeth are inter-
mediate positions.

Patentansprüche

1. Mithilfe eines Computers ausgeführtes Verfahren
zur Bestimmung einer wirksamen kieferorthopädi-
schen Behandlung, Folgendes umfassend:

a) Speichern erster Stellungen der Zähne eines
Patienten;
b) Anzeigen der Zähne des Patienten entspre-
chend den ersten Stellungen;
c) Auswählen kieferorthopädischer Vorrichtun-
gen gemäß einer vorgeschlagenen Behandlung
der Zähne des Patienten;
d) Speichern zweiter Stellungen der Zähne des
Patienten, wobei die zweiten Stellungen die ge-
wünschten Stellungen sind,
wobei die ausgewählten kieferorthopädischen
Vorrichtungen für das Anbringen an den Zähnen
des Patienten in den zweiten Stellungen konfi-
guriert werden; und,
e) Durchführen einer Finite-Elemente-Analyse
zur Bewertung von Auswirkungen auf die kiefer-
orthopädischen Vorrichtungen und auf die Zäh-
ne des Patienten auf Basis der ersten und zwei-
ten Stellungen und der vorgeschlagenen kiefer-
orthopädischen Behandlung, wobei die Durch-
führung der Finite-Elemente-Analyse eine
Durchführung der Finite-Elemente-Analyse auf
Basis einer Bewegung der Zähne des Patienten

von den zweiten Stellungen zu den ersten Stel-
lungen umfasst, und

wobei die Durchführung der Finite-Elemente-Analy-
se die Durchführung der Finite-Elemente-Analyse in
zwei Phasen umfasst, wobei die erste Phase eine
Deformation von Bogendrähten bestimmt, und wo-
bei die zweite Phase die auf den vorgeschlagenen
Satz kieferorthopädischer Vorrichtungen und auf die
Zähne, die periodontale Ligamentstruktur und Kno-
chen des Patienten einwirkenden Beanspruchun-
gen, Belastungen, Kräfte und/oder Momente als Re-
sultat der Deformation bestimmt.

2. Verfahren nach Anspruch 1, wobei die ersten Stel-
lungen der Zähne des Patienten Ausgangsstellun-
gen sind, und wobei die zweiten Stellungen der Zäh-
ne des Patienten Endstellungen sind.

3. Verfahren nach Anspruch 1, wobei die ersten Stel-
lungen der Zähne des Patienten Ausgangsstellun-
gen sind, und wobei die zweiten Stellungen der Zäh-
ne des Patienten Zwischenstellungen sind.

Revendications

1. Procédé, mis en oeuvre à l’aide d’un ordinateur, de
détermination d’un traitement orthodontique efficace
comprenant :

a) la mémorisation des premières positions des
dents d’un patient ;
b) l’affichage des dents du patient en fonction
des premières positions ;
c) la sélection des appareils orthodontiques en
fonction d’un traitement orthodontique proposé
pour les dents du patient ;
d) la mémorisation des deuxièmes positions des
dents du patient, dans lequel les deuxièmes po-
sitions sont les positions souhaitées,
les appareils orthodontiques sélectionnés étant
configurés pour être mis en place sur les dents
du patient dans les deuxièmes positions ; et,
e) l’exécution d’une analyse d’élément fini afin
d’évaluer les effets sur les appareils orthodon-
tiques et sur les dents du patient, en fonction
des première et deuxième positions et du trai-
tement orthodontique proposé, dans lequel
l’exécution de l’analyse d’élément fini comprend
l’exécution de l’analyse d’élément fini en fonc-
tion d’un mouvement des dents du patient entre
les deuxième et première positions, et

dans lequel l’exécution de l’analyse d’élément fini
comprend l’exécution de l’analyse d’élément fini en
deux étapes, dans lequel la première étape déter-
mine une déformation des fils d’arcs, et dans lequel
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la deuxième étape détermine les contraintes, les
pressions et les forces et/ou les moments sur l’en-
semble des appareils orthodontiques proposés et
sur les dents, la structure ligamentaire parodontale
et l’os du patient, en raison de la déformation.

2. Procédé selon la revendication 1, dans lequel les
premières positions des dents du patient sont les
positions initiales, et dans lequel les deuxièmes po-
sitions des dents du patient sont les positions finales.

3. Procédé selon la revendication 1, dans lequel les
premières positions des dents du patient sont les
positions initiales, et dans lequel les deuxièmes po-
sitions des dents du patient sont des positions inter-
médiaires.
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