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RAPID PROTOTYPING – A PROSPECTIVE PARADIGM 
A NARRATIVE REVIEW

Computational modelling signifies the simulation of real life layout 
in a virtual domain by the transfiguration of physical structures 
into numerical models, which then is processed into objects. It 
has restructured the field of Bio – medical engineering in the past 
40 years. It has conceptualised the transposition of the visual to 
the visual-tactile portrayal of anatomical objects leading to a new 
kind of reciprocity called ‘touch to comprehend’, paving way for 
educational approaches. This advent of Rapid prototyping has 
opened new prospects in medical field, especially dentistry with 
its accuracy and speed. Rapid prototyping is an additive manu-
facturing technology that produces prototype models by addition 
of materials in a layer by layer process. With new researches 
coming to the fore for molding materials and the forming pro-
cess of RP techniques, this technology has become trendsetter 
in dental prosthesis fabrication. This article provides a Narrative 
review of the evolution and its foray into Prosthodontics through 
the multiple technological options it has panned.
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INTRODUCTION:  

Over the previous four decades, a 

furtherance in biomedical f ield has been 

due to the advancement of different 

engineering applications.  Dentistry is 

one such derivat ive of  medicine having a 

prolonged parody of amalgamating 

engineering to its patient solut ions, 

especially dental prosthetics. The 

increasing demand for excel lence in 

diagnosis and treatment of  the changes 

in bucco-maxillofacial complex has 

become a great chal lenge. Hitherto, the 

incorporation of modern technologies in 

Radiology, Computer aided Technology 

and devising advanced treatment 

modalit ies has assumed an outstanding 

and foremost strategy in the 

biotechnology field.  Out of those 

newness is the cutting edge technology- 

RAPID PROTOTYPING (RP), which uses 

images from computed tomography (CT)  

and fabricates three-dimensional virtual 

models from the CAD (Computer Aided 

Design) system 1, 2  

Rapid prototyping (RP), also referred to 

as Additive Manufacturing or three-

dimensional (3D) print ing or Solid Free 

Form Fabrication, is a group of emerging 

technologies that manufactures 3D 

objects in a layer-by-layer aspect from a 

predefined 3D computer model 2, 3, 4, 5
  

The term “Additive Manufacturing” is 

defined by the American Society for 

Testing and Materials (ASTM) as:  ‘the 

process of joining materials to make 

objects from 3D model data, usual ly 

layer upon layer, as opposed to 

subtractive manufacturing 

methodologies’6 ,7 , 8. . In prosthodontics, 

additive manufacturing fabricates a 

replica pattern in wax or acryl ic that can 

be transformed to a definit ive prosthesis 

in metals, resins, or ceramics. The 

application of  addit ive manufacturing in 

dentistry is due to its abil ity to produce a 

variety of shapes that conform to any 

biological s ite.  

Rapid prototyping has caused an 

archetypical shift from century o ld 

conventional methods to a modern less 

cumbersome methods. The ponderous 

steps in converting a raw material to a 

complete assembled, usable product can 

be phased out by using this process at a 

fraction of the time original ly 

consumed.8, 9  

 

 

 

Figure 1 a: Conventional lab Process                            1 b: Rapid Prototyping Process61 

  

https://www.sciencedirect.com/topics/materials-science/three-dimensional-printing
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HISTORICAL DEVELOPMENT: 

Prototyping or model making is a time-

honoured century old practice. 

Prototyping processes has egressed 

through three phases of development 

corresponding to the transpiring 

modelling process in computer 

graphics1 0, 1 1, 12.  

First Phase:  

• Manual Prototyping   

• Long established practice 

preceeding many centuries  

• Natural prototyping technique –  

craft based, skil l based and labour 

intensive 

• Second Phase:  

• Soft or Virtual Prototyping  

• Emerged around mid-1970s 

• Works with highly complex 

structures 

• Virtual prototype can be simulated 

and tested like a physical model 

with exact mechanical and other 

properties 

• Third Phase:  

• Rapid Prototyping   

• Mid1980s  

• Hard prototype fabricates in 

succint t ime 

• Progressed with advancement in 

Computer based technology 

• Hard prototype can also be used 

for l imited testing  

• assist in the manufacturing of the 

actual product itself and are 

relatively accurate and faster  

Evolutionary History:  

1770 –  Mechanisation Earliest forms of 

Manual Prototyping  

1946 - First Computer  

1952 - First Numerical Control (NC) 

Machine Tool  

1960 - First commercial Laser  

1961 - First commercial Robot  

1963 - First interactive graphics system 

(early version of Computer Aided 

Design) 

1970 –  Development of the basic tools of 

Mathematics describing the 3D aspects, 

resulting in the earliest theories of Sol id 

Modelling 

1987 - Brix and Lambrecht applied first 

prototype in health care.  

1988 - First commercial Rapid 

Prototyping System 

1991 - Human anatomy models produced 

with stereolithography were first 

empoyed in a maxillofacial  surgery cl in ic 

in Vienna. 13 , 14 ,1 5  

RP processes are based on analogous 

data pre-processing operations which 

transforms the virtual 3D computer -aided 

design or 3D scanned models into 

layered information fi les necessary 

for fabrication of 3D objects. These 

maybe done by four different methods  

1. Formative Process  

2. Subtractive Process  

3. Additive Process  

4. Hybrid process 

The limitation of Subtract ive process of 

Numerical mi ll ing machines such as 

restricted motion capability, 

abrasiveness and heat generation, 

diff iculty in programming complex 

geometries(access to undercuts) and 

tool/workpiece col lisions are major 

constraints in medical appl ications. The 

other constraints are the materials used 

to fabricate the physical model. These 

materials util ized should be hard, tough 

and steril isable. 1 6  

STEPS IN RP PROCESS: 

The basic principle of this new RP 

technology is derived on the replication 

of three-dimensional computer models 

into physical forms by pi l ing materia ls 

layer by layer as thin sections.  
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Figure 262: Four fundamental fabrication process 

 

 

Figure 363: Rapid Prototyping Process 

 

The object to be printed is designed or 

scanned using Computer assisted 

technology. It  is then fed into the 

Computer where the Data obtained is 

converted into STL fi le. STL (Standard 

Tessellation Language) is the standard 

fi le type used by most or a ll rapid 

prototyping systems. A STL is a 

tr iangulated representation of a 3D CAD 

model. The tr iangulation of a surface will  

cause faceting of the 3D model. There 

are many softwares for  conversion of the 

DICOM files into STL fi le format. Some 

of them are  OnDemand3D, In2Guide, 

Easy Riter, Surgical Replica. This f i le 

then generates tessellated object 

description, slicing the layers and final ly 

printing the desired structure.  

CLASSIFICATION 

Rapid Prototyping or AM technologies 

are based on the dispersion-    

accumulation principle. The material or 

additive fi l lers transforms through 

solidif icat ion from its original  state of 

solid, l iquid, or powder by successive 

layers with in a predetermined space 

using electronic processes.  

They are classif ied broadly as 1 7, 1 8  
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I. Based on  Material Phases

 
II. Based on  Binding Mechanisms  

 

 

Sintering, melting,  fusing or 

polymerization processes are usual ly 

used for “ joining” each new 

predetermined layer by this edgewise 

technology. Thus it paves way for 

manufacturing objects from various 

materials: polymers, composites, metals 

and alloys with dense structure and 

predetermined surface roughness.  
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Although the Rapid Prototyping has vast 

number of applications pertaining to 

Medical, Dental and Bio Medical 

Engineering, this article tends to narrate 

only the most widely applied RP 

techniques in Prosthodontics. It brief ly 

reviews the present technological 

advancements pertaining to prosthetics.  

The most extensively used RP 

technologies in Prosthodont ics are 

Stereolithography (SLA), Fused 

Deposition Modeling (FDM), Selective 

Laser Sintering (SLS), Se lective Laser 

Melting(SLM) and Ink-Jet-based Printing 

(IJP)1 6, 1 7, 18.   

With advancing options in the 3D printers 

manufacturing, 3D printing or 3D 

bioprinting is also being explored for 

Dentistry avenues. Material  research and 

its upgradation have led to the  

application of  less used RP technique 

such as Laminated Object Manufacturing 

(LOM) and Solid Ground Curing (SGC) in 

the field of Prosthodontics.  

Since its inception into the bio medical 

engineering field in 1988, more than 30 

different RP techniques have emerged 

and been commercialized.  

STEREOLITHOGRAPHY:  

 

 

Figure 464: Stereolithography (SLA) 

 

This earliest RP technique was invented 

and patented by Charles Hull in 

19869, 10 , 11 ,1 2, 1 3, 1 4 . The system consists 

of a bath of  photosensit ive l iquid resin,  a 

model-building platform, and computer -

controlled ultraviolet (UV) laser laser 

beam for curing the resin. The input to 

the machine/system is fed in the form of 

3 dimensional CAD model. The laser 

beam solidif ies the uppermost layer of 

the photopolymer as per STL fi le. The 

resin is cured layer-by-layer beginning 

from the bottom of the model and 

building up. As the resin gets exposed to 

the UV light, it  gets cured and hardened. 

After a layer of resin is cured, the resin 

platform is lowered by a small known 

distance. The process continues until the 
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f inished product is obtained. The support 

structure is designed along with the final 

product in CAD model so that the 

structure is stable.  Almost three fourth of 

the total polymerization is completed in 

the device’s container and the remaining 

one fourth is completed by means of  a 

conventional UV curing unit.  

Applied in the fabrication of surgical 

templates for oral and extraoral implant 

placement and preprosthet ic 

surgery15 ,1 6 ,1 7, provisional crowns and 

bridges1 8, removable partial 1 9 and 

complete dentures2 0, 2 1, 2 8, occlusal 

splints22 ,2 9 ,  fabricat ion of facial 

prosthesis patterns2 4, 2 5, burnout resin 

patterns23  and cast patterns 2 7, custom 

trays,  

SLA technique was later modified by 

application of digital l ight projector, 

known as digital l ight processing (DLP). 

After f inishing the f irst layer, the platform 

raises a short distance from the liquid 

surface and curing procedure reruns.  It 

thus enables structures to be built from 

the top of the building platform. Since the 

structure is l ifted by the platform after 

every layer, the resin required is 

significantly reduced.2 6  

The biggest difference between SLA and 

DLP is in the formation of these layer s. 

While SLA printers would form the layers 

point by point, DLP printers form a whole 

layer at once therby reducing the printing 

time exponentially.  These printers also 

provide highly accurate results (40 - 100 

µm)  

The favourable factors of SLA are their 

abil ity to create complex shapes with 

internal architecture and the 

uncomplicated removal of unpolymerized 

resin.  

The main drawback of SLA is the dearth 

of biocompatible resins possessing 

features compatible for SLA processing. 

Added constraint being the use of 

photoinit iators and radicals which can be 

cytotoxic along with the entrapment of 

unreacted monomer and residual 

photoinit iator. Photopolymerized resins 

used has poor mechanical properties, 

making it diff icult to apply in hard tissue 

engineering. Finally, temporary support 

structures incorporated into the CAD 

model to fabricate unsupported features 

may be diff icult to remove.  

With the current overtures in the 

Materials f ield and advances in the 

Machining Technology, investing flasks  

has been fabricated for Complete 

dentures. This might overcome the long 

waiting t ime and multi tude appointments 

necessary especially a boon to limited 

mouth opening patients and hyperactive 

gag reflex patients  

Another notable advancement is the 

Micro SLA technique A micro-

stereolithography (m-SLA) system 30 , 31  

which is an additive manufacturing 

technology, providing micrometer -scale 

resolution required for dentistry.   

SELECTIVE LASER SINTERING (SLS):  

Discovered and advanced in the middle 

of 1980s by Dr.Carl Deckard and Dr.Joe 

Beaman3 2, 33.  This is an Indirect layer 

manufacturing process that allows the 

generation of 3 D complex pieces by 

solidifying the successive layers of the 

material over one another  by partial 

melting process, using the thermal 

energy provided by a focused high power  

(CO2 laser)  laser beam. With a beam 

deviation system (Galvano mirrors), 

scanning of each layer is done 

corresponding to the cross section 

calculated from the CAD model . It uses a 

roller to spread the powdered material on 

the surface of a build cyl inder, which 

then moves down just one layer 

thickness to give required space to the 

new layer of powder. The surface of th is 
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t ightly compacted powder is exposed to 

laser beam, resulting in the fusion of the 

powder particles and solid model 

formation. The process is repeated until  

completion of the construction. The 

powder substrate itself forms the 

supporting structure, hence does not 

require any other support structures  

 

Figure 565 :  Selective Laser Sintering 

 

SLS technique benefits prosthodontics 

profundly as thermoplastic materials 

such as nylon composite,  investment 

casting wax, metall ic materials, ceramics 

and thermoplastic composites can be 

used in this method.3 4  

SLS is a complex thermo - physical 

process which melts the powder Partia l ly 

or Fully to form the final structures 35 , 36  

using  different binding mechanisms. A 

deviation of this SLS process is Selective 

Laser Melting (SLM), which is a direct 

method where in the powder particles are 

Fully melted to construct the desired 

structure  

 

 

 

Figure 666 : Selective Laser Melting 
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In 1995, Selective Laser Melting (SLM) 

technology for the production of 

components made of metall ic materials 

(Realizer, 2012) was developed. In 1999, 

the world’s f irst SLM machine for metals 

at the research centre in Karlsruhe 36 , 37  

was introduced.  

Direct metal laser sintering (DMLS) is an 

additive metal  fabrication technology 

developed by EOS from Germany (EOS, 

2010a).38  

The huge advantage is that it produces 

prosthesis with h igher density which 

assures the rigidity of the framework. 

Hence it is currently  being employed for 

complex full mouth rehabilitation and 

Extra oral implant restorations. Marked 

roughness and partially melted powder 

on the surface of these copings 

enhances the mechanical as well as the 

chemical adhesion of the porcelain to the 

alloys. Further, this technique gives an 

efficient and quick strategy to careful ly 

design and make biocompatible metal 

systems for complex dental prosthesis.  

The downfall of this technique being not 

adequate for use with Polymers and 

Ceramics. But since studies a re being 

conducted to effectively use th is 

technique for the fabrication of 

prostheses using Ceramics and 

Zirconia3 9  

FUSED DEPOSITION MODELING 

(FDM):  

Also known as Fused Filament 

Fabrication (FFF) Or Extrusion Printing  

 

 

Figure 767 : Fused Deposition Modeling 

 

Developed by Schott Crump, 1989, at the 

company Stratasys, 4 1, 4 2 Inc.   FDM 

technique necessi tates extrusion of 

thermoplastic polymer fi lament material 

into the temperature controlled extrusion 

nozzle head, consequently heating i t to a 

semiliquid state. The nozzle head’s 

movement is also computer controlled 

enabling the material into place with 

precision. The model is built by layer by 

layer as the materia l after being ejected 

from the nozzle solidif ies within 0.1s and 

bonds to the preceding solidif ied layer. 

The temperature of entire system is held 

just below the melting point of the 

proposed material.  
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Present fused deposition modelling 

(FDM) technologies deposit material as 

flat layers resulting in a "stair -case" 

effect on non-linear surfaces and impairs 

the strength of the models between the 

laminated layers. To overcome this, 

Curved FDM method44 was introduced 

wherein materials are deposited as 

curved layers following the shape of the 

part, effectively el iminating the stair -

case effect and thereby fabricating par ts 

having parallel  strength distr ibut ion of 

the entire surface. Init ial ly, support 

material is deposited as convent ional f lat 

layers and later build material  is 

deposited over this support structure 

along their curves.  

It is advantageous being cost effective 

and with no need for chemical post 

processing. Due to its wide-range of 

operating temperature, user fr iendly 

control system, and huge number of 

commercial platforms, FDM is furthering 

into the field of dentistry as one 

promising technology. Diverse kind of 

biodegradable materials used in the 

process FDM printers can accommodate 

more than one print head and therefore 

can print multiple types of materials at a 

single time.  

But the major pitfalls l ike low resolution 

with limited accuracy, Lack of surface 

smoothness, Longer working time and 

diff iculty in removing the external 

support are to be researched further for 

its wide appl ication in dent istry.  

 FDM is applied in the fabrication of 

customized patient-specific medical 

devices, such as implants,  prostheses, 

anatomical models, and surgical guides.  

Up until the recent t imes, in the dental 

application of RP, only the metal 

powders and resin materials has been 

reported, there were no literatures 

pertaining to the use of using Polylact ic 

acid (PLA) material  for printing a denture 

pattern42 ,4 3.The expediency of a novel 

fabrication method based on ZrSiO4 - 

glass composite in dental prosthesis 

applications, such as crowns, copings, 

bridges, and dentures has been 

researched by Cunico et al 45 and 

concluded the possibil ity of FDM with 

proper holding temperature.  

Also the production of  a 3D-printed 

denture flask46,using conventional 

complete denture materials,  presents an 

egressing alternative to the digital 

fabrication of dentures using this FDM 

technique. 

INKJET BASED SYSTEM 3 DP:   

 

Figure 868 : 3D Inkjet Printing 
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Three-Dimensional Printing (3DP), 

invented at the Massachusetts Institute 

of Technology, is based on the ability to 

produce 3D structures in a powder layer 

with an ink-jet l iquid solvent solution  

In 1989. Emanuel M. Sachs and his team, 

at Massachusetts Inst. Technology 

developed Inkjet printing which is a non -

contact reprographic technique 4 7 ,4 8.   

Developed at almost the same period as 

FDM, this process is similar to SLS but 

replacing the technique of fusing 

materials with laser or electron beam by 

selectively dropping the binder l iquid 

onto the powder bed. The system 

consists of a piston that moves upward 

incrementally, enabling the dispensing of 

measured quantity of powder from a 

supply chamber. A roller d ist r ibutes and 

compresses the powder at the top of the 

fabrication chamber. Ensuing deposition 

of a l iquid adhesive in a 2D pattern onto 

the layer of the powder from multi -

channel jett ing head. Subsequently the 

material solidif ies by adhesion. As a 

layer is solidif ied, the piston that 

supports the powder bed and the part 

lowers paving way for the next powder 

layer. Progressively, this layer -by-layer 

technique continues ti l l the prototype is 

completely built up. Water, phosphoric 

acid, citr ic acid, PVA are few of the 

commonly used binding materials for 

inkjet 3D printing 4 9, 5 0, 51 ,5 2. These 

printers are accurate in the deposition of 

the binder l iquid coupled with speed.  

Advantages of Inkjet Printing are abi li ty 

to print multiple monomers at the same 

time (i.e., multimateria l printing) with 

extremely fine resolut ion and surface 

finish5 4 ,5 5  

The drawbacks being longer t ime 

duration for overall printing and Limited 

options for material selection  

Helps to produce direct wax patterns, 

Cost efficient product ion of  all -ceramic 

dental restorations at high accuracy.  

POLYJET PRINTING: 

Comparably new addition to the field of 

RP and similar  to inkjet printing,  in th is 

process  layers of  different photopolymer 

resin materials can be jetted on to the 

building platform and simultaneously 

cured using UV light source. This 

technology thus enables the possibi l i ty 

of fabricating complex multi -material 

objects.  

 

 

Figure 969 :  Polyjet Printing 
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Polyjet  is being extensively used in the 

medical f ield to produce complex 

anatomical models for surgical planning 

and pre-operative simulations. With this 

trendsetting technology, high resoluti on 

objects with varied modular strengths 

and high dimensional accuracy can be 

3D printed. As the UV source is adjacent 

to the jett ing nozzle, the resin is cured 

instantaneously and the post -processing 

of the constructed model is eliminated 5 3.   

Currently, the inkjet  technology is 

combined with SLA, to create a new 

generation of 3D printing machines 

which are comparatively smaller and less 

expensive having reduced printing 

times5 6.  

SOLID GROUND CURING (SGC):  

 

Figure 1070 : Solid Ground Curing 

 

1.Mask preparation 2. Liquid photopolymer layer 

application 3. Positioning mask and exposing 

the layers 4. Removal of uncured polymer of the 

surface 5. Wax filling 6. Milling the block for 

flatness and thickness 

 

Solid Ground Curing  or Solder Process 

was invented and developed by Cubital 

Inc, Israel57 ,5 8.  This technique allows the 

curing and solidif ication of a photomask 

of a section of the model over a 

photosensitive flu id. Once the preceding 

layer is cured, the excess liquid resin is 

vacummed up and a layer of  wax is spray 

deposited in its place to act as 

supporting structure. The surface layer is 

milled flat and then the process is 

repeated to build the next layer. Final ly 
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the wax is removed in a solvent bath 

after the construction is complete. This 

technique can build mult iple par ts 

concurrently due to the high throughput 

achieved by hardening each layer of 

photosensitive resin at  the same 

time5 9, 60.   

The advantages of SGC are its high 

structural strength and stabi lity with 

minimum shrinkage 

The limitation of this budding technology 

is its expensive,  complex setup requiring 

huge space and generates waste by-

products. 

This technology is appl ied in dent istry for 

Wax pattern fabrication- PFM crowns, 

pressed ceramic crowns, RPD 

frameworks, Maxillofacial prosthesis, 

Mould for metal casting, Mould for 

complete denture, Direct metal 

prosthesis fabrication.  

CONCLUSION: 

To consolidate this review, it can be 

stated that digita lization of the 

biomedical f ie ld has created a 

tremendous momentum in the 

manufacturing of prosthesis in l imited 

time and greater accuracy.  With the 

upgradation in 3D modell ing software 

and mechanics of  the printing machine, 

contemporaneous advancement in the 

dimensional precision, speed and 

attuning of a 3D printed prosthesis has 

been achieved. Hence these RP 

technology are extensively applied 

clinical ly for the fabrication of patient -

specific implants and prostheses. 

Prosthodontics being a blend of Artist ry 

and Technology, this upcoming 

technology reduces the reliance on 

human variables and possib ly overcome 

the limitations of conventional methods 

requiring considerable human 

intervention.  

Handling of resin or wax materia ls 

exhibit ing inherent processing 

shrinkage/expansion can be eliminated 

and the prosthesis closely resembling 

the missing anatomical structure can be 

reproduced. Advances in dental science, 

dental materials and newer 

manufacturing technologies, and 

aggregation of all plays an inclination 

towards the furtherance of RP in 

dentistry. This technology is becoming 

portable and more pervasive due to the 

progressing researches in both  the 

engineering and biomedical f ields.  

 The impediment of the RP technology 

consists of complicated machinery and 

dependency on human expertise to 

operate the machinery during production 

coupled with the huge cost of the 

equipments. Accl imatising with the se 

new tools and machinery to employ them 

in a germane manner and to evaluate 

these current innovations is necessary 

for the technicians and the clinicians 

also. 

The shortcomings such as handling skil l  

of the machinery, materials available 

must be appropriately revolutionized. As 

Rapid Prototyping Technology forays 

into the future, it will become the norm of 

the Prosthetic rehabil itation and be 

imperative to the field of dentistry.  
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