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INTRODUCTION 

Rapid prototyping (RP), originally conceptualized in 

engineering as the development of preliminary models 

for evaluation prior to mass production, has evolved into 

a transformative technology in healthcare.
[1] 

Traditionally, prototypes were fabricated manually 

through sculpting or casting, processes that were labour-

intensive and time-consuming. The emergence of RP in 

the 1980s, particularly in response to the machine tool 

crisis in the United States, marked a paradigm shift 

toward automated, layer-by-layer fabrication of three-

dimensional (3D) structures directly from digital data.
[2] 

By the 1990s, these technologies—also termed solid 

freeform fabrication or layered manufacturing—enabled 

the creation of patient-specific anatomical models 

derived from computed tomography (CT) imaging.
[3] 

 

RP has significantly advanced medical and dental 

sciences by facilitating the production of complex 

models with intricate internal geometries, including 

undercuts and voids, thereby improving diagnostic 

accuracy and surgical planning.
[3,4] 

The integration of 

computer-aided design and computer-aided 

manufacturing (CAD/CAM) systems has further 

revolutionized dental prosthetics, allowing precise and 

customized fabrication of restorations that closely 

replicate natural anatomy.
[3] 

This transition from two-

dimensional conceptualization to interactive 3D 

modeling enhances visualization, treatment planning, and 

clinical outcomes.
[5] 

 

HISTORY/DEVELOPMENT OF RAPID 

PROTOTYPING
 

In dentistry, 3D printing supports prosthodontics, 

orthodontics, implantology, and endodontics by 

producing surgical guides, casts, and restorations with 

improved accuracy and patient-specific care.
[6]

 Rapid 

prototyping evolved from handcrafted models to digital 

3D designs in the 1970s, and finally to CAD/CAM-based 

layer-by-layer fabrication in the 1980s.
[7] 

The historical 

foundation of RP is rooted in key innovations, including 

mechanization (1770), early computers (1946), 

numerical control machine tools (1952), commercial 

lasers (1960), industrial robots (1961), interactive 

 

EUROPEAN JOURNAL OF PHARMACEUTICAL 

AND MEDICAL RESEARCH 

www.ejpmr.com 
 

 

EJPMR, 2026, 13(7), 317-323                                                                                                           Impact Factor: 8.158 

   
ISSN (O): 2394-3211 

ISSN (P): 3051-2573 

Coden USA: EJPMAG 

 

 

Review Article 

ABSTRACT 
Rapid Prototyping (RP) has significantly advanced prosthodontics by integrating Computer-Aided Design and 

Computer-Aided Manufacturing (CAD/CAM) with additive manufacturing techniques. Traditional fabrication of 

crowns, fixed partial dentures (FPDs), removable partial dentures (RPDs), and complete dentures is labour-

intensive and technique-sensitive. RP technologies such as stereolithography (SLA), selective laser sintering (SLS), 

and selective laser melting (SLM) enable precise digital workflows for fabricating wax patterns, metal frameworks, 

ceramic restorations, surgical guides, and maxillofacial prostheses. These methods improve accuracy, reduce 

production time, minimize material waste, and enhance customization. RP is also widely applied in implant 

dentistry for guided implant placement and prosthetic fabrication. Despite advantages such as reproducibility and 

efficiency, limitations include high equipment costs and the need for specialized expertise. Continuous 

advancements suggest that RP will become central to digital dentistry and modern prosthodontic practice. 
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graphics systems (1963), and the first commercial RP 

system in 1988.
[8] 

Since then, more than 20 RP 

techniques have been developed, expanding applications 

across medicine and dentistry, particularly in surgical 

modeling and prosthodontic fabrication.
[9-11] 

 

DIFFERENT TECHNIQUES IN RAPID 

PROTOTYPING 

Rapid prototyping (RP) comprises a range of additive 

manufacturing technologies that fabricate three-

dimensional objects directly from CAD data through a 

layer-by-layer approach.
[4,12] 

These techniques reduce 

human error, shorten production cycles, and enhance 

design accuracy. Reports suggest RP can decrease 

development costs by up to 70% and reduce time-to-

market by nearly 90%.
[13] 

 

Stereolithography (SLA) uses a UV laser to polymerize 

liquid photopolymer resin into solid layers.
[14]

 

Advantages:   High precision, excellent surface finish, 

and suitability for intricate dental models and surgical 

guides. 

 

Disadvantages: Brittle materials, limited mechanical 

strength, higher cost, and resin sensitivity to light 

degradation. 

 

Fused Deposition Modeling (FDM) extrudes 

thermoplastic filaments such as PLA or ABS layer by 

layer.
[15] 

 

Advantages: Cost-effective, user-friendly, wide material 

availability, and suitable for functional prototypes. 

 

Disadvantages: Visible layer lines, lower resolution, 

anisotropic strength due to weak interlayer bonding, and 

need for post-processing. 

 

Selective Laser Sintering (SLS) employs a high-

powered laser to fuse powdered polymers or metals.
[16]

 

Advantages: No need for support structures, strong 

functional parts, complex geometries, and material 

versatility. 

 

Disadvantages: Rough surface texture, expensive 

equipment, and potential thermal distortion. 

 

Three-Dimensional Printing (3DP) or binder jetting 

deposits a liquid binder onto powder layers.
[17-19]

 

Advantages: Fast fabrication, cost-effective for large 

models, and capability for full-colour printing. 

 

Disadvantages: Fragile and porous parts requiring 

infiltration or post-processing. 

 

Laser Engineered Net Shaping (LENS) enables direct 

metal deposition for high-performance components.
[16]

 

Advantages:  Fully dense metal parts, repair capability, 

and high material efficiency. 

Disadvantages: High operational cost, slower build rate, 

and rough surface finish. 

 

Laminated Object Manufacturing (LOM) and Shape 

Deposition Manufacturing (SDM) combine sheet 

layering or hybrid additive–subtractive processes.
[12,20,21]

 

Advantages: Capability for large parts (LOM) and high 

precision with multi-material integration (SDM). 

 

Disadvantages: Limited material options (LOM) and 

higher cost and process complexity (SDM). 

 

Overall, each RP technique offers distinct benefits and 

limitations, and selection depends on required precision, 

material properties, cost, and clinical application, 

particularly in dental prosthodontics and implantology. 

 

APPLICATIONS OF RAPID PROTOTYPING IN 

DENTISTRY 

Rapid Prototyping (RP) has revolutionized dentistry by 

enabling precise fabrication of customized appliances, 

surgical guides, and prostheses through 3D imaging and 

CAD/CAM integration. 

 

Orthodontics:
[22,23] 

RP is used to design customized 

brackets, clear aligners, bite-opening appliances, indirect 

bonding trays, and retainers, improving accuracy and 

efficiency. 

 

Oral and Maxillofacial Surgery:
[24] 

3D anatomical 

models from CT/MRI data aid preoperative planning, 

fracture management, tumor resection planning, 

reconstruction plates, and tooth autotransplantation, 

reducing surgical risks. 

 

Implantology:
[23] 

Customized surgical guides enable 

accurate implant angulation and depth. RP also supports 

fabrication of provisional restorations, ceramic crowns, 

bridges, and implant-supported frameworks. 

 

Prosthodontics:
[24,25]

 It assists in producing complete 

and partial dentures, occlusal splints, wax patterns, and 

castable frameworks. 

 

Endodontics:
[23] 

RP facilitates guided endodontic access 

and management of calcified canals. 

 

Maxillofacial Prosthesis
[25,26] 

Digital mirroring 

techniques create anatomically accurate facial prostheses 

for unilateral defects. 

Advantages: include high precision, customization, 

reduced surgical time, improved outcomes, and better 

patient satisfaction. 

 

Disadvantages: involve high equipment costs, 

requirement of technical expertise, maintenance 

expenses, and material limitations. 
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BIOMEDICAL MATERIALS USED IN RAPID 

PROTOTYPING TECHNOLOGY
[26]

 

The selection of biomedical materials in Rapid 

Prototyping (RP) depends on biocompatibility, 

mechanical strength, and clinical application. 

Photosensitive resins used in stereolithography (SLA) 

provide high accuracy for dental models and surgical 

guides but may require post-curing and have limited 

biocompatibility. Metals such as stainless steel, titanium 

(Ti6Al4V), and cobalt-chromium alloys offer strength, 

corrosion resistance, and osseointegration for implants 

and framework. Bio-ceramics like alumina, zirconia, 

hydroxyapatite, and β-TCP promote bone integration. 

Biodegradable polymers (PCL, PLGA) and bone 

cements such as CPC and PMMA are widely used in 

tissue engineering and fixation procedures. 

 

ADVANTAGES OF RAPID PROTOTYPING
[2]

 

 Reduced Lead Time: Direct conversion of CAD 

models into physical parts eliminates tooling and 

shortens product development cycles. 

 No Tooling Required: Does not require molds, jigs, 

or fixtures, lowering production costs and enabling 

complex geometries. 

 Minimal Setup Time: Digital data is used directly, 

allowing quick design modifications and greater 

flexibility. 

 Less Material Waste: Additive manufacturing 

reduces wastage, especially with expensive materials 

like titanium. 

 Material Versatility: Supports polymers, ceramics, 

and metals for diverse applications. 

 High Accuracy: Produces precise parts with good 

surface finish, minimizing post-processing. 

 

DISADVANTAGES OF RAPID PROTOTYPING
[2]

 

1. High Cost: Industrial printers and specialized 

materials are expensive, limiting accessibility for 

small-scale setups. 

2. Material Brittleness: Some photopolymers lack 

strength for load-bearing applications. 

3. Anisotropic Properties: Strength varies by printing 

direction; parts are weaker along the Z-axis due to 

layer bonding. 

4. Size Constraints: Most systems produce small to 

medium components; larger parts require assembly. 

5. Surface Roughness: Staircase effect on sloped 

surfaces necessitates additional post-processing. 

 

APPLICATIONS IN PROSTHODONTICS 

Rapid Prototyping (RP) has transformed prosthodontics 

by shifting prosthesis fabrication from manual, labor-

intensive methods to digital, computer-controlled 

production. Traditionally, crowns, copings, FPDs, and 

RPDs required manual waxing and casting, with 

outcomes dependent on operator skill. RP enables direct 

fabrication from digital scans using CAD/CAM systems, 

enhancing precision, consistency, and efficiency.
[27-29] 

 

One major application is the fabrication of wax 

patterns,
[27]

 where stereolithography (SLA) and digital 

light processing (DLP) produce highly accurate resin or 

wax patterns for the lost-wax casting technique. This 

enhances marginal fit and reduces human error. 

 

 
Fig. 1: Fabrication of Wax Patterns. 

 

RP also supports the direct metal fabrication of 

frameworks
[30-32] 

using Selective Laser Sintering (SLS) 

and Selective Laser Melting (SLM). These additive 

manufacturing techniques build cobalt-chromium or 

titanium frameworks layer by layer from digital files, 

eliminating wax-up and mold-making steps. The digital 

workflow includes geometry capture, CAD framework 

design, and additive manufacturing, reducing production 

time and material waste while improving structural 

precision. 
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Fig. 2: Fabrication of Framework via Additive Manufacturing. 

 

 
Fig. 3: Final Prosthesis on framework in mouth. 

 

In complete denture fabrication
[33]

 digital scanning 

records edentulous arches and bite relations. Trial 

dentures can be printed for verification before final 

processing, improving comfort and reducing remakes. 

 

 
Fig. 4: Molds for Complete Dentures a:   the virtual design of a transfer key for proper teeth positioning; b:   

transfer key put on the denture base and artificial teeth are put into sockets;  c:   polished denture. 

  

RP is also widely applied in maxillofacial prosthetics
[34-

36] 
enabling the creation of anatomically precise facial 

prostheses such as ears and noses using SLA and 

thermoset printing. Additionally, RP assists in 

fabricating surgical stents, radiation shields, and burn 

stents. 
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Fig. 5: Digital capture of nasal defect for design of prosthetic nose. (A and B) Patient’s defect with magnetic 

components. (C) 3D scanning of extraoral defect. (D) Digital model of nasal defect. (E) 3D printed model of nasal 

defect. (F and G) Final prosthesis in situ. 3D, three-dimensional. 

 

For all-ceramic restorations
[27,28] 

techniques like slurry 

micro-extrusion allow zirconia restorations to be printed 

layer by layer, reducing material waste compared to 

conventional milling. Furthermore, 3D-printed molds for 

metal casting
[17,28,30]

 streamline casting by eliminating 

multiple traditional steps. In implant dentistry
[37-39] 

CAD/CAM-guided planning and 3D-printed surgical 

templates enhance implant positioning accuracy and 

predictability.

 

 
Fig. 6: Stereolithographic surgical template. 
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CONCLUSION
[40-43] 

Rapid Prototyping has revolutionized prosthodontics by 

integrating digital design with advanced manufacturing. 

It enhances precision, reduces manual errors, shortens 

production time, and improves patient-specific 

customization. Applications now extend from crowns 

and frameworks to dentures, implants, and complex 

maxillofacial prostheses. Although challenges such as 

high equipment cost and the need for technical expertise 

remain, continued advancements in materials and digital 

workflows are making RP increasingly accessible. As 

technology evolves, RP is expected to become central to 

digital dentistry, establishing new standards in 

efficiency, reproducibility, and patient satisfaction. 
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