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DESCRIPTION

Technical Field

[0001] The present invention relates to a method for planning a restorative dental treatment
for a patient as well as a computer program for implementing this method and a machine-
readable data storage medium on which such a program is stored.

State of the Art

[0002] A restorative dental treatment, wherein teeth of the patient are partially or completely
replaced by dental replacement products, for example crowns, bridges, onlays, inlays or
attachments (removable tooth replacement), is often necessary in dentistry. Digital processes
are known for the design and the creation of such restorations, whereby newer digital methods
work with computer-assisted design and, if applicable, computer-assisted production of the
restorations (CAD/CAM technology) to provide optimum restorations for the patient, for
example on the basis of tooth libraries or biogenerically calculated tooth models.

[0003] With a conventional, analog production of restorations, which use an arrangement of
layers on a plaster model for example, if there are multiple restorations, 1.e. multiple dental
replacement products, the dental technician or the manufacturer of the restorations inevitably
encounters the problem of how to insert the products into the dentition or the mouth of the
patient In an optimum manner. Since the dental technician i1s directly confronted with this
sometimes problematic step during the production of the restorations, he can avoid problems
later during the Insertion of the restorations on the patient by making the appropriate
adjustments to the model ahead of time. Since this manual step In the production of the
restorations is generally omitted in the age of digital tooth models, the problems may not occur
until the dental replacement products are inserted, so that the treating dentist then
spontaneously has to help himself by reworking and remaking, or by grinding down the
restorations or, If necessary, even the existing teeth

[0004] Document US7403830 B2 discloses a computerized production of data records used In
examination of artificial dentures, involves using computer to create data record representing
artificial denture or part of artificial denture for fabrication of artificial denture, the method
comprising transmitting the preparation instruction to at least one of a dentist and a dental
technician.

[0005] The US patent application US 2016/0242880 A1 addresses the insertion of a number of
artificial teeth or restorations. It describes a computer-implemented method for designing the
restorations, wherein the shape of the adjacent tooth replacement is adjusted during modeling
If another tooth is modified in the digital model.
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[0006] The international patent application WO 2013/164410 A1 describes a digital method for
designing a 3D model for a tooth replacement, wherein the insertion location in the patient's
dentition Is also represented In the 3D model. The insertion path for the tooth replacement is
determined, and the 3D model of the tooth replacement is adjusted in such a way that
undercuts with respect to the adjacent teeth, for example, are accounted for in the calculation
of the shape of the restoration to be inserted.

[0007] In light of that, the object of the Invention Is to simplify and improve the insertion of
dental restorations into the mouth of a patient, wherein problems during the insertion of
multiple dental replacement products during the treatment are to be avoided.

Presentation of the Invention

[0008] This task I1s achieved with a method for planning a restorative dental treatment, as is
the subject matter of the main claim. Preferred embodiments of this method, as well as a
computer program for carrying out the method and a machine-readable data storage medium
result from the further claims.

[0009] In the method for planning a restorative dental treatment for a patient at least two
dental restorations are digitally constructed and an optimum specification for the insertion of
the restorations into the mouth of the patient is calculated, wherein the optimum specification
for the insertion of the restorations comprises an optimum sequence of the restorations to be
Inserted, If applicable including optimum insertion paths for the restorations to be inserted. The
method according to the invention, which can be carried out for example within the framework
of a CAD/CAM program, In particular comprises the following steps:

1. a. calculation/construction of geometries for the restorations,

2. b. identification of potential conflicts for possible insertion sequences and, If applicable,
Insertion paths, and

3. ¢. output of an available optimum specification for the insertion of the restorations,
wherein the optimum specification allows an insertion of the restorations without conflicts
or, If applicable, a repetition of steps a. - ¢., If no optimum specification without conflicts
IS possible.

[0010] An optimum specification for the insertion of the restorations i1s to be understood as a
specification with which, when accounted for by the practitioner, no problems or conflicts are to
be expected for the Iinsertion of the restorations into the patient's mouth. Interfering contacts of
the restorations with one another and with the adjacent tooth situation are in particular avoided
with an optimum specification. The determination of the optimum specification can furthermore
account for the restorations being able to be inserted quickly and straightforwardly.
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[0011] The advantage of this method Is that the user no longer has to design and adjust the
restorations manually, for example by looking at a scan or directly into the mouth of the patient
or using an analog model, to make them fit. Instead, an optimal insertion of the restorations
with respect to the sequence and, If applicable, also with respect to the insertion paths is
planned prior to the insertion of the restorations and provided as a recommendation for the
treating dentist, so that a problem-free and quick insertion of the tooth restorations into the
dentition of the patient I1s possible, even for complicated geometries of the restorations, for
example undercuts and the like. A trial and error approach to the insertion of the restorations
and a subsequent adjustment, for example by grinding down the restorations themselves or
even the existing teeth in the dentition of the patient, iIs no longer necessary, thus avoiding
discomfort and disadvantages for the patient. This also facilitates the work of the treating
dentist considerably, because, with the method according to the invention, he can be provided
with an optimum specification for the insertion of the restorations in the form of a guide as the
best possible recommendation, in which potential problems are accounted for in advance and
avoided by appropriate adjustments of the insertion sequence and the insertion paths for the
specific treatment.

[0012] Until now, the user has had to "practice” on a model and make himself a corresponding
Insertion protocol or use a manual trial and error approach for the insertion into the patient's
mouth. Depending on the number of restorations, and with it the variations of the insertion
sequence, this Inevitably leads to complications; in particular if a cement or adhesive that
hardens over time Is used, and a decision potentially has to be made about which stump to
coat with cement or adhesive next. Blocking out problematic clamping points with respect to
the adjacent teeth In the contact region, for example during insertion with the hand-held
Instrument, was another variation for the conventional insertion of a plurality of dental
replacement products. This variation Inevitably resulted in suboptimal and unnatural tooth
shapes In the contact region and could cause problems for the patient. The method according
to the invention avoids all these disadvantages by calculating an optimum specification for the
Insertion of the restorations prior to the actual treatment of the patient and making it available
to the user, I.e. the treating dentist, so that the insertion of the restorations can be carried out
smoothly and without any problems.

[0013] The insertion paths, which can be accounted for during the insertion of the restorations
along with the actual sequence, can be straight and/or curved. The Insertion paths can
furthermore also comprise rotations. A rotation of the restoration during insertion can be very
helpful, for example In order to avoid problems in the event of undercuts. The rotations are
therefore preferably accounted for in the determination of the insertion sequence according to
the method according to the Invention. Different possible rotations can be automatically
checked In the course of the method, to test whether they are helpful for the insertion. The
possibly necessary rotations during the insertion of the restorations can thus be included In the
specification or in a guide or description for the treating dentist. This can also be interesting
and helpful for inlays or other dental restorations.

[0014] The Insertion paths further preferably also comprise a definition of the Insertion
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directions. The specification for the insertion of the restorations can therefore also comprise an
automatic attachment direction determination based on the insertion direction of the affected
restorations.

[0015] The calculation of the optimum specification for the insertion of the restorations
preferably accounts for the restorations to be inserted not being deformed, In particular not
deformed counter to their optimal shape. One particular advantage of the method according to
the invention i1s therefore that the specification for the insertion of the restorations takes place
under the premise that optimally shaped restorations are inserted. The optimum tooth shape
can consequently be made possible by the restorations, even In the event of complicated
configurations in the contact region. If a specification for the insertion of the restorations is not
possible for the optimum restoration shape, however, it is also possible to perform adjustments
with feedback from the design of the geometries of the restorations. This means that, if the
geometries of the tooth replacement originally determined to be optimum cannot practically be
Inserted into the mouth, adjustments can be made to the geometries. The optimum
specification for the insertion Is subsequently determined under these new conditions, so that
the tooth replacement can be inserted in a specific sequence without interfering contacts. The
Insertion sequence and, if applicable, the optimum insertion paths needed to achieve this can
be calculated automatically in an iterative process.

[0016] Other factors can also play a role in the adjustments during construction, and in general
In the construction of the restorations. In the case of abutments, for example, consideration
can be given to the fact that, as a rule, one-piece abutment solutions are advantageous
compared to multipart abutments and should therefore be preferred.

[0017] Furthermore, In the method according to the invention, external constraints for the
Insertion directions for the restorations to be inserted can be accounted for in the calculation of
the optimum specification for the insertion of the restorations, wherein the insertion directions
are to be understood as a part of the insertion paths. Fixedly predefined implant positions or
attachment parts, for example, which affect or specify the possible insertion directions of the
restorations, are accounted for in the calculation of the optimum specification.

[0018] Technical limitations can also be accounted for in the construction of the restorations,
for example an automatic consideration of machine Ilimits, for example of a four-axle
milling/grinding machine, wherein the number of axes of a milling/grinding machine may Iimit
the possible shapes of the restoration bodies that can be produced, e. g. the possibility of
undercuts.

[0019] It I1s further possible for the optimum specification for the insertion of the restorations
derived according to the method to be modified manually and a new optimum specification to
subsequently created taking into account the modifications. The treating dentist can thus enter
practical limitations that arise during the treatment into the system, for example, so that an

appropriately adjusted specification for the insertion of the restorations can be calculated and
Issued. For example, the dentist could identify the first tooth to be inserted, and the system, 1.e.
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the method according to the invention, would adjust the planning for the insertion of the
restorations according to that specification.

[0020] The method according to the invention can In principle be used for all types of
restorations and attachments, for example for onlays with contact in the interproximal region,
for crowns, for abutments or for bridges with adjacent crowns. The method according to the

Invention can also be used advantageously for veneers with interproximal contact.

[0021] Overall, the method offers the advantage for the user, 1.e. In particular the treating
dentist, and therefore obviously also the patient, that problems during the insertion of the tooth
replacement or of the restorations are avoided. Insertion conflicts are recognized In advance
and automatically accounted for by the method, so that the safety of the user and the patient is
Increased and discomfort and problems are avoided.

[0022] The method according to the invention presupposes that the specification for the
Insertion of the restorations concerns at least two restorations. In this configuration of the
method, If an optimum specification for the insertion of the restorations cannot be calculated,
the geometries for the restorations are accounted for in a manner involving feedback, perhaps
by adjusting the geometries of the restorations. This means that, in this case, an insertion of
the restorations Iinto the dentition of the patient without a deformation of the restorations

counter to their optimum shape, or possibly the surrounding teeth, would not be possible. The
geometries then have to be adjusted to avoid later problems during the insertion of the

restorations.

[0023] The described method i1s preferably carried out within the framework of a computer-
assisted design program and/or production program for the planning and/or production of
dental restorations (CAD/CAM systems). The method can, In a manner of speaking,
automatically generate an optimum specification for the insertion of the restorations, wherein
this specification can be provided as a guide or as a detailed description of the insertion of the
restorations to the practitioner. This can be done In printable form, for example, or as a display
on the screen of a computer or, for example, a mobile device.

[0024] The Invention further comprises a computer program that is configured for
Implementing the described method. The invention further comprises a machine-readable data
storage medium, on which such a computer program is stored.

[0025] Additional features and advantages of the invention emerge from the following
description of design examples in conjunction with the drawings.

Brief Description of the Drawings

[0026] The drawings show:
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Figure 1
a schematic flow chart of the method according to the invention In a preferred
configuration:;

Figure 2
an Illustration of adjustments in the construction of the restorations In problematic
Insertion situations and

Figure 3
an lllustration of a modification of the insertion paths in problematic insertion situations.

Design Examples

[0027] Fig. 1 schematically illustrates the sequence of an embodiment of the method for
planning a restorative dental treatment, wherein an optimum specification for the insertion of
the restorations is determined. After the start 10 of the method, which is in particular integrated
Into a CAD/CAM system, geometries for the dental restorations are calculated and constructed
INn a per se known manner in Step 20. The subsequent query 30 determines whether potential
conflicts are to be expected for possible insertion sequences and, If applicable, for possible
Insertion paths. The calculation of an optimum specification for the insertion sequence In
particular accounts for external constraints, for example, implant insertion directions or already
existing attachments, and accounts for adjacent tooth contacts. When identifying potential
conflicts, for example, all possible sequences for the Insertion of the restorations can be
determined first and the insertion thereof can be simulated, for example, on a stump situation.
An examination of the tangent direction determined by the interproximal contact situation, for
example, can be conducted as well. A workable insertion sequence can thus be identified; If
necessary taking into account specific insertion paths (rotations, insertion directions, etc.). If
different paths are possible, one particularly suitable and advantageous specification, which
can be particularly simply and quickly realized by the user, for example, can be selected. The
optimum specification will be output by the system as a guide for the user, for example using
sketches and/or in written form, in Step 40.

[0028] If a number of workable variants are obtained for the specification for inserting the
restorations, a number of guides can be output that can be used alternatively. If the query In
Step 30 shows that there 1s no optimum specification or that the insertion of the restorations
under the given conditions is not possible without further adjustments, it is possible to return to
Step 20 and carry out an adjustment of the geometries. The algorithm then starts over from
the beginning, wherein one or more of the restorations can be adjusted accordingly to make an
unproblematic insertion of the restorations into the mouth of the patient under new conditions
possible.

[0029] This proposal calculation for the insertion of the restorations that accounts for the
different options for the insertion sequence, and, If applicable, the insertion paths or insertion
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directions, ensures that the dentist can use the best possible tooth shapes, even If the contact
situation 1s unfavorable. According to the Invention, a particular insertion sequence Is
calculated and specified to avoid the need to compromise with respect to the tooth shape and
the contact regions. Therefore, the optimum restoration shape does not have to be
compromised for reasons of insertability, because an indirect insertion sequence, which Is
sometimes required as a result of the tooth shape, can be calculated and implemented In
practice. The method allows the automatic generation of a guide for the treating dentist with
the Insertion sequence and, If applicable, the specific insertion paths automatically derived by
the system, which the treating dentist can use as basis for the treatment, for example on a
screen or as a printout.

[0030] The method can also be used, for example for the calculation of abutments (implant
structures), to decide whether a one-piece abutment solution or a two-part abutment solution is
most suitable for the case in question. Because of the additional cement or adhesive gaps that
can thereby be avoided, one-piece abutment solutions are generally preferred. Problems can
arise during the insertion of one-piece abutment solutions, however, which can be modeled
and recognized In advance using the method according to the invention. To solve the problem,
a possibly indirect insertion sequence for the restorations including the abutment can be
calculated using the method according to the invention. If no suitable insertion sequence or
suitable specification for the insertion of the restorations including the one-piece abutment is
possible, a two-part abutment solution can be used, If appropriate.

[0031] Fig. 2A, B schematically illustrates a difficult insertion situation with a strongly inclined
curve of Spee, wherein the curve of Spee describes an arc which connects the cutting edges
and cusps In the dentition (sagittal compensation curve). The curve of Spee, which must be
taken Into account In restorations for functional reasons, can lead to problematic insertion
situations (Sub-figure A). These problems (undercuts) are identiflied in the simulation of the
Insertion of the restorations (order of the teeth 1, 2, 3) during the simulation within the scope of
the method according to the invention and, in this case, cannot even be corrected by varying
the Iinsertion sequence. In this case, the conflicts are accounted for in advance within the
scope of the method according to the invention, with adjustments to the geometry of the
restorations (Tooth 2) (Sub-figure B).

[0032] Fig. 3 illustrates the case In which problematic situations can be solved by varying the
Insertion paths. Due to the undercut situation of the inlay 4 to be inserted into the natural tooth
5, direct insertion In a straight line i1s not possible. The insertion i1s only possible with a rotation
of the Inlay 4 to be inserted. This situation can, in a similar manner, be applied to situations
with a plurality of restorations.
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FREMGANGSMADE TIL PLANLAGNING AF EN KONSERVERENDE
TANDBEHANDLING

PATENTKRAV

Computerimplementeret fremgangsmade til planleegning af en konserverende
tandbehandling for en patient, hvor mindst to tandrekonstruktioner konstrueres
digitalt (20), og en specifikation (40) for indseettelsen af rekonstruktionerne |
patientens mund Dberegnes, hvor specifikationen for Indseaettelsen aft
rekonstruktionerne omfatter en raekkefglge for rekonstruktionerne, som skal
iIndsaettes, herunder eventuelt indsaettelsesbaner for rekonstruktionerne, som skal
indseettes, kendetegnet ved, at fremgangsmaden omfatter fglgende trin:
a. beregning af geometrier for rekonstruktionerne (20),
b. identifikation af potentielle konflikter for mulige indsaettelsessekvenser og
eventuelle indseaettelsesbaner (30) og
c. generering af en tilgaengelig optimal specifikation (40) for indsaettelsen at
rekonstruktionerne, hvor den optimale specifikation muligger en
iIndsaettelse af rekonstruktionerne uden konflikter eller gentagelse af

frinnene a. - c., hvis optimal specifikation ikke er mulig.

Computerimplementeret fremgangsmade ifglge krav 1, kendetegnet ved, at

Indsaettelsesbanerne er lige og/eller krumme.

Computerimplementeret fremgangsmade ifalge krav 1 eller krav 2, kendetegnet ved,

at indsaettelsesbanerne omfatter rotationer.

Computerimplementeret fremgangsmade ifglge et hvilket som helst af de
foregaende krav, kendetegnet ved, at Indseettelsesbanerne omfatter

Indsaettelsesretninger.

Computerimplementeret fremgangsmade ifglge et hvilket som helst af de
foregaende krav, kendetegnet ved, at beregningen af den optimale specifikation (40)
for indsaettelsen af rekonstruktionerne tager hensyn til, at rekonstruktionerne, som

skal indsaettes, ikke er deformeret.
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2
Computerimplementeret fremgangsmade ifglge et hvilket som helst et af de
foregaende krav, kendetegnet ved, at beregningen af den optimale specifikation (40)
for Indsaettelsen aft rekonstruktionerne tager hensyn til en mulig justering |

konstruktionen af geometrierne for rekonstruktionerne.

Computerimplementeret fremgangsmade ifglge et hvilket som helst af de
foregaende krav, kendetegnet ved, at der ved konstruktionen af rekonstruktionerne

med abutments, foretraekkes abutments | ét stykke frem for abutments i flere dele.

Computerimplementeret fremgangsmade ifglge et hvilket som helst af de
foregaende krav, kendetegnet ved, at fremgangsmaden udfgres inden for rammerne
af et computerunderstottet designprogram og/eller produktionsprogram il

planlaegning og/eller fremstilling af tandrekonstruktioner.

Computerprogram, der omfatter instruktioner, som, nar programmet afvikles af en
computer, far computeren til at udfere fremgangsmaden ifglge et hvilket som helst

af kravene 1 til 8.

Maskinlaesbart datalagermedie, pa hvilket et computerprogram ifaglge krav 9 lagres.
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