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Description
FIELD OF THE INVENTION

[0001] This invention relates to a system and method
for providing feedback information that facilitates and that
may provide guidance for prosthodontic procedures in
the intra oral cavity, i.e., procedures involving the instal-
lation and definition of dental prostheses. In particular,
the invention relates to such systems and methods that
are computerized.

BACKGROUND OF THE INVENTION

[0002] Prosthodontics is the dental speciality con-
cerned with artificial replacements of missing parts of the
mouth and jaws, in particular of teeth and parts thereof.
[0003] In prosthodontic procedures designed to im-
plant a dental prosthesis in the intra oral cavity, the dental
site at which the prosthesis is to be implanted in many
cases needs to be measured accurately and studied
carefully, so that a prosthesis such as a crown or bridge,
for example, can be properly designed and dimensioned
to fit in place. A good fit is of the highest importance to
enable mechanical stresses to be properly transmitted
between the prosthesis and the jaw, and to prevent in-
fection of the gums and so on via the interface between
the prosthesis and the dental site.

[0004] In the prior art, the dental site is prepared by
the dental practitioner, and a positive model of the site
is constructed using known methods. Alternatively, the
dental site may be scanned to provide 3D data of the
site. In either case, the virtual or real model of the site is
sent to the dental lab, which manufactures the prosthesis
based on the model. However, if the model is deficient
or undefined in certain areas, or if the preparation is not
optimal for receiving the prosthesis, the dental technician
has a more difficult job ahead than otherwise, and may
result in less than optimal design for the prosthesis. In
some circumstances, the model is rejected and the dental
practitioner must re-scan the dental site, or must rework
the preparation, so that a suitable prosthesis may be pro-
duced.

[0005] WO 01/77988 A1 discloses a method of rapid
design and manufacture of biomedical devices using
electronic data and modeling transmissions, including
capturing patient-specific diagnostic imaged data, con-
verting the data to a digital computer file, transmitting the
converted data via the computer network to a remote
manufacturing site, converting the computer file into a
multidimensional model and then into machine instruc-
tions, and constructing the biomedical implant.

[0006] WO 03/092536 A2 discloses a method is pro-
vided for determining the proximity of teeth of upper and
lower jaws of a patient. The method includes the steps
of: a) storing data representing three-dimensional mod-
els of teeth from the upper and lower arches of the patient
in a memory associated with a computer; and b) deter-
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mining, with the computer and the models, distances be-
tween surfaces of teeth in one of the upper and lower
arches and surfaces of teeth in the other of the upper
and lower arches when the teeth of the arches are in an
occluded condition representing an occlusion of the pa-
tient.

[0007] An automatic production of dental prostheses
based upon an opticalimpression taken of the oral region
with non-traumatic radiation is described in US
4,611,288. The reflected waves are transformed into nu-
merical data that is used directly to operate a numerically
controlled machine in the fabrication process.

[0008] EP 1293174 discloses a dental measuring and
machining system including a measuring and machining
unit for preparing measurement data by measuring a
prosthesis model based on a predetermined algorithm
and for producing a prosthesis by machining a prosthesis
block based on the above measurement data, and an
operating unit for operating the measuring and machining
unit from the outside.

[0009] Devices and methods for mapping and/or gen-
erating surfaces of teeth are disclosed in US
2004/0032594. In an embodiment, an optimum slip-on
or clip-on direction that minimizes undercuttings is deter-
mined. Different clip-on directions are successively used
as a basis, and the "dead space" caused by undercuttings
is determined for each of the results. The optimum slip-
on direction is obtained by identifying the variation with
the smallest "dead space".

SUMMARY OF THE INVENTION

[0010] Herein, "dental material" refers to any material
associated with dental structures of the intra oral cavity,
including but limited to natural dental materials such as
forexample enamel, dentine, pulp, dental roots, and non-
natural dental materials such as for example metallic and
non-metallic fillings, restorations, crowns, bridges, cop-
ings, preparations, and so on.

[0011] Herein, "dental clinic" refers to the interface be-
tween a dental practitioner and a patent, and thus in-
cludes any physical entity, in particular a clinic, in which
there is interaction between a dental patient and a dental
practitioner. While "dental practitioner" typically refers to
a dentist, doctor or dental technician, it also includes
herein all other caregivers that may interact with a dental
patient during the course of a dental treatment. While
"dental patient" typically refers to a person requiring the
dental services of a dental practitioner, it also includes
herein any person regarding whom it is desired to create
a 3D numerical model of the intra oral cavity thereof, for
example for the purpose of practicing the same or for
carrying out research.

[0012] The term "prosthesis" is herein taken to include
any restoration or veneering, including any onlays, such
as crowns and bridges, for example, and inlays, such as
caps, for example, and any other artificial partial or com-
plete denture.
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[0013] While the term "preparation” typically refers to
the stump (including the finish line and shoulder) that is
left of the tooth that is to be replaced by the prosthesis -
typically a crown - and on which the crown is to be mount-
ed, the term herein also includes artificial stumps, pivots,
cores and posts, or other devices that may be implanted
in the intraoral cavity in such a position or in a position
that is optimal for implanting the crown.

[0014] Theterm"prosthodontic procedure" refers, inter
alia, to any procedure involving the intraoral cavity and
directed to the design, manufacture or installation of a
dental prosthesis at a dental site within the intraoral cav-
ity, or a real or virtual model thereof, or directed to the
design and preparation of the dental site to receive such
a prosthesis.

[0015] The term "numerical entity" is used herein syn-
onymously with virtual model and other such terms, and
relates to a virtual representation of a real object, typically
a dentition or at least a part of intraoral cavity, or of a real
model is thereof, for example.

[0016] The present invention relates to a method ac-
cording to Claim 1 for providing feedback data useful in
at least one prosthodontic procedure associated with the
intra oral cavity. Preferred embodiments are laid out in
the dependent claims.

[0017] A method forproviding feedback data may com-
prise

(a) providing at least one numerical entity represent-
ative of the three-dimensional surface geometry of
at least part of the intra-oral cavity;

(b) manipulating said entity to provide desired data
of a type useful in at least a first said procedure;
(c) determining at least one relationship between
said desired data and said first procedure; and

(d) generating feedback data representative of said
at least one relationship.

[0018] Typically, in the said prosthodontic procedure,
dental material has been previously removed from said
part of the intra-oral cavity by means of a second proce-
dure.

[0019] Optionally, step (c) comprises testing an ade-
quacy of said desired data for performing said first pro-
cedure according to at least one predetermined param-
eter, and step (d) comprises generating feedback data
representative of said adequacy.

[0020] The method is typically directed at a said first
procedure comprising mounting at least one dental pros-
thesis with respect to a dental preparation comprised in
said intraoral cavity and provided prior to step (a).
[0021] Said desired data relates to the geometry of a
finish line associated with said dental preparation. Step
(c) comprises determining whether or not the said finish
line geometry is suitable for receiving a prosthesis ac-
cording to predetermined parameters; said feedback da-
ta in step (d) comprises a suitable message advising
whether or not said finish line geometry is suitable, ac-
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cording to said determination in step (c). In step (c) it may
be determined that the said finish line geometry is not
suitable for receiving a prosthesis according to predeter-
mined parameters, and in such a case the method may
further comprise the step:

(e) providing suggested changes to said finish line ge-
ometry such as to provide a new finish line geometry that
is suitable for receiving a prosthesis according to prede-
termined parameters,

The suggested changes may be calculated according to
predetermined rules. Further, the suggested changes
may be displayed on a two-dimensional representation
of said dental preparation, wherein said new finish line
geometry is superimposed over said representation. The
location of said existing finish line geometry may be high-
lighted with respect to said new finish line geometry.
[0022] The method may further comprise repeating
steps (a) to (d) after further material has been removed
from the preparation to conform a finish line thereof to
said new finish line geometry.

[0023] The method may further comprise repeating
steps (a) to (d) concurrently with each step of a material
removal operation, said material removal operation being
adapted to conform a finish line of said preparation to
said new finish line geometry, wherein step (e) is per-
formed at each step of said material removal operation.
[0024] For all embodiments, step (a) is typically per-
formed by scanning said at least part of said intra oral
cavity using a suitable 3D surface scanner.

[0025] According to a second aspect of the invention,
in step (c) said relationship may be insufficiently deter-
mined due to incomplete definition of numerical entity
provided by step (a). The method may then further com-
prise the step of determining the location of at least one
area of said intra oral cavity where 3D definition thereof
is required for enabling step (c) to be performed. Said
determination of the location of said at least one area
may be performed by suitable algorithms. The said at
least one area is displayed on a two-dimensional repre-
sentation of said dental preparation, wherein said at least
one area is superimposed over said representation.
[0026] The prosthesis typically comprises any one of
an inlay, onlay, crown, bridge or restoration.

[0027] Optionally, step (b) comprises simulating said
procedure first with respect to said numerical entity to
provide said desired data.

[0028] According tothe second aspect of the invention,
step (a) comprises the steps of:

scanning a part of said intra-oral cavity to provide a
3D numerical entity thereof;

determining whether a definition of said 3D numeri-
cal entity is sufficient for enabling step (c) to be per-
formed;

if said definition is insufficient, advising a user to con-
tinue scanning a different part of said intra-oral cav-
ity, and repeating step (ii) until said definition is suf-
ficient, wherein step (v) is performed;
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if said definition is sufficient in step (ii), proceeding
with step (v);

advising a user that said definition is sufficient, and
proceeding with steps (b) to (d).

[0029] Optionally, in step (a), said numerical entity fur-
ther comprises color data of said part of the intra oral
cavity, and step (b) comprises differentiating parts of said
entity according to whether the said color associated
therewith is correlated with soft tissues or hard tissues
of the intra oral cavity,

[0030] Optionally, step (a) may be performed in one
location, and at least one of steps (b) to (d) may be per-
formed in at least one different location.

[0031] Optionally, step (d) is provided substantially in
real-time with respect to step (a), or within a short time
period thereof, typically in the order of seconds or frac-
tions of a second.

[0032] Optionally the method of providing feedback da-
ta useful in at least one prosthodontic procedure associ-
ated with the intra oral cavity, comprises:

(i) providing at least one numerical entity represent-
ative of the three-dimensional surface geometry of
at least part of the intra-oral cavity that has been
previously modified by means of a first part of said
procedure;

(i) manipulating said entity to provide desired data
useful in at least a second part of said procedure;
(iii) testing adequacy of said desired data for per-
forming said second part of said procedure; and
(iv) generating feedback data representative of said
adequacy.

[0033] Typically, the first part of said procedure com-
prises a dental material removal operation in said intra-
oral cavity. Further typically, step (ii) comprises manipu-
lating said entity to determine sufficiency of definition of
said numerical entity in step (i) with respect to said first
said procedure, and providing sufficiency data represent-
ative of said sufficiency, and step (iii) comprises deter-
mining at least one relationship between said sufficiency
data and said first procedure. In one application of the
method according to the second aspect of the invention,
the desired data may relates to a measure of surface
data definition of said entity.

[0034] Inthe third aspect of the invention, the feedback
data is essentially used in an interactive manner together
with a material removing process to facilitate the perform-
ance of a procedure with respect to the intraoral cavity.
[0035] The present invention also relates to a system
as claimed in claim 23 for providing feedback data useful
in at least one prosthodontic procedure associated with
the intra oral cavity.

[0036] The scanner may comprise a confocal scanner,
for example. Preferably, the scanner comprises a capa-
bility for providing color data as well as geometrical data
of a surface. Typically, the output means comprises a
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visual and/or audio display means. The microprocessor
means is adapted for operation according to the method
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] In order to understand the invention and to see
how it may be carried out in practice, a preferred embod-
iment will now be described, by way of non-limiting ex-
ample only, with reference to the accompanying draw-
ings, in which:

Fig. 1 is a block diagram illustrating steps of a meth-
od according to the first aspect of the invention.
Fig. 2 is a block diagram illustrating elements of a
system according to the present invention.

Fig. 3 illustrates a numerical entity of the intraoral
cavity obtained with the system of Fig. 2.

Fig. 4 illustrates a virtual crown prosthesis with re-
spect to a virtual preparation area.

Fig. 5illustrates dimensional parameters associated
with the crown of Fig. 4.

Fig. 6 illustrates the insertion path for a crown pros-
thesis with respect to a preparation.

Fig. 7 illustrates the insertion path for another crown
prosthesis with respect to a preparation, constrained
to follow the insertion path defined by the internal
surface of the prosthesis.

Fig. 8 illustrates the insertion path for the prosthesis
of Fig. 7 with respect to a preparation, constrained
to follow the insertion path defined by the external
surface of the prosthesis.

Fig. 9 illustrates an auxiliary prosthesis for use with
the preparation stump having an undercut.

Fig. 10 illustrates a bridge prosthesis having a suit-
able the insertion path with respect to a preparation.
Fig. 11 illustrates a bridge prosthesis having a non-
suitable insertion path for with respect to a prepara-
tion.

Fig.12is ablock diagramiillustrating steps of a meth-
od according to the second aspect of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Fig. 1illustrates a method 10 for providing feed-
back data useful in at least one prosthodontic procedure
associated with the intra oral cavity, in accordance with
afirst aspect of the invention. The method comprises the
following basic steps:

Step 11: providing at least one numerical entity rep-
resentative of the three-dimensional surface geom-
etry of at least part of the intra-oral cavity from which
dental material has been removed.

Step 12: manipulating said entity to provide desired
data of a type useful in at least a first said procedure.
Step 13: determining at least one relationship be-
tween said desired data and said first procedure.
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Step 14: generating feedback data representative of
said at least one relationship.

[0039] Thus, in the first aspect of the invention, the
feedback data is essentially used to facilitate the per-
formance of a prosthodontic procedure with respect to
the intraoral cavity.

[0040] Preferably, steps 11 to 14 are carried out in a
relatively short space of time, more preferably inreal time
or close thereto.

[0041] For all embodiments, the first step 11 of the
method according to the present invention relates to pro-
viding at least one numerical entity that is representative
of the three-dimensional surface. The said numerical en-
tity is typically at least "three-dimensional”, that is, each
data point of the data set comprises at least three prime
independent variables relating to spatial coordinates of
a surface, typically defined along orthogonal Cartesian
axes, X, Y, z. Alternatively, these variables may be defined
along polar axes or any other geometric system in which
a surface may be described. Thus, the numerical entity
typically comprises a data set having a plurality of at least
3-dimensional arrays - (X, y, z), wherein each array rep-
resents the X, y, z, geometrical coordinates,

[0042] Any suitable means may be used to provide the
numerical entity. Fig. 2 illustrates the main elements of
the system 50 according to the present invention, com-
prising a suitable scanner 31, a microprocessor or com-
puter 52, and a display means 54. According to the in-
vention, digitised three-dimensional (3D) information W
(Fig. 3) of the patient’s intra-oral cavity, or part thereof,
is created by the system 50 using scanner 31. Preferably,
the 3D digitized data of the intraoral cavity is obtained,
including the dentition and associated anatomical struc-
tures of a patient. The scanning means 31 may include,
for example, a handheld scanner that is used by the prac-
titioner or other user to acquire the 3D data. Advanta-
geously, a probe for determining three dimensional struc-
ture by confocal focusing of an array of light beams may
be used, for example as manufactured under the name
of PROSTHOCAD or as disclosed in WO 00/08415.
[0043] The system 50 is typically located at a dental
clinic, and may be linked to one or more service centers
23 and/or dental labs 26, via a communication means or
network such as for example the Internet or other suitable
communications medium such as an intranet, local ac-
cess network, public switched telephone network, cable
network, satellite communication system, and the like,
indicated by the cloud at 24. Optionally, it is also possible
for some dental labs 26 to be linked to each other, via
the same one or a different one of said communication
medium, for example when such dental clinics or labs
form part of acommon commercial entity. Further option-
ally, such interlinked dental labs 26 may be further linked
with other entities, for example a head clinic or head lab,
comprising a centralized data base (not shown).

[0044] Typically, the design and manufacture of dental
appliances for use in the intraoral cavity may be eventu-
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ally carried out at the dental lab 26 or at the service centre
23, or alternatively one or both of these activities may be
shared between the two; in each case the design and
manufacture are preferably based on the original 3D data
of the oral cavity previously obtained. Thus, exchange of
data between the system 50 and the dental lab 26 and/or
service center 23 may be useful in creating an optimal
geometry for a preparation being made in the intraoral
cavity that enables the best prosthesis to be designed
therefor, for example.

[0045] The dental lab 26 typically comprises a labora-
tory, or a design or manufacturing entity that may provide
direct technical services to the dental clinic in which the
system 50 is located. Such services may include, for ex-
ample, scanning, manufacturing, analyzing the prepara-
tion in the intra oral cavity to mark the location of the finish
line, for example, as disclosed in USSN 10/623,707 and
WO 04/008981. The dental lab 26 is typically character-
ized as being equipped or otherwise able to design part
or whole prostheses, and/or to partially manufacture or
assemble the same, particularly where close tolerances
are relatively less critical. On the other hand, while the
service center 23 is also equipped to design partor whole
prostheses, and/or to fully or partially manufacture and/or
assemble the same, it is particularly suited to do any of
these activities where close or tight tolerances are in fact
critical and/or difficult to achieve.

[0046] While the service centre 23 and dental labs 26
may be located in a different geographical zone to the
dental clinic, for example, different countries, different
cities in the same country, different neighborhoods in the
same city, or even different buildings in the same neigh-
borhood, they may also be housed in the same building,
and in any case maintain their separate functions and
capabilities, as described herein.

[0047] The system 50 may also be linked to one or
more consultation centers 27, also via network 24,
wherein such consultation centers 27 may comprise den-
tal experts, for example, that may provide feedback data
to the user of system 50, based on data transmitted there-
from to the centers 27, according to the invention.
[0048] According to the present invention, step 11 is
carried out after a material removal operation has been
applied to a part of the intra oral cavity. Such a material
removal operation may be executed using any suitable
machining tool that is adapted for material removal, and
may include inter alia mechanical tools such as drills for
example, laser tools such as for example laser drills or
cutters, ultrasonic tools such as for example ultrasonic
cutters, and so on. Alternatively or additionally, the ma-
terial removal operation may comprise a loss of dental
material, occurring, for example, via disease, mechanical
forces such as a blow to the teeth for example, and so on.
[0049] Such a material removal operation may be di-
rected for the purpose of, or may require, prosthodontic
procedures, and may include the construction of a dental
preparation at a dental site, so as to receive a prosthesis
such as a crown, for example, or for providing a dental
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filling or restoration thereat.

[0050] Alternatively, the 3D digitized data may be ob-
tained in any other suitable manner, including other suit-
able intra oral scanning techniques, based on optical
methods, direct contact or any other means, applied di-
rectly to the patient’'s dentition. Alternatively, X-ray
based, CT based, MRI based, or any other type of scan-
ning of the patient’s intra-oral cavity may be used. The
dimensional data may be associated with a complete
dentition, or of a partial dentition, for example such as a
preparation only of the intra oral cavity.

[0051] Typically, the 3D digitized data is obtained in a
manner such that enables the data to be procured from
the patient and analysed according to the invention dur-
ing a regular visit of a patient to a practitioner.

[0052] Thus, advantageously, such a scanner 31
makes use of confocal imaging for providing an accurate
three-dimensional representation of the target surface
within the intra-oral cavity.

[0053] Optionally, the numerical entity may further
comprise a fourth prime independent variable, relating
to a color parameter that is expressed numerically and
is associated with the spatial coordinates. The color pa-
rameter may itself be comprised of independent prime
color variables - for example relating to the red, blue and
green (RGB) components associated with the color pa-
rameter. Alternatively, the color parameter may be ex-
pressed in terms of the Hue, Saturation and Intensity
(HIS). Alternatively, any other color parameter may be
used, including parameters that provide a measure of
internalreflectance and translucency, or any other optical
property of teeth. Thus, such a numerical entity typically
comprises a data set having a plurality of 4-dimensional
arrays - (X, Y, z, ¢), wherein each array represents the x,
Yy, Z, geometrical coordinates, and wherein ¢ represents
the color value, of a point on a surface within the intra-
oral cavity. Any suitable means may be used to provide
this numerical entity. For example, a three-dimensional
surface scanner with color capabilities may be used.
Thus, advantageously, such a scanner makes use of
confocal imaging for providing an accurate three-dimen-
sionalrepresentation of the target surface within the intra-
oral cavity. Color values may then added to each data
point of this data set by obtaining a two-dimensional color
image of the target surface, and then mapping the color
values of the two-dimensional image onto the three-di-
mensional "image", forexample as described in co-pend-
ing applications assigned to the present assignee, USSN
60/580,109, entitled "METHOD FOR PROVIDING DA-
TA ASSOCIATED WITH THE INTRAORAL CAVITY",
and USSN 60/580,108, entitled "METHOD AND APPA-
RATUS FOR COLOR IMAGING A THREE-DIMEN-
SIONAL STRUCTURE".

[0054] While only a limited number of embodiments of
the present invention according to a first aspect are now
described hereinbelow, it may be appreciated that the
method of the invention may be used for a very wide
variety of applications in which feedback data may be
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obtained for use in procedures associated with the oral
cavity.

[0055] There are a number of exemplary procedures
for which the method 10 is of particular utility. In one such
example, the procedure relates to the provision of a pros-
thesis, such as a crown or bridge, forexample, and inlays,
such as caps, for example, and any other artificial partial
or complete denture. In each case, an area in the intra
oral cavity needs to be prepared for receiving the crown,
bridge and so on. In the case of crown prosthesis, one
tooth site needs to be prepared, while for a bridge pros-
thesis, two preparations need to be created, one at each
of the abutment teeth for anchoring the bridge. Inlays
require a different type of preparation at the tooth site.
[0056] Referring to Fig, 4, a virtual representation of
such a crown, generally designated 100, has an internal
surface 120 and lower edge 130 that needs to be very
precisely defined and manufactured to match the prep-
aration 80 and finish line 84, respectively, in the intraoral
cavity 200 of a patient. If the crown 100 is to comprise a
coping 160, the said internal surface 120 is that of the
coping 160.

[0057] The crown 100, which may be formed from a
plurality oflayers, preferably needs to have a natural look-
ing appearance. Further, the dimensions of the crown
100, in particular the definition of the external surface
140 depends on external factors and needs to be such
as to enable the crown 100 to fit between the adjacent
teeth A, B, and to provide proper occlusion with the teeth
D of the facing jaw (Fig. 3).

[0058] Atthe very least, the external surface 140 of the
crown is such as to provide certain critical linear dimen-
sions that comply with at least one of the target width or
target height of a site or location on the jaw on which the
crown is to be fitted. The target width may include the
mesiodistal size of a tooth that is being replaced by the
crown 100, and may be defined such as to provide ade-
quate clearance between the crown 100 and adjacent
teeth A, B, when the crown 100 is fixed onto the corre-
sponding preparation in the intraoral cavity. The target
height of the crown 100 may be defined such as to provide
adequate occlusion with the "working side" of the tooth
and avoiding interfering contact between the crown and
teeth of the opposite jaw when the crown is fixed onto
the corresponding preparation 80 in the intraoral cavity.
[0059] Anoutershapeforthe external surface 140 may
be chosen in a number of ways. For example, if the orig-
inal tooth that the crown 100 is replacing is still available,
and the outer surface thereof is of a reasonable form,
this original tooth may be scanned and the 3D data of
the surface obtained. If necessary, this 3D data may be
considered as a starting point, and the final shape of the
external surface 140 is obtained by manipulating this data
as required by the technician or other user that is design-
ing the surface 140. Alternatively, if the patient has a
reasonably healthy tooth on the same jaw but on the ad-
jacent quadrant at a position corresponding to where the
crown is to be fitted, the 3D data of the surface of this
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tooth is obtained. Optionally, this tooth may be scanned
as described herein to obtain the 3D spatial coordinates
thereof, unless this data may already be available from
the 3D data of the oral cavity 200 stored in the processor
52. Typically, such 3D-data would need to be trans-
formed to provide a lateral inversion of the coordinates,
suitable for a prosthesis in the other half of the jaw. Al-
ternatively, a suitable profile for surface 140 may be cho-
sen and obtained from a library 35 that comprises the 3D
spatial profiles of shapes or profiles of the outer surfaces
of a plurality of crowns and teeth. If necessary the relative
size and shape of the surface 140 may be adjusted by
the user to better match the other teeth in the jaw. Then,
the chosen surface is adjusted in any suitable manner,
either manually, automatically, interactively or in any oth-
er manner, in order that the required target dimensions
of surface 140 will fit within a control volume that defines
the maximum dimensions of the crown 100, as required
to conform to the space available in the intra oral cavity
200. In particular, the control volume may be chosen such
as to provide adequate clearance between the crown and
adjacent teeth, and adequate occlusion with the opposite
teeth, when the crown 100 is properly fixed onto the prep-
aration.

[0060] The processor 52 also has suitable software to
define the inner surface 120 according to predetermined
parameters. These parameters take into account the ge-
ometries of the external surface of the preparation 80
including finish line 84, the spacing required between the
coping (if one is to be used with the crown) or the internal
surface of the crown (if no coping is used) and the prep-
aration to accommodate the adhesive or cement that is
used to provide the bond between the two. The processor
52 may also comprise suitable software to provide the
external shape of such a coping 160, and thus provide a
complete geometrical representation or 3D data of the
coping 160, digitally. The external surface of the coping
160 may be defined in any number of ways. Typically, at
least a majority of the external surface of the stump 82
is displaced from the internal surface thereof by a uniform
amount to provide an approximately constant thickness
throughout. However, the thickness of the coping 160
may vary for a number of reasons. For example, it may
be necessary in some cases to provide a coping that is
stronger in some parts than in others, reflecting the ac-
tivity that the crown 100 will be expected to engage in -
as a molar, incisor, canine and so on.

[0061] The design of the external surface 140 and the
internal surface 120 may be executed by the processor
52 atthe dental clinic, or alternatively at the service center
23, or at the dental lab 26. If at the latter, and if use is
made of a library of 3D spatial profiles of shapes or pro-
files of the outer surfaces of a plurality of crowns and
teeth, then the dental lab 26 can make use of library of
the service centre 23, via communications network 24.
Similarly, if the design is carried out at the dental clinic,
the processor 52 may also make use of the library of the
service centre 23, via communications network 24. Al-
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ternatively, the system 50 may have its own digital library
35 of 3D spatial profiles of shapes or profiles of the outer
surfaces of a plurality of crowns and teeth, operatively
connected to a processor 52 or other computer, as illus-
trated in Fig. 2, which comprises display 54 and user
interface 59 such as a mouse and/or keyboard.

[0062] Referring to Fig. 4, in a first embodiment of the
invention, the method 10 is adapted for providing feed-
back data regarding the definition of the finish line 84. In
particular, it is desired to receive such feedback data re-
ferring to the quality and clearness of the finish line 84,
and optionally including the shoulder 85.

[0063] The finish line 84 may be of any type thereof.
Alternatively, the finish line 84 may comprise a combina-
tion of different types around the periphery of the prep-
aration.

[0064] Thus, having scanned the intraoral cavity 200,
in particular the target zone T including the preparation
80, finish line 84 and (where appropriate) shoulder 85,
the processor 52 then manipulates the resulting numer-
ical entity W to identify the finish line 84. This may be
done using any suitable algorithm. For this purpose, it
may be advantageous for the entity W to also include
color components for each surface point defined therein.
The differentiation of dental surface color between the
hard tissues and the soft tissues may be helpful in auto-
matically defining the finish line, as described in the afore-
said co-pending application entitted "METHOD FOR
PROVIDING DATA ASSOCIATED WITH THE IN-
TRAORAL CAVITY". Generally, the shoulder type (e.g.,
porcelain shoulder, metal collar and so on) should match
and be suitable for the prosthesis it is desired to implant
at the dental site.

[0065] The geometry of the finish line 84 and optionally
shoulder 85 may then be analysed by the processor 52
according to predetermined rules, to establish the rela-
tionship between the virtual finish line thus identified, and
the function which the finish line 84 and optionally shoul-
der 85 is to play in the mounting of the prosthesis to the
preparation. Such rules may comprise, for example one
or more of the following:-

(a) the finish line is continuous about the full periph-
ery of the preparation;

(b) the thickness of the shoulder 85, i.e., the radial
dimension between the edge of the finish line 84 and
the preparation 80, lies within a predetermined
range;

(c) the thickness of the shoulder 85 is substantially
uniform along the periphery thereof;

(d) there are no abrupt changes in slope of the finish
line 84 along the periphery thereof;

(e) the type of prosthesis to be implanted.

[0066] It may then be established by the processor 52
whether the finish line 84 and/or shoulder 85 comply with
such rules, and can then provide feedback data to the
user. Such feedback data may take many different forms.
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For example, in the positive, i.e., that the finish line, for
example, is adequate, the processor 52 may be adapted
to transmit a signal via display 54. Such a signal may be
an audio or visual signal, such as for example the sound
of a bell 51 of a particular frequency or a colored light
source 53 such as a green light, which may light up and
remain lit, or may blink, or the signal may be more com-
plex, such as for example a message on a screen stating
that the finish line is suitable.

[0067] In the negative, i.e., in cases where the finish
line is not suitable according to the aforesaid rules, for
example, the feedback data may first advise where the
finish line is deficient. For example, if referring to the first
rule listed above, there is a step or discontinuity along
the periphery of the finish line, the location and extent of
the same may be alerted to the user. For this purpose,
a 3D representation of the preparation site may be dis-
played, with the part of the finish line in question high-
lighted in a different color to the rest of the finish line
and/or of the preparation and so on. Similarly, if the prac-
titioner is attempting to create a type of finish line (and
this desire should be first inputted to the system 50 in an
appropriate manner), deviations in geometry from this
type of finish line may also be alerted to the user, for
example by suitably annotating a graphical image of the
preparation with colors and so on.

[0068] This also enables the practitioner to check
whether the finish line is of the type he/she wants, or at
least how close it is to this ideal.

[0069] Further, the feed back data may also comprise
indications to the user as to where to modify the finish
line 84 or shoulder 85 to achieve better results. In this
context, an image of the numerical entity may be dis-
played in the display 54, with the finish line 84 and op-
tionally also the shoulder 85 highlighted thereon. Then,
the zones of the finish line that require further work may
be contrasted with respect to the finish line 84 and/or the
shoulder 85, for example by coloring such zones in a
different color to the rest of the image. Optionally, zones
may be colored differently according to the type of work
required. For example, zones deficient with respect to
rule (a) above may be colored in red, while those deficient
with respect to rule (b) are colored in blue, and so on.
[0070] Thus, suggested changes to the finish line may
be displayed on a two-dimensional representation of said
dental preparation, via display 54, wherein said new fin-
ish line geometry may be superimposed over said rep-
resentation.

[0071] Modification of the finish line 84 and/or shoulder
85 typically requires a material removing operation, and
afterdoing so, the intraoral cavity 200 may be re-scanned
to provide a second numerical entity. The second numer-
ical entity, in particular the portions thereof relating to the
finish line 84 or shoulder 85, may then be analysed as
before to determine whether the finish line 84 or shoulder
85 are acceptable according to the predetermined rules,
and without reference to the original entity W. Alterna-
tively, the second numerical entity may be compared with
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the original entity W, and any deviations between the two
entities may be highlighted in display 54 in order to facil-
itate the next cycle of modification to the finish line.
[0072] Alternatively, the processor 52 may simply dis-
play the numerical entity and the highlighted finish line
84 and/or shoulder 85 on display 54, and this may at
times represent sufficient feedback data for enabling the
user to inspect the image thus created and to determine
in a subjective manner whether the finish line and/or the
shoulder are suitable or not. In all cases, the processor
52 is suitably programmed to enable the numerical enti-
ties to be viewed at any suitable angle and /or magnifi-
cation.

[0073] Optionally, the numerical entity W may be trans-
mitted to one or more remote locations, such as for ex-
ample a service center of dental lab 26, to be analysed
there by a computer (not shown), or by a skilled techni-
cian or another user. The computer or skilled technician
at the dental lab 26 may then communicate the results
of the analysis to the original user via the communication
network 24, or a different communication network, for
example via cellular phone. These results may be in the
form of numerical information that may be displayed, for
example, or verbal instructions on how to proceed.
[0074] In a second embodiment of the invention, the
method 10 is adapted for providing feedback data re-
garding the suitability of the preparation to accept a pros-
thesis of a predetermined type. Alternatively, the method
10 according to this embodiment is adapted for providing
feed back data regarding the type of prosthesis that may
be suitable for use with the preparation 80. In particular,
it is desired to receive such feedback data referring to at
least one predetermined dimension, such as for example
a characteristic thickness of a prosthesis with respect to
the geometry of the preparation and the adjacent teeth
A and B.

[0075] Thus, having scanned the intraoral cavity 200,
in particular the target zone including the preparation 80
and adjacent teeth A and B, as described above, mutatis
mutandis, the processor 52 then manipulates the result-
ing numerical entity W to identify the external surface 125
of the stump 82 of preparation 80 (Fig. 4). This may be
done, for example, by first identifying the finish line and
optionally shoulder, forexample as described above, and
then isolating the coping surface enclosed by the perim-
eter defined by the finish line and/or shoulder. Then, an
external crown surface 140 is chosen or designed for the
crown, such as to fit properly in the space between the
adjacent teeth A, B, as described hereinbefore. Then the
relationship between the external surface 125 (which is
typically closely correlated to the internal surface 120 of
the crown 100) or of the internal surface 120, and the
external surface 140 may then be analysed by the proc-
essor 52 according to predetermined rules. This serves
to establish the relationship between the thickness (re-
ferred to collectively herein as t) of the walls of crown
100, and the material from which the real crown (based
on such a virtual crown 100) is to be produced as a func-
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tion of the external surface 140 of the stump. Typically,
such a relationship is dependent on the material from
which the real crown is to be made. Referring to Fig. 5,
such rules may comprise, for example one or more of
the following:-

the occlusal-gingival thickness t; between the apex
121 of the outer surface 125 (or of the inner surface
120) and the apex 141 of the crown 100;

the mesial-distal thicknesses t,, t,, between the out-
er surface 125 (or of the inner surface 120) and the
external surface 140 of the crown 100 at various oc-
clusal-gingival distances;

the labial-lingual thickness t5 ts, between the outer
surface 125 (or of the inner surface 120) and the
external surface 140 of the crown 100 at various oc-
clusal-gingival distances. The suitability of the stump
82 itself may also be analysed by suitable rules, to
determine, forexample, ifithas sufficient mechanical
strength to support the crown or other prosthesis
thereon. For example, the volume of the stump
and/or other critical thicknesses thereof may be de-
termined by the processor 52. In another example,
the stump may be analysed to determine whether
here are any discontinuities or undercuts that would
provide insertion path problems, and these may be
highlighted and brought to the attention of the user.

[0076] It may then be established by the processor 52
whether the geometry of the stump 82 complies with such
rules, and can then provide suitable feedback data to the
user. Such feedback data may take many different forms.
For example, in the positive, i.e., that the stump 82 is
adequate, the processor may be adapted to send a cor-
responding signal to display 54. Such a signal may be
an audio or visual signal, such as for example the sound
of a bell of a particular frequency or a colored light such
as a green light, which may light up and remain lit, or may
blink, or the signal may be more complex, such as a mes-
sage on a screen stating that the finish line is suitable.
Of course such a signal should be different from that pro-
vided with respect to the first embodiment described
above, when both are available to the user.

[0077] In the negative, i.e., in cases where the stump
82 is not suitable according to the aforesaid rules, for
example, the feed back data may comprise indications
to the user as follows:-

To advise the user as to where to modify the stump 82
to achieve better results. In this context, an image of the
numerical entity W may be displayed in the display 54,
with the stump highlighted thereon. Then, the zones of
the stump that require further work may be contrasted
with respect to the stump 82, for example by coloring
such zones in a different color. Optionally, zones may be
colored differently according to the type of work required.
For example, zones deficient with respect to rule (a)
above may be colored in red, while those deficient with
respect to rule (b) are colored in blue, and so on.
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[0078] To advise the user that the stump 82, as is, pro-
vides a crown thickness that is too thick, and that there-
fore a filing composition needs to be added at least to
some portions of the stump. The display 54 can then
show where to add the composition, and when this is
done, the intra oral cavity 200 may be rescanned to de-
termine haw and where to modify the stump. Alternative-
ly, if the stump 84 is totally unsuitable the processor 52
provides a suitable signal to be displayed by display 54,
and it may be necessary to replace the stump 84 with a
pivot, core or post.

[0079] To advise the user that although the stump is
unsuitable for use with a prosthesis made from one ma-
terial (pre-defined), itmay be suitable if the stump is made
from a different material. For example, a stump made
from PFM (Porcelaim Fused Metal) can be thinner than
a whole ceramic crown. Therefore, if a PFM crown was
originally decided upon, it may be advisable to switch to
a whole ceramic crown, and the processor 52 can deter-
mine whether the stump 82 would be suitable for such a
crown.

[0080] Optionally, a contour or occlusion map of the
target zone T may be provided, for example as disclosed
in US 6,334,853 and EP 0984739. Such a dental occlu-
sion map is indicative of distances between opposite re-
gions on facing surfaces of opposite dental surfaces of
the upper jaws of the mouth, for example the preparation
80 and the opposed tooth D. The occlusion map may be
created by manipulating the entity W so as to determine
the distances between opposite regions on the opposite
dental surfaces of the upper and lower jaws of the target
zone T, and then setting up a correspondence between
the determined distances and regions on a mapping sur-
face. Accordingly, it is possible to provide, for example,
a colored contour map showing the occlusion distances
with respect to the preparation 80, for example, and from
this determine whether and what parts of the preparation
require further work, or whether there is preparation ad-
equacy or preparation clearance regarding the worked
targetzone T. In particular, the occlusion map may inform
the practitioner whether the preparation is adequate for
the type of crown that he/she was intending to use, or
what type of crown may be used, if any, with the prepa-
ration in its present condition. For example, a PFM crown
typically requires greater occlusion between the prepa-
ration and opposed tooth (due the requirement for greater
material thickness) than an all-ceramic crown, which in
turn needs more clearance than a metal crown.

[0081] Optionally, the system 50 may be configured
for automatically advising whether, for a given desired
type of prosthesis (for example ceramic, PFM, metal and
so on) the preparation is adequate, or conversely, given
the current state of the preparation, what is the optimal
type of prosthesis that is best suited for it, or if in fact the
preparation is still unsuitable for receiving any prosthesis
in its current state. This feature allows the practitioner to
check whether the preparation is of the type that he/she
wants. Further, the system 50 may be adapted to provide
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the practitioner with indications on how to further work
the preparation so that it is optimally suited to the type
of prosthesis that it is desired to be used therewith. For
example, the contour map and/or a graphical represen-
tation of the target zone T may be annotated, for example
by suitably coloring corresponding areas therein, to indi-
cate the corresponding areas of the preparation where
more material needs to be removed, for example, fo as
to accommodate a particular type of prosthesis.

[0082] Modification of the stump 82 typically requires
a material removing operation, and after doing so, the
intra oral cavity may be re-scanned to provide a second
numerical entity. The second numerical entity, in partic-
ular the portions thereof relating to the stump 82, may
then be analysed as before to determine whether the
geometry of the stump 82 is acceptable according to the
predetermined rules, and without reference to the original
entity. Alternatively, such a second numerical entity may
be compared with the original entity, and any deviations
between the two may be highlighted in display 54 in order
to facilitate the next cycle of modification to the stump 82.
[0083] Alternatively, the processor 52 may simply dis-
play the numerical entity and the highlighted stump 82
on display 54, and this may at times represent sufficient
feedback for enabling the user to inspect the image thus
created and to determine in a subjective manner whether
the stump 82 is suitable or not.

[0084] Optionally, the numerical entity may be trans-
mitted to a remote location such as for example a dental
lab 26, to be analysed there by a computer (not shown),
or by a skilled technician or another user. The computer
or skilled technician may then communicate the results
of the analysis to the original user via the communication
network 24 to provide feedback data to the original user
regarding the stump 82.

[0085] In an example not falling under the invention,
the method 10 is adapted for providing the user with feed
back data regarding the insertion path with respect to a
preparation or preparations that is/are being created at
a dental site for receiving a prosthesis such as a crown
or bridge,

Taking the relatively simpler case of a crown first, the
method 10 comprises the first step of providing a numer-
ical entity of the intraoral cavity, including in particular
the part of the cavity comprising the preparation. Option-
ally, and preferably, the numerical entity also comprises
3D data of the teeth A, B adjacent to the preparation 80.
The 3D numerical entity may be provided in a similar
manner to that described herein, mutatis mutandis.
[0086] Inthe nextstep,itisdesired to determine wheth-
er the preparation is suitable to receive a crown prosthe-
sis. One aspect of such a determination is to advise the
user whether the preparation 80 provides an adequate
insertion path for the crown. In this connection, the proc-
essor 52 first identifies from the entity W the external
surface 125 corresponding to the part of the preparation
onto which the crown is to be mounted (Fig. 4), and suit-
able algorithms for this purpose may be created, possibly
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as described above for the second embodiment, mutatis
mutandis. Then, a virtual model 100 of the crown is either
created by the processor 52, or input thereto by the user
or a third party such as service center or dental clinic 26,
for example. Alternatively, this process may be com-
menced with a virtual model of the coping 160. The crown
model 100 must be sized such as to fit between the ad-
jacent teeth A, B, and thus be in abutting contact there-
with when properly mounted onto the preparation 80. The
crown model 100 may be a full 3D model, comprising an
external 3D surface, or may simply comprise key dimen-
sional parameters, such as for example the mesiodistal
width of the tooth between the adjacent teeth A, B. The
crown model 100 also comprises a full 3D representation
of theinternal 3D surface 125, which may ge substantially
complementary to the external surface 120 of the prep-
aration, optionally taking into account an adhesive layer
thickness that is to be introduced between the prepara-
tion and the said internal surface. The processor 52 then
calculates the insertion path for the internal surface 120
of the virtual crown 100, and then checks whether this
path is also suitable for the external surface 140 of the
virtual crown 100. Alternatively, the processor 52 calcu-
lates the insertion path for the external surface 140 of
the virtual crown 100, and then checks whether this path
is also suitable for the internal surface 120 of the virtual
crown 100. Ideally, the insertion path of the virtual crown
100 as a whole should enable the same to be maneu-
vered into position with respect to the preparation without
colliding with or unduly interfering with other dental sur-
faces at or in the vicinity of the preparation.

[0087] For example, referring to Fig. 6, the geometry
of the preparation 82 approximates aright frustro-conical
cone, and the central axis 101 thereof is more or less
perpendicular to the occlusal plane OP. In this example,
the insertion path IP, of the internal surface constrains
the external surface 140 to path IP,, which enables the
external surface of the virtual crown 100 to be guided to
the mounted position on the preparation without interfer-
ing or colliding with other parts of the dentition. In the
Example illustrated in Fig. 7, the geometry of the prepa-
ration is approximately that of a slanting frustro-convex
cone, wherein the central axis 101 thereof is at a mini-
mum angle o to the occlusal plane. In this example, the
insertion path IP4’ of the internal surface constrains the
external surface to path IP,’, which would result in the
external surface 140 of the virtual crown 100 colliding
with adjacent tooth B, and it would be impossible to fit a
real crown corresponding to the virtual crown 100 with
such a preparation geometry. Similarly, in the example
illustrated in Fig. 8, the insertion path IP," of the external
surface constrains the internal surface to path IP", which
would result in an undercut part 105 of the virtual crown
100 colliding with the stump 82, and it would be impos-
sible to fit a real crown corresponding to the virtual crown
100 with such a preparation geometry. Optionally, the
overhanging portion 88 and/or undercut part 105 may be
highlighted by suitably coloring the corresponding zone
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in a graphical representation of the target zone T.
[0088] Optionally, and particularly when the geometry
of the preparation is similar to that shown in Fig. 8, an-
other type of plan may be considered in place of or in
conjunction with a material removal plan. Having a slant-
ing frusto-conical profile for the preparation typically re-
quires material to be removed until a substantial part of
the overhanging portion 88 of the stump 82 is removed.
Such a procedure may result in over-weakening of the
stump 82. Instead, and according to the invention, it is
possible to create an internal surface of the virtual crown
100 that is not fully correlated to the external surface 125
of the stump 82, but only partially correlated thereto,
along areas thereof that are non-overlapping in the di-
rection of the insertion path, e.g., in which there is no
undercuts. However, regarding the overlapping areas of
the stump 82, i.e., the part of the stump overshadowed
by the overhanging portion 88 in the direction of the in-
sertion path, it is instead possible to create a portion of
the internal surface 120 of the crown 100 corresponding
thereto that is designed not to interfere or in any way
collide with the overlapping areas of the stump 82 when
the same is installed via the appropriate insertion path.
The overlapping areas or zones refer to portions of the
crown 100 which would need to be removed to prevent
collision of the internal surface 120 of the crown 100 with
the stump 82. However, this would leave a substantial
cavity between the part of the preparation and the cor-
responding part of the internal surface of the crown. This
cavity is preferably filled by manufacturing an auxiliary
prosthesis 121 having the shape of this cavity, and then
bonding the auxiliary prosthesis to the stump 82, as il-
lustrated in Fig. 9. Alternatively, suitable cement or filler
material may be bonded to the overlapping areas, and
these areas then subjected to a material removal oper-
ation to provide the desired result. Particularly in such a
case, but also for the previous case in which an auxiliary
prosthesis for the cavity is bonded in place, the modified
stump may be scanned to check the new geometry of
the modified preparation.

[0089] The insertion paths for prostheses are prefera-
bly substantially rectilinear, to ease the user’s task in du-
plicating the path when maneuvering the real crown onto
the preparation. However, it is also possible to calculate
insertion paths in which there is one or more change in
the direction thereof, and/or in which the crown (i.e., first
the virtual crown, and then the real crown) can be rotated
about one or more of three orthogonal axes.

[0090] In some cases, there may be a plurality of pos-
sible insertion paths for the internal surface, or particu-
larly for the external surface, and the processor 52 can
attempt to match such paths.

[0091] When more than one matching pair of internal
and external insertion paths match, the various alterna-
tives may be presented to the user by means of display
54. Additionally or alternatively, the processor 52 may
determine which matching pairis optimal, based on rules,
or may present the different options in ascending or de-
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scending order of preference, according to any predeter-
mined criteria, such as for example requiring a minimum
number of direction or rotational changes in the path.
[0092] Preferably, display 54 displays an image of the
dental site 200, together with the predicted insertion path
of the internal surface and that of the external surface
constrained thereby, or vice versa, and the processor 52
also provides the necessary input to the display 54 to
highlight any part of the adjacent teeth A, B and/or prep-
aration 80 that interfere with the particular insertion path.
Alternatively, or additionally, when a situation such as
those illustrated in Figs. 7, 8 arises, the processor 52
may generate a suitable warning signal, audio and/or vis-
ual, warning the user that the insertion path for the current
preparation geometry is not suitable, and that remedial
action is required.

[0093] In particular, the processor may be pro-
grammed to determine possible plans for removing ad-
ditional dental material from the preparation 80 to enable
a suitable insertion path to be provided. This may be ac-
complished in a number of ways. For example, the proc-
essor may determine a particular suitable path for the
external surface 140 of the virtual crown 100, for example
the simplest and most direct path, and then identify the
zones ofthe preparation which would need to be removed
to prevent collision of the internal surface of the crown
therewith, herein referred to as the "overlapping zones".
However, since the internal surface of the crownis a func-
tion of the external geometry of the preparation, this pro-
cedure is preferably accomplished in a reiterative man-
ner. That is, once the processor 52 identifies the over-
lapping zones, and removes, in a virtual manner, a small
part of the overlapping zone. The amount of removal may
be preset by the user, and any increment is possible.
Preferably, such an amount may be correlated to the min-
imum removal of material that is normally possible in an
analogous real life situation. The processor 52 then ad-
justs the geometry of the internal surface of the virtual
crown 100 to take into account the new preparation ge-
ometry, and examines the insertion path of the inner sur-
face with respect to the new preparation geometry. If
there is still interference between the internal surface and
the preparation, more material is removed in the virtual
sense, the geometry of the internal surface 120 adjusted,
and the new internal surface insertion path re-examined
for collision. Additional cycles may be performed until the
external surface 125 of the preparation is suitably mod-
ified to be compatible with the insertion path,

[0094] In some cases, the result of such a virtual pro-
cedure may not be acceptable for a real crown, for ex-
ample too much material needs to be removed, and this
would provide a much weakened stump 82, according to
pre-known rules .

[0095] Accordingly, the virtual procedure may be re-
peated, each time starting with a different insertion path
for the external surface 140, until a reasonable prepara-
tion geometry is arrived at that is compatible with the
external insertion path and that is also reasonable ac-
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cording to such rules.

[0096] Additionally or alternatively, other virtual proce-
dures for modifying the geometry of the preparation may
be accomplished. For example, such a procedure may
involve a combination of reducing the overhanging por-
tion, and adding an auxiliary prosthesis 121.

[0097] However, it may be possible, that, given the
condition of the preparation and the topology of the ad-
jacent dental surfaces, no reasonable modified prepara-
tion geometry can be found. Such an outcome is also
feed back data that is presented to the user.

[0098] Thus, the geometry of such a preparation is op-
tionally, and preferably, analysed according to such
rules, and a suitable warning provided to the user when
the geometry of preparation is inherently unsuitable. The
warning may be audio/and or visual, and may be simple,
such as a bip or series of bips, or a flashing light or lights,
or may be complex for example an audio or a visual mes-
sage, created by the processor 52, actually describing
the reason for the warning. For example, such a warning
could comprise an audio and/or visual message stating
"Warning! The stump geometry is defective!". Where
such warnings are audio, the display 54 preferably com-
prises optional ear phone or headphones that enable the
user to hear the message, but not the patient, since such
a message may cause unnecessary alarm or anxiety to
the patient. Such earphones or headphones may be op-
eratively connected to the processor 52 via suitable ca-
bles, or via remote link such as an infrared transmitter/re-
ceiver system, or may be integrated into display 54, for
example. A similar analysis and warning, where neces-
sary, may be provided at the beginning of the exercise,
and thus alert the user that the original preparation is
unsuitable, preferably listing the reasons. In either case,
where the present or virtually modified preparation is in-
herently unsuitable, the processor 52 may be pro-
grammed to provide recommendations, such as to re-
move the preparation completely, and to replace it with
a pivot core or post.

[0099] On the other hand, if the processor 52 deter-
mines one or more material removal plans for the prep-
aration 80 which theoretically yield a reasonable prepa-
ration geometry compatible with a possible insertion
path, the different plans may be displayed to the user,
who can the choose one plan. Preferably, each plan com-
prises displaying the overlapping areas of the preparation
that require to be modified, and the nature of the insertion
path that is required for maneuvering the prosthesis into
place. Both factors need to be weighed by the user before
deciding how to proceed. The aforementioned overlap-
ping areas can be displayed over an image of the denti-
tion (provided from the 3D entity W), and preferably such
an image can be manipulated, for example on a screen,
to enable the user to fully study the plan.

[0100] Once apreparation modification planis chosen,
the user can modify the real preparation area in the in-
traoral cavity as closely as possible to the overlapping
areas marked in the virtual model (3D numerical entity).
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At any point in the material removal procedure, the user
may re-scan the intraoral cavity to check on the progress.
For this purpose, the processor 52 may be further pro-
grammed to effectively overlay the new numerical entity
over the original entity, in particular to highlight the dif-
ferences in geometry between the areas in which actual
material removal has occurred and the overlapping areas
which were earmarked by the procedure for material re-
moval. Further, the processor 52 may be further pro-
grammed to detect with respect to these entities where
material still needs to be removed, and where too much
material has been removed. This may be displayed in
display 54 on an image of the intraoral cavity, and the
under-modified areas may be displayed in one color, say
green, and then over modified areas may be displayed
in a different color, say red. Preferably, should the pres-
ence of over-modified areas be detected, i.e., areas
where too much material has been removed, the proc-
essor 52 recalculates the insertion path and advises the
user whether the original modification plan is still possi-
ble, or whether the excess material removal requires a
modification of the plan. Such a modification in the plan
may be determined in a similar manner to the original
plan, as described above, mutatis mutandis. Of course,
it is also possible that the over modified areas have now
rendered the preparation unsuitable according to the
aforementioned rules, and the preparation must be re-
placed with an artificial pivot, core or post.

[0101] The methodology described above for an inser-
tion path has been described with respect to a crown that
is directly bonded onto a preparation, such as forexample
a metallic crown. For other types of crowns (for example
ceramic crowns) that require a coping, the method is
modified to take account of the coping geometry. Thus,
the external surface 125 of the stump is displaced out-
wardly to create a virtual representation of a constant
thickness coping. Alternatively, any other suitable means
may be used to define the coping external surface. The
internal surface 120 of the crown is then defined with
respect to the external surface of the coping, and is typ-
ically complementary thereto, optionally taking into ac-
count a thin layer of adhesive.

[0102] The above method may also be adapted for the
purpose of providing a suitable insertion path for the cop-
ing itself, mutatis mutandis.

[0103] The methodology described above for the in-
sertion path of a crown may be used, mutatis mutandis,
forany dental restoration or dental prosthesis. In the case
of a bridge, in particular, preparations have to be created
in the abutment teeth on either side of the missing tooth,
and the geometries of both preparations need to be con-
sidered simultaneously in relation to the insertion path of
the bridge as a unit. Thus, referring to Fig. 10, the prep-
aration geometries illustrated allow the bridge 150 to be
mounted via an insertion path 151, while the preparation
geometries illustrated in Fig, 11 do not provide a common
insertion path for the bridge 150°. Thus, in order for the
insertion path for the bridge 150 to be suitable, the indi-
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vidual insertion paths for the two preparations must be
parallel, and moreover, such an insertion path must be
such as to avoid collision of the bridge with the adjacent
teeth A’ and B’. In the analysis and design of modification
plans for such cases, the processor 52 may provide one
or more plans for the modification of one or both of the
preparations, substantially as described above for a
crown, mutatis mutandis, While the cases illustrated in
Figs, 10 and 11 relate to a 3-unit bridge, the aforegoing
relates, mutatis mutandis, to a multiple unitbridge as well.
[0104] TheFig.12illustrates a method 10’ for providing
feedback data useful in at least one prosthodontic pro-
cedure associated with the intra oral cavity, in accord-
ance with a second aspect of the invention. In the second
aspect of the invention, the method is concerned with
ensuring that numerical entity W sufficiently defines the
area of interest of the intraoral cavity. The method 10’
comprises the following basic steps:

Step 11’: providing at least one numerical entity rep-
resentative of the three-dimensional surface geom-
etry of at least part of the intra-oral cavity from which
dental material has been removed.

Step 12’: manipulating said entity to determine suf-
ficiency of definition of said numerical entity in step
11’ with respect to a first said procedure, and pro-
viding sufficiency data representative of said suffi-
ciency.

Step 13’: determining at least one relationship be-
tween said sufficiency data and said first procedure.
Step 14’: generating feedback data representative
of said at least one relationship.

[0105] Preferably, steps 11’ to 14’ are carried out in a
relatively short space of time, more preferably inreal time
or close thereto.

[0106] For all embodiments, the first step 11’ of the
method according to the present invention relates to pro-
viding at least one numerical entity that is representative
of the three-dimensional surface. This step is carried in
a similar manner to step 11 of Fig. 1, as described above,
mutatis mutandis.

[0107] Thusin step 11’, scanner 32 of system 50 (Fig.
2) scans the area of interest of the intraoral cavity and a
numerical entity corresponding to the surface scanned
is created by processor 52 and optionally displayed by
display 54. As with the first aspect of the invention, the
data from the scanner may be transmitted to a dental
clinic 23, service centre 26, or consultancy centre 27,
inter alia, for creation of the numerical entity, which is
then transmitted to the processor 52.

[0108] Instep12’,the processor 52 (orindeed another
computer in the aforesaid dental clinic 23, service centre
26, or consultancy centre 27, inter alia) analyses the nu-
merical entity to determine the sufficiency of definition of
the numerical entity. The numerical entity may be ob-
tained in a single scan, or alternatively, the numerical
entity is originally created by taking multiple scans of the
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target area, and stitching the numerical entities thus ob-
tained together. Inany case, the processor 52 first checks
whether the numerical entity lacks surface data in any
particular part thereof. Such a lack of data may be due
to the user not passing the scanner over the full zone to
be scanned, for example, or by taking multiple scan in
wich there is insufficient overlap, for example..

[0109] When multiple scan are employed, then, in step
11’, the scanner 31 may be used for obtaining high res-
olution numerical sub-entities representative of the sur-
face topography within the intra-oral cavity. Accordingly,
different zones of the intraoral cavity are sequentially
scanned with scanner 31 to provide the corresponding
sub entities. Some of these zones typically partially over-
lap with all the other zones, while other zones may only
overlap with one or two other zones, and thus theoreti-
cally the corresponding sub-entities should have a por-
tion of their data identical to one another within the over-
lap zone. However, since the scanner itself moves in ori-
entation and position from scan to scan, the coordinates
relating to these overlap zones will usually vary between
adjacent scans, even though they relate to the same spa-
tial feature. Nevertheless, by identifying the overlap zone
within the entities, the spatial relationship between the
entities may be established, and the various entities
stitched together or combined to form a global numerical
entity that comprises the full geometry and color repre-
sentation of the target zone. The larger the overlap zone,
the greater the accuracy with which the different zones
may be synchronized or stitched together spatially.
Where the sub entities include color data of the intraoral
cavity 200, the actual stitching technique may applied to
data points corresponding to the hard tissues therein,
which have a different color to the soft tissues such as
gums, forexample as described in the aforesaid co-pend-
ing application entitted "METHOD FOR PROVIDING
DATA ASSOCIATED WITH THE INTRAORAL CAVI-
TY".

[0110] The zones that are scanned should preferably
together fully span the target zone T of interest, however
it sometimes happens that a part of the target zone is
missed out, and thus after the stitching procedure is com-
pleted, the global numerical entity thus formed still lacks
surface data in some areas. According to the invention,
such areas are identified in steps 12’ and 13’ by the proc-
essor 52 which determines that the density of data points
in some parts of the entity is below a predetermined val-
ue, indicative of a lack of data thereat, for example.
[0111] Additionally or alternatively, having provided to
the processor 52 the type of procedure for which the nu-
merical entity is required, the processor can analyse the
numerical entity in a different manner to determine
whether it is sufficiently defined for this purpose. For ex-
ample, having found quantitatively there is sufficient data,
it is now necessary to determine if qualitatively the data
is sufficient.

[0112] Forexample,ifthe numerical entity is to be used
in the context of a crown prosthesis, for example as de-
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scribed above for the first aspect of the invention, it is
importantforthefinishline to be well defined. Sometimes,
parts of the finish line may be defined on a dental surface
that is close to orthogonal with respect to the occlusal
plane. If a confocal-type scanner is used at 31 for pro-
viding the surface data for this part of finish line, it is
possible for the accuracy of definition of the finish line to
be diminished the closer to parallel the output face of the
scanner is with respect to the occlusal plane. Greater
accuracy could be obtained in the scanner is turned to
face the aforesaid dental surface close to face-on rather
than close to edge-on. Accordingly, the processor 52 may
determine whether the definition of the finish line is suf-
ficiently good, and this may be done by comparing the
orientation of the scanner 32 with respect to the aforesaid
dental surface, according to preset criteria, for example.
Thus, in step 13’, the processor 52 determines whether
data is missing, or whether the accuracy of the data of
the numerical entity is insufficient.

[0113] In step 14’, feedback data is generated to alert
the user as to how to correct for the insufficiency of def-
inition. For example, in the case where some surface
areas of the entity are missing, the processor 52 first
identifies the missing areas for the user, and then may
compute the best angle and position for the scanner 31
to scan the intraoral cavity such as to provide the missing
surface data. This information may be provided by dis-
play 54, for example by providing a graphical image of
the entity, with the deficient areas marked hereon, and
then arrows or markers with respect thereto showing the
desired position of the scanner 31. Of course, it may be
that more than one scan is required to make up for the
missing data, and the processor provides the required
feedback data to deal with each scan.

[0114] Similarly, inthe case where some surface areas
of the entity require better definition, the processor 52
may compute the best angle and position for the scanner
31 to scan the intraoral cavity such as to provide better
definition of those areas. This information may also be
provided by display 54, for example by providing a graph-
ical image of the entity, and then arrows or markers with
respect thereto showing the desired position of the scan-
ner 31. As before, more than one scan may be required
to provide the higher accuracy data, and the processor
provides the required feedback data to deal with each
scan. Other parts requiring special definition may include,
for example, undercut zones of the preparation.

[0115] Furthermore, the processor may be pro-
grammed to alert the user when the entity is sufficiently
well defined for the purpose for which it is needed. In
such a case, the feedback data is deigned to alert the
user that the scan is complete, and may comprise a dis-
tinct visual or audio signal, similar but distinguishable
from other audio/visual signals provided by display 54,
as described herein, mutatis mutandis.

[0116] Itshould be noted thatthe method 10’ according
to the second aspect of the invention may be carried out
in step 11 (Fig. 1) of the first aspect of the invention, such
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as toensure that the entity provided in step 11 is sufficient
for steps 12 to 14 thereof

[0117] Thus, in the second aspect of the invention, the
feedback data may essentially be used to facilitate the
acquisition of data that may be used to construct the nu-
merical entity for subsequent use, for example according
to the first aspect of the invention.

[0118] According to the firstand second aspects of the
invention, the entity obtained by scanning via scanner 31
is displayed in real time via display 54, and when the
scanning is complete and acceptable, feedback data is
provided alerting the user to this fact.

[0119] Further, the present invention, according to the
first and second aspects thereof, may be used solely to
obtain verification that a particular preparation is in a suit-
able condition for implanting a prosthesis.

[0120] Further, the analysis of the scanned data,
whether locally or at a remote site such as for example
the service centers 23, dental labs 26, and so on, typically
via suitable algorithms, may also use the following pa-
rameters: the type of restoration required; patient param-
eters - age, sex, origin, dental condition (implants in the
scanned area, root canals, soft tissue condition, and so
on), budget for the procedure, and so on.

[0121] Inthe third aspect of the invention, the feedback
datais essentially used in an interactive manner together
with a material removing process to facilitate the perform-
ance of a procedure with respect to the intraoral cavity.
[0122] For example, the process for removing dental
material to create the preparation may be effected in a
number of stages, at the end of each material removing
stage the preparation area being scanned and displayed
in real time to guide the dental practitioner as to how to
proceed to the next stage, such as to provide an optimal
preparation geometry. In particular, when the prosthesis
is a bridge, the system guides the practitioner to provide
the one of the preparation zones, and then based on this
geometry calculates an optimal geometry for the second
preparation zone required for the bridge, and corre-
spondingly guides the practitioner accordingly. At each
material removing stage, the processor 52 re-evaluates
the full picture, and may suggest that the first preparation
be modified instead of or in addition to the second prep-
aration.

[0123] At least the first aspect of the invention may be
used with respect to a positive model of a dentition, in a
similar manner to that described above for a real denti-
tion, mutatis mutandis.

[0124] While the method of the invention has been de-
scribed, based on a representation of surface informa-
tion, the three dimensional entities in the oral cavity, such
as for example the teeth gums and so on, and also the
3D entities that are created by the system 50, including
the preparation 10, for example, may be described in-
stead by solid representations or any other topographical
or geometrical representations.

[0125] According to the invention feedback data useful
in prosthodontic procedures associated with the intra oral
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cavity is provided. First, a 3D numerical model of the
target zone in the intra oral cavity is provided, and this is
manipulated so as to extract particular data that may be
usefulin a particular procedure, for example data relating
to the finish line or to the shape and size of a preparation.
The relationship between this data and the procedure is
then determined, for example the clearance between the
preparation and the intended crown. Feedback data, in-
dicative of this relationship, is then generated, for exam-
ple whether the preparation geometry is adequate for the
particular type of prosthesis.

[0126] In the method claims that follow, alphabetic
characters and Roman numerals used to designate claim
steps are provided for convenience only and do notimply
any particular order of performing the steps.

[0127] Finally, it should be noted that the word "com-
prising" as used throughout the appended claims is to
be interpreted to mean "including but not limited to".
[0128] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly such
reference signs do not have any limiting effect on the
scope of each element identified by way of example by
such reference signs.

Claims

1. A method for providing feedback data that may be
useful in at least one prosthodontic procedure asso-
ciated with the intraoral cavity (200), comprising:

(a) providing at least one numerical entity rep-
resentative of the three dimensional surface ge-
ometry of at least part of the intra-oral cavity
(200) including a preparation (80) having a finish
line (84) and a shoulder (85);

(b) manipulating said entity to identify the geom-
etry of the finish line (84) associated with said
dental preparation (80);

(c) determining whether or not said finish line
geometry is suitable for receiving a prosthesis
according to predetermined parameters; and
(d) generating feedback data for output via a vis-
ual and/or audio display means, the feedback
data being representative whether or not said
finish line geometry is suitable for receiving the
prosthesis, wherein said feedback data com-
prises a suitable message advising whether or
not said finish line geometry is suitable, accord-
ing to said determination in step (c);

(e) if in step (c) it is determined that the said
finish line geometry is not suitable for receiving
aprosthesis according to predetermined param-
eters: providing suggested changes to said fin-
ish line geometry such as to provide a new finish
line geometry that is suitable for receiving a
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prosthesis according to predetermined param-
eters.

Method according to claim 1, comprising determin-
ing at least one relationship (13) between desired
data provided by manipulating said entity and a first
said procedure, the determining in particular com-
prising testing an adequacy of said desired data for
performing said first procedure according to at least
one predetermined parameter and wherein step (d)
comprises generating feedback data representative
of said adequacy.

Method according to claim 1, wherein said suggest-
ed changes are calculated according to predeter-
mined rules.

Method according to claim 1, wherein said suggest-
ed changes are displayed on a two-dimensional rep-
resentation of said dental preparation (80), wherein
said new finish line geometry is superimposed over
said representation.

Method according to claim 1, a location of said ex-
isting finish line geometry is highlighted with respect
to said new finish line geometry.

Method according to claim 1, wherein step (a) is per-
formed by scanning said at least part of said intra
oral cavity (200) using a suitable 3D surface scanner.

Method according to claim 6, comprising determin-
ing at least one relationship (13) between desired
data provided by manipulating said entity, and a first
said procedure, wherein said relationship is insuffi-
ciently determined due to incomplete definition of nu-
merical entity provided by step (a).

Method according to claim 6, further comprising the
step of determining the location of at least one area
of said intra oral cavity (200) where 3D definition
thereof is required for enabling step (c) to be per-
formed.

Method according to claim 8, wherein said determi-
nation of the location of said at least one area is
performed by suitable algorithms.

Method according to claim 8, wherein said at least
one area is displayed on a two-dimensional repre-
sentation of said dental preparation (80), wherein
said at least one area is superimposed over said
representation.

Method according to claim 1 wherein said prosthesis
comprises any one of a veneer, inlay, onlay, crown,
bridge or any restoration.
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Method according to claim 1, wherein step (b) com-
prises simulating said procedure first with respect to
said numerical entity to provide said desired data.

Method according to claim 1, wherein step (a) com-
prises the steps of:

(i) scanning a part of said intra-oral cavity (200)
to provide a 3D numerical entity thereof;

(i) determining whether a definition of said 3D
numerical entity is sufficient for enabling step (c)
to be performed;

(iii) if said definition is insufficient, advising a us-
er to continue scanning a different part of said
intra-oral cavity (200), and repeating step (ii) un-
til said definition is sufficient, wherein step (v) is
performed;

(iv) if said definition is sufficient in step (ii), pro-
ceeding with step (v);

(v) advising a user that said definition is suffi-
cient, and proceeding with steps (b) to (d).

Method according to claim 1, wherein in step (a),
said numerical entity further comprises color data of
said part of the intra oral cavity.

Method according to claim 14, wherein step (b) com-
prises differentiating parts of said entity according to
whether the said color associated therewith is cor-
related with soft tissues or hard tissues of the intra
oral cavity (200).

Method according to claim 1, wherein

(i) said providing at least one numerical entity
representative of the three- dimensional surface
geometry of at least part of the intra-oral cavity
(200) has been previously modified by means
of afirst part of said procedure; and further com-
prises

(i) manipulating said entity to provide desired
data useful in at least a second part of said pro-
cedure;

(iii) testing adequacy of said desired datafor per-
forming said second part of said procedure; and
(iv) generating feedback data representative of
said adequacy.

Method according to claim 16, wherein step (ii) com-
prises manipulating said entity to determine suffi-
ciency of definition of said numerical entity in step (i)
with respect to said first said procedure, and provid-
ing sufficiency data representative of said sufficien-
cy, and wherein step (iii) comprises determining at
least one relationship between said sufficiency data
and said first procedure.

Method according to claim 16, wherein said desired
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19.

20.

21.

22,

30

data relates to a measure of surface data definition
of said entity.

System (50) for providing feedback data useful in at
least one prosthodontic procedure associated with
the intra oral cavity (200) comprising:

(A) scanner means (31) for providing at least
one numerical entity representative of the three-
dimensional surface geometry of at least part of
the intra-oral cavity (200) including a preparation
(80) having a finish line (84) and a shoulder (85);
(B) microprocessor means (52) adapted for
manipulating said entity to identify the geometry
of the finish line (84) associated with said dental
preparation (80),

determining whether or not said finish line ge-
ometry is suitable for receiving a prosthesis ac-
cording to predetermined parameters, and

if it is determined that said finish line geometry
is not suitable, providing suggested changes to
said finish line geometry such as to provide a
new finish line geometry that is suitable for re-
ceiving a prosthesis according to predetermined
parameters, and

(C) output means for outputting feedback data,
wherein said feedback data comprises a suita-
ble message advising whether or not said finish
line geometry is suitable, according to said de-
termination,

wherein said microprocessor means (52) is adapted
for operation according to a method as defined in
any one of claims 1 to 18.

System according to claim 19, wherein said scanner
(31) comprises a confocal scanner.

System (50) according to claim 19, wherein said
scanner (31) comprises a capability for providing
color data as well as geometrical data of a surface.

System (50) according to claim 19, wherein said out-
put means comprises a visual and/or audio display
means (54).

Patentanspriiche

1.

Verfahren zur Bereitstellung von Riickkopplungsda-
ten, die in mindestens einer zahnprothetischen Be-
handlung, die mit der Mundhéhle (200) im Zusam-
menhang steht, zweckdienlich sein kdnnen, mit:

(a) Bereitstellen mindestens einer numerischen
GroRe, die die dreidimensionale Oberflachen-
geometrie mindestens eines Teils der Mund-
héhle (200) einschlieRlich einer Praparation (80)
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mit einer Endlinie (84) und einer Schulter (85)
reprasentiert;

(b) Bearbeiten der GréRe zur Identifizierung der
Geometrie der Endlinie (84), die der Zahnpra-
paration (80) zugeordnet ist;

(c) Ermitteln, ob die Endliniengeometrie zur Auf-
nahme einer Prothese gemal vorbestimmten
Parametern geeignet ist; und

(d) Erzeugen von Riickkopplungsdaten zur Aus-
gabe Uber eine visuelle und/oder Audio-Ausga-
beeinrichtung, wobei die Rickkopplungsdaten
reprasentativ daflr sind, ob die Endliniengeo-
metrie zur Aufnahme der Prothese geeignet ist
oder nicht, wobei die Riickkopplungsdaten eine
geeignete Nachricht enthalten, die eine Emp-
fehlung dartber gibt, ob die Endliniengeometrie
gemal der Ermittlung im Schritt (c) geeignet ist
oder nicht;

(e) wenn im Schritt (c) ermittelt wird, dass die
Endliniengeometrie fiir die Aufnahme einer Pro-
these gemal vorbestimmten Parametern nicht
geeignet ist: Bereitstellen von vorgeschlagenen
Anderungen an der Endliniengeometrie derart,
dass eine neue Endliniengeometrie bereitge-
stellt wird, die zur Aufnahme einer Prothese ge-
maf vorbestimmten Parametern geeignet ist.

Verfahren nach Anspruch 1, das umfasst: Ermitteln
mindestens einer Beziehung (13) zwischen Sollda-
ten, die durch Bearbeiten der GroRe bereitgestellt
werden, und der ersten Behandlung, wobei das Er-
mitteln insbesondere ein Priifen einer Angemessen-
heit der Solldaten fiir das Ausflihren der ersten Be-
handlung gemaR mindestens einem vorbestimmten
Parameter umfasst, und wobei der Schritt (d) ein Er-
zeugen von Riickkopplungsdaten, die die Angemes-
senheit reprasentieren, umfasst.

Verfahren nach Anspruch 1, wobei die vorgeschla-
genen Anderungen gemaR vorbestimmten Regeln
berechnet werden.

Verfahren nach Anspruch 1, wobei die vorgeschla-
genen Anderungen auf einer zweidimensionalen
Darstellung der Zahnpraparation (80) angezeigt
werden, und wobei die neue Endliniengeometrie der
Darstellung uberlagert wird.

Verfahren nach Anspruch 1, wobei eine Position der
bestehenden Endliniengeometrie in Bezug auf die
neue Endliniengeometrie markiert wird.

Verfahren nach Anspruch 1, wobei Schritt (a) aus-
gefiihrt wird, indem zumindest der Teil der Mund-
héhle (200) unter Anwendung eines geeigneten 3D-
Oberflachenabtasters abgetastet wird.

Verfahren nach Anspruch 6, das umfasst: Ermitteln
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mindestens einer Beziehung (13) zwischen Sollda-
ten, die durch Bearbeiten der GroRe bereitgestellt
werden, und einer ersten Behandlung, wobei die Be-
ziehung aufgrund einer unvollstandigen Definition
der im Schritt (a) bereitgestellten numerischen Gro-
Re unzureichend ermittelt wird.

Verfahren nach Anspruch 6, das ferner den Schritt
umfasst: Ermitteln der Position mindestens eines
Bereichs der Mundhdéhle (200), in welchem eine 3D-
Definition fur das Ausfliihren des Schritts (c) erfor-
derlich ist.

Verfahren nach Anspruch 8, wobei das Ermitteln der
Position des mindestens einen Bereichs durch ge-
eignete Algorithmen ausgefiihrt wird.

Verfahren nach Anspruch 8, wobei der mindestens
eine Bereich auf einer zweidimensionalen Darstel-
lung der Zahnpraparation (80) angezeigt wird, und
wobei der mindestens eine Bereich der Darstellung
Uberlagert wird.

Verfahren nach Anspruch 1, wobei die Prothese eine
Verblendung, ein Inlay, ein Onlay, eine Krone, eine
Briicke und/oder eine Sanierung umfasst.

Verfahren nach Anspruch 1, wobei Schritt (b) um-
fasst: Simulieren der Behandlung zunachstin Bezug
auf die numerische Grofle, um die Solldaten bereit-
zustellen.

Verfahren nach Anspruch 1, wobei Schritt (a) die
Schritte umfasst:

(i) Abtasten eines Teils der Mundhdhle (200) zur
Bereitstellung einer numerischen 3D-GroRe;
(i) Ermitteln, ob eine Definition der numerischen
3D-GrdRe fir ein Ausfiihren des Schritts (c) aus-
reichend ist;

(iii) wenn die Definition unzureichend ist, Emp-
fehlen, dass ein Benutzer mit dem Abtasten ei-
nes anderen Teils der Mundhdéhle (200) fort-
fahrt, und Wiederholen des Schritts (ii), bis die
Definition ausreichend ist, wobei (v) ausgefiihrt
wird;

(iv) wenn die Definition im Schritt (ii) ausrei-
chend ist, Weitermachen mit Schritt (v);

(v) Unterweisen eines Benutzers dariber, dass
die Definition ausreichend ist, und Weiterma-
chen mit den Schritten (b) bis (d).

14. Verfahren nach Anspruch 1, wobei im Schritt (a) die

numerische GroRe ferner Farbdaten des Teils der
Mundhdéhle umfasst.

15. Verfahren nach Anspruch 14, wobei Schritt (b) um-

fasst: Unterscheiden von Teilen der Grolke gemafl
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dazu, ob die damit einhergehende Farbe mit wei-
chen Geweben oder harten Geweben der Mundhoh-
le (200) korreliert ist.

Verfahren nach Anspruch 1, wobei

(i) das Bereitstellen mindestens einer numeri-
schen GroRe, die die dreidimensionale Oberfla-
chengeometrie mindestens eines Teils der
Mundhdhle (200) reprasentiert, zuvor mittels ei-
nes ersten Teils der Behandlung modifiziert wor-
den ist; und ferner umfasst

(ii) Bearbeiten der Grof3e zur Bereitstellung von
Solldaten, die flir mindestens einen zweiten Teil
der Behandlung zweckdienlich sind;

(iii) Prifen der Angemessenheit der Solldaten
zum Ausflihren des zweiten Teils der Behand-
lung; und

(iv) Erzeugen von Ruckkopplungsdaten, die fir
die Angemessenheit reprasentativ sind.

Verfahren nach Anspruch 16, wobei Schritt (ii) um-
fasst: Bearbeiten der GroRe, um das Ausreichen der
Definition der numerischen Grof3e im Schritt (i) in
Bezug auf die erste Behandlung zu ermitteln, und
Bereitstellen von Daten des Ausreichens, die das
Ausreichen reprasentieren, und wobei Schritt (iii)
umfasst: Ermitteln mindestens einer Beziehung zwi-
schen den Daten fiir das Ausreichen und der ersten
Behandlung.

Verfahren nach Anspruch 16, wobei die Solldaten
ein Maf einer Oberflachendatendefinition der GrofRe
betreffen.

System (50) zur Bereitstellung von Riickkopplungs-
daten, die flir mindestens eine zahnprothetische Be-
handlung zweckdienlich sind, die mitder Mundhéhle
(200) im Zusammenhang steht, mit:

(A) einer Abtastereinrichtung (31) zur Bereitstel-
lung mindestens einer numerischen Grofe, die
fur die dreidimensionale Oberflachengeometrie
mindestens eines Teils der Mundhdhle (200)
einschlieBlich einer Praparation (80) mit einer
Endlinie (84) und einer Schulter (85) reprasen-
tativ ist;

(B) einer Mikroprozessoreinrichtung (52), die
ausgebildet ist zum

Bearbeiten der GroRe zum Identifizieren der Ge-
ometrie der Endlinie (84), die mit der Zahnpra-
paration (80) im Zusammenhang steht,
Ermitteln, ob die Endliniengeometrie zur Auf-
nahme einer Prothese gemaR vorbestimmten
Parametern geeignet ist oder nicht, und

wenn ermittelt wird, dass die Endliniengeomet-
rie nicht geeignet ist, Bereitstellen vorgeschla-
gener Anderungen an der Endliniengeometrie
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derart, dass eine neue Endliniengeometrie be-
reitgestellt wird, die zur Aufnahme einer Prothe-
se gemal vorbestimmten Parametern geeignet
ist, und

(C) einer Ausgabeeinrichtung zum Ausgeben
von Riickkopplungsdaten, wobei die Riickkopp-
lungsdaten eine geeignete Nachricht enthalten,
um zu empfehlen, ob die Endliniengeometrie
geman der Ermittlung geeignet ist oder nicht,

wobei die Mikroprozessoreinrichtung (52) ausgebil-
det ist, gemaf einem Verfahren nach einem der An-
spriiche 1 bis 18 zu arbeiten.

System nach Anspruch 19, wobei die Abtasterein-
richtung (31) einen konfokalen Abtaster umfasst.

System (50) nach Anspruch 19, wobei die Abtaste-
reinrichtung (31) die Fahigkeit zur Bereitstellung von
Farbdaten sowie geometrischer Daten einer Ober-
flache umfasst.

System (50) nach Anspruch 19, wobei die Ausgabe-
einrichtung eine visuelle und/oder Audio-Ausgabe-
einrichtung (54) umfasst.

Revendications

Procédé de fourniture de données de retour d’infor-
mations qui peuvent étre utiles dans au moins une
procédure concernant une prothése associée a la
cavité intrabuccale (200), comprenant :

(a)lafourniture d’au moins une entité numérique
représentative de la géométrie de surface tridi-
mensionnelle d’au moins une partie de la cavité
intrabuccale (200) comprenant une préparation
(80) ayantuneligne definition (84) etune épaule
(85);

(b) la manipulation de ladite entité pour identifier
la géométrie de la ligne de finition (84) associée
a ladite préparation (80) dentaire ;

(c) la détermination du fait ou pas que ladite géo-
métrie de ligne de finition convient pour recevoir
une prothése selon des parametres
prédéterminés ; et

(d) la génération de données de retour d’infor-
mations a émettre par lintermédiaire d’un
moyen d’affichage visuel et/ou audio, les don-
nées de retour d’informations étant représenta-
tives du fait ou pas que ladite géométrie de ligne
de finition convient pour recevoir la prothése, ou
lesdites données de retour d’informations com-
prennent un message approprié conseillant sur
le fait ou pas que ladite géométrie de ligne de
finition convient, en fonction de ladite détermi-
nation dans I'étape (c) ;



35

(e) sidans I'étape (c) il est déterminé que ladite
géométrie de ligne de finition ne convient pas
pour recevoir une prothése selon les parame-
tres prédéterminés : la fourniture des change-
ments suggérés a ladite géométrie de ligne de
finition afin de fournir une nouvelle géométrie de
ligne de finition qui convient pour recevoir une
prothése selon les parameétres prédéterminés.

Procédé selon la revendication 1, comprenant la dé-
termination d’au moins une relation (13) entre les
données souhaitées fournies par la manipulation de
ladite entité et une premiére dite procédure, la dé-
termination en particulier comprenant le test d’une
adéquation desdites données souhaitées pour ef-
fectuer ladite premiere procédure en fonction d’au
moins un parametre prédéterminé et dans lequel
I'étape (d) comprend la génération de données de
retour d’informations représentatives de ladite adé-
quation.

Procédé selon larevendication 1, dans lequel lesdits
changements suggérés sont calculés en fonction de
regles prédéterminées.

Procédé selon larevendication 1, dans lequel lesdits
changements suggérés sont affichés sur une repré-
sentation bidimensionnelle de ladite préparation (80)
dentaire, ou ladite nouvelle géométrie de ligne de
finition est surimposée sur ladite représentation.

Procédé selon la revendication 1, une localisation
de ladite géométrie de ligne de finition existante est
mise en surbrillance par rapport a ladite nouvelle
géométrie de ligne de finition.

Procédé selon larevendication 1, danslequel I'étape
(a) est effectuée par balayage de ladite au moins
partie de ladite cavité intrabuccale (200) en utilisant
un scanner de surface 3D approprié.

Procédé selon la revendication 6, comprenant la dé-
termination d’au moins une relation (13) entre les
données souhaitées fournies par manipulation de la-
dite entité, et une premiere dite procédure, ou ladite
relation est insuffisamment déterminée due a la dé-
finition incompléte de I'entité numérique fournie par
I'étape (a).

Procédé selon la revendication 6, comprenant en
outre I'étape de détermination de la localisation d’au
moins une surface de ladite cavité intrabuccale (200)
ou sa définition 3D est requise pour permettre al'éta-
pe (c) d’étre effectuée.

Procédé selon la revendication 8, dans lequel ladite
détermination de la localisation de ladite au moins
une surface est effectuée par des algorithmes ap-
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propriés.

Procédé selon la revendication 8, dans lequel ladite
au moins une surface est affichée sur une représen-
tation bidimensionnelle de ladite préparation (80)
dentaire, ou ladite au moins une surface est surim-
posée sur ladite représentation.

Procédé selon la revendication 1 dans lequel ladite
prothése comprend n’importe lequel d’une facette,
d’une incrustation, d’'une apposition, d’'une couron-
ne, d’'un bridge ou d’'une quelconque restauration.

Procédé selon larevendication 1, dans lequel I'étape
(b) comprend la simulation de ladite procédure en
premier par rapport a ladite entité numérique pour
fournir lesdites données souhaitées.

Procédé selon larevendication 1, dans lequel I'étape
(a) comprend les étapes de :

(i) balayage d’'une partie de ladite cavité intra-
buccale (200) pour fournir une entité numérique
3D de celle-ci ;

(i) détermination du fait qu’'une définition de la-
dite entité numérique 3D est suffisante pour per-
mettre a I'étape (c) d’étre effectuée ;

(iii) si ladite définition est insuffisante, de conseil
a un utilisateur de poursuivre le balayage d'une
différente partie de ladite cavité intrabuccale
(200), et de répéter I'étape (ii) jusqu’a ce que
ladite définition soit suffisante,

ou 'étape (v) est effectuée ;

(iv) si ladite définition est suffisante a I'étape (ii),
de poursuite avec 'étape (v) ;

(v) conseil a un utilisateur que ladite définition
est suffisante, et de poursuite avec les étapes
(b)a (d).

Procédé selon la revendication 1, dans lequel dans
I'étape (a), ladite entité numérique comprend en
outre des données de couleur de ladite partie de la
cavité intrabuccale.

Procédé selonlarevendication 14, dans lequel I'éta-
pe (b) comprend des parties de différenciation de
ladite entité selon le fait que ladite couleur associée
acelle-ciestcorrélée ades tissus mous ou des tissus
durs de la cavité intrabuccale (200).

Procédé selon la revendication 1, dans lequel

(i) ladite fourniture d’au moins une entité numé-
rique représentative de la géométrie de surface
tridimensionnelle d’au moins une partie de la ca-
vité intrabuccale (200) a été précédemment mo-
difiée a l'aide d’une premiére partie de ladite
procédure ; et comprend en outre
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(i) la manipulation de ladite entité pour fournir
des données souhaitées utiles dans au moins
une seconde partie de ladite procédure ;

(iii) le test de I'adéquation desdites données
souhaitées pour effectuer ladite seconde partie
de ladite procédure ; et

(iv) la génération de données de retour d’infor-
mations représentatives de ladite adéquation.

Procédé selon la revendication 16, dans lequel I'éta-
pe (ii) comprend la manipulation de ladite entité pour
déterminer la suffisance de définition de ladite entité
numeérique dans I'étape (i) par rapport a ladite pre-
miere dite procédure, et la fourniture de données de
suffisance représentatives de ladite suffisance, et ou
I'étape (iii) comprend la détermination d’au moins
une relation entre lesdites données de suffisance et
ladite premiéere procédure.

Procédé selon la revendication 16, dans lequel les-
dites données souhaitées concernent une mesure
de définition de données de surface de ladite entité.

Systeme (50) de fourniture des données de retour
d’'informations utiles dans au moins une procédure
concernant une prothése associée a la cavité intra-
buccale (200) comprenant :

(A) un moyen scanner (31) pour fournirau moins
une entité numérique représentative de la géo-
métrie de surface tridimensionnelle d’au moins
une partie de la cavité intrabuccale (200) com-
prenant une préparation (80) ayant une ligne de
finition (84) et un épaulement (85) ;

(B) un moyen microprocesseur (52) adapté pour
manipuler ladite entité afin d’identifier la géomé-
trie de la ligne de finition (84) associée a ladite
préparation (80) dentaire,

la détermination du fait ou pas que ladite géo-
métrie de ligne de finition convient pour recevoir
une prothése selon les paramétres prédétermi-
nés, et

s’il est déterminé que ladite géométrie de ligne
de finition ne convient pas, la fourniture des
changements suggérés a ladite géométrie de
ligne de finition afin de fournir une nouvelle géo-
métrie de ligne de finition qui convient pour re-
cevoir une prothése selon des paramétres pré-
déterminés, et

(C) un moyen de sortie pour émettre des don-
nées de retour d’informations, ou lesdites don-
nées de retour d’'informations comprennent un
message approprié conseillant sur le fait ou pas
que ladite géométrie de ligne de finition con-
vient, en fonction de ladite détermination,

ouleditmoyen microprocesseur (52) est adapté pour
le fonctionnement selon un procédé tel que défini
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selon I'une quelconque des revendications 1 a 18.

Systéme selon la revendication 19, dans lequel ledit
scanner (31) comprend un scanner confocal.

Systéme (50) selon la revendication 19, dans lequel
ledit scanner (31) comprend une capacité de fournir
des données de couleur ainsi que des données géo-
métriques d’une surface.

Systéme (50) selon la revendication 19, dans lequel
ledit moyen de sortie comprend un moyen d’afficha-
ge visuel et/ou audio (54).



e

EP 1 662 414 B1

10

Tua

gtart

11 1

\ providing at !eastione - ertity
representative of the three~dirmensional
surface geometry of at least part of the
ittra-oral  cavity fom  which dental
material has been removed

12 L3

\ manipulating said entity to provide desired
data of a type usefl ju at least a first sajd
procedure

13 Y

\ determining a2t least ome relationship
between said desired data and said first
procedurs

14

\ gonerating feedback data represemtative of
said at least one relationship

Fle )

21




EP 1 662 414 B1

FLie 2

Fie3

22



EP 1 662 414 B1

(ke | | fq0

Fiey

23




EP 1 662 414 B1

o I Y e
.

24



EP 1 662 414 B1

25



EP 1 662 414 B1

26



EP 1 662 414 B1

27



[

EP 1 662 414 B1

Sroviding ot Teast opo mamerieal ey
represetative of the three-dimensional
surface geometry of at least part of the
intrasora]  cavity from which dental
material bas been removed

1

"

AN

manipulating said eobly to defermine
sufficiency of definition of said numerical
eotity in step 11 with respect 10 a fiest said
procedure, and providing suffitiency data
representative of said sufficiency

13

"\

, A N
deterroining ot lesst ome  relationship
betwéen zaid sufficiency data and sald first
procedure

14

N\

. W i
generating feedback data representative of
gaid at least one ralaticnship

SR O

28




EP 1 662 414 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« WO 0177988 A1 [0005] * US 10623707 A [0045]
« WO 03092536 A2 [0006] WO 04008981 A [0045]
« US 4611288 A [0007] * US 60580109 A [0053]
« EP 1293174 A [0008]  US 60580108 A [0053]
* US 20040032594 A [0009] * US 6334853 B [0080]
* WO 0008415 A [0042] « EP 0984739 A [0080]

29



TRBR(F) RERIRBIEN FENRS
K (BE)S EP1662414B1

RiES EP2005111355

ERE(E R AR CADENT LTD.

HHBE (TR A(E) ALIGNRHE R G ERZA A

[FR]R A A KOPELMAN AVI
TAUB ELDAD
KA KOPELMAN, AVI
TAUB, ELDAD
IPCH 3= A61C19/04 A61B5/00 A61B5/103
CPCH¥=
A61C19/00 G16H20/40
£ £ 60/630572 2004-11-26 US
H {0 FF sk EP1662414A2
EP1662414A3
SAEREESE Espacenet
HE(R)

RETESORENEXNEESBTERANRBEE. 8%, BHOR
A EFRXEAISDEEER ( 11,118#39; ) , HXT EBTIRELE RN
BERF (12,128#39; ) EANBERE , Hl XL LA FFIFR
MRIWREIBIE. REBEZBRESEFZENXR (13,

13&#39; ) , filan , AR EMHMAEZ AN AR, ARRFEERZXR
WRBRBIE (14, 148#39; ) , i , AR LARRERES TIRESE
B B

t\

\F (%) B

RiER

10

13

iz

is

14

patsnap

, ZRBHETATSORAXH LEFAR

2020-03-04

2005-11-28

A61B5/0002 A61B5/103 A61B5/4547 A61C5/70 A61C19/04 A61C9/0053 A61C13/0004 A61C13/26

L__ﬁmﬂ_”:i

Broviding et Ieast one mamerical  enticy

data of a type useful in at least a frar said
procedure

detexrmirung  at  least  ooe  rolaGonshis
said d data and said first
pProcedurs

gonerating feedbaclk date representative of
said at least one relationship

i A


https://share-analytics.zhihuiya.com/view/2c5310f1-bd52-4b8a-9749-3bbdbc87bb3b
https://worldwide.espacenet.com/patent/search/family/036088268/publication/EP1662414B1?q=EP1662414B1

