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(57) ABSTRACT 
In a method for forming a dental part, a laser beam is guided 
over a poWder layer of biocompatible material. The laser is 
guided by a computer controlled laser scanning system 
based on data representing the shape of the cross-section 
through the shaped body. The poWder is substantially melted 
by the laser beam to form a layer in the shaped body, to build 
the shaped body entirely from layers of laser-melted mate 
rial. 
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METHOD FOR PRODUCING TOOTH 
REPLACEMENTS AND AUXILIARY DENTAL 

PARTS 

[0001] The present application is a divisional of prior 
application Ser. No. 10/146,610 ?led 14 May 2002, Which is 
a continuation-in-part of application Ser. No. 10/081,039 
?led 19 Feb. 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates to a method of forming a 
dental part and/or a tooth replacement part. 

BACKGROUND OF THE INVENTION 

[0003] Tooth replacements in the form of croWns, bridges, 
inlays and the like frequently comprise complex molded 
bodies Which must usually take account in each speci?c case 
of the spatial con?guration of intact tooth parts (tooth 
stumps), entire teeth or parts of the jaW that have been lost, 
on the one hand, and the spatial situation in relation to 
adjacent and/or antagonistic teeth, on the other hand. In the 
prior art, such tooth replacement elements are produced in 
complex processes. The most Widespread method is to 
produce the shaped bodies required—usually made of pre 
cious-metal or base-metal alloys, as Well as pure metals—in 
a multi-step impression and casting process. 

[0004] Computer-controlled milling of such shaped bodies 
out of the solid material has become knoWn. This method 
inevitably leads to considerable Waste that has to be repro 
cessed at great effort and expense. 

SUMMARY OF THE INVENTION 

[0005] The objective of the invention is to provide 
another, more advantageous Way of producing such shaped 
bodies (and auxiliary dental parts required in implantology) 
that provides ?exibility in manufacturing dental parts of 
different shapes, but Which reduces the amount of Waste and 
results in a strong dental part. 

[0006] A method in accordance With the principles of the 
invention includes a method of making a shaped body for 
use as a dental part. The method comprises guiding a laser 
beam over a poWder layer using a computer-controlled laser 
scanning system based on data representing the shape of a 
cross-section through the shaped body. The poWder com 
prises a biocompatible material of grain siZe in the range 
from 0 pm to 50 pm, to create a layer in the shaped body. The 
method further comprises substantially melting the poWder 
With the laser beam, and repeating the guiding and melting 
over successive poWder layers using successive cross-sec 
tional representative data so as to build the shaped body 
entirely from layers of laser-melted material. 

[0007] In another embodiment of the present invention, a 
shaped dental part for use in a patient’s mouth. The shaped 
dental part comprises a body formed from melted particles 
of biocompatible material, the body having a surface shaped 
to ?t in the patient’s mouth and having a density of up to 
98% of the density of the biocompatible material. The 
particles having pre-melting siZes in the range 0 pm-50 pm, 
and having essentially equal proportions of alloy compo 
nents in each particle. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0008] The invention relates to a method that has become 
knoWn in another ?eld as “rapid prototyping” for producing 
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complex tools or components as disclosed in US. Pat. No. 
4,863,538 included herein by reference. According to said 
method, shaped bodies made of a sintering poWder are built 
up in layers by exposing each layer successively to the 
energy of a laser beam that leads to local sintering, Whereby 
the laser beam is guided over the respective poWder layer by 
means of a computer-controlled system using data that 
represent the con?guration of the shaped piece in this layer. 
As a result of supplying such energy, the poWder elements 
affected in each case are super?cially melted and form a 
?xed bond With each other and the underneath layer. Due to 
the precise focusing of the laser beam, the energy supply can 
be con?gured exactly—at relatively high density—and con 
trolled in accordance With the stored spatial data of the 
shaped body required. 
[0009] Conventionally, in a sintering process, compressed 
poWdered material is heated to a temperature close to but not 
at melting, usually in a controlled-atmosphere furnace. This 
is done so that particles may bond by solid state bonding, but 
not melt. Such sintering increases both density and strength 
of the material, because compaction alone leads to both 
properties being loW. The latter is also true With sintering 
Without compaction (compressing) the poWdered material, 
as is the case With the selective sintering process addressed 
before. 

[0010] It has been found that, rather than selectively 
sintering metal poWder by super?cially melting the uncom 
pressed material, a still considerably higher density of the 
?nished product can be achieved by substantially entirely 
melting the poWdered material, primarily metal. Quite sur 
prisingly, such “selective melting” of the poWder does not 
lead to uncontrolled ?oWing aWay of the material, probably 
because the cohesion forces suf?ce to keep the thin layer of 
material in place, even in its molten state. 

[0011] Using this method of “selective melting”, the 
porosity of the resultant part is signi?cantly less than What 
is achieved under conventional laser sintering. For example, 
densities achieved With the conventional selective laser 
sintering technique ranges from 70-80%, While the densities 
achieved through ceramic sintering techniques range from 
60-70%. In contrast, the density of the resultant part using a 
method according to the invention may be greater than 98% 
of the density of the biocompatible material, and may be as 
high as 99.9% of the density of the biocompatible material. 
Thus, a dense, and therefore strong, part may be formed 
using the laser selective melting technique. This permits the 
resultant part to be made With the desired shape Without 
using a mold, but the part is also more able to Withstand the 
high stresses that result from biting and cheWing. 

[0012] Furthermore, the invention provides for a poWder 
consisting of a biocompatible material of varying grain siZe 
betWeen 0 and 50 pm. In contrast to current application of 
the selective laser sintering method for technical purposes, 
the invention thus ensures that the shaped body designed for 
dental purposes is compatible With human tissue (see Hoff 
mann-Axthelm, Lexikon der ZahnmediZin [Encyclopedia of 
Dental Medicine], 6th/11th edition, p. 97, and Reuling, 
Biokompatibilitat dentaler Legierungen [Biocompatibility 
of Dental Alloys]). The grain siZe distribution ensures the 
forming of dense layers With the advantage of minimal 
creation of cavities betWeen the layer after melting, Which 
Would be susceptible to bacteria cultures forming; in addi 
tion, it de?nes the siZe and ?tting accuracy of the restoration. 
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[0013] While larger cross-sectional areas of the dental part 
to be produced, are impacted by the laser beam by oscillat 
ing it in one direction, and shifting the oscillating beam in 
a direction perpendicular thereto, as explained in US. Pat. 
No. 4,863,538 mentioned above, according to the invention 
the laser beam follows the contour of the Wall to be produced 
Within the cross-section of thin-Walled areas. 

[0014] Due to its certain degree of roughness, the surface 
of the shaped body produced in accordance With the inven 
tion is particularly Well-suited for the frequently desired 
veneering process using ceramic or other materials, as is the 
case With croWns or bridges. Furthermore, because it is easy 
to in?uence the ?le on Which the control process is based, it 
is possible to make corrections to the con?guration of the 
shaped body that may appear desirable (With respect to the 
traced result) for a Wide variety of reasons. 

[0015] The poWder preferably comprises an alloy With 
essentially equal proportions of the alloy components in 
each grain of poWder. This provides a major advantage 
compared to the conventional production of shaped dental 
bodies from melted alloys, because there is no risk of 
segregation of the alloy components in the melt and/or in the 
shaped body after casting. In addition, the production of 
semi-?nished products that are made of certain alloys and 
are particularly advantageous for dental purposes necessi 
tates complicated and costly processes, such as suction 
casting and the like, Whereas pulveriZation of such alloys is 
signi?cantly less compleX. HoWever, Whereas a melt pro 
duced from such a poWder (for subsequent production of 
shaped cast bodies) is exposed for its part to the risk of 
segregation and thus non-homogeneity, a shaped body that 
is selectively melted according to the invention maintains its 
uniform distribution of alloy components. 

[0016] A metal poWder With the folloWing composition 
has proved effective for use With the method according to the 
invention, Whereby the method is not con?ned to said 
composition: Ni61, 4Cr22, 9M08, 8Nb3, 9Fe2, 
5Mn0.4Ti0.1, Where the alloy comprises 61.4% Ni, 22.9% 
Cr, 8.8% M0, 3.9% Nb, 2.5% Fe, 0.4% Mn and 0.1% Ti. 

What is claimed is: 
1. A method of making a shaped body for use as a dental 

part, comprising: 

guiding a laser beam over a poWder layer using a com 
puter-controlled laser scanning system based on data 
representing the shape of a cross-section through the 
shaped body, the poWder comprising a biocompatible 
material of grain siZe in the range from 0 pm to 50 pm, 
to create a layer in the shaped body; 

substantially melting the poWder With the laser beam; and 

repeating the guiding and melting over successive poWder 
layers using successive cross-sectional representative 
data so as to build the shaped body entirely from layers 
of laser-melted material. 

2. The method as recited in claim 1, Wherein the molten 
poWder substantially maintains the shape of each cross 
section through the shaped body. 

3 The method as recited in claim 1, Wherein the shaped 
body has an average density of up to 98% of the density of 
the biocompatible material. 

4. The method as recited in claim 1, Wherein the shaped 
body has an average density of up to 99.9% of the density 
of the biocompatible material. 
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5. The method as recited in claim 1, Wherein the poWder 
comprises an alloy With essentially equal proportions of 
alloy components in each grain of the poWder. 

6. The method as recited in claim 1, Wherein the biocom 
patible material is a metal alloy. 

7. The method as recited in claim 1, Wherein the biocom 
patible material is Ni61.4, Cr22.9, Mo8.8, Nb3.9, Fe2.5, 
Mn0.4, and Ti0.1. 

8. An intermediate for being made into a shaped dental 
part for use in a patient’s mouth, comprising: 

a partial body comprising biocompatible material and 
having a surface shaped to ?t in the patient’s mouth; 
and 

a layer of poWder alloy disposed upon a surface of the 
partial body and comprising particles of the biocom 
patible material, the particles generally being of a 
predetermined density, having varying grain siZes in a 
range of about 0 pm to about 50 pm, and having 
essentially equal proportions of alloy components in 
each particle; 

Wherein the biocompatible material of the partial body has 
a density of not less than about 98% of the predeter 
mined density of the particles. 

9 The intermediate as recited in claim 8, Wherein the 
biocompatible material of the partial body has a density 
betWeen 98% and 99.9% of the predetermined density. 

10 The intermediate as recited in claim 8, Wherein the 
biocompatible material is a metal alloy. 

11. The intermediate as recited in claim 8, Wherein the 
biocompatible material is 61.4% Ni, 22.9% Cr, 8.8% M0, 
3.9% Nb, 2.5% Fe, 0.4% Mn, and 0.1% Ti. 

12. The intermediate as recited in claim 8 Wherein the 
particle layer is of a thickness for forming a layer of 
cohesively maintained biocompatible material, When melted 
by a guided laser beam, to enlarge the partial body. 

13. An intermediate for being made into a shaped dental 
part for use in a patient’s mouth, comprising: 

a partial body comprising biocompatible material and 
having a surface shaped to ?t in the patient’s mouth; 
and 

a layer of poWder alloy disposed upon a surface of the 
partial body and consisting of particles of biocompat 
ible material generally having a predetermined density 
and essentially equal proportions of alloy components, 
the particles further having varying grain siZes in a 
range of from about 0 pm to about 50 pm; 

Wherein the biocompatible material of the partial body has 
a density of not less than about 98% of the predeter 
mined density of the particles; and 

Wherein the particle layer is of a thickness for forming a 
layer of cohesively maintained biocompatible material, 
When melted by a guided laser beam, to enlarge the 
partial body. 

14. The intermediate as recited in claim 14, Wherein the 
biocompatible material is a metal alloy. 

15. The intermediate as recited in claim 14, Wherein the 
biocompatible material is 61.4% Ni, 22.9% Cr, 8.8% M0, 
3.9% Nb, 2.5% Fe, 0.4% Mn, and 0.1% Ti. 

* * * * * 


