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METHOD AND SYSTEM FOR DESIGNING
AND PRODUCING DENTAL PROSTHESES
AND APPLIANCES

FIELD OF THE INVENTION

[0001] This invention relates to methods and systems for
designing and producing dental prostheses and appliances,
and to dental prostheses and appliances produced thereby. In
particular, the present invention is concerned with such sys-
tems in which a plurality of different work centers linked to a
dental clinic utilize a common 3D database each for planning,
designing and manufacturing at least parts of such prostheses
and appliances.

BACKGROUND OF THE INVENTION

[0002] A dental treatment often begins with obtaining a
three-dimensional (3D) model of a patient’s teeth. The model
may be a physical model of the dentition or a virtual 3D
computer model. The model is used to assist in designing a
dental treatment for the patient. After the treatment has been
designed, the model is used to design the dental prosthesis or
appliance to be applied to the teeth in order to execute the
treatment. Such prostheses and appliances include, for
example, bridges, crowns, and orthodontic braces.

[0003] Insome instances, a negative cast of the dentition is
obtained at the dental clinic in which the patient is seen, and
may include both arches, one arch, or part of an arch. The cast
is sent to a dental laboratory, and a positive physical model of
the dentition is made from the negative cast, typically by
pouring plaster into the cast allowing the plaster to set. A
dental treatment is then determined at the clinic using the
model, and prostheses or appliances for mounting onto the
patient’s teeth are designed or selected in order to execute the
treatment. The appliances are made at a laboratory and then
dispatched to the clinic for mounting onto the patient’s teeth.
[0004] Itisalsoknownto obtaina 3D virtual representation
of'the teeth that is used to assist in devising a dental treatment
and/or to design dental appliances. The 3D computer model
may be obtained at the dental clinic using an optical scanner
to scan the teeth directly or to scan a model of the teeth. The
computer model is then used at the clinic for designing or
selecting appropriate dental prosthesis and/or appliances to
carry out the treatment. Instructions are then sent to a dental
appliance laboratory for making the prosthesis or appliances,
which are made at the laboratory and then dispatched to the
clinic.

[0005] Alternatively, a negative cast of the dentition of each
jaw is obtained at a dental clinic that is dispatched to a dental
appliance laboratory where a 3D positive model of the
patient’s teeth is made from the negative cast. The 3D model
is then scanned at the laboratory so as to generate a virtual 3D
model of the patient’s teeth that is used to design appropriate
dental prosthesis or appliances. The prosthesis or appliances
are produced at the laboratory and then dispatched to the
clinic.

[0006] U.S.Pat.No. 6,632,089 to Rubbert et al., discloses a
computer-based dental treatment planning method. A virtual
3D model of the dentition of a patient is obtained that is used
to plan a dental treatment. Obtaining the 3D model as well as
treatment planning can be performed at a dental clinic or at a
remote location such as a dental appliance laboratory having
access to the virtual model of the dentition. In the latter
situation, the proposed treatment plan is sent to the clinic for
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review, and modification or approval by the dentist, before the
requisite appliances are made at the laboratory.

SUMMARY OF THE INVENTION

[0007] Thepresent invention provides a system and method
for designing and producing dental prostheses, such as for
example crowns and bridges. The system comprises at least
one dental clinic and at least one dental laboratory. The sys-
tem also comprises a dental service center that is a separate
entity with respect to the dental laboratory. The service center
is equipped to generate a virtual 3D model (also referred to
herein as a “3D numerical model”, “numerical model” “vir-
tual model”, and the like) of a patient’s teeth from data
obtained either by scanning (typically optically) the teeth
directly or by scanning a physical model of the teeth, the
process being at least initiated at the dental clinic. Alterna-
tively, the dental lab may generate the virtual model. The
service center is also equipped to use the computer model to
design a dental treatment and to select or design and to manu-
facture dental prostheses, or at least a part thereof. The details
of' the required prosthesis may then be sent to the clinic, and
typically part of the manufacture of the prosthesis is handled
by the service center. The dental lab may also be equipped to
design at least a part of the prosthesis, typically a coping, for
example by first defining the finish line on the 3D model.
Alternatively, the dental lab may provide a prescription to the
service center for the latter to design the coping. The clinic
may then send instructions to a dental laboratory and/or to the
service center, each of which is equipped to make a part of the
dental prosthesis in accordance with instructions and data
received and/or generated from any one of the dental clinic,
dental lab or from the service center, and the manufactured
prosthesis is then dispatched to the clinic.

[0008] In a preferred embodiment, communication
between the clinics, laboratories and the service center is over
an electronic communications network such as the Internet or
other suitable communications medium such as an intranet,
local access network, public switched telephone network,
cable network, etc.

[0009] Atleast a part of the manufacturing of the prosthesis
is shared between the service center and one or more dental
labs, according to predetermined criteria. Further, at least one
of the service center and the at least one said dental lab is
adapted for designing said prosthesis based on the 3D
numerical model of the dentition, wherein said prosthesis
comprises an inner surface and an outer surface, wherein to
provide a 3D model of said prosthesis. The service center is
adapted for manufacturing at least a first portion of said
prosthesis based on said 3D numerical model. In particular,
the service center is adapted for manufacturing at least an
internal surface of said prosthesis, wherein said internal sur-
face is designed for mounting onto a target site comprised in
said dentition. The prosthesis typically comprises at least one
coping and the aforesaid internal surface is an internal surface
of said coping. At least one of the service center and the at
least one said dental lab is adapted for designing an external
surface of said coping based on said 3D numerical model.
[0010] Preferably, the service center comprises a material
removal machine for directly manufacturing said coping from
a suitable coping material based on the design of said internal
surface and said external surface of said coping. Alternatively,
the material removal machine may be used for manufacturing
a physical model of said coping from a suitable wax material
orthe like based on the design of said internal surface and said
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external surface of said coping. The service center and/or at
least one dental lab, and/or an external facility, comprises
means for producing a negative cast of said physical model,
and means for producing said coping from said negative
model using a suitable coping material.

[0011] At least one said dental lab is adapted for manufac-
turing at least a second portion of said prosthesis based on
said 3D numerical model. The dental 1ab is adapted for manu-
facturing at least an external surface of said prosthesis,
wherein the external surface is designed for providing
adequate clearance for the prosthesis relative to other teeth in
said dentition adjacent to said prosthesis. Furthermore, the
external surface is designed for providing adequate occlusion
between the prosthesis relative to other teeth in said dentition
opposite to said prosthesis.

[0012] The external portion of the prosthesis may be manu-
factured by a process involving adding at least one layer of
material to a suitable coping and subjecting the layer to a
material removal operation so that the surface of the layer
conforms to a predetermined geometry. A plurality of layers
may be sequentially formed over said coping, such that a final
said layer conforms to the external surface required for the
prosthesis.

[0013] Optionally, the fabrication of each layer, or of the
layer (when the prosthesis only comprises a single layer), of
the prosthesis may be performed using traditional methods.
Such traditional methods are known in the art, and include,
for example, building porcelain or any other suitable material
layer by layer, starting with a first layer laid over the coping,
and manually working these layers to fit within the space
allowed for the prosthesis in the intra-oral cavity. To facilitate
this, a physical (typically plaster or stone) model of at least a
part of the intraoral cavity can be produced, typically by the
service center and based on the 3D virtual model of the teeth,
and this is sent to the dental lab.

[0014] Additionally or alternatively, the fabrication of said
layer or layers is at least partially automated, and at least one
dental lab comprises a material removal machine for remov-
ing material from said layer, and suitable scanning means for
determining the topology of said layer prior to the material
removing operation. Computer means are also provided for
calculating machining paths for said material removal
machine, wherein such paths are based on the difference
between said topology of said layer prior to the material
removing operation and the required topology for the surface.
[0015] The aforementioned predetermined parameters
include a dimensional accuracy for the manufacture of a part
of said prosthesis. In particular, when the dimensional accu-
racy for the manufacture of a particular part is required to be
about 40 microns or less than 40 microns, for example the
internal surface of the coping, the part is manufactured by said
service center. Alternatively, when the dimensional accuracy
for aparticular part is required to be within substantially more
than 40 microns, for example an external part of the crown,
this part is manufactured by a dental lab.

[0016] Inone particular application of the invention, a scan
of'the intraoral cavity is taken at a dental clinic, and the virtual
model data thus obtained is sent to a dental lab. Then, the
dental lab defines the margin line of the preparation (in the
virtual model) and designs the coping geometry. Alterna-
tively, the virtual model is (also) sent to the service center,
together with a suitable prescription from the dental lab, in
which case the service center defines the margin line of the
preparation (in the virtual model) and designs the coping
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geometry. In either case, the coping geometry is processed by
the service center, which then produces a coping based on the
design, either directly, or indirectly via a lost wax process, for
example. The coping, together with a physical positive model
of'the dentition, or a part thereof comprising the preparation,
is sent to the dental lab, wherein the technician there prepares
the full prosthesis in a traditional manner, by sequentially
adding one or more layers of porcelain or other suitable
material to the coping, and shaping the layers to produce the
outer form of the prosthesis, checking with the physical
model that the prosthesis will fit in the space left for it and
provide adequate occlusion. The prosthesis is then sent to the
dental clinic to be fitted to the patient.

[0017] Full flexibility in communication between the clin-
ics, laboratories and the service center is provided, enabling
for example, many different communications to be performed
therebetween, including the following non-limiting illustra-
tive examples:—

[0018] (i) scanned data of the intraoral cavity (from
which a virtual model thereof is generated) is sent from
the dental clinic to the dental lab and/or service center;

[0019] (ii) 3D numerical data (i.e., the virtual model) of
the intraoral cavity, created directly at the dental lab or
service center, or indirectly from data transmitted to
either location, is transmitted to the dental clinic for
approval;

[0020] (iii) approved 3D numerical data of the intraoral
cavity, wherever created, is transmitted to the dental lab
and/or to the service center;

[0021] (iv) definition of the margin line by means of the
dental lab or the service center is sent to the dental clinic
for approval;

[0022] (v) approved margin line definition is sent to the
service center and/or dental lab from the dental clinic;

[0023] (vi) definition of the 3D coping geometry by
means of the dental lab or the service center is sent to the
dental clinic for approval;

[0024] (vii) approved 3D coping geometry, and/or
approval thereof, is sent to the service center and/or
dental lab from the dental clinic;

[0025] (viii) prescription for the coping is sent from the
dental lab to the dental clinic for approval, and approved
prescription is sent to dental lab and/or service center.

[0026] Herein, “dental clinic” refers to the interface
between a dental practitioner and a patient, and thus includes
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, doc-
tor, prosthodontist or orthodontist, it also includes herein all
other caregivers that may interact with a dental patient during
the course of a dental treatment. While “dental patient” typi-
cally refers to a person requiring the dental services of a
dental practitioner, it also includes herein any person regard-
ing whom it is desired to create a 3D numerical model of the
intra oral cavity thereof, for example for the purpose of prac-
ticing the same or for carrying out research.

[0027] The term “prosthesis™ is herein taken to include any
restoration and any onlays, such as crowns and bridges, for
example, and inlays, such as caps, for example, and any other
artificial partial or complete denture.

[0028] The terms virtual model, 3D numerical model, and
the like, are used interchangeably herein to refer to a com-
puter simulation of a surface, comprising 3D topographic
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data referring to the surface, such a surface typically being
dental surfaces of the intraoral cavity.

[0029] In another aspect of the invention a system and
method are provided for designing and producing dental
appliances, such as for example braces. The system com-
prises at least one dental clinic and at least one dental labo-
ratory. The system also comprises a dental service center that
is separate from the dental laboratory. The service center is
equipped to generate a virtual 3D model of a patient’s teeth
from data obtained either by optically scanning the teeth
directly or by scanning a physical model of the teeth, the
process being at least initiated at the dental clinic. Alterna-
tively, the dental lab may generate the virtual model. The
service center is also equipped to use the computer model to
design a dental treatment and to select or design and to manu-
facture appliances to carry out the treatment. The details of
the treatment and of the required appliances may be then sent
to the clinic. The clinic may then send instructions to a dental
laboratory which is equipped to make at least a part of the
dental appliances in accordance with instructions received
from either a dental clinic or from the service center, and the
appliances are then dispatched to the clinic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] In order to understand the invention and to see how
it may be carried out in practice, a preferred embodiment will
now be described, by way of non-limiting example only, with
reference to the accompanying drawings, in which:

[0031] FIG. 1 shows a dental service system for designing
and producing dental appliances in accordance with one
embodiment of one aspect of the invention;

[0032] FIG. 2 illustrates a portion of the intra oral cavity of
a patient wherein it is desired to implant a prosthesis;

[0033] FIG. 3 illustrates in cross sectional view a crown
prosthesis having a coping and a multiple layered cap.
[0034] FIG. 4 illustrates a service center according to the
first embodiment of the invention.

[0035] FIG. 5 illustrates a dental lab according to the first
embodiment of the invention.

[0036] FIG. 6 illustrates a physical model of the intra-oral
cavity of FIG. 2.

[0037] FIG. 7 illustrates in cross sectional view a crown
prosthesis having a multiple layered construction.

[0038] FIG. 8 illustrates the insertion path of a bridge pros-
thesis according to the invention.

[0039] and

[0040] FIG. 9 shows a method for designing and producing

dental appliances in accordance with a second embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0041] FIG. 1 illustrates a system 10 for designing and
producing dental appliances, in accordance with the inven-
tion. The system 10 comprises a dental service center 23, one
or more dental clinics 22, and one or more dental labs 26. The
dental clinics 22 and the dental labs 26 are linked to each other
and each to the dental service center 23 via a communication
means or network such as for example the Internet or other
suitable communications medium such as an intranet, local
access network, public switched telephone network, cable
network, satellite communication system, and the like, indi-
cated by the cloud at 24. Optionally, it is also possible for
some dental clinics 22 to be linked to each other, and/or for
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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 a
common commercial entity. Further optionally, such inter-
linked dental clinics 22 and/or 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).

[0042] According to the invention, digitised three-dimen-
sional (3D) information W (FIG. 2) of the patient’s intra-oral
cavity, or part thereof, is created by the system, and this
information is then used by the dental labs 26 and/or the
service center 23 for designing and/or manufacturing a cus-
tom dental prosthesis in an optimal and cost efficient manner.
Accordingly, acquiring an accurate 3D representation of the
intraoral cavity is the first step that is carried out by the
system. Typically, the 3D information is obtained at the clinic
22, but this information may be obtained, alternatively, by one
of the dental labs 26 or the service centre 23, as described
herein.

[0043] Preferably, each dental clinic 22 may provide the 3D
digitized data of the intraoral cavity, including the dentition
and associated anatomical structures of a patient, and thus
comprises suitable equipment for scanning a patient’s teeth.
Such equipment may include, for example, a hand-held scan-
ner 31 that is used by the practitioner to acquire the 3D data.
Advantageously, a probe for determining three dimensional
structure 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, the con-
tents of which are incorporated herein by reference in their
entirety. The 3D data obtained by the probe may then be
stored in a suitable storage medium, for example a memory in
a computer workstation 32, before being sent over the com-
munication network 24 to the dental service center 23 and/or
to the dental lab 26, for further processing, as described
below.

[0044] Alternatively, each clinic 22 may include equipment
for obtaining a negative casting of a patient’s teeth. In this
case, the negative cast or impression is taken of the patient’s
teeth, in a manner known in the art, and this negative model 33
is dispatched to one of the dental labs 26 that is equipped to
prepare from the negative model a positive cast 34 suitable for
scanning. The positive cast 34 may be scanned at the dental
lab 26 by any method known in the art, including using the
aforesaid probe manufactured under the name of PROS-
THOCAD or as disclosed in WO 00/08415. The 3D data is
then transmitted over the network 24 to the service center 23.
Alternatively, the positive cast 34 may be dispatched to the
service center 23 by the dental clinic 22 and scanned at the
service center to obtain the 3D data. Alternatively, the service
center 23 produces a positive model 34 from the negative
model 33 and is scanned thereat, or sent to the dental clinic 22
to be scanned thereat. Alternatively, the negative model 33 is
scanned, either at the dental lab 26 or at the service center 23.
[0045] Alternatively, the negative model 33 provided by the
clinic 22 is sent to the service center 23, either directly by the
clinic 22, or indirectly via the dental lab 26, and a composite
positive-negative model may be manufactured from the origi-
nal negative model. Thereafter, the positive-negative model
may be processed to obtain 3D digitized data, for example as
disclosed in U.S. Pat. No. 6,099,314, assigned to the present
assignee, and the contents of which are incorporated herein in
their entirety.
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[0046] Alternatively, the 3D digitized data may be obtained
in any other suitable manner, including other suitable intra
oral scanning techniques, based on optical methods, direct
contact or any other means, applied directly to the patient’s
dentition. Alternatively, X-ray based, CT based, MRI based,
or any other type of scanning of the patient or of a positive
and/or negative model of the 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.

[0047] Oncethe 3D digitized data is obtained, the next step
is to design the dental prosthesis in question, followed by the
manufacture thereof, and finally the installation of the appli-
ance in the oral cavity of the patient.

[0048] The design and the manufacture of the appliance
may each be 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 manu-
facture are based on the original 3D data of the oral cavity
previously obtained.

[0049] The dental lab 26 comprises a laboratory, or a design
or manufacturing entity that provides direct technical ser-
vices to the dental clinic 22. Such services include, for
example, scanning, manufacturing, analyzing the preparation
in the intra oral cavity to mark the location of the finish line,
for example, as disclosed in U.S. Ser. No. 10/623,707 and WO
04/008981, also assigned to the present assignee, and the
contents of which are incorporated herein in their entirety,
and so on. The dental lab is characterized as being equipped or
otherwise able to design part or whole appliances, 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
part or whole appliances, and/or to fully or partially manu-
facture and/or assemble the same, it is particularly suited to
do any ofthese activities where close or tight tolerances are in
fact critical and/or difficult to achieve.

[0050] The service centre 23 is a different design and manu-
facturing entity to the dental lab 26 and is thus separate
thereto. However, while the service centre 23 may be located
in a different geographical zone to the dental clinic 26, for
example, different countries, different cities in the same
country, different neighborhoods in the same city, or even
different buildings in the same neighborhood, they may also
be housed in the same building, and in any case maintain their
separate functions and capabilities, as described herein.

[0051] Typically, for any given prosthesis, the service cen-
ter 23 shares at least the manufacturing of the prosthesis with
one dental lab 26 according to predetermined criteria, as will
be further elaborated herein. Nevertheless, the manufacturing
for a particular prosthesis may also be shared between the
service center 23 and a number of dental labs 26, each of
which contributes a part of the manufacture. The same applies
also to the design of the prosthesis, which may be executed at
the same or a different dental lab 26, and optionally also
shared with the service center 23.

[0052] The dental lab 26 is typically located in the same
locality as the clinic 22 that it services, though the two may
alternatively be geographically remote. Thus, the dental lab
26 and the clinic 22 that it services may both be located in the
same building or complex, or in different parts of the same
city, or in different cities or countries. However, the dental lab
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26 of the invention typically has an established working rela-
tionship with the clinic 22, and thus tends to be, generally,
within the same city.

[0053] In a first embodiment of the present invention, the
dental appliance to be manufactured is a prosthesis such as a
crown. Referring to FIGS. 2 and 3, 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 preparation 80 and finish line 84, respectively, in
the intraoral cavity 200 of a patient. Such a crown typically
comprises a cap 110 and a coping 125.

[0054] Referring to FIG. 1, the communication network 24
may also used to send a prescription from a clinic 22 and/or
dental lab 26 to the service center 23, and/or between the
clinic 22 and the dental lab 26, for example when the dental
practitioner in the clinic 22 interacts with the dental lab 26 to
finalize the prescription for the service center 23. The pre-
scription may include instructions from a dentist at a clinic 22
and/or from the dental lab 26 specifying which of the patient’s
teeth is to be restored, the material to be used for the restora-
tion (for example, the form and material of the shoulder,
whether metal or ceramic shoulders are to be provided in the
lingual and buccal parts of the prosthesis, and so on), the color
of the required restoration, comments about the margin line
(finish line), and so on.

[0055] While the term “preparation” refers to the stump left
of the tooth that is to be replaced by the crown and on which
the crown is to be mounted, it also includes artificial stumps 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.

[0056] The cap 110, which may be formed from a plurality
of layers 115, preferably needs to have a natural looking
appearance, and thus the color and surface features of the cap
110 need to be matched to those of the other teeth of the intra
oral cavity 20, particularly those in proximity to the site in
which the crown 100 is to be implanted. Further, the dimen-
sions of the cap have to be such as to enable the crown to fit
between the adjacent teeth 210, 220, and to provide proper
occlusion with the teeth 230 of the facing jaw. The manufac-
turing tolerances for the cap 110 are not as tight as for the
inner surface 120, and may be of the order of about 80
microns, which is within the capabilities of most regular
dental labs 26 that currently provide such services to clinics
22.

[0057] The coping 125 is made from a metal, ceramic, or
other very strong material, and is designed for taking the
mechanical loads of the crown 100 associated with the normal
activity of the teeth. The inner surface 120 and lower edge 130
of the coping 125 need to closely match the preparation 80
and finish line 84, and moreover provide a reasonable inser-
tion path for the crown 100. Typically, the fitting tolerance for
the internal surface 120 and lower edge 130 needs to be in the
order of about 40 microns or less, which is more demanding
than for the cap 110. If the dimensional accuracy is not
maintained to this tolerance level, there is a risk of infection of
the remaining parts of the tooth, the infection entering via the
gap between the crown and the preparation, in particular
between the lower edge 130 and the finish line 84. Further-
more, where such tolerances are not met, the life of the pros-
thesis may be severely reduced. Although prior art dental labs
do design and manufacture copings, such close tolerances are
not typically achievable by most regular dental labs that cur-
rently provide such services to clinics. Accordingly, the
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design and manufacture of the internal surface 120 and lower
edge 130 may be advantageously carried out according to the
present invention by the service centre 23, which has the
equipment and expertise to do so. By centralizing such spe-
cialized and accurate work from a number of clinics 22, the
service center 23 is able to carry out such work in a more cost
effective and efficient manner, and generally more accurately,
than the dental lab 26.

[0058] Referring to FIG. 4 in particular, the service centre
23 comprises suitable hardware such as a server 300 that is
suitably programmed to receive the 3D data W of the oral
cavity 200, as well as the prescription from the clinic 22 or
from the dental lab 26, or possibly the data and the prescrip-
tion may be provided from a different one of said clinic 22 or
dental lab 26. Alternatively, the data W is provided by the
server 300 or another computer at the service center 23 which
is adapted for providing 3D data from a negative-positive
model of the cavity, or by any other means, as described
above. The server 300 comprises suitable software to enable
the 3D data corresponding to the external surface 82 of the
preparation and finish line 84 to be isolated from the rest of
the 3D data W of the oral cavity 200, and this may be done in
an automated manner. Alternatively, this selection of the data
may be done interactively by specialized personnel. Thus, the
server 300 optionally comprises at least one monitor or other
display means 310 for displaying the 3D data as a manipu-
lable image 320, whereby by means of a mouse 330, key-
board, voice recognition means, or any other suitable user
interface the said personnel may choose demarcation points
on the image, which in his/her opinion correspond to the
finish line. These points may be marked with the help of a
cursor 335 or other icon or the like on the display means 310.
The server 300 also has suitable software to define the inner
surface 120 according to predetermined parameters. These
parameters take into account the geometries of the external
surface 82 of the preparation 80 and finish line 84, the spacing
required between the coping and the preparation to accom-
modate the adhesive or cement that is used to provide the
bond between the two, and also the insertion path geometry,
which is a function of the topology of preparation 80 as well
as of the adjacent teeth 210, 220. The server 300 also com-
prises suitable software to automatically or interactively pro-
vide the external shape of the coping 135, and thus provide a
complete geometrical representation or 3D data C of the
coping, digitally. The external surface 126 of the coping 125
may be defined in any number of ways. Typically, at least a
majority of the external surface 126 is displaced from the
internal surface 120 by a uniform amount to provide an
approximately constant thickness throughout. However, the
thickness of the coping 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 activity that the crown 100 will be expected to engage
in—as a molar, incisor, canine and so on. Also, the prepara-
tion may be of such a shape that in some areas relatively little
room is left for the coping 125, while in other areas there is a
wider gap between the coping and the next tooth. The wider
this gap is, the thicker the coping may be, while still permit-
ting sufficient material for the cap 110 to be provided. In cases
where the cap 110 is cemented or bonded onto the coping
using an adhesive, it may be desired to provide more adhesive
between the lower edge of the coping and the cap relative to
other parts between the coping and the cap. Accordingly, the
outer surface 126 may be somewhat recessed close to the
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lower edge 130, and thus the coping may be thinner here. The
additional adhesive that may be provided at the recess relieves
some mechanical stress from the lower edge of the cap 110,
which is structurally the weakest part thereof, typically, thus
prolonging the life of the crown 100.

[0059] The server 300 is further adapted to provide machin-
ing instructions to a suitable material removal machine 400,
based on the geometrical 3D data C of the coping 125. Alter-
natively, the server 300 transmits the 3D data C to another
computer (not shown) that provides the machining instruc-
tions to machine 400. The service center 23 further comprises
a suitable manufacturing centre 500 for manufacturing a solid
replica corresponding to the 3D data C. Optionally, the manu-
facturing center 500 comprises said machine 400, which may
be adapted for producing a coping 125 directly from a suitable
hard material, using the machining instructions. Any suitable
machining tool may be used 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. The machining paths and material removal
characteristics of such tools can be finely controlled, typically
by a control computer comprised in or operatively connected
to said machine 400. Thus, the coping may be manufactured
directly from the crown material, such as a metal for example,
by means of machine 400.

[0060] Preferably, the coping is manufactured indirectly, in
a manner such as described for example in U.S. Ser. No.
60/459,624 or WO 2004/087000, also assigned to the present
assignee, and the contents of which are incorporated herein in
their entirety by reference. Essentially, a physical model of
the coping is machined from a suitable wax or similar mate-
rial, by a material removal process using a suitable machining
tool and the machine 400, wherein the machining is computer
controlled and based on the 3D data C. Then, the wax model
is transferred to a casting facility 600, comprised in the manu-
facturing centre 500, or alternatively provided by a source
external to the service center 23, including for example the
dental lab 26, and a negative mold of the wax model is
produced, typically by a lost-wax process. Thereafter, the
mold is used for forming the coping 125, either by flowing a
molten metal into the mold and allowing solidification of the
metal, or by injecting ceramic powder thereinto and heating
the same until the ceramic powder sinters and forms a solid
integral unit, or by another suitable method. The mold may
then be removed, thereby providing a coping 125 that is
dimensionally faithful to the 3D data C to high dimensional
accuracy, typically within 40 microns or less.

[0061] The wax-based method for producing the coping
125 has some advantages over the direct material removal
method, for example less wear and breakage is experienced
by the machining tool, and thus lowers costs. Furthermore,
deformations of the tool, when a direct contact tool such as for
example a mechanical tool is used, is less likely, and thus less
deviations from the nominal dimensions (i.e. 3D data C) of
the coping 125 occur than when producing a coping directly
from a metal or other hard material.

[0062] Once the coping 125 has been manufactured, the cap
110 can be bonded thereto, if manufactured separately. Alter-
natively, and typically, the cap 110 is manufactured already
joined to the coping, as will become clearer herein. In either
case, the external surface 111 of the cap 110 needs to be
defined first. The external surface 111 is such as to provide:
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[0063] (a) adequate clearance between the crown 100

and adjacent teeth 210, 220 when the crown is fixed onto

the corresponding preparation in the intraoral cavity 20;

and

[0064] (b) adequate occlusion between the crown 100

and the teeth 230 of the opposite jaw when the crown 100

is fixed onto the corresponding preparation in the

intraoral cavity 20.
[0065] At the very least, the external surface 111 of the cap
110 is such as to provide certain critical linear dimensions 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, and may be defined such
as to provide adequate clearance between the crown and
adjacent teeth when the crown is fixed onto the corresponding
preparation in the intraoral cavity. The target height may be
defined such as to provide adequate occlusion with the “work-
ing 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 in the
intraoral cavity.
[0066] An outer shape for the external surface 111 may be
chosen, and this can be accomplished in a number of ways.
For example, if the original tooth that the crown 100 is replac-
ing is still available, and the outer surface thereof is of a
reasonable form, the tooth may be scanned and the 3D data of
the surface obtained. If necessary, this 3D data may be con-
sidered as a starting point, and the final shape of the external
surface 111 is obtained by manipulating this data as required
by the technician or other user that is designing the surface
111. Alternatively, if the patient has a reasonably healthy
tooth on the same jaw but on the adjacent quadrant at a
position corresponding to where the crown 110 is to be fitted,
the 3D data of the surface of this 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
server 300. Alternatively, a suitable profile for surface 111
may be chosen and obtained from a library 235 that comprises
the 3D spatial profiles of shapes or profiles of the outer sur-
faces of a plurality of crowns and teeth. If necessary the
relative size and shape of the surface 111 may be adjusted by
the technician 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 other manner,
in order that the required target dimensions of surface 111
will fit within a control volume that defines the maximum
dimensions of the cap, as required to conform to the space
available in the intra oral cavity 200. In particular, the control
volume is chosen such as to provide adequate clearance
between the crown and adjacent teeth, and adequate occlu-
sion with the opposite teeth, when the crown is properly fixed
onto the preparation.
[0067] The design of the external surface 111 may be
executed 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 profiles of the outer surfaces of a plurality of
crowns and teeth, then the dental lab 26 can make use of
library 235 of the service centre 23, via communications
network 24. Alternatively, the dental lab 26 may have its own
digital library 135 of 3D spatial profiles of shapes or profiles
of'the outer surfaces of a plurality of crowns and teeth, opera-
tively connected to a local server 301 or other computer, as
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illustrated in FIG. 5, which comprises a suitable display 302
and user interface 303 such as a mouse and/or keyboard. The
local server 301 is in any case in communication with the
server 300 of the service center 23 and a computer 32 of the
dental clinic 22 via network 24.

[0068] Optionally, and according to predetermined criteria,
the details, including shape and size of each of the interme-
diate layers 115 can also be chosen or determined, such as are
considered that will provide a particular or desired visual
effect, for example. Thus, it may be decided, for example, to
provide an outer layer made from an opalescent porcelain, but
having a varying thickness, so that at some zones an interme-
diate layer will appear more reflective than at others. Simi-
larly, an intermediate layer can be made from a suitable por-
celain having a desired color, and the depth of this layer can
also be varied to provide different hues of the color. For
example, at places where the depth of the layer 115 is greater,
the layer 115 will appear a little lighter than where the layer is
shallower. This aspect of the design of the cap may be
executed by the service center 23 or by the dental lab 26.

[0069] Once the design of the cap 110 is complete, the next
stage, that of manufacturing the cap 110 can begin. As men-
tioned before, there are at least two methods for manufactur-
ing the cap 110—as a separate item which is then bonded to
the coping 125; or together with the coping 125.

[0070] In the first method, the inner surface of the cap 110
needs to be defined, and the design takes into account a
number of parameters, such as for example the geometry of
the external surface 126 of the coping 125, the spacing
required between the cap 110 and the coping 125 to accom-
modate the adhesive or cement that is used to provide the
bond between the two. It should be noted that if this method
is adopted, it is preferable for the shape of the external surface
126 of the coping to be designed such as to provide an
adequate insertion path geometry for the cap 110, which is a
function of the external surface 126 as well as of the adjacent
teeth 210, 220. Thus, if necessary, a damaged cap may be
replaced on a coping 125 that is already cemented on the
preparation 80, without having to remove the coping 125
from the preparation 80 and thus avoid possibly damaging the
same. Since the 3D data of the cap 110, internally and exter-
nally is known, it is possible to manufacture a replacement
cap 110 without having to rescan the oral cavity. Alternatively
if the whole crown 100 were to be replaced, the preparation
areawould need to be rescanned, as the geometry thereof may
have changed as a result of removing the coping 125.

[0071] The next step is to combine the 3D data of the
internal surface of the cap 110 and 3D data of the external
surface 111 of the cap 110, to provide a complete 3D digital
model M of the cap. The 3D model M may be designed at the
dental lab 26 or at the service center 26 itself, using the
original 3D information W of the intraoral cavity 20, and
particularly the 3D model of the coping 125 that was previ-
ously created. Where this activity is executed at the dental lab
26, the corresponding design software in server 300 is
accessed by the technician at the lab 26 via the communica-
tions network 24. Alternatively, the design software may be
comprised in the computer 301 at the dental lab 26, and the
required data, including the 3D data C of the coping 110, may
be acquired from the service center 23 via the communica-
tions network 24. The 3D model M is then converted, prefer-
ably by server 300 or alternatively by computer 301, into
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machining instructions E for machine 400, for example.
Thereafter, the cap 110 may be manufactured in any one of a
number of ways.

[0072] For example, the said machine 400, may be adapted
for producing the cap 110 directly from a suitable durable
material, using the machining instructions based on model M.
As for the coping 125, any suitable machining tool may be
used 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. Pref-
erably, the machining paths and material removal character-
istics of such tools can be finely controlled, typically by a
control computer operatively connected to or comprised in
machine 400.

[0073] Alternatively, the cap 110 may be manufactured
indirectly, using a wax-loss process similar to that described
herein and in U.S. Ser. No. 60/459,624, for the coping, muta-
tis mutandis. Thus, a physical model of the cap is machined
from a suitable wax or similar material, by a material removal
process using a suitable machining tool and the machine 400.
Then, the wax model is transferred to a casting facility, which
may be the same or a different casting facility 600, comprised
in the manufacturing centre 500, or alternatively provided by
a source external to the service center 23, including for
example the dental lab 26, and a negative mold of the wax
model is produced, typically by a lost wax process. Thereaf-
ter, this mold is used for forming the cap 110, either by
flowing a molten metal into the mold and allowing solidifi-
cation of the metal, or by injecting ceramic powder thereinto
and heating the same until the ceramic powder sinters and
forms a solid integral unit, or by any other suitable means. The
mold may then be removed, thereby providing a cap 110 that
is dimensionally faithful to the 3D model M to high dimen-
sional accuracy, typically within about 40 microns or less.

[0074] If it is required to manufacture the cap 110 from a
plurality of different layers of materials, for example to pro-
vide a natural looking appearance that matches the other teeth
of'the patient, this may be done as follows. First, the 3D model
M may used to design the outer shape of the outer surface 116
of each intermediate layer, as illustrated in FIG. 3. The 3D
models T, each corresponding to one intermediate layer 115,
and of course including the final layer 118 are converted,
typically by server 300 or alternatively by computer 301, to
material removal instructions P which are executable by a
suitable material removal machine such as for example
machine 400. Then, the innermost layer 117, i.e., the layer
that is to be mounted directly to the coping 110, is manufac-
tured by direct material removal methods or by indirect meth-
ods such as a lost-wax process, similar to that described above
for the whole cap 110, mutatis mutandis. This stage of the
manufacture, since it requires high dimensional accuracy, is
preferably carried out at the service center 23. Where an
indirect method is used, at least the wax model is manufac-
tured at the service center 23 for the same reason. Then,
successive layers 115 of material up to a final layer 118 may
be added to the inner layer 117, in a manner known in the art,
and each layer is subjected to a material removal operation so
that the external surface 116 thereof matches the design
geometry, i.e., 3D data T. The dimensional accuracy of the
surfaces 116 can be 80 microns or less, and that of external
surface 111 of the cap 110, i.e., of the final layer 118, is
preferably about 80 microns, and thus, the material removal

Jun. 5, 2008

operations for the intermediate and final layers may be advan-
tageously carried out at the dental lab 26.

[0075] In the second method, the cap 110 is produced
already joined with the coping 125, i.e. starting with a work-
piece comprising the coping 125. Essentially, a layer of suit-
able crown material is added to the coping 125 in a manner
known in the art, and this layer is then subjected to a material
removal operation to provide the desired profile for the exter-
nal surface 111, for example in a manual fashion, as is well
know in the art, or alternatively in a computer controlled
manner, for example similar to that as described above for the
separate cap, mutatis mutandis.

[0076] Thus, there is no need in this embodiment to define
an inner surface for the cap 110, since material is applied
directly to the coping 125, automatically assuming the appro-
priate shape over the coping’s outer surface, and therefore
high dimensional accuracy between the cap 110 and coping
125 is automatically achieved.

[0077] Where it is desired to manufacture the crown in
which the cap 110 comprises a plurality of layers 115 includ-
ing a final layer 118, for each layer suitable crown material
may be added to the previous finished layer and subsequently
machined or otherwise subjected to a material removal opera-
tion, manually or computer-aided, to provide the required
profile for each external surface 116 of the layers, including
the outer surface 111 of the cap 110.

[0078] When the crown is fabricated in the traditional fash-
ion at the dental lab 26, including one or more material layers
built up over the coping manufactured by the service center
23, there is less need for the outer surfaces of each layer to be
precisely defined in a virtual model. Thus in such cases the
technician at the dental lab 26 may design the cap 110 in any
suitable manner, including traditional methods or any other
method, including manual, interactive of automated methods,
or a combination of two or more thereof.

[0079] For the first and second methods described above,
the material removal operations for the innermost layer 117,
intermediate layers 115 and final layer 118 can be performed
at the dental lab 26, which comprises a suitable material
removal machine 450 comprising 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. Preferably,
the machining paths and material removal characteristics of
such tools can be finely controlled, typically by a control
computer operatively connected to or comprised in machine
450 in which the machining instructions P, previously pre-
pared, are stored. Alternatively, the material removal opera-
tions are carried out in the dental lab 26 using more traditional
methods. Particularly for this purpose, a physical positive
model of the teeth, particularly including the preparation and
surrounding teeth including the adjacent teeth and the facing
teeth of the opposite jaw, is provided to the dental lab 26,
which assists the technician in fabricating the full prosthesis.
Such a physical model can be made from the virtual model W
using any suitable method, such as for example material
removal methods including CNC machining methods, or
using other techniques, for example prototyping methods,
typically at the service center 23, though optionally at the
dental lab 26. Alternatively, and particularly if a negative
model was used to obtain the virtual model in the first place,
the positive model may be produced directly from the nega-
tive model in a manner known in the art.
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[0080] It should be noted that when the manufacture of the
external surfaces 116 of the layers 117, 115 and 118 of the
coping 110 is conducted in a different machine to that used for
the manufacture of the internal surface of the cap 110 (in the
case of the first method) or of the coping 125 (in case of the
second method), proper spatial alignment between the inter-
nal surface and the external surfaces of each component must
be maintained. This may be achieved in a number of ways.
For example, surface features such as projections 119 of a
known geometry and located at a known position in inner
surface 120 (or elsewhere) are included in the 3 model M, and
thus also included in the physical coping 125 that is manu-
factured. The projections 119 are used as reference datums
when the coping is moved to a different machine such as
machine 450 to continue with the manufacture of the crown.
When the cap 110 is manufactured separately from the coping
125, similar projections may be included in the cap 110, also
serving as a reference datum for aligning the cap 110 with
respect to the coping 125. Alternatively, once the coping 125
and mounted in the next machine, such as machine 450, the
outer surface thereof is scanned by means of a suitable scan-
ner, for example scanner 330, and the 3D data thus obtained is
used by computer 301 to adjust the material removal instruc-
tions P such as to align the outer surface of the cap 110 with
the coping 125.

[0081] Preferably, the material removal operations, for
either the first or second methods, is carried out according to
the method disclosed in U.S. Ser. No. 60/542,327, entitled
“METHOD AND SYSTEM FOR MANUFACTURING A
DENTAL PROSTHESIS”, filed on 9 Feb. 2004, also assigned
to the present assignee, and the contents of which are incor-
porated herein by reference thereto. Essentially, the crown
100 may be manufactured by performing a mapping opera-
tion to determine the three-dimensional shape of the outer
surface of the material that is to be machined to form the
crown 100, either the final layer 118 or any intermediate layer
115, including the inner layer 117, and then subjecting the
layer to a material removing operation, wherein the machin-
ing paths are computer controlled on the basis of the local
differences between actual and required shape, and optimized
to reduce machining times. Alternatively, the crown 100 is
manufactured by performing a measuring operation to deter-
mine at least some critical dimensions of the outer surface 111
of the prosthesis, either the final layer or any intermediate
layer. These measurements are then compared to the corre-
sponding nominal dimensions in which the crown is to be
fitted, and then subjecting the layer to a material removing
operation, wherein the machining paths are computer con-
trolled and optimized to reduce machining times.

[0082] Accordingly, the distance between adjacent
machining paths may be maintained, for example in the order
01 0.02-0.2 mm, and an optimal amount of material can be
removed in each sweep without damaging the prosthesis and/
or the tool. There is therefore no need to arrange machining
paths within a fictitious envelope, as these paths are designed
to match the actual external details of the workpiece, i.e. the
material layer before machining commences. Thus:

[0083] potential damage to the crown and/or tool by
attempting to remove too much material in one sweep, as
may happen if the material exceeds the limits of the
envelope, is generally avoided; and,
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[0084] machining time is not wasted by passing the tool
across empty air for some portion of the machining
paths, as may happen if the material is well below the
limits of the envelope.

[0085] According to this manufacturing process, then, for
each layer that is added to the coping 125 (for the said second
method) or to the innermost layer 117 (for the said first
method, and thus also including the innermost layer 117
itself):

[0086] a)actual dimensional data for at least one param-
eter associated with said layer is obtained;

[0087] D) foratleastone such parameter, a comparison is
made between the actual dimensional data and predeter-
mined target dimensional data that it is desired to con-
form said parameter to; and

[0088] c)thelayeris thensubjected to a material removal
operation by suitable machining means along machin-
ing paths which are a function of said comparison, such
that after said operation the parameter associated with
the layer substantially conforms with said target dimen-
sional data.

[0089] The parameter is preferably a geometric parameter
comprising surface coordinates of each layer, while the target
dimensional data comprises the numerical values of the sur-
face coordinates of an idealized or required outer surface of
the prosthesis. The surface coordinates of said required outer
surface are provided by the 3D models T.

[0090] The aforesaid actual dimensional data may com-
prise the actual surface coordinates of each layer prior to the
material removal operation. In step (a) the layer is scanned
with a suitable three-dimensional surface probe 330, typi-
cally comprised and used in said dental lab 26, and opera-
tively connected to the computer 301. Such a probe preferably
provides a three dimensional structure based on confocal
imaging. Alternatively, the actual dimensional data may be
obtained using any suitable intra oral scanning technique,
based on optical methods, direct contact or any other means,
applied directly to the patient’s dentition. Alternatively, the
data may be obtained using techniques based on scanning a
positive and/or negative model of the intra oral cavity. Alter-
natively, X-ray based, CT based, MR based, or any other type
of scanning of the patient or of a positive and/or negative
model of the intra-oral cavity. The dimensional data may be
associated with a complete dentition, or of a partial dentition,
for example such as the preparation only, and corresponds to
3D data W.

[0091] Alternatively, the aforesaid parameter is a geometric
parameter comprising at least one linear dimension of said
layer. The target dimensional data thus comprises the numeri-
cal values of at least one of the target width or target height of
a 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 for example, and may be defined such as to
provide adequate clearance between the crown and adjacent
teeth when the prosthesis is fixed onto the corresponding
preparation in the intraoral cavity. The target height may be
defined such as to provide adequate occlusion between said
prosthesis and teeth of the opposite jaw when the prosthesis is
fixed onto the corresponding preparation in the intraoral cav-
ity.

[0092] Referring to FIG. 6, the dental clinic 26 may also be
provided with a physical model 700 of the part of the intra oral
cavity of interest, namely comprising scale replicas the adja-
cent teeth 210, 220, preparation 80 and finish line 84, and
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upper teeth 230 opposite the preparation and the adjacent
teeth, shown as 210", 220", 80', 84' and 230" in this figure. The
model 700 is in two parts, an upper part 710 and a lower part
720 corresponding to the upper jaw and lower jaw, respec-
tively and joined together reversibly in the correct occlusal
relationship by means of alignment pins 750. The model 700
is preferably manufactured by the service centre 23 by any
suitable means, for example via CNC machining of two solid
blocks of a plaster or other material. The 3D data W that was
originally taken from the intra oral cavity 20 is used for
providing material removal instructions to machine 400,
which can then manufacture the model 700 therefrom. The
model 700 is then shipped to the dental lab 23, and helps the
technician there to undertake fitting tests of the crown 100
with respect to the preparation 80' and finish line 84' in the
model, before the finished crown 100 is finally sent from the
dental lab 26 to the clinic 22 for implantation into the intra
oral cavity 20 of the patient. Alternatively, particularly when
the crown is built up on the coping using traditional methods,
the model 700 may be used by the technician for designing
and fabricating each of the successive layers of the cap, or
when consisting of single layer, the design and fabrication
thereof.

[0093] Alternatively, the crown may be manufactured as a
monolithic item, wherein the coping as such is not included as
a separate item. Thus, referring to FIG. 7, the internal surface
of'such a crown 100' is required to fit over the preparation 80,
and is thus designed and manufactured in a similar manner to
the internal surface 120 of the coping 125 as described herein,
mutatis mutandis, using direct material removal methods or
indirect methods. Similarly, the external surface 111' is
designed in a similar manner to external surface 111 of the
cap 110, as described herein mutatis mutandis. The manufac-
ture of the external surface 111' may be carried out at the
service center 23, optionally concurrently with the manufac-
ture of the internal surface 120" and lower edge 130'. How-
ever, it is also possible to send the unfinished crown 100", after
the internal surface 120" and lower edge 130' thereof have
been prepared by the service centre 23, to a dental lab 26, for
a technician thereat to complete the manufacture of the exter-
nal surface 111', in a similar manner as described herein for
external surface 111, mutatis mutandis. The crown 100' may
be made from a number of layers, 118', 115', 117" and these
may each be designed and manufactured in a similar manner
to that described for crown 100, mutatis mutandis. However,
it is important for the proper spatial relationship between the
internal surface 120 and the external surface 111' to be main-
tained. For this purpose, the crown 100" may be mounted onto
an alignment jig before the internal surface material removal
operations begin. When the unfinished crown is shipped to the
dental lab 26 it is transferred together with the jig, which
maintains a known alignment with the manufacturing center
600 of the dental lab 26. Alternatively, the alignment may be
achieved in other ways. For example, surface features such as
projections 119' of a known geometry and located at a known
position in inner surface 120' (or elsewhere) are included. The
projections 119" are used as reference datums when the cop-
ing is moved to a different machine such as machine 450 to
continue with the manufacture of the crown 100'. Optionally,
such an alignment jig may comprise said model 700 of part or
all of the dentition. Alternatively, once the crown 100' is
mounted in the next machine, such as machine 450, the inner
surface thereof'is scanned by means of a suitable scanner, for
example scanner 330, and the 3D data thus obtained is used by
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computer 301 to adjust the material removal instructions such
as to align the inner surface of the crown 100" with the outer
surface thereof.

[0094] While the design and manufacture of a crown pros-
thesis has been described, similar methods may be employed
mutatis mutandis to design and manufacture any other dental
prosthesis, including bridges, for example, and inlays, such as
caps, for example, and any other artificial partial or complete
denture. However, and referring to FIG. 8, when designing a
bridge 100", care must be taken that the internal contact
surfaces 120" for the abutment teeth 88" each provide an
adequate insertion path 87" with respect to the preparations
80", taking into consideration the bridge 100" as a whole, and
thus that the two paths 87" must be substantially parallel.
[0095] While the design and manufacture of a prosthesis
has been described, based on a representation of surface infor-
mation, 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 designed by the system 10, including the
coping 125 and cap 110, for example, may be described
instead by solid representations.

[0096] Inasecondembodimentoftheinvention, the system
10 is used for orthodontical applications. The 3D data corre-
sponding to the patient’s intra oral cavity 20 is determined as
for the first embodiment, mutatis mutandis. Referring to FIG.
1, the communication network 24 may also used to send a
prescription from a clinic 22 to the service center 23. The
prescription may include instructions from a dentist ata clinic
22 specifying which of the patient’s teeth are to be moved in
a dental treatment, as well as the desired final teeth positions
at to be attained at the conclusion of the dental treatment.
[0097] The service center 23 executes a dental treatment
planning software program at a computer station 16 having a
central processing unit, such as a personal computer. The
software imports the 3D digital data indicative of the patient’s
teeth previously obtained, and possibly a prescription sent
from one of the dental clinics 22. The software processes the
3D data to generate a 3D computer model 18 of the dentition
that is displayed to a user on a monitor 20. The treatment
planning software includes features to enable the user to
manipulate the model 18 to select or design dental appliances
for the patient to execute the treatment specified in a prescrip-
tion sent from the clinic. For example, the user can select or
custom design one or more dental appliances (e.g. brackets or
archwires) and apply virtual models of these appliances to the
3D model of the teeth. In the case of orthodontic appliances,
the software may be configured to move the virtual teeth in
accordance with predetermined rules based upon the applied
appliances in order to simulate the movement of the teeth that
would occur in an orthodontic treatment in which the appli-
ances are applied to the patient’s actual teeth. The user then
determines whether the selected dental or orthodontic appli-
ances are satisfactory. If not, the user selects new appliances
and repeats the process until satisfactory appliances are
found.

[0098] When the user has determined that the selected den-
tal appliances are satisfactory, the user may send one or more
images indicative of the patients teeth with the selected appli-
ances applied to the teeth to the clinic 22 and request confir-
mation of the selection from the dentist. Information regard-
ing the patient and the determined appliances are then sent
over the communications medium to one of the appliance
service centers 23. The dentist may specify to which one of
the dental labs 26 the information is to be sent. Each dental lab
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includes equipment for manufacturing custom made dental
appliances such as brackets, archwires, etc. The appliance
service center 23 then manufactures the determined appli-
ances, and dispatches the appliances to the clinic 22.

[0099] FIG. 9 shows a method for designing and producing
dental appliances, in accordance with another aspect of the
invention. In step 40, 3D data indicative of a patient’s denti-
tion are acquired. As explained above, the data may be
acquired either by scanning the patient’s teeth directly, or by
other methods such as for example scanning a physical model
of'the teeth. The acquired data are then transmitted to a dental
service center (step 42). In step 44, a prescription is sent from
a dental clinic to the service center specifying the teeth that
are to be moved in a dental treatment, as well as the final
position of the teeth at the conclusion of the treatment. Then,
in step 46, the service center executes computer software to
generate from the acquired data a virtual 3D model of the
patient’s dentition. The virtual model is used to determine the
dental appliances that are required to execute the dental treat-
ment specified in the prescription (step 48). Finally, in step
50, a list of the determined appliances is transmitted to a
dental lab 26 where the appliances are made.

[0100] In the method claims that follow, alphanumeric
characters and Roman numerals used to designate claim steps
are provided for convenience only and do not imply any
particular order of performing the steps.

[0101] Finally, it should be noted that the word “compris-
ing” as used throughout the appended claims is to be inter-
preted to mean “including but not limited to”.

[0102] While there has been shown and disclosed exem-
plary embodiments in accordance with the invention, it will
be appreciated that many changes may be made therein with-
out departing from the spirit of the invention.

1-80. (canceled)

81. A dental service center for providing at least manufac-
turing services to at least one each of a plurality of dental
clinics and dental labs, based on a 3D numerical model of a
dentition requiring a prosthesis, wherein creation of said 3D
numerical model is at least initiated at a said dental clinic,
comprising:

manufacturing means for manufacturing at least a part of

said prosthesis;
communication medium for enabling at least said 3D
numerical model to be exchanged between said service
center and at least one of said plurality of dental clinics
and at least one of said plurality of dental labs;

wherein said service center is adapted to share with at least
one said dental lab the manufacture of said prosthesis
based on said 3D numerical model, according to prede-
termined criteria.

82. The service center according to claim 81 wherein said
communication medium comprises an electronic communi-
cation network.

83. The service center according to claim 81, wherein said
predetermined parameters include a dimensional accuracy
for the manufacture of a part of said prosthesis.

84. The service center according to claim 83, wherein when
said dimensional accuracy for the manufacture of said part is
required to be about 40 microns or less than 40 microns, said
part is manufactured by said service center.

85. A system for at least manufacturing dental prostheses,
comprising:

(a) at least one dental clinic, wherein the or each dental

clinic is adapted for at least initializing the creation of a

Jun. 5, 2008

3D numerical model of at least a part of a patient’s
dentition requiring a prosthesis;

(b) a dental service center adapted for at least manufactur-
ing at least a part of said prosthesis based on said 3D
numerical model;

(c) at least one dental lab, the or each dental lab being
separate from said service center, wherein the or each
said dental lab is adapted for at least manufacturing at
least a part of a prosthesis based on said 3D numerical
model,;

wherein the or each said at least one dental clinic and the or
each said at least one dental lab are interconnected at
least to said dental service center, via a suitable commu-
nication medium; and

wherein said service center and at least one said dental lab
are adapted to share with one another at least the manu-
facture of said prosthesis based on said 3D numerical
model, according to predetermined criteria.

86. The system according to claim 85 wherein said com-
munication medium comprises an electronic communication
network.

87. The system according to claim 85 wherein at least one
of the dental clinics is adapted to obtain said 3D numerical
model directly from a patient’s dentition.

88. The system according to claim 85 wherein at least one
of the service center and the at least one said dental lab is
adapted for designing said prosthesis based on said 3D
numerical model, wherein said prosthesis comprises an inner
surface and an outer surface, wherein to provide a 3D model
of said prosthesis.

89. The system according to claim 85 wherein the service
center is adapted for manufacturing at least a first portion of
said prosthesis based on said 3D numerical model of said
prosthesis, including at least said internal surface of said
prosthesis, wherein said internal surface is designed for
mounting onto a target site comprised in said dentition.

90. The system according to claim 89, wherein at least one
of the service center and the at least one said dental lab is
adapted for designing an external surface of said coping based
on said 3D numerical model.

91. The system according to claim 89, wherein said service
center comprises a material removal machine for directly
manufacturing at least one of:

(a) said coping from a suitable coping material based on the
design of said internal surface and said external surface
of said coping; and

(b) a physical model of said coping from a suitable wax
material or the like based on the design of said internal
surface and said external surface of said coping.

92. The system according to claim 90, wherein at least one
said dental lab is adapted for manufacturing at least an exter-
nal surface of'said prosthesis, wherein said external surface is
designed for at least one of the following:—

(c) providing adequate clearance for the prosthesis relative
to other teeth in said dentition adjacent to said prosthe-
sis; and

(d) providing adequate occlusion between the prosthesis
relative to other teeth in said dentition opposite to said
prosthesis.

93. The system according to claim 85, wherein said prede-
termined parameters include a dimensional accuracy for the
manufacture of a part of said prosthesis.

94. The system according to claim 93, wherein when said
dimensional accuracy for the manufacture of said part is
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required to be about 40 microns or less than 40 microns, said
partis manufactured by said service center, and wherein when
said dimensional accuracy for said part is required to be
within substantially more than 40 microns, said part is manu-
factured by a said dental lab.

95. A method for at least manufacturing dental prostheses,

comprising:

(a) creating a 3D numerical model of at least a part of a
patient’s dentition requiring a prosthesis, wherein at
least initialization of the creation of a 3D numerical
model is carried out at a dental clinic;

(b) manufacturing at least a part of said prosthesis at a
service center, based on said 3D numerical model,

(c) manufacturing at least a part of said prosthesis at one of
at least one or a plurality of dental labs, each separate
from said service center, based on said 3D numerical
model,;

(d) providing communication of at least said 3D numerical
model] at least between at least one said dental clinic and
at least one said dental lab, and said dental service cen-
ter;

wherein the manufacture of a said prosthesis is shared by
said service center and at least one said dental lab,
according to predetermined criteria.
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96. The method according to claim 95, wherein step (d) is
performed by a suitable communication medium.

97. The method according to claim 95, wherein said 3D
numerical model is obtained directly from a patient’s denti-
tion at one said dental clinic.

98. The method according to claim 95, further comprising
the step (e) of designing said prosthesis based on said 3D
numerical model, wherein said prosthesis comprises an inner
surface and an outer surface, wherein to provide a 3D model
of said prosthesis; wherein step (e) is performed by at least
one of the service center and the at least one said dental lab.

99. The method according to claim 95, wherein said pre-
determined parameters include a dimensional accuracy for
the manufacture of a part of said prosthesis.

100. The method according to claim 99, wherein when said
dimensional accuracy for the manufacture of said part is
required to be about 40 microns or less than 40 microns, said
partis manufactured by said service center, and wherein when
said dimensional accuracy for said part is required to be
within substantially more than 40 microns, said part is manu-
factured by a said dental lab.

101. A dental prosthesis wherein at least a portion thereof
is manufactured by the method of claim 95.

sk sk sk sk sk
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