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Abstract: Introduction: Nowadays the additive technologies have become an integral part of every industry all over the world, including
healthcare and dentistry, as they have been developing with unusual speed. In order to be resolved key issues many new technological
approaches were developed. Methods: Key publications in English from past two decades are surveyed. Results: The additive processes
allow layered fabrication of complex objects. Technologies such as: Vat polymerization, Powder bed fusion, Material extrusion, Binder
jetting, Material jetting can be used in dentistry for fabrication of custom implants, apnea appliances, occlusal splints, surgical guides,
complete dentures, crowns, bridges, RPD frameworks, or their prototypes. Other types as Direct energy deposition and Sheet lamination
are not directed to the medical or dental branches at present. Conclusion: The additive manufacturing is developing incredibly fast and
today it is used in almost every stage of the production process in dentistry, often than ever. During the past few years the process of 3D
printing has become more accurate, fast and accessible, but there is still need to be optimized.
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1. Introduction

Nowadays the digital technologies have become an integral
part of every industry all over the world, including healthcare
and dentistry. [1] Actually, the CAD/CAM technology is not
a brand-new process, as they are involved in 1970s, but the
development of the information technology and the lack of
materials with specific properties delay their use and progress
by two or three decades. First the subtractive manufacturing
takes its place in dentistry, but the slow process, the
limitation for an intricate detail fabrication, the huge amount
of the waste material and last but not least the expensive
machines and consumables significantly reduced its use in
contemporary dental practice. [8, 13, 26, 37] It is gradually
replaced by the additive manufacturing that resolves most of
the mentioned issues. [16, 26] During the past ten years the
additive technologies have been developing with unusual
speed. At the same the machines evolve from a huge
industrial type with a price around a couple of hundred
thousand euros into desktop small devices with a hundred
times lower price. This forces the new material development
as well as the machines are constantly upgraded for better
results to be achieved. [2, 11, 12, 18, 20, 38, 51, 61] Today
the more the digital technologies develop, the more essential
part of the dentistry they become. [4, 6, 7, 8, 24, 25, 31, 50,
54, 55, 67]

2.Aim

The aim of the current review is to systemize the information
about the additive manufacturing in dentistry and to make a
critical review of some issues according to the extremely fast
development of these processes.

3.Additive manufacturing

Additive manufacturing is defined by the International
Organization for Standardization (ISO) and American
Society for Testing and Materials (ASTM) as: Process of
joining materials to make parts from 3D model data, usually

layer upon layer, as opposed to subtractive manufacturing
and formative manufacturing methodologies. [23]

As it belongs to a CAD/CAM (Computed Aided Design /
Computer Aided Manufacturing) technologies, the additive
manufacturing involves three main stages of the production
process: 1) data acquisition, 2) data processing and 3)
manufacturing. [45, 48, 60] The first step is collecting
information about the object that will be 3D printed. The data
can be acquired by a range of sources such as: intra-oral
scanners, laboratory scanners, CBCT, MRI, etc. [3, 19, 28,
33, 41, 42, 53] Currently all the available technologies
suitable for data acquisition have an extremely high
resolution so that the digital image of the oral cavity or juts
desired tissues or structures are very detailed. [52] The
scanning devices acquire 2D data for a 3D object, which is
combined into a raw 3D point cloud, which contains
information about surface configuration, but also artefacts
such as noise, reflections, unwanted structures. [46]
Therefore, all the unnecessary information is automatically
filtered by the scanning device software, keeping the
essential one. This process is followed by surface
reconstruction and modelling process (texture mapping) in
order a digital 3D model with fundamental characteristics of
the real object to be achieved. Then the 3D image is suitable
to be imported into a CAD software, which allows the
achieved image to be manipulated. The process is followed
by a preparing process for printing that contains importation
of the 3D object in a specific software for 3D printing, setting
up the printing options such as: determination of the layer
thickness, supporting structures, material, etc. Finally, the
designed object can be fabricated by additive manufacturing
process. [1, 48, 49]

According to the ISO and ASTM the additive process can be
divided into seven different categories as follows [23]:

o Vat polymerization
o Powder bed fusion
o Material jetting

Volume 10 Issue 12, December 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR211222015254

DOI: 10.21275/SR211222015254

981



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

Binder jetting

Material extrusion
Direct energy deposition
Sheet lamination

4.Vat Polymerization

It is defined as an additive manufacturing process in which
liquid polymer in a vat is selectively cured by light-activated
polymerization. This type of process contains a group of
methods that differs to each other by the integrated light
source or just the device structure.

The Stereolithography (SLA) is the first described method for
3D printing, invented by Charles Hull in 1984. This method
is based on layer-by-layer laser light-curing of a solid object
in a vat full of liquid polymer until the whole object is
fabricated. [79, 86] An UV laser source emits a vat full of
photosensitive resin-based material by tracing a single layer
of the built object (in X, y axis). Once the illuminated area is
cured, the building platform moves down (along the z axis)
and the next layer is cured. This process repeats for every
layer until the whole object is 3D printed. [27, 80, 85, 90]
Figure 1. This method allows precise manufacturing of
objects with smooth surface and measurements that
correspond to the digital pattern. [84] The low printing speed
can be point out as the main disadvantage. The complete
process may take from a few minutes to more than a day
depending on the number, size and complexity of the printing
objects. Therefore, this method is suitable for producing of
just a few objects with small sizes. It is usually used for
fabrication of working and diagnostic models, custom trays,
surgical guides, orthodontic aligners, splint and occlusal
guards, gingival mask, implant models, temporary crowns,
complete dentures, denture frameworks or fixed partial
denture prototypes etc. [14, 15, 17, 30, 39, 40, 57, 81, 8]
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Figure 1: A schematic illustration of SLA 3D printing
process

A modification of the classical SLA technology is the
Inverted SLA. The major difference is that the laser emits
through the vat bottom and the object is bult upside down as
the building platform rises after each layer polymerization
and dips again in the vat for the subsequent layer. Figure 2.
This technology allows the volume of the printed object to
exceed the amount of the liquid material, which reduces the
expenses and makes the apparatus much smaller. The major
issue with this technology is that the cured layer sticks to the
vat bottom and when the building platform rises the object
can be deformed. As a result, a new modification was

developed during last few year, called Low Force SLA. The
process is the same as the inverted SLA, but the tank (vat)
bottom is made of flexible material that generates lower
forces when the object is detached. [27, 47]

Elevator

Building platform

Supporting structures

3D printed
object Liquid resin
Laser source
\ \ Laser beam
e Mirror

Figure 2: A schematic illustration of Inverted SLA 3D
printing process

Digital light processing (DLP) is invented by Larry Hornbeck
in 1987. It is based on DLP light source (arc lamp or LED)
that emits in UV range, while exposes a vat filled up with
light-curing resin. Figure 3. One of the major differences
between SLA and DLP is the printing speed. [83] The digital
projector exposes and curing a whole layer at once by
projecting an image of the whole layer, rather than to draw
the layer voxel by voxel. [29, 71] The major issue here is the
great surface roughness of the printed objects which is result
of the digital projector which emits in square shaped pixels
and creates voxels with same parameters. [72, 75] At the
same time the DLP is also faster and cheaper method than the
SLA, as it allows reduction of the raw material consumption
and faster processing. The technology characterizes with the
same variety in its application as the SLA. [34]
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Figure 3: A schematic illustration of DLP 3D printing
process.
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A modification of DLP technology is the continuous digital
light manufacturing (CDLM). It utilizes the ability of the
oxygen to inhibit the curing process as increasing its
concentration just between the building platform and
polymerizing layer. This prevents the layer to stick to the vat
bottom. At the same time the building platform continuously
lifts vertically rather than to stop between different layers. As
a result, this technology allows a faster way of production
with less distortion of the object. [74]

Masked stereolithography (MSLA) is technology which is a
very similar to the DLP. The major difference between the
two processes is that the MSLA technology adopts LCD
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display as an emitting device rather than a digital projector.
The vat is situated above the display and only a thin layer of
fluorinated ethylene propylene (FEP) plastic foil separates
them. The display illuminates only the desired configuration
of the current layer as curing the resin above. Figure 4. The
same issues with the surface roughness are also presented as
to the DLP technology. Therefore, the producers try to
overcome this with a variety of tricks such as incorporating
anti-aliasing option in their devices or even integration of
displays with higher resolution or just selective depth of
emission along the z axis. Another major issue with the
MSLA technology is the short life of the LCD display - just a
couple of years. The benefits and application of the MSLA
are the same as the described to the DLP process. [9]
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Figure 4: A schematic illustration of MSLA 3D printing
process

The common post-processing procedure includes alcohol
rinsing for remnants removal, post-curing process and
removal of the supports. [76, 78, 87, 88]

5.Powder Bed Fusion

It is an additive manufacturing process in which thermal
energy selectively fuses regions of a powder bed. The first
developed technology of powder bed fusion is the SLS
process, which is introduced in 1987 by Carl Deckard. The
3D printing method adopts the same principle as SLA, except
that the raw material is in powdered solid state. The
technology utilizes a vat filled up with powdered material
(ceramics, polymer, metal, alloy), a building platform,
situated in the vat and a heigh intensity laser. [89] The
process starts with illuminating and heating the upper layer of
the powder by tracing it with the laser, as a result the
particles are selectively sintered creating a solid layer. After
the layer is done, the building platform lowers, then some
new raw material is delivered by a special roller and the
process repeats from the beginning for every subsequent
layer till the complete object production. Figure 5. As it
mentioned the laser heats the powdered material bellow the
melting temperature, as a result only the surface of the
particles starts melting causing them to fuse, a process known
as a sintering. It is remarkable that the SLS doesn’t require
supporting structures when the object is bult, the rest of
unsintered powder acts as support. However, when the
apparatus prints structures of metal or alloy additional
supports are necessary and the printer creates such a
structures to prevent distortion. The technology is used for
direct fabrication (rapid manufacturing process) of all-
ceramic restorations, partial denture frameworks, acrylic
provisional restorations. [21, 39, 62]
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Figure 5: A schematic illustration SLS 3D printing process

In 1995 a very similar process called SLM was developed.
The SLM devices are built and work on the same principle as
SLS ones. Unlike the SLS, SLM technology prints the
objects layer by layer but the particles of the material for
every layer are fully melted and fused to the previous one.
[65] Figure 6. This results in objects with a homogenous and
very solid structure. [36] The supporting structures for this
process are also mandatory as a prevention of distortion. The
SLM process is used for partial denture frameworks, coping
fabrication, custom implant abutments etc. [10, 22, 43, 59,

63, 66]
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Figure 6: A schematic illustration of SLM 3D printing
process

Some producers describe technologies as Direct Metal Laser
Sintering (DMLS), or “Direkt Metall Laser Schmelzen”, or
also Direct Metal Laser Melting (DMLM) that are based on
SLS 3D printing process and own all of its characteristics,
advantages and disadvantages. [68, 69, 91] There are authors
who define that DMLS refers to an alloy sintering, as the
SLM uses only base metals for the build process. This state is
not so clear as the company SLM Solutions® which integrates
the SLM technology in its devices and suggests a variety of
alloys for the printing process. The things become more and
more confusing when the ISO/ASTM 52900:2015 is
examined. According to the standard, term ‘“sintering” is
historical term and misnomer in context of 3D printing, as the
laser sintering involves full or partial melting. [1, 23, 60, 98]

Electron beam melting (EBM) is a technology similar to the
SLM, that manufactures objects by melting alloys or metal
powder layer upon layer with an electron beam in a vacuum
and high temperature (e.g. 1000 °C). The electron beam is a
result of tungsten filament heating and the emitted electrons
have higher energy than the laser. [92] This allows the
powder particles to be melted without vaporization, as the
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vacuum and high temperature inside the building tank allow
creation of pure structures without residual stress. This
technology is used for fabrication of prosthetic implants,
dental restorations, also is applied in orthopedics and
maxillofacial surgery for construction of customized
implants. The process is time consuming and relatively
expensive. [56] Usually, the post processing includes
supporting structure or single particles removal a stress
releasing heating and burning.

Multi Jet Fusion (MJF) is developed by Hewlett Packard
technology that allows the digital prototype to be divided into
voxels. During the preparation of the digital prototype and
during the build procedure, every voxel could be controlled
by individually setting characteristics such as color,
translucency, surface texture, mechanical properties or
electroconductivity etc. The process starts with delivery of
material, over the building platform. It is followed by a
selective application of fusing agent, then a heat is applied to
fuse the agent and the material. All these procedures are
repeated until the desired object is built. The process is
defined to make possible creation of object that the other 3D
printer cannot build, but currently is focused on the industrial
use and only a couple of synthetic thermoplastic polymers are
available for utilization. [93, 94, 95]

Another process that can be associated with the powder bed
fusion is the selective absorption fusion (SAF) technology. It
uses a special fluid that is infrared-sensitive to fuse the
particles of powdered polymer. The process starts with a thin
layer of powder delivery, then a special printheads selectively
jets the fluid in the desired areas. After that the layer is
exposed to infrared radiation to fuse it and the process
restarts from the beginning, until the complete object is
finished. The method is defined as a cost-efficient, and
relatively accurate. The technology is not applicable to
dentistry so far. [99.100, 101]

6. Material Jetting (MJ)

It is an additive manufacturing process in which droplets of
build material are selectively deposed. Material jetting
technology, also known as inkjet printing technology, is
method of 3D printing that is very similar to 2D inkjet
printing and is based on direct delivery of the build material
drop by drop through a special nozzle directly to the building
platform. The material can be an aqueous solution of coloring
agent, solutions of ceramics or metal nano particles, polymers
and even cell solution for tissue and organ printing. [102] In
order to be created a 3D object, every single layer should be
transferred to a solid state, this can be achieved by drying,
UV light, heat exposure or just a chemical reaction. Usually,
this technology uses a water-soluble material for the
supporting structures or a wax that is melted-away during the
post processing procedure. The Material jetting technology is
used for fabrication of occlusal splints, drill guides, models
for thermoforming. Due to poor accuracy the technology
doesn’t find application in dental restorations, where a higher
precision is required. [60] Figure 7.

Material for

/ supporting structures

UV curing light

Building material ————,.

3D printed
object

Nozzels Supporting structures

Building platform.

Figure 7: A schematic illustration of MJ 3D printing process

The contemporary devices that integrate inkjet printing
usually have two, three or more nozzles with an option to
build objects by deposing all the loaded types of raw
materials at the same time. In this context an object can be
created with different physical (mechanical, optical)
characteristics in different areas. For example, a toothbrush
with stiff handle and elastic fibers, or an occlusal splint with
resilient internal and stiff outer surface can be produced at
once.

During the past few years due to the development of
nanomaterials and nanotechnologies a type of inkjet printing
called Nano particle jetting (NPJ) was introduced. This
technology uses dispersed ceramic or metal nanoparticles in
aqueous solution that is deposed over the building platform,
while heat is applied. After evaporation of the water the
residue of the nanoparticles form a single layer of the printed
object. The same procedure is repeated for every single layer
until the 3D object is finished. Finally, the produced object is
sintered to ensure high material density. This technology is
on its way to be integrated in dentistry. [103]

7.Binder Jetting (BJ)

The technology is defined as an additive manufacturing
process in which a liquid bonding agent is selectively
deposed to join powder materials. [77] Figure 8. A huge
variety of material are developed for this such as:
polyamides, PMMA, alloys with various composition,
ceramic, hybrid materials (ceramic-metal composites), metal
composites, gypsum, calcium polyphosphate etc. This
method allows creation of porous objects, as some of them
have to be impregnated in order to improve the mechanical
properties during the post processing. Another approach is
the burning out the bonding agent and the final sintering of
the printed object. [32, 64]
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Figure 8: A schematic illustration of BJ 3D printing process

8. Material Extrusion

It is an additive manufacturing process in which material is
selectively dispensed through a nozzle or orifice. There are
several technologies that are incorporated in this group, but
they always refer to an extrusion of a thermoplastic material
through a nozzle. The raw material can be stored in reservoirs
(the process is called fused deposition modelling “FDM”) or
a just a wire of a raw material (fused filament fabrication
“FFF”) is extruded through a heated nozzle.

Fused Deposition Modeling is one of the most common 3D
printing technologies. It is developed by Scott Crump in
1989. The object is created by extruding a small but enough
portions of raw material to finish a single layer, which
hardens almost immediately. Then the nozzle moves in
vertical direction and starts creating the next layer. At the
same time another nozzle is responsible for the supporting
structures creation. Figure 9. The main advantage of this
technology is the ability to create objects with good
mechanical properties, which are relatively cheap. This
method also allows 3D printing using multiple materials and
creation of objects with various structures and properties.
[60]
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Figure 9: A schematic illustration FDM 3D printing process

There are wide range of materials with various physical
properties that are associated with this technology such as:
acrylonitrile  butadiene  styrene  polymer  (ABS),
polycarbonates, polycaprolactone, waxes and different type
of water-soluble material that are suitable for supporting
structures that can be washed out after the end of the printing
process. [35]

FDM is also integrated in tissue engineering where the wide
range of available materials such as ceramic pastes (used for

porous bone scaffolds), polyether ether ketone (PEEK),
polycaprolactone (used for bone regeneration, cartilage
regeneration, drug release and hybrid scaffolds),
biocompatible silicone (used for soft implants), agar, gelatin,
collagen (used in organ printing) and etc. [5, 35, 39, 58] The
technology also allows creation of porous structures with
microstructural patterns that allow cell invasion and
proliferation. The lower accuracy and anisotropy of the
printed object are the main reason this technology to have
limited use for fine object production in dentistry.

9.Direct Energy Deposition

It’s an additive manufacturing process which uses focused
thermal energy to fuse materials by melting them as they are
being deposed. This group of technologies contains variety of
methods that differentiate form each other only in type the
raw material (powder or wire) and the energetic source (laser,
electron beam or plasma arc).

Laser Engineering Net Shape (LENS) is a technology that is
based on powdered material deposition over the building
platform, followed by subsequent laser melting in argon
environment. Figure 10. In this order the object is bult layer
upon layer of the available material: titanium, stainless steel,
Nickel Based Super Alloys (Inconel), Cobalt, Tungsten etc.
The technology is applied in aerospace or for production of
medical implants. [96]

3D printed
object

Building material

Laser beam

Bulding platform

Figure 10: A schematic illustration of LENS 3D printing
process

Electron Beam Additive Manufacture (EBAM) is another
process which is similar to the LENS, except that it utilizes
wired raw material and an electron beam as an energetic
source. Another difference is that the process is accomplished
in a vacuum environment. Currently all these technologies
are applied predominantly for industrial purposes. [97]

10. Sheet Lamination

It is an additive manufacturing process in which sheets of
material are bonded to form a part. Laminated Object
Manufacturing (LOM) is technology that refers to adhesive
coated paper or sheets which are heated and pressed to each
other by creating a 3D object. Afterward the desired form of
the part is milled. In this context the technology combines a
subtractive and additive method of fabrication. The method is
not suitable for intricate structures, but it is cheap and is very
useful for the art and prototypes fabrication. [44, 70]
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11. Discussion

technologies  and

classification of the
suggested applications and corresponding materials.

accuracy compared to the

day by day, there is still a lot to be done.

obstacle for some businesses.

12. Conclusion

accessible, they still need to be optimized.
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