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Abstract

Although the traditional casting method has been used frequently from the past to the present, it has been replaced by computer-aided
manufacturing with the development of technology, and many computer-aided manufacturing techniques are available. Although res-
torations without metal substructures have been developed, metal-ceramic restorations are still the gold standard in long bridges where
force is intense and durability is required. It seems that they will continue to be used for many years. In this review, metal manufacturing
techniques and application methods are described.
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INTRODUCTON

Metalceramic restorations, which provide appropriate mechanical properties, adequate aesthetics, and low cost, have been
widely used for many years in partial missing teeth. Considering the current all-ceramic systems and their contraindications,
metalceramic restorations are expected to be used for many years. Although the porcelain surface is the part that functions
directly in the mouth, the mechanical and physical properties of the metal substructure affect the success of the restoration.

The traditional casting method, which is one of the manufacturing techniques, is a multistage method that requires
high precision. Errors made in any of the casting stages adversely affect the metal-porcelain connection. Computer-aided
design-computer-aided manufacturing (CAD-CAM) technology, which was introduced to dentistry by Francois Duret in the
early 1970s, has enabled the rapid production of designed frameworks. In the milling system, dental restorations designed
in the computer environment are obtained by milling from blocks. The biggest disadvantages of milling of metal blocks
consisting of base metal alloys are rapid wear of milling equipment, loss of time, and excessive material loss.’

Laser sintering technology, which is accepted as one of the "rapid prototyping” systems as an alternative to CAD-CAM
systems, has started to be used in framework manufacturing. Objects with much more complicated forms can be produced
with this technology. It is obtained by assembling powdered alloys layer by layer and most errors in the casting system are
prevented. Laser sintering systems are divided into categories according to the melting and bonding mechanisms of the
powder particles.? Laser sintering devices used in dentistry mainly work with selective laser sintering (SLS) or selective laser
melting (SLM) principles. These techniques, which have rapidly taken their place in the production stage, have been devel-
oped and direct part manufacturing has been started from metal powders.

GENERAL INFORMATION

Alloys Used in Metal-Supported Ceramic Restorations
Considering the clinical and economic expectations, many alloy systems have been introduced in the literature for the
construction of metal-supported ceramic restorations. Each alloy system may have advantages and disadvantages.
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Material selection is made by considering clinical and eco-
nomic factors. Alloys used in metal-ceramic restorations
have been classified according to their cost, type of use,
and content. O'Brien? classified the metal alloys used in
metal-ceramic restorations according to their content as
follows:

A. Noble metal alloys
a. Palladium (Pd) alloys
. Palladium-silver (Pd-Ag) alloys
. Palladium-copper (Pd-Cu) alloys
. Palladium-cobalt (Pd-Co) alloys
b. Gold (Au) alloys
. Gold-platinum-palladium (Au--Pt-Pd) alloys
.  Gold-palladium (Au-Pd) alloys
. Gold-palladium-silver (Au-Pd-Ag) alloys
B. Base metal alloys
a. Nickel-chromium-beryllium (Ni-Cr-Be) alloys
b. Nickel-chromium (Ni-Cr) alloys
c. Cobalt-chromium (Co-Cr) alloys
d. Titanium (Ti) and titanium alloys

Noble Metal Alloys

Noble metal alloys contain at least 25% noble elements.
They are highly resistant to corrosion and oxidation due to
their high chemical stability. There are 2 basic systems in this
group: palladium alloys (3 formulae) and gold alloys.

Palladium-Silver Alloys

Palladium-silver alloys contain 50%-60% palladium. This
ratio makes the alloy resistant to corrosion. The most impor-
tant advantages of this alloy are high modulus of elasticity,
excellent porcelain bonding, and good castability. The disad-
vantage is the greenish discoloration of the porcelain due to
the high silver content.?

Palladium-Copper Alloys

This group usually contains 70%-80% palladium, more than
15% copper and 9% gallium. Gold is either not contained
at all or can be found in very small amounts. For a porcelain
connection with a metal, an oxide layer of ideal thickness is
required and noble metals do not have the ability to oxidize.
There are trace amounts of oxidizable elements such as tin,
indium, gallium in order to form an oxide layer of the desired
thickness. Its use is limited due to its disadvantages such as
difficult polishing, high hardness, thermal deformation, and
distortion of marginal adaptation.*

Palladium-Cobalt Alloys

Palladium-cobalt alloys contain 78%-88% palladium,
4%-10% cobalt, and trace amounts of easily oxidizable base
metals. The dark-colored oxide layer formed is very difficult
to mask. Despite this, it has advantages such as the compat-
ibility of the thermal expansion coefficient with the porcelain
used, low density, and low cost.*
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Gold-Platinum-Palladium Alloys

They contain 11% palladium, 75%-88% gold, and 8% plat-
inum. Trace amounts of iron, indium, and tin are present to
form porcelain connection. Although it has low hardness, its
high cost limits its use.*

Gold-Palladium-Silver Alloys

It contains 39%-53% gold, 12%-22% silver, and 25%-
35% palladium. Palladium content is high, and therefore it
shows less bending. The biggest disadvantage is that the sil-
ver content causes the porcelain to stain.*

Gold-Palladium Alloys

In order to solve the color problem caused by the alloy con-
taining silver, silver-free gold-palladium alloys were devel-
oped. It contains 35%-45% palladium and 44%-55%
gold. Elements such as tin, indium, and gallium are added
to provide a connection with porcelain. However, the biggest
disadvantages are the high cost and the incompatibility of
the thermal expansion coefficient with porcelain with a high
expansion coefficient.*

Base Metal Alloys

Besides titanium and titanium alloys, the 2 most well-known
groups of base metal alloys are based on nickel and cobalt.
Both systems contain chromium as the second largest com-
ponent. Alloys in this group are described as white in color
due to their high levels of nickel, chromium, and cobalt.>®

Nickel-Chromium-Beryllium Alloys

The addition of beryllium to nickel-chromium alloys prevents
the formation of a thick oxide layer at high temperature. It
also increases the flowability of the alloy and improves its
castability. Since beryllium has a carcinogenic effect on the
body and is difficult to excrete from the body, beryllium-free
nickel-chromium alloys are used.*

Nickel-Chromium Alloys

Nickel-chromium alloys contain at least 60% nickel and at
least 20% chromium. The addition of chromium to Ni-Cr alloy
increases corrosion resistance. They have high tensile strength
compared to precious alloys. It can be made thinner than pre-
cious alloys and Metal ceramic (MS) connection is strong.

It can also be used in long bridges. It is examined in 2 cat-
egories as beryllium and beryllium-free, but due to its car-
cinogenic effect, the use of beryllium-free Ni-Cr alloys is
recommended. Due to its disadvantages such as uncon-
trolled oxide layer formation, nickel causing allergic reaction,
and deformation in the margins after casting, its use is less
common.?

Cobalt-Chromium Alloys
Cobalt chromium alloys are mainly composed of Co, Cr, W,
Mo, and Si elements. In addition, trace amounts of Fe, Ni,
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Mn, N, and C elements may also be present. Cobalt is the
main component of the alloy and increases the resistance of
the alloy. Due to the chromium content, a thin oxide layer
(Cr,05) forms on the surface of the substrate. This deter-
mines its corrosion resistance.”

Cobalt chromium alloys have better corrosion resistance than
nickel-based alloys. Their advantages include not causing
allergic reactions, low cost, low heat conduction, biocom-
patibility, and high resistance. The biggest disadvantages are
that laboratory processing is difficult and more oxidized than
nickel-containing alloys.?

Today, Co-Cr metal substrates can be obtained by CAD-
CAM and traditional lost wax (casting) methods. Alloys pro-
duced for casting are available in the form of cores (ingots),
in the form of solid prefabricated blocks in the subtractive
method, and in the form of metal powders in the additive
method.®"

Titanium and Titanium Alloys

Titanium and its alloys are widely used in the medical sector.
Low cost, excellent biocompatibility, good corrosion resis-
tance, and low thermal conductivity are the reasons why
titanium is preferred in metal-supported ceramic restora-
tions. The biggest disadvantage of titanium is the need for
a special equipment for casting. It has a high melting point
and casting is carried out under argon atmosphere. Another
important disadvantage is the formation of a thick oxide
layer at temperatures above 800°C during firing. This thick
oxide layer weakens the connection with porcelain. For this
reason, low temperature porcelain is used in titanium appli-
cations. With the development of techniques such as spark
erosion and milling systems, these problems have been
overcome.?

Metal Manufacturing Techniques

Conventional Lost Wax Technique

The conventional lost wax technique, also known as the cast-
ing technique, was first applied by Martin in 1891. However,
the first casting device was developed by Dr Taggartin 1907.%2

The wax structure formed on the model is surrounded by
the revetment. The wax is eliminated by heat, and the mol-
ten metal is transferred to the revetment cavity through the
casting channel called tij. In this way, the casting process is
completed. The most desirable feature of the alloys used in
the casting process is that they are castable. Castability is the
ability of the alloy to fill all the details and the finest edges
of the wax modeling completely. Factors affecting castability
include the density and composition of the alloy, the number
and shape of casting channels, the surface tension of the
molten alloy, and the casting method." The casting process,
which consists of long laboratory stages, is a process that
requires technical precision.
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Problems Encountered in Casting of Frameworks

The casting technique is still frequently used in the manu-
facturing of metal-ceramic restorations, but it does not give
the desired ideal result in the production of complicated
restorations.™

Base metal alloys are more economical than noble metal
alloys but have higher oxidation properties than noble metal
alloys. Casting of base metal alloys is difficult due to the high
melting temperature and oxidation. In addition, contraction
of the substructures due to thermal contraction during the
cooling of the melted metal cast into the cuff is one of the
problems encountered. Since the hardness of base metal
alloys is high, leveling and polishing processes take time.™

The casting process consists of successive stages and if the
necessary precision is not shown, defects such as poros-
ity, distortion, and defective margin formation may occur
on the substrate. These defects weaken both the bonding
of the metal substrate to the porcelain and its resistance to
corrosion.'®

There have been changes in metal production techniques
used in dentistry with the development of technology.
Thanks to CAD-CAM technology, alternative metal-forming
techniques other than the traditional casting method have
started to be used in dentistry.”

Computer-Aided Design and Computer-Aided Manufacturing
Methods

All CAD-CAM systems technically consist of 3 stages: data
collection, design of restorations, and production of restora-
tions.”™ In this method, data are collected by scanning the
gypsum models obtained directly from the patient's mouth
or from the measurements taken. On the resulting 3-dimen-
sional (3D) jaw models, the substructure design or restora-
tion is created and recorded by CAD software. The design is
transferred to the device that will perform the production,
and production is provided with CAM software.-2" Due to
its high production speed and sensitivity, the production of
frameworks with CAD-CAM has become quite widely used.
Computer-aided design-computer-aided manufacturing
systems are analyzed in 2 sections as subtractive and additive
methods.™

Subtractive Manufacturing Method

The subtractive manufacturing method uses milling
machines to produce substructures or restorations that have
been designed in a CAD program. The working strategy of
the milling device is determined by processing the design file
created with the CAM program and the production is carried
out by milling prefabricated solid blocks. Many materials can
be processed with this method, including ceramics, polym
ethylmethacrylate, polyetheretherketone (PEEK), titanium,
and Co-Cr alloys. Depending on the etched material, liquid
cooling can be used during production.’02?
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The advantages of this system are faster production com-
pared to the casting method and a reduction of the mis-
takes that may occur due to the technician to a minimum
level. Since restoration is obtained by milling the blocks, a
lot of residual material is formed, which is a waste of mate-
rial. At the same time, the life of the burs used is limited,
and there is a need for continuous bur renewal, especially
in the engraving of metal blocks. All these increase produc-
tion costs. The ability to produce complex shapes is limited
compared to additive manufacturing. Due to these disadvan-
tages, additive manufacturing methods are more preferred in
framework manufacturing.'"-20-23

Additive (Layered) Manufacturing Methods

According to the definition of the American Society for
Testing and Materials, the production of a 3D virtual model
by layering CAD data is called "additive manufacturing.” A
variety of materials are processed with this method, including
polycarbonate, nylon, wax, plastic, ceramic, metal, powders,
or composite powders made from mixtures thereof.?* There
are many additive manufacturing methods based on different
principles. These are

. Scanning light curing technique (Stereolithography)
.  Fused deposition modeling

«  Selective electron beam melting

«  Three-dimensional printing (3D ink jet printing)

«  Laminated objected manufacturing (LOM)

. Solid ground curing (SGC)

o  Laser production directly from metal powders

Laser Production Directly from Metal Powders

Laser beam forming of metal powders is also known as direct
metal laser manufacturing. According to the classification
of Greulich?®® and Levyin,?® the main methods based on the
melting or non-melting of metal powders are divided into
2 as fusion and non-fusion methods. The fusion method
includes SLM and 3D laser coating systems, while the fusion-
less method includes SLS and laser micro sintering systems.

Among the laser manufacturing methods directly from metal
powders, SLS and SLM are the most frequently used systems
in metal substructure production today.

Selective Laser Sintering-Direct Metal Laser Sintering
Selective laser sintering is the manufacturing of 3D objects
by melting and joining powdered material with a laser under
computer control. This system was first developed by Carl
Deckard in his doctoral study and commercialized by Direct
Tooling Manufacture Corp (DTM). After DTM company, it was
included in 3D Systems company. In the following periods,
many companies, especially Electro Optical Systems (EOS),
launched their own SLS devices.?

The SLS system is based on the principle of combining par-
tially melted powders. These powder materials have the
ability to fuse with each other when heated. The powdered
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material is first spread in a uniform, thin layer, and then a
laser beam is sent to selected areas in direction of CAD data.
When the laser beam hits the surface, heat is generated,
which partially melts the powder particles and fuses them
together. When the process is complete, the platform is
lowered down the thickness of the layer and a new layer of
powder is created. This process is repeated as many times as
necessary to produce each layer. Afterwards, the free pow-
ders that have served as support are removed with a vacuum
suction system or manually with a brush and the produced
parts are removed from the table. The production surface is
kept hot with external heaters so that the laser beams can be
fused with less energy and faster.?

The materials that can be processed in the SLS system are
metal alloys such as nickel-chromium, cobalt-chromium,
titanium, stainless steel, carbon fiber, and plastic materi-
als such as polystyrene, polyamide, and aluminium silicate
ceramics. During the process, the moisture content increases
as a result of the laser beam hitting the surface and may
cause oxidation of the sintered metal. In order to prevent oxi-
dation, the sintering process is carried out under nitrogen or
argon gas.?’

In the SLS system, melting takes place locally, not through-
out the particles. The powder materials used can consist of 1
or 2 or more components. In 1-component materials, melt-
ing takes place on the outer wall of the particles or only in
areas in contact with each other. In mixtures with 2 or more
components, the component with a low degree of melting
acts as a binder. The component with a high degree of melt-
ing is called the structural material. In these mixtures, the
structural and connective material may be independent of
each other or the structural material may be covered with the
connective material.282°

The direct production of parts from metal powders with SLS
technology is called direct metal laser sintering (DMLS).
The first patented DMLS system appeared in 1994. The first
known commercial DMLS machine is the EOSINT M 250 laser
sintering unit introduced by EOS. With the introduction of
the EOSINT M 250, the groundwork was laid for the develop-
ment of rapid production systems, and a great commercial
success was achieved.?”

Since a mixture of metal powders with different melting
points is used in DMLS systems, there is no need to coat
the structural material with a connective material. Among
the alloys used, the alloy with a low melting point acts as a
binder. In this way, metal parts with high density and superior
mechanical properties are produced.??’

The DMLS technology has become very popular in the pro-
duction of dental restorations. Within 24 hours, it is now pos-
sible to produce hundreds of metal substructures. The larger
the area of the platform on which the metal powder s spread,
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the more production is realized. Thanks to its high productiv-
ity, quality standardization of the products is ensured. The
marginal compatibility of the restorations produced with this
system, which has high working precision, is quite high.?°

Selective Laser Melting

Selective laser melting is an additive manufacturing system
based on SLS. The working principle is very similar to the SLS
system. However, it differs in terms of the power of the laser
beam used and the way the powder particles are bonded to
each other. In the SLM system, a high-energy laser system is
used to completely melt the particles, and since the particles
are completely melted, high-density parts are produced.?

While many materials in metal, polymer, ceramic, and com-
posite structures can be processed with SLS systems, SLM
technology is generally used in the production of metal
materials. In SLM machines, the heat generated in the area
where the laser beams hit the surface is directly proportional
to the power of the laser beam, and the heat increase is
higher than the SLS system. For this reason, argon or nitro-
gen atmosphere is needed more to prevent oxidation in SLM
systems.?’

The first desktop SLM machine was launched by Realizer in
2009. The SLM machine, the Realizer SLM-50, was devel-
oped for businesses that produce small and customized parts.
Since these machines can produce a large number of parts
in a short time, they quickly became the target of dental
laboratories. Today, SLM technology is also used in the pro-
duction of customized implants and abutments as well as
metal-supported restorations.>’

With the developing technology, many SLM systems with the
same working principle have been introduced. LaserCusing®
technology developed by Concept Laser is one of them.
System materials include high quality steels, aluminium
and titanium alloys, nickel-based alloys, and Co-Cr alloys.
The most important feature of this system is the fiber laser
technology that works with the “Islands” scanning strategy,
which provides equal cooling in each region by applying the
laser beam randomly to different points rather than in a spe-
cific direction, and is successfully used in the production of
metal-assisted restorations.3?

In metal parts produced by both SLS and SLM systems,
thermal stresses and porosities that occur after the sinter-
ing process can cause contraction of the part, weakening of
its mechanical resistance, surface irregularities, and dimen-
sional changes. In order to reduce these effects, metal
parts are subjected to a secondary process called “post-
processing.” The post-processing process, which is usually
applied as a thermal treatment (thermal annealing) in the
form of a secondary firing, reduces thermal stresses on the
metal part and improves structural stability and mechanical
properties.?
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RESULTS

The easy and rapid production of dental prostheses directly
from a computer model using various manufacturing tech-
niques is a revolutionary innovation. However, there is still
a need to develop better quality and accuracy. Studies on
metal-based materials and production techniques are con-
tinuing. Although the number of studies using new manu-
facturing methods has increased in recent years, there is a
need for randomized and controlled long-term clinical stud-
ies with high evidence value.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - G.E.C., M.C.B.; Design - G.E.C.,
M.C.B.; Supervision - G.E.C., M.C.B.

Declaration of Interests: The authors have no conflict of interest to
declare.

Funding: The authors declared that this study has received no finan-
cial support.

REFERENCES

1. Park JK, Kim HY, Kim WC, Kim JH. Evaluation of the fit of metal
ceramic restorations fabricated with a pre-sintered soft alloy. /
Prosthet Dent. 2016;116(6):909-915. [CrossRef]

2. Santos EC, Shiomi M, Osakada K, Laoui T. Rapid manufacturing
of metal components by laser forming. Int J/ Mach Tool Manuf.
2006;46(12-13):1459-1468. [CrossRef]

3. O'Brien WJ. Casting. In: O'Brien W), ed. Dental Materials and
Their Selection. 4th ed. Hanover Park-IL: Quintessence Publish-
ing Co Inc; 2008:243-252.

4. Naylor WP. Casting alloys for bonding to dental porcelain. In:
Naylor WP, ed. Introduction to Metal-Ceramic Technology. 2nd
ed. Hanover Park-IL: Quintessence Publishing Co Inc.;
2009:33-60.

5. Naylor WP. Introduction to Metal-Ceramic Technology. Chi-
cago: Quintessence Publishing Company; 2009.

6. Powers JM, Craig RG. Thermal analysis of dental impression
waxes. J Dent Res. 2006;32(1):48-57.

7. Podrez-Radziszewska MHK, Dudziriski W, Morawska-Sottysik M.
Characteristic of intermetallic phases in cast dental CoCrMo
alloy. Arch Foundry Eng. 2010;10(3):51-56.

8. Powers JM, Wataha JC. Dental Materials: Properties and Manip-
ulation. 10th ed. St. Louis: Mosby; 2013.

9. Alghazzawi TF. Advancements in CAD/CAM technology: options
for practicalimplementation. / Prosthodont Res. 2016,;60(2):72-
84. [CrossRef]

10. Hong MH, Lee DH, Hanawa T, Kwon TY. Comparison of micro-
structures and mechanical properties of 3 cobalt-chromium
alloys fabricated with soft metal milling technology. / Prosthet
Dent. 2022;127(3):489-496. [CrossRef]

11. Revilla-Leén M, Meyer MJ, Ozcan M. Metal additive manufac-
turing technologies: literature review of current status and pros-
thodontic applications. Int /] Comput Dent. 2019;22(1):55-67.

12. Serra-Prat ), Cano-Batalla J, Cabratosa-Termes J, Figueras—Alva—
rez O. Adhesion of dental porcelain to cast, milled, and laser-
sintered cobalt-chromium alloys: shear bond strength and

139


https://doi.org/10.1016/j.prosdent.2016.03.024
https://doi.org/10.1016/j.ijmachtools.2005.09.005
https://doi.org/10.1016/j.jpor.2016.01.003
https://doi.org/10.1016/j.prosdent.2020.07.037

Celik and Balkaya.
Metal Manufacturing Techniques

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

sensitivity to thermocycling. J Prosthet Dent. 2014;112(3):600-
605. [CrossRef]

Young HM, Coffey JP, Caswell CW. Sprue design and its effect
on the castability of ceramometal alloys. / Prosthet Dent.
1987;57(2):160-164.

Yildinm MP. Protetik dis tedavisinde hizli prototip Uretim
teknolojileri. Atatiirk Univ Dis Hek Fak Derg. 2013;23(3):
430-435.

Acikalin A, BE UY. Geleneksel dokiim ve kopya milleme yontem-
leriile hazirlanan metalaltyapilarinig uyumlarinin karsilastirilmasi.
GU Dis Hek Fak Derg. 2011;28(3):169-176.

Anusavice KJSC, Rawls HR. Dental casting alloys and metal joining.
In: Anusavice KJSC, Rawls HR, ed. Phillip’s Science of Dental Mate-
rials. 12th ed. St. Louis-MO: W.B. Saunders; 2012:367-395.
Strub JR, Rekow ED, Witkowski S. Computer-aided design and
fabrication of dental restorations: current systems and future pos-
sibilities. / Am Dent Assoc. 2006;137(9):1289-1296. [CrossRef]
van Noort R. The future of dental devices is digital. Dent Mater.
2012;28(1):3-12. [CrossRef]

Barazanchi A, Li KC, Al-Amleh B, Lyons K, Waddell JN. Adhesion
of porcelain to three-dimensionally printed and soft milled
cobalt chromium. J Prosthodont Res. 2020;64(2):120-127.
[CrossRef]

Presotto AGC, Cordeiro JM, Presotto JGC, et al. Feasibility of 3D
printed Co-Cr alloy for dental prostheses applications. J Alloys
Compd. 2021;862:158171. [CrossRef]

Xin XZ, Chen J, Xiang N, Gong Y, Wei B. Surface characteristics
and corrosion properties of selective laser melted Co-Cr dental
alloy after porcelain firing. Dent Mater. 2014;30(3):263-270.
[CrossRef]

Kim HR,Jang SH, Kim YK, et al. Microstructures and mechanical
properties of Co-Cr dental alloys fabricated by three CAD/

140

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Essent Dent 2023; 2(3): 135-140

CAM-based processing techniques. Materials (Basel). 2016;9(7).
[CrossRef]

HY MT, Kunii J, Kuriyama S, Tamaki Y. A review of dental CAD/
CAM: current status of and future perspectives from 20 years
of experience. Dent Mater J. 2009;28819:44-56.

Buhrer Samra APB, Morais E, Mazur RF, Vieira SR, Rached RN.
CAD/CAM in dentistry-a critical review. Rev Odonto Cien.
2016;31(3):140-144. [CrossRef]

Greulich M. Rapid prototyping and fabrication of tools and
metal parts by laser sintering of metal powders. Mater Technol.
1997;12(5-6):155-157. [CrossRef]

Levy GN, Schindel R, Kruth JP. Rapid manufacturing and rapid
tooling with layer manufacturing (LM) technologies, state of
the art and future perspectives. CIRP Ann. 2003;52(2):589-
6009. [CrossRef]

Shellabear MNO. DMLS-Development history and state of the
art. Proceedings of the Fourth Laser Assisted Net Shape Engi-
neering (LANE), Erlangen, Germany; 2004:393-404.

Kruth JP. LG, Klocke F, childs THC. Consolidation phenomena in
laser and powder-bed based layered manufacturing. CIRP Ann.
2007:730-759.

Kruth J-P, Leu MC, Nakagawa T. Progress in additive manufac-
turing and rapid prototyping. CIRP Ann. 1998;47(2):525-540.
[CrossRef]

Available at: https://www.eos.info/dental/dentalbroschuere
tr.pdf; 2014

Gebhardt ASF, Hotter JS, Sokalla W, Sokalla P. Additive manu-
facturing by selective laser melting realizer desktop machine
and its application for the dental industry. Phys Procedia.
2010;5(Part B):543-549.

Chua CK, Leong KF, Lim CS. Rapid Prototyping. 3rd ed. Singa-
pore: World Scientific Publishing Co; 2010:199-300.


https://doi.org/10.1016/j.prosdent.2014.01.004
https://doi.org/10.14219/jada.archive.2006.0389
https://doi.org/10.1016/j.dental.2011.10.014
https://doi.org/10.1016/j.jpor.2019.05.007
https://doi.org/10.1016/j.jallcom.2020.158171
https://doi.org/10.1016/j.dental.2013.11.013
https://doi.org/10.3390/ma9070596
https://doi.org/10.15448/1980-6523.2016.3.21002
https://doi.org/10.1080/10667857.1997.11752749
https://doi.org/10.1016/S0007-8506(07)60206-6
https://doi.org/10.1016/S0007-8506(07)63240-5
https://www.eos.info/dental/dentalbroschuere_tr.pdf
https://www.eos.info/dental/dentalbroschuere_tr.pdf

