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INTRODUCTION
Maxillofacial prosthetics is the art and science of anatomical, 
functional, and cosmetic rehabilitation using non-living substitutes to 
restore missing or defective structures of the maxilla, mandible, and 
face caused by trauma, pathology, surgical procedures, or congenital 
anomalies. Loss of facial structures results in functional and aesthetic 
decits along with signicant psychological and social impact. The 
growing demand for maxillofacial prosthetic rehabilitation 
emphasizes the need to restore both function and appearance. Recent 
advances in computer technology and software, particularly 3D 
printing as an additive manufacturing technique, have greatly 
enhanced the fabrication of three-dimensional prostheses through 
successive layering of materials.

Techniques in 3D Printing (Additive Manufacturing) have greatly 
enhanced the fabrication of three- dimensional prostheses through 
successive layering of materials.Additive manufacturing into seven 
major process categories, though continuous innovation makes the list 
dynamic.
Ÿ Vat Photopolymerization (VPP)
Ÿ Material Extrusion (MEX)
Ÿ Material Jetting (MJT)
Ÿ Binder Jetting (BJT)
Ÿ Powder Bed Fusion (PBF)
Ÿ Directed Energy Deposition (DED)
Ÿ Sheet Lamination (SHL)

Most commonly used 3D Printing technologies used in dentistry:
Ø Stereo Lithography Apparatus (SLA)
Ø Selective Laser Sintering (SLS)
Ø Fused Deposition Modelling (FDM)
Ø Material jetting
Ø 3D Bioprinting

Table No.1. Indirect vs Direct 3D Printing in Maxillofacial 
Prosthesis

STEREOLITHOGRAPHY (SLA)
SLA 3D printing- It works by using a high-powered laser to harden 
liquid resin that is contained in a reservoir to create the desired 3D 
shape. In a nutshell, this process converts photosensitive liquid into 3D 
solid plastics in a layer-by-layer fashion using a low power laser and 
photopolymerization.

When SLA resins are exposed to certain wavelengths of light, short 
molecular chains join together, polymerizing monomers and 
oligomers into solid, rigid, or exible geometries.

Applications in MFP
Ÿ Facial prosthesis patterns (nose, ear, orbit)
Ÿ Surgical guides and diagnostic models
Ÿ Wax pattern fabrication for silicone prostheses

Materials Used
Ÿ Photopolymer resins (acrylic-based, epoxy-based)

Advantages:
Ÿ Extremely high precision and surface detail
Ÿ Smooth surface nish; minimal stair-step effect
Ÿ Excellent dimensional accuracy and marginal delity

Disadvantages:
Ÿ High equipment and material cost
Ÿ Resin materials are brittle and limited in colour options
Ÿ Requires support structures and post-curing

Fig 1-Commercially Available SLA

FUSED DEPOSITION MODELING (FDM)
Fused deposition modeling was developed by S. Scott Crump in the 
late 1980s, Fused Deposition Modeling (FDM) is the second most 
commonly used 3D printing technology after SLA. A plastic or wax 
lament is fed from a coil into a heated nozzle, where it melts and is 
extruded layer by layer. Each layer hardens immediately and bonds to 
the previous layer.

The process occurs in a temperature-controlled chamber maintained 
just below the material's melting point.

Applications in MFP
Ÿ Study models and diagnostic casts
Ÿ Try-in prosthesis frameworks
Ÿ Obturator patterns and interim prostheses

Materials Used
Acrylonitrile Butadiene styrene (ABS) and Polylactide (PLA) 
thermoplastics are predominantly used in the process.

Conventionally, maxillofacial prostheses were fabricated by manually sculpting the missing anatomical structures in wax, 
followed by mold preparation and processing of pigmented silicone elastomers. With advances in science and technology, 

three-dimensional (3D) printing has gained considerable attention, particularly in head and neck surgical specialties such as maxillofacial surgery, 
otorhinolaryngology, and plastic surgery, due to its ability to fabricate complex, customized models, implants, prostheses, and surgical guides with 
high precision . Three-dimensional printing is an additive manufacturing technique in which objects are produced by the successive layering of 
materials.
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Indirect 3D Printing Direct 3D Printing
3D printing used to fabricate 
molds/models; silicone cast 
conventionally

Prosthesis fabricated directly 
using additive manufacturing

Printed mold → silicone
casting

Printed structure → silicone 
coating/inltration

Reduced chairside time Faster fabrication theoretically
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Fig 2-Printbed of a Fused Deposition Modeling Printer

Advantages
Ÿ Cost-effective method.
Ÿ Short lead time due to wide availability of FDM printers.
Ÿ Wide range of thermoplastic materials available for prototyping 

and limited functional use.

Disadvantages
Ÿ Lowest resolution and dimensional accuracy
Ÿ Visible layer lines; extensive post-processing required
Ÿ Anisotropic mechanical properties

Selective Laser Sintering (SLS)
Selective Laser Sintering (SLS) is an additive manufacturing 
technique that uses a high-power laser to sinter polymer powder layer 
by layer from a 3D model, producing functional prototypes and 
components. Developed in the mid-1980s by Dr. Carl Deckard and Dr. 
Joe Beaman at the University of Texas, Austin, SLS belongs to the 
powder bed fusion family, which includes polymer-based SLS and 
metal-based processes such as DMLS and SLM.

Types of SLS Printers
Ÿ SLS printers differ based on laser type, build volume, and system 

complexity.
Ÿ Variations exist in temperature control, powder dispensing, and 

layer deposition methods.
Ÿ Precise temperature control (within ± 2 °C) during preheating, 

sintering, and cooling is essential to prevent warping.

Fig 3-Parts of an SLS printer

Applications in MFP
Ÿ Craniofacial frameworks
Ÿ Implant-retained prosthesis substructures
Ÿ Surgical splints and guides

Materials Used
Ÿ Nylon-11, Nylon-12
Ÿ Nylon composites (glass/carbon lled)

Advantages:
Ÿ Produces strong, functional parts
Ÿ No need for support structures
Ÿ Suitable for complex geometries⁵¹

Disadvantages:
Ÿ Very expensive equipment

Ÿ Long cooling time
Ÿ Grainy surface nish

Material Jetting
Material Jetting works similar to 2D inkjet printing, depositing liquid 
photopolymer droplets layer by layer.The printhead jets 
photosensitive resin, which is immediately cured by UV light.

PolyJet and Material Jetting are the same technology; Developed in 
1998 by Objet Geometries (Israel); later merged with Stratasys in 
2012.Capable of full-color and multi-material printing in a single 
build.

Applications in MFP
Ÿ Direct fabrication of nasal and auricular prostheses
Ÿ Aesthetic prototypes and patient trials

Materials Used
Ÿ Acrylic-based photopolymers
Ÿ Rubber-like elastomeric resins

Advantages
Ÿ Excellent surface nish
Ÿ Multi-material and full-colour printing capability
Ÿ High-dimensional accuracy⁵⁴

Disadvantages
Ÿ Poor long-term mechanical strength
Ÿ Material degradation over time
Ÿ High cost

ADVANCEMENT-3DBIOPRINTING
Layer-by-layer deposition of bioinks containing cells and biomaterials 
to form biological constructs. computer-aided deposition of cells, 
biomaterials and biomolecules. This procedure enables articial 
construction of living tissues and organs by a three- dimensional, layer 
upon layer deposition of living cells along with a suitable protective 
and supportive matrix using various printing modalities.

Applications in MFP
Ÿ TMJ reconstruction
Ÿ Cartilage replacement in ear and nose
Ÿ Bone-mucosa composite reconstruction

Materials Used
Ÿ Hydroxyapatite
Ÿ PCL, PEKK
Ÿ Hydrogels with chondrocytes

Advantages
Ÿ Reduced donor site morbidity
Ÿ Minimal risk of host rejection
Ÿ Custom tissue engineering possibilities⁶⁵

Disadvantages
Ÿ Highly technique sensitive
Ÿ Very high cost
Ÿ Limited clinical availability

Table No.2. Comparison of 3d Printing Technologies in MFP

DISCUSSION
Digital technologies have revolutionized maxillofacial prosthodontics 
by improving accuracy, reducing clinical time, and enhancing patient 
comfort when compared to conventional methods⁴⁶. Each 3D printing 
technology offers distinct advantages, and no single system fullls all 
clinical requirements. Selection depends on the intended application, 
required accuracy, mechanical properties, and cost considerations.

CONCLUSION
3D printing has become an indispensable adjunct in maxillofacial  
prosthodontics.  While  technologiessuch as SLA and Material Jetting 
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Technology Accuracy Cost Surface Finish
SLA Very High High Excellent
FDM Low Low Poor
SLS High Very High Moderate
Material Jetting Very High High Excellent
Bioprinting Variable Very High Biological



provide superior aesthetics and precision, SLS and bioprinting offer 
promising solutions for functional and biological reconstruction. 
Future advancements in materials and cost reduction will further 
integrate digital workows into routine maxillofacial prosthetic 
practice⁶⁶.
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