Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2625788 A1 2007/04/26

(21) 2 625 788

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de déepot PCT/PCT Filing Date: 2006/10/17

(87) Date publication PCT/PCT Publication Date: 200//04/26
(85) Entree phase nationale/National Entry: 2008/04/10

(86) N° demande PCT/PCT Application No.: EP 2006/067481
(87) N° publication PCT/PCT Publication No.: 200//045643

(30) Priontes/Priorities: 2005/10/17 (DE102005049886.8);
2005/12/15 (US60/750,381)

51) ClInt./Int.Cl. B22F 3/705 (2006.01)

(71) Demandeur/Applicant:
SIRONA DENTAL SYSTEMS GMBH, D

(72) Inventeurs/Inventors:
SCHMIDT, CHRISTIAN, DE;
KOTILA, JUHA, FI

(74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : PROCEDE POUR PRODUIRE UNE PROTHESE DENTAIRE

54) Title: METHOD FOR PRODUCING A DENTURE

10

(57) Abrégée/Abstract:

The Invention relates to a method for producing a denture (10) by means of local sintering, said denture (10) being produced In
layers by the energy supply of an energy-transporting beam (/) into a layer of powder (6) of a sinterable material. At least one
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(57) Abrege(suite)/Abstract(continued):
parameter of the sintering process Is modified during the production such that the material (6) can be sintered in a spatially differing

manner, namely the sintering in an edge region (14) of a layer to be sintered of the denture (10) to be produced Is thicker than In
the Inner region (15) of the layer to be sintered. The invention also relates to a denture (10) consisting of a material which Is
subjected to local sintering and Is sintered In a thicker manner in an edge region (14) of the denture (10) than In an inner region

(15) thereof.
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(57) Abstract: The invention relates to a method for producing a denture (10) by means of local sintering, said denture (10) being

produced in layers by the energy supply of an energy-transporting beam (7) into a layer of powder (6) of a sinterable material. At

least one parameter of the sintering process is modified during the production such that the material (6) can be sintered in a spatially
differing manner, namely the sintering in an edge region (14) of a layer to be sintered of the denture (10) to be produced is thicker
than in the inner region (15) of the layer to be sintered. The invention also relates to a denture (10) consisting of a material which is
subjected to local sintering and is sintered in a thicker manner in an edge region (14) of the denture (10) than in an inner region (15)

thereof.

[ Fortsetzung auf der niichsten Seite]
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TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK, Veroifentlicht:
EE, ES, FI, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, — mit internationalem Recherchenbericht
NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). Zur Erkldrung der Zweibuchstaben-Codes und der anderen Ab-
kiirzungen wird auf die Erkldrungen ("Guidance Notes on Co-
Erklarung gemall Regel 4.17: des and Abbreviations") am Anfang jeder reguldiren Ausgabe der

—  Erfindererklirung (Regel 4.17 Ziffer iv) PCT-Gazette verwiesen.

(87) Zusammenfassung: Die Erfindung betrifft ein Verfahren zur Herstellung eines Zahnersatzteils (10) mittels lokalem Sintern,
wobei das Zahnersatzteil (10) schichtweise durch Energieeintrag eines energietransportierenden Strahls (7) in eine Pulverschicht (6)
eines sinterfdhigen Materials hergestellt wird. Ein oder mehrere Parameter des Sinterprozesses werden wihrend der Herstellung so
verdndert, dass das Material (6) rdumlich verschieden stark gesintert wird, ndmlich in einem Randbereich (14) einer zu sinternden
Schicht des herzustellenden Zahnersatzteils (10) dichter als in einem Innenbereich (15) der zu sinternden Schicht. Des Weiteren
betrifft die Erfindung ein Zahnersatzteil (10) aus einem einer Ortlichen Sinterung unterworfenen Material, das in einem Randbereich
(14) des Zahnersatzteils (10) dichter gesintert ist als in einem Innenbereich (15).
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DESCRIPTION
Method for producing a denture
TECHNICAL FIELD

The invention relates to a process for the production of a
dental prosthetic item by means of local sintering, the
dental prosthetic 1tem being produced layer-wise in indi-
vidual powder layers of a sinterable material by energy in-

put by means of an energy transferring beam.
DESCRIPTION OF THE RELATED ART

In the prior art, processes for the production of individ-
ual dental prosthetic items are known which make use of the

principles of rapid prototyping.

Such a process, by means of which dental prosthetic items
are produced from metallic materials, is direct metal laser
sintering (DMLS) or selective laser melting (SLM). The ma-'
terial to be processed here usually exists in powder form,
the material being distributed in uniform thickness on a

support or in a dish.

The energy input of the laser causes a strong local tem-
perature increase of the powder and consequent melting or
sintering of the metal particles. As a result of the melt-
ing or sintering of the particles, material cohesion of the
laser-exposed surfaces results. As soon as one layer has
been completed, a new powder layer is applied and the next

layer 1s exposed to laser.

In this process, 3D CAD data are always broken down into

individual layers, which are customarily from 20 um to 50

| pmlthick.

EP 1 358 855 Al discloses such a process. Metallic or al-

ternatively non-metallic products are produced by free-form



10

15

20

25

30

CA 02625788 2008-04-10

- 2 -

laser sintering, the products being built up vertically
layer-wise from pulverulent material on a substrate plate
by means of a laser beam guided under data control. Between
the substrate plate and the products there is provided a
web having a predetermined breaking point. This process,
however, suffers from the drawback that, as shown in prac-
tice, 1t 1s not applicable to all types of dental pros-
thetic items to be produced and that the dental prosthetic
ltem produced in this way must be reprocessed in order to

eliminate unevenness at the predetermined breaking point.

It is generally known in the prior art to veneer a dental

prosthetic 1tem with ceramics or porcelain fbllowing the

production of a core or framework in order to produce an

- —— - —— - — ———

aesthetic visual effect and good compatibiliﬁy with the

surrounding tissue.

On account of the aforementioned problems, the invention
serves the object of providing a process for the production
of dental prosthetic items by means of local sintering,
which makes it possible to produce a greater variety of

dental prosthetic items.

SUMMARY AND OBJECTS OF THE INVENTION

This object 1s achieved by a process according to the in-
vention as defined by the features of independent claim 1

and by a dental prosthetic item as defined by the features

of i1ndependent claim 12.

According to the invention, a process for the production of
a dental prosthetic item by means of local sintering is
proposed 1in which the dental prosthetic item is produced

layer-wise and by energy input by means of an energy trans- -

ferring beam in the individual powder layers of a sinter-

able material. In this process, one or more parameters of
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the sintering process are modified during production such

that the material is regionally sintered to various degrees
to produce denser material in the marginal region of a sin-
tered layer of the dental prosthetic i1tem to be produced

than in the inner region of said sintered layer.

Bridge frameworks and anatomically shaped solid crowns or
solid teeth are examples of types of dental prosthetic 1-
tems to which the process according to the invention 1s ap-
plicable. A bridge framework customarily consists of very

thin-walled dental bridge pillars having wall thicknesses

in the range of from 0.3 to 0.5 mm and, in comparison the-

rewith, significantly more voluminous intermediate members
and connectors. The elements to be produced thus have sub-
regions with different dimensions. Broken down into 1ndi-
vidual layers, the dental bridge pillars consist to a major
extent of annular regions and the intermediate members and

connectors consist of solid regions.

The problem here 1s that the usually thin, annular dental -
bridge pillars cool down more rapidly following the input
of energy than the intermediate members and connectors. Be-
cause of their smaller area, the annular regions absorb a
smaller amount of heat than the solid-area intermediate
members and connectors. Moreover, the mainly annular ele-
ments possess a relatively larger surface area for heat
dissipation into the bed of powder. Owing to the tempefa—
ture difference caused within the bridge framework by this
cooling at different rates, thermal stresses are built up
which act particularly strongly in the transition regioné
between the dental bridge pillars and the intermediate mem-
bers and connectors. As a result, this can lead, on the one
hand, to the detachment of the dental bridge pillars from

the fixing elements for the construction platform (support
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structures) and, on the other hand, 'to deformation of the

_— ]

bridge framework. Deformed bridge frameworks of this type
can 1o longér be used and can lead to collisions with the
coating unit during the production process. Since usually a
plurality of components is produced simultaneously in a
single production run, the interruption of production usu-
ally causes all of the components being produced in this

production run to be rendered useless.

The attempt to forestall this problem by increased binding
of the dental bridge pillars to the construction platform
by means of reinforced support structures led to a consid-
erable increase 1n effort when reprocessing the bridge fra-
meworks. This lowers the economics of this process consid-

erably.

Alternatively, attempts have been made to reduce the degree
of sintering. The degree of sintering in this context re-
presents the ratio of the achieved to the theoretically
possible density of the sintered material. Ih the case of
degrees of sintering of approximately 80 to 90% of the the-

oretically possible density, the above problems occur far

- less frequently. However, proper veneering of such a porous

structure is very much more difficult, since on account of
the open pores 1n the marginal region defects such as
frog's eyes, chipping, or the like can occur, which make
the dental prosthetic i1tem unusable. Using the process ac-
cording to the invention, it 1s possible to eliminate the

above problems.

Advantageously, a laser beam or an electron beam is used as
the energy transferring beam. The properties of these beams
have been scientifically investigated and are suitable for

local heating of a powder.
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Advantageously, the marginal region of the layer to be sin-
tered 1is sintered to a density of more than 95% of the the-
oretically possible density and the inner region of the

layer to be sintered 1is sintered to a density of from 60 %

to 95 % of the theoretically possible density.

Tt is particularly advantageous 1f the marginal region 1is
sintered to at least 99% of the theoretically possible den-
sity,-sincé the dental prosthetic item then has adequate
strength, on the one hand, and the number of rejects due to
warping 1s minimized and, on the other hand, no open pores
exist on account of the high degree of sintering 1n the
marginal region, whereby fault-free veneers can be pro-

duced.

Advantageously, the marginal region 1s between 0.1 and 1 mm
wide. A width of the marginal region of not more than 0.3
mm is particularly preferred. This ensures that very thin-
walled elements having high strength are produced and nev-
ertheless the major portion of the dental prosthetic l1tems

is sintered to a relatively low density.

Advantageously, the build-up rate, namely the product of
the thickness of the layer of powder, the effective width
of the beam, and the exposure rate, 1s greater in the inner
region than in the marginal region. Sintering at regionally

different intensities can thus be achieved.

Advantageously, the energy input of the beam 1s from 0.5

J/mm2 to 8 J/mm2. These energy inputs are achievable using

conventional energy beams.

It has been found to be particularly advantageous if the
build-up rate in the marginal region is from 1 mm3/s to 2.3

mm3/s and the energy input of the beam per unit area is
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from 1.3 J/mm2 to 8 J/mm2. Dental prosthetic items of high

quality can be produced in this way.

Advantageously, the build-up rate in the inner region is

between 2.3 mm3/s and 5 mm3/s and the energy input of the

beam 1s between 0.5 J/mm2 and 1.8 J/mm2.

It 1s particularly advantageous 1f the tensile strength and
flexural strength of the marginal region is gfeater than
1.1 times the tensile strength and flexural strength of the
inner region. Adequate dimensional stability is.thus en-

sured by the more rigid marginal region.

It 1s of particular advantage if the material used is a me-
tal. Metals can be easily processed and have good mechani-
cal properties for use as bridging members or other dental
restorations, e.g. high tensile or flexural strength or a

high modulus of elasticity.

Advantageously, the dental prosthetic item is produced by

the process according to the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

The process according to the invention is described below

with reference to the aid of the drawings, in which:
Fig. 1 shows a laser sintering unit,

Fig. 2 illustrates the production of a dental bridge

framework as in the prior art, and

Fig. 3 1llustrates the production of a dental bridge

framework according to the invention.

Fig. 1 shows a well known laser sintering unit 1 for carry-

ing out the process according to the invention.

A laser sintering unit 1 comprises a laser 2, which is con-

trolled by a control unit 2’, a vertically adjustable sSup-
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port platform 3, a deflecting mirror 4 for guiding a laser
beam 7 in the plane of the surface of the powder 6, and a

coater unit 5.

Control unit 2’ is used for controlling laser 2, support
platform 3, deflecting mirror 4, and coater unit 5. The
control unit 2’ can calculate layer data for layers of the
dental prosthetic item to be produced from 3D volume data

of the design.
The 1ntensity of laser 2 is controlled by control unit 2°.

Other possibilities of varying the position of laser beam 7
on the surface of powder 6 are likewise conceivable. For
example, this can be achieved by means of a swinging laser
and/or a traveling laser or a scanning unit. It is only es-
sential to ensure that laser beam 7 reaches every point on
the surface of the bed of powder 6 which lies within the

surface of the dental prosthetic item to be produced.

Coater unit 5 is used for applying a new powder layer after
the production of a layer to be sintered. Powder 6 is ex-

posed to laser beam 7, which is produced by laser 2.

Fig. 2 illustrates the production of a dental bridge frame-

work 8 by laser sintering as known in the prior art.

Laser beam 7 1s focused onto the surface of powder 6. The
contours of the desired component layer 8’ of bridge frame-
work 8 are calculated by a computer or the control unit.
The CAD 3D model is broken down into layers for this pur-
pose. From these layers, path data for the'relative move -
ment between laser 7 and support platform 3 are calculated.
Laser beam 7 travels along path 9 sketched by way of exam-
ple on paths the spacing of which is less than the width of

the focused part 7.1 of laser beam 7. The still unfinished
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part 8’'’ of component layer 8’ is indicated by dashed

lines.

"Following completion of the laser-exposure of component

layer 8’, the application of a new layer of powder takes

place in order to expose the next component layer.

According to the invention, another process for the produc-
tion of a dental prosthetic item is proposed, this being

explained below with reference to Fig. 3.

Bridge framework 10 to be produced by means of laser sin-
tering consists of a dental bridge pillar 11 and a connec-
tor 12. The focused part 7.1 of laser beam 7 1s guided, 1in
a similar way to that shown in Fig. 2, along paths over the

bed of powder 6.

Unlike the process illustrated in Fig. 2, the energy input

per unit area in this process varies regionally.

In the marginal region 14 of bridge framework 10, the proc-
ess parameters are chosen such that the degree of sintering

of the material produces at least 99% of the theoretically

.possiblé density. The energy input per unit area, that 1is,

the laser power for the effective width times the exposure
rate, in marginal region 14 is approximately 2 J/mm? with a

build-up rate of 2.08 mm3/s.

In the inner region 15 of bridge framework 10, the build-up
rate 1s 1increased beyond that achieved in marginal region
14 and the laser power 1i1s reduced, whereby on the whole the
energy input per unit area and thus also the degree of sin-
tering also drops. The build-up rate in inner region 15 1is
2.4 mm3/s and the laser power is 3500 W/mm2. The degree of
sintering producing 90% of the theoretically possible den-
sity is high enough to fulfill the demands concerning the

loading capacity, in spite of the residual porosity still
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existing. Degrees of sintering producing more than 80% of
the theoretically possible density have proven to be useful

when suitable materials are chosen.

The width dl of marginal region 14 is ideally 0.3 mm. In
positions in which the width of bridge framework 10 is less
than twice the width, i.e. 2 x 0.3 mm, for example at den-
tal bridge pillars 11 (the wall density d2 of dental bridge
pillar 11 is on average approximately 0.4 - 0.5 mm), the

section consists only of densely sintered material.

Only when the width of the surface elements of bridge fra-
mework 10 1s greater than 2 x dl, as, for example, in the
0.8 mm wide position d3, does an inner region 15 having a
lower degree of sintering exist. Dental bridge pillars 11
and also the transition region leading to the connectors

are thus usually solidly sintered and highly loadable.

Preferred materials for the application of the process ac-
cording to the invention are cobalt-chromium alloys having
contents of tungsten and molybdenum. Preferably, the pro-
portions by weight of the alloy are Co > 60 %;: Cr > 25 5: W
> 5 %; Mo > 5 %. High gold-containing'gold alloys and tita-

nium alloys are also suitable.
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A process for the production of a dental prosthetic
item (10} by means of local sintering, in which said
dental prosthetic item (10) is produced layer-wise 1in
the individual layers of powder of a sinterable mate-
rial (6) by energy input by means of an energy trans-
ferring beam (7), characterized in that one or more
parameters of the sintering process are modified dur-
ing production such that the material (6) is region-
ally sintered to various degrees to produce denser ma-
terial in the marginal region (14) of a sintered layer
of said dental prosthetic item (10) than is produced
in the inner region (15) of said sintered'layer, said
marginal area (14) of the layer to be sintered being

sintered to a density of more than 95 % of the theo-

- retically possible density and the inner region (15)

of the layer to be sintered is sintered to a density'
of from 80 % to 95 % of the theoretically possible
density, with the build-ub rate 1n the marginal region
(14) being from 1 mm’/s to 2.3 mm’/s and the energy
input of the beam (7) per unit area being from 1.3
J/me to 8 J/mm*, while the build~up.rate 1n the inner
region (15) is from 2.3 mm’/s to 5 mm’/s and the en-
ergy input of the beam (7) is from 0.5 J/mm® to l.é

J /mm® .

The process as defined in claim 1, characterized in
that the energy transferring beam is a laser beam (7)

oY a beam of electrons.

The process as defined in claim 1 or claim 2, charac—
terized 1n that the dental prosthetic item (10) is a

bridge framework or an anatomically shaped solid crown

or an anatomically shaped solid tooth.
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The process as defined in any one of claims 1 to 3,
characterized in that said marginal area (14) is from

0.1 to 1 mm wide, preferably not more than 0.4 mm.

The process as defined in any one of claims 1 to 4,
characterized in that the build-up rate, namely the
product of the thickness of the layer of powder, the
path width of the ray (7) and the exposure rate, 1is

greater 1in the inner region (15) than in the marginal

region (14).

The process as defined in any one of claims 1 to 5,

characterized in that the energy input of the beam (7)

1S frOm 0.5 J/mm® to 8 J/mm?.

The process as defined in any one of claims 1 to 6,
characterized in that the tensile strength and flex-
ural stréngth of the marginal region (14) is greater

than 1.1 times the tensile strength and flexural

strength of the inner region (15).

The process as defined in any one of claims 1 to 7,

characterized in that the material (6) is a metal.

A dental prosthetic item composed of a material which
has been subjected to local sintering, characterized
in that a marginal region (14) of said dental pPros-
thetic item (8, 10) is sintered to a greater density
than in an inner region (15), said marginal region
(14) of the layer to be sintered in the dental pros-
thetic item (8, 10) is sintered to a density of more
than 95 % of the theoretically possibie density, while
sald inner region (15) of said layer to be sintered
has been sintered to a density of from 80 % to 95 % of

the theoretically possible density.
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The dental prosthetic item as defined in claim 9,
characterized in that the dental prosthetic item (8,

10) 1s a bridge framework.

The dental prosthetic item as defined in claim 9 or
claim 10, characterized in that the marginal region

(14) 1s from 0.1 to 1 mm wide, preferably not more

than 0.4 mm wide.

The dental prosthetic item as defined in any one of

claims 9 to 11, characterized in that the material (6)

18 a metal.
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