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INTRODUCTION 
 
The catalyst for change is inevitable. In recent decades, 
significant scientific and technological advances have led to a 
reduction in human time for construction of laborious 
procedures and continuous technical advances have created 
new possibilities for the manufacturing of prostheses in the 
field of Prosthodontics. (Lima et al., 2014)
Society for Testing and materials (ASTM) defines Additive 
manufacturing as “The process of joining materials layer to 
make objects from 3D model data usually layer upon layer as 
opposed to subtractive methodology”. (Van Noort
key idea of this innovative method is the creation of ‘one piece 
geometry’ in which the CAD 3D model is sliced into as many 
thin layers and the manufacturing equipment uses this 
geometrical data to build each layer sequentially until the part 
is complete. Rapid prototyping is broadly classified on the 
basis of the mechanism of the prostheses produced. The 
mechanisms are addition of the material, subtractive or 
removal of the material and the combination of the above 
mentioned methods. An overview of the detailed classification 
further includes addition of the material either by fusion, 
deposition and the material bonded by means of adhesive 
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ABSTRACT 

The catalyst for change, Computer Aided Designing technology has been the digital platform for 
various innovations in the recent years. The speed, accuracy and ability to make complex geometries 
directly from the CAD and 3D Printing technology are used for the fabrication of various dental 
prostheses. 3D printing is performed by computer assisted methods with optimum safety, simplicity 
and reliability. (Alharbi et al., 2016) To date scientific evidence is lacking regarding the effect of 
different factors on the mechanical properties of the printed restorations with the additive 
manufacturing technique. (Zandparsa, 2014) The time and efficiency of fabricating prostheses with 3D 
printing technology has improved innovatively and eliminates multiple time c
steps to create well fitted esthetic and functional restorations. 3D printing is a
objects directly, by adding material layer by layer in a variety of ways, depending on the technology 
used. This review outlines about the materials, mechanical properties and the procedure of 3D printed 
prosthesis and how it varies from the prosthesis made from conventional procedures.
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which is again relies on the type of the material form used. The 
materials which are supplied in discrete particles and solid 
forms have further different mechanism with which the 3D 
printer functions. A liquid based material is printed 
solidification of the liquid polymer and the pattern of 
prototyping can be either by point, layer or a holographic 
surface. (Nayar et al., 2015) 

 

The various Rapid Prototyping technologies that are used to 
fabricate dental prostheses are: 
 

1. Stereolithography 
2. Laminated object manufacturing
3. Solid ground Curing 
4. Fusion Deposition Modelling
5. Selective Electron beam melting
6. 3D inkjet Printing 
7. Laser powder forming techniques

a. SLS - Selective Laser 
b.SLM – Selective Laser Melting

 
1. Stereolithography (SLA): 
 
SLA [Stereolithography] is regarded as the first Rapid 
prototyping process and was developed in the late 1980s.
(Torabi et al., 2014) The various applications of SLA in 
dentistry includes, fabrication of surgical drilling guide 
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templates, constructing customised implants for cranioplasty, 
construction of the orbital floor, surgical guide for implant 
placements, for temporary crowns and bridges and creating 
wax patterns. (Chia and Wu, 2015) The layer thickness for 
SLA printed models is 50-150 micro meters. (Abduo et al., 
2014) Layer build thickness of the material is about 0.05 to 
0.2mm (plane resolution) and minimum vertical platform 
movement is about 0.0017mm. 
 

2. Fused Deposition Modelling (FDM): 
 
Fused Deposition Modelling or Fused filament Fabrication was 
developed by S. Scott Crump in the late 1980s. The main 
mechanism in which the wax patterns and fixed bridges are 
printed is based on the principle of use of a ceramic paste 
which is coiled as a filament or wire (Figure 2) that can be 
used to build material models in layer by layer fashion. This 
technique is applied in the fabrication of Thermoplastic resins 
(Figure 1) for the fabrication of wax pattern frameworks. The 
layer thickness of the Fusion deposited material is about 0.178  
and 0.356mm for the extruded thermoplastic material. 
(Zandparsa, 2014) 
 

 
 

Figure 1. Thermoplastic pattern 
 

 
 

Figure 2. FDM filament 
 
3. Selective Electron Beam Melting: 

 
As then name suggests, Selective Electron Beam melting 
(SEBM) manufactures parts by melting metal powder in layers 
by means of high vacuum electron beam. Electrons are used 
rather than lights so the materials printed are fully dense, void 
free and extremely strong when compared to other techniques. 
SEBM is employed in creation of highly porous Titanium 
Implants for Maxillofacial customized reconstructions. (Van 
Noort, 2012) 

4. Laser Powder forming techniques: 
 
This technology is again classified into two types based on the 
material used.  The two types are Selective Laser Melting and 
Selective Laser Sintering. The terms SLS is used to describe 
fabrication of pattern from ceramics or polymers whereas SLM 
is used to describe the fabrication of pattern from metals. 
(Abduo et al., 2014) This technique uses laser on a fine layer of 
powder to create a melted metal pool so that the powder 
particles fuse together. (Figure 3) The various materials used to 
create prostheses include Titanium and its alloys, Cobalt 
chromium alloys implants, crowns and bridges and fabrication 
of Removable partial denture frameworks. (Van Noort, 2012; 
Abduo et al., 2014) 
 

 

 

Figure 3. Laser melting 
 
Prosthodontics Applications 
 
The applied aspects of additive manufacturing in 
Prosthodontics are in the divisions of  
 

1.  Removable Dental Prostheses 
2.  Fixed Dental Prostheses 
3. Craniofacial Prostheses and Implants. 
 

Removable Dental Prostheses: 
 
Removable partial and complete partial are the removable 
prosthesis which can be fabricated by digital printing. The 
digitization of Dental process, which summarises the 3d 
Printing, is beginning to deliver great accuracy in Removable 
prosthodontics. (Zandparsa, 2014)  The various manufacturing 
materials used in Layered Manufacturing includes Cobalt 
Chromium, Titanium and its alloys, Polymethyl Methacrylate, 
PEEK, Photopolymerising resins, Polycarbonate and Nylon 
(polyamides). The first documentation of a CAD designed fit 
framework was in 2009, (Bohnenkamp, 2014) from which 
various techniques have been described for fabricating 
removable partial denture frameworks. RPD frame works uses 
SLM technology for creating patterns, in which material is built 
layer by layer and the size of this thin layer is of 20micro 
meters. (Van Noort, 2012) And moreover the shape of the 
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powder particles need to be spherical or equiangular in order to 
create smooth, dense, homogenous surface properties with 
good hardness and corrosion resistance. (Peek Devin
Utela et al., 2008) SLM fabricated Cobalt Chromium 
frameworks (Figure 4) showed better accuracy
surface properties. The nickel free and beryllium free cobalt 
chromium alloys are the material of choice for allergic patients.
(Williams et al., 2006; Han et al., 2010; Williams
Budtz-Jorgensen and Bochet, 1998; Eggbeer 
and Knott, 2014; Xin et al., 2013) 
 

 
Figure 4. Co-Cr Frameworks

 

 
Figure 5. Accuracy and fit of SLM fabricated frameworks

 
PEEK 
 
The advantage of using PEEK material as partial Denture 
framework are light weight, strong, comfortable, the accurate 
digital design matches the patient’s individual anatomy and 
stable taste proprioception because it is metal free, no thermal 
or electrical conductivity, shock absorber during chewing and 
also the white colour of the framework gives and enhances 
better esthetics. A modified PEEK material containing 20% 
ceramic fillers presents high biocompatibility, good 
mechanical and chemical properties (Figure 6 and 7).
modulus of elasticity is 4Gpa which reduces the stress 
transferred to the abutment and also simulates bone. The 
mechanical property includes melting point of 343 degree C, 
thermal conductivity of about 0.25 wt/ tensile strength
Mpa and water sorption for 24 hrs is 0.1%. 
 
Photopolymerising resin 
 
UV rays initiate the reaction and changes the properties of 
photopolymers. The physical property of the material can be 
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UV rays initiate the reaction and changes the properties of 
photopolymers. The physical property of the material can be 

changed from liquid to solid when the photopolymers are 
exposed to UV light, the light source initiates chemical 
reaction, changes the structure,
mechanical properties.  In additive manufacturing Jetted 3d 
printers uses this polymer liquid to fabricate prosthesis (
8).  
 

 

 
Figure 6 and 7. PEEK Framework

 
The photopolymers contain 50
binders of the methacrylate family are acrylic and oligomers; 
methyl methacrylate oligomer and methyl methacrylate 
tetramer. This photopolymer consists of monomer based on 
acrylates or methacrylates ranging from 10
(Photopolymers, 2013)  The free radical photoinitiators are 
Isopropylthioxanthone, Benzophene and 2,2 
azobisisobutyronitrile. Photopolymers are classified into 3 
groups such as classical photopolymers, new Photopolymers 
and the combinations of the above mentioned systems. 
(Polymer Source, 2013; Sigma
Co, 2009; Pandey, 2014) 

compounds like acrylic and epoxy resin which are used in 
adhesive and coating show better handling properties obtained 
by photopolymerisaion of such ma
photopolymerisation and photo initiative systems are quite 
sensitive to visible light of 500nm
wavelength respectively and their bleaching capability allows 
photo imaging of polymers of layer greater than 100 micro 
meters thickness. (Buhler 
photopolymers structures consist of benzophene portion of 
polyamide backbone and alkyl substitutes. The structures 
works as light absorbing chromophore, provides better thermal 
stability adjust the solubility and glass transition temperature. 
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The liquid monomer consists of light sensitive photo initiator 
such as acrylate or methacrylate which reacts with photon 
particles of light to produce highly reactive free radical. These 
free radicals attract the double base monomer and convert it 
into polymer and the polymerisation process begins. The free 
radical photopolymers enhance the properties in handling, 
reliability and safety. The cinnamate polymer group does 
photocross linking reaction thereby improving the chemical 
and mechanical properties of the polymer. 
 

 
 

Figure 8. Photopolymer resin framework 
 
Overview of Fabricationof Removable prostheses 
 
The main objective for designing a RPD framework includes 
simplicity, esthetics, biomechanics and patient comfort. The 
design fabrication of 3D Printing of Removable partial Denture 
framework includes basically four steps 
 

1. The design process (Figure 10) 
2. Deciding the contour 
3. Build-up of the tissue surface 
4. Creating the polished surface (Figure 11 and 12). (Van 

Noort, 2012; Utela et al., 2008) 
 
The first step is the scanning the data of which various 
methods of scanning are used throughout dentistry including 
laser and light. After optical scanning (Figure 9) of the master 
cast or impression or the patient’s oral cavity directly, various 
point clouds are created which gives surface and volume to the 
3D model design that is stored as stl format (stereolithographic 
format) also called triangular faceted model which is universal 
to translate each computer aided designed model to various RP 
machines. In the designed model electronic surveying 
(Williams et al., 2004) is carried out which paves way for 
design of path of insertion and desirable undercuts. After 
surveying the design, fabrication of the shape of the 
components of removable partial denture framework is carried 
out using 3dimensional software. The next process is the final 
process where SLM fabricates the metal framework from the 
.stl model data that was fed to the machine. The metal RPD 
framework were built successfully and various studies proved 
to show that the 3D printed frameworks had better design and 
accuracy when compared to the traditional casting methods. 
(Williams et al., 2006; Williams et al., 2004) 

 
 

Figure 9. Optical scanning 
 

 
 

Figure 10. The Design process 
 

 
 

 
 

Figure 11 and 12. Polishing of frameworks 
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The CAD knowledge database for Removable complete 
denture includes the procedure in three major steps  
 

1.  Impression procedure 
2.  Denture design 
3.  Denture Fabrication (Figure 14) 

 
The impressions are recorded using special trays provided by a 
specific systems after which maxilla mandibular relationships 
are recorded using an anatomical measuring device, thus the 
occlusal vertical dimension is determined using conventional 
methods. Moreover the jaw relation methods vary according to 
the software systems used (Avadent and Dentca systems). The 
centric relation is recorded and also artificial teeth selection is 
made after which the double impression (Figure 13) is sent to 
the system software (Avadent and Dentca systems). The 
denture borders are first defined and marked accordingly to the 
system’s software, the virtual teeth setting is done followed by 
fabrication of the prosthesis base from the denture base 
material. The occlusal adjustments are made during the 
conventional clinic appointment. The advantages of digital 
fabrication of removable partial and complete dentures include, 
minimal appointments, prevention of risk and decrease in 
number of microbial colonisation thus having an infection 
control, superior quality control by the clinicians. Digital 
fabrication improves the properties of material by increasing 
the strength and fit of dentures and moreover there is 
repeatability and reproducibility of the prostheses. The main 
limitation of the 3D printing technology is that the material 
being used is expensive and there is increased laboratory cost. 
One such limitation in fabrication of complete denture is that 
there is inability to define the mandibular occlusal plane. 
(Bilgin et al., 2016) 
 

 

 
Figure 13. Double impression 

 

Fixed Dental Prosthesis: 
 
3D fabrication of fixed prosthesis uses direct inkjet printing 
technology of Rapid prototyping. (Williams et al., 2006) The 
ceramic structures were printed with an aqueous 10 vol % 3Y 
TZP suspension using a thermal printer. Zirconia gains a 
unique place among ceramics due to its excellent mechanical 
properties. The zirconia frameworks are printed by means of 
3D inkjet systems. (Figure 15) The strengths of the 3d printed 
zirconia prosthesis was found to be 764 Mpa and Fracture 
toughness was 6.7 Mpa. (Ebert et al., 2009) The dimensional 
accuracy obtained with Selective Laser sintering for the metal 

workpieces was in the range of 3-82 micro meters. The 
accuracy can be adjusted by controlling particle diameter of 30 
micro meter. (Abduo et al., 2014) 50-200 Micro meters is the 
layer thickness when constructing metal workpiece with the 
SLS technology. The SLM produced the metal workpieces 
(Figure 16) of 84 micro meters which is almost half the fit 
discrepancies when compared with milling which is of 166 
micro meters. (Örtorp et al., 2011) The metal pattern produced 
by SLM exhibits micro porosity in the range of 30-45%. The 
advantages of 3d printing of fixed restorations include 
prevention of cracking, shrinkage and less material wastage. 
(Khaing et al., 2001; Traini et al., 2008; Silva et al., 2011) 

PEEK materials are biocompatible materials which are used for 
crown and bridge frameworks. It improves patient comfort with 
excellent preservation of anatagonist natural tooth. PEEK can 
be the material of choice for veneer repair without the need for 
crown removal and the natural teeth. 
 

 
 

Figure 14. Denture Fabrication 
 
Craniomaxillofacial Prosthesis and Implants: 
 
The various applications of rapid protyping in Maxillofacial 
prosthodontics includes Obturators, fabrication of facial 
anomalies (that include auricular (Figure 17) and nasal 
prosthesis) fabrication of Lead sheets, construction of surgical 
stents for patients scheduled for excision of large tumors, 
duplication of existing maxillary and mandibular prosthesis. 
Reconstruction of the craniofacial defects requires a 
combination of functional and esthetic approaches. (Nayar  et 
al., 2015)   The most widely used alloplastic materials for 
craniomaxillofacial reconstruction are PMMA, PEEK, 
Titanium mesh, autogenous bone grafts bioceramics, 
polyethylene, hydroxyapatite and other biodegradable 
polymers. (Silva et al., 2011) Currently, Titanium is the 
material of choice for the reconstruction of large craniofacial 
defects. The accuracy of which is in the range of 0.3-0.4mm 
with the surface roughness of only 25mirco meters. (Van 
Noort, 2012)  Titanium preformed mesh are available which 
can be used as a template for reconstructions. This strength of 
the thin dynamic mesh can be enhanced with the use of 
PMMA. (Silva et al., 2011)  The alloplastic material PMMA 
which is composed of fine particles of polymerised resin 
mixed with methyl methacrylate. The radiopaque material are 
barium sulphite or zirconium dioxide. The material is 
osteoconducive and no PMMA toxicity occur after 48 and 78 
hrs following the surgical reconstruction. This material has a 
melting temperature range of 200 to 230 degree C and has low 
water absorption capability of 0.35% .PMMA implants can be 
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sterilised by gas or radiation sterilization or by autoclaving. 
(Silva et al., 2011) 

 

 
 

Figure 15. 3D Inkjet Zirconia crowns 
 

 
 

Figure 16. SLM metal crowns 

 
PEEK cranial implants 
 
Even at high temperature, highly strong engineering 
thermoplastic materials retain its chemical and mechanical 
properties. PEEK has the modulus of elasticity similar to bone. 
The custom implants are made of PEEK or silicone materials. 
The material is very light and it can be designed to replace 
exact anatomy even in difficult to construct regions. PEEK is a 
better choice over metallic implants that have a high modulus 
of elasticity and also prevents stress shielding. These material 
can be sterilised by autoclave, gamma or ethylene oxide. 
(Parthasarathy, 2014; Manning, 2012) 

 
Method of Fabrication 
 
A methodology of using computer aided design and Rapid 
prototyping was developed for fabrication of maxillofacial 
prosthesis construction. (Chacón-Moya et al., 2009) 

 

The main steps include (Figure 18) 
 

1.  Data acquisition 
2.  3d model reconstruction 
3.  Designing and positioning 
4.  Fabrication 

5.  Wax pattern trial 
6.  Final prosthesis fabrication     

 

 
 

Figure 17. 3D printed maxillofacial prostheses 
 

 
 

Figure 18. Method of fabrication 
 
The first three steps are virtual process whereas the last three 
steps are physical process for the fabrication of the prosthesis. 
To design the prosthesis three dimensional models of the 
deficit area as well as the mirror image of the contralateral 
healthy area should be obtained and exported as STL files. In 
Rapid prototyping technology, Fusion deposition modelling 
technology is used for the printing of the maxillofacial 
prosthesis. Also literature supports a combination of RP with 
conventional mould fabricating for the production of the final 
silicone prosthesis, Rapid prototyping technology enables 
accuracy in detail reproduction without requiring much of 
conventional procedures. The key advantages of rapid 
prototyping in construction of maxillofacial prosthesis 
includes, time saving procedure and appointments, the 
deformation of the soft tissue is prevented by 3d printing and 
impression technique thereby reduced discomfort to the patient 
and finally the mirrored image is exactly reproduced and the 
accuracy is found to be satisfactory when compared to 
conventional methods. (Chacón-Moya et al., 2009; Foletti et 
al., 2012; Subburaj et al., 2007) 

 
Conclusion 
 
Additive manufacturing takes baby steps in Prosthodontics and 
saves many conventional complicated and time consuming 
procedures. This makes the design of the prosthesis simpler 
and faster. 3d printing is currently an exponentially growing 
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fabrication method and the days are within the reach where 
Rapid prototyping can become one of the main streams for 
digital fabrication of dental prosthesis. 
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