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Abstract: 

Three dimensional (3D) printing models are extensively recommended in contemporary oral and maxillofacial surgeries to predict 

treatment outcome and prognosis, reduce operative time, improve peri-operative and post-operative function, and minimize wound 

exposure duration, complications and postoperative morbidity. The current application of 3D models and templates from an oral 

and maxillofacial surgeons perspective also extends to patient education, assist direct visualization of anatomic structures, to 

perform incisions and surgical resections, assessment of craniofacial bony defects, temporomandibular joint (TMJ) fixation devices 

and reconstruction plate adaptation. Stereolithography (SL), fused deposition modeling (FDM), photopolymer jetting (PJ), and 

laser sintering (LS) are commonly preferred three-dimensional printing technologies in oral and maxillofacial surgery. Presently 

3D printed biologically active scaffold are recommended for bone tissue repair in craniofacial defects, soft tissue regeneration 

particularly in the maxillofacial region. Despite several advantages the application of 3D printing is limited due to its potential cost, 

expense of 3D printing devices and challenges in handling materials and software. Thus the present review was carried to elaborate 

various clinical application of 3D printing in Oral and Maxillofacial surgery with brief on 3-Dimensional Printing techniques, bio 

printing of structures along with their accuracy, reliability and future potential. 
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Introduction: 

Rapid prototyping (RP) or additive manufacturing (AM) popularly known as 3-Dimensional (3D) printing has been widely used in 

craniofacial surgery to create 3D models, 3D templates and assist various surgical procedures such as osteotomies, bone graft 

harvesting, bio-prosthetic implant placements, pre-prosthetic planning and guiding intraoperative oral splints [1, 2]. According to 

International Organization for Standardization (ISO) and American Society for Testing and Materials (ASTM) AM is defined as a 

process of joining materials to make parts from 3D model data, usually layer upon layer, in contrast to conventional subtractive 

and formative manufacturing methodologies [2]. Over the years due to advancement in technologies, materials and techniques 3D 

models are extensively recommended in contemporary oral and maxillofacial surgeries to predict treatment outcome and prognosis, 

reduce operative time, improve peri-operative and post-operative function, minimize wound exposure duration, complications and 

postoperative morbidity [3, 4].  
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3D technology has the ability to fabricate complex anatomical components with a high degree of precision, functionality at low 

cost production generally used for medical and dental applications [5]. The fabrication process of 3D models includes heat, light, 

laser and other energy sources targeted on pre-formed materials in powder, pellets, granules, resins or any other material as required 

based on techniques followed [6]. The current application of 3D models and templates from an oral and maxillofacial perspective 

also extends to patient education, assist direct visualization of anatomic structures, to perform incisions and surgical resections, 

assessment of craniofacial bony defects, temporomandibular joint (TMJ) fixation devices and reconstruction plate adaptation [7]. 

3D printing technology has gained more attention especially in the craniofacial region. Recently, studies on 3D printing using 

biologically active components have showed promising results in craniofacial defect reconstruction [8]. Hence a brief knowledge 

about materials, techniques, application and limitations is essential to adapt this method in routine clinical practice. Thus the present 

review was carried to elaborate various clinical application of 3D printing in Oral and Maxillofacial surgery with brief on 3-

Dimensional Printing techniques, bio printing of structures along with their accuracy and reliability studies and future prospective.  

Methodology: 

A structured literature search for articles written in the English language in PubMed/MEDLINE, EBSCO host, Google Scholar, 

Scopus, Web of Science and Cochrane database for systemic reviews were retrieved by using MeSH terms “3-Dimensional 

printing” OR “Additive manufacturing” AND “Rapid prototyping”, “Dentistry” AND “Bio-printing”; “3D printing in cranio-

maxillofacial surgery, Dental” OR “Facial reconstruction” OR “3D−printed model” OR "All Metadata", “Dental, Biological 

simulation models”. 

3-Dimensional Printing techniques: 

3D printing is a process of generating 3 dimensional physical models from digital patterns using different materials such as 

ceramics, metals, plastics, polyamide, nylon and even active live cells through computer-aided systems [9]. In this process, initially 

anatomical scans are obtained from magnetic resonance imaging (MRI) and computed tomography (CT) imaging techniques 

followed by importing these structures into AM setup using Computer-aided designing (CAD) Model transformation. Once images 

are converted into digital patterns specialized software system performs geometric shaping, slicing into thin layers, and fabrication 

by depositing or fusing with substrate printing platform and other precisions as programmed. The fabrication process of 3D models 

includes heat, light, laser and other energy sources targeted on pre-formed materials in powder, pellets, granules, resins or any other 

material as required based on techniques followed [5, 10, 11]. 3D printing also known as solid freeform technology (SFF), additive 

layer manufacturing (ALM), direct digital manufacturing (DDM) in early 80s were initially used for treatment planning, pre-

surgical preparation and prosthesis implant fabrications.  

Later in 1990, Mankovich et al stimulated bony structures of the cranium in craniofacial deformity patients using Stereolithography, 

the pioneer 3D printing technique that uses low power ultraviolet (UV) laser beam for light cure resin polymerization to produce 

models in a layer-by-layer manners that correspond to the axial image slices of the CT scan [12]. It is a rapid fabrication technique 

that can assemble complex internal frameworks with extremely high resolution using low cost materials however causes resin 

irritation, skin sensitization by contact and inhalation. Acrylics and epoxies are often used with each layer polymerized at a 

thickness of 0.05–0.15 mm that requires high cost equipment and manual handling after fabrication [13]. Though expensive, SL is 

largely applied for producing 3D models for implant drill guides, designing soft-tissue incisions, bone-graft assessment and 

planning, surgical simulation for bone and soft tissue reconstruction, pre-bending reconstruction plates and custom-made prosthesis 

with more accuracy and best surface texture [14]. 

Apart from Stereolithography (SL), fused deposition modeling (FDM), photopolymer jetting (PJ), and laser sintering (LS) are 

commonly preferred three-dimensional printing technologies in oral and maxillofacial surgery. In Fused-deposition modelling 

(FDM) thermoplastic resin material is extruded through nozzle onto build platform plate and construct 3D models similar to SL 

technique. This extrusion additive technology involves the loading and liquefaction of a printed material in a controlled layer-by-

layer manner [15]. Acrylonitrile-Butadiene-Styrene (ABS) and PolyLactic Acid (PLA) are recommended in FDM to produce highly 

porous, high mechanical strength, cost-effective templates though presents only limited anatomical structures with complex 

patterns thus restricting its application to fabricate pre-operative surgical guides for planning complex procedures [16]. In photojet 

(PJ) light sensitive polymer method a platform was built using an inkjet type print head followed by incremental layer by layer 

curing on the platform. In this method light photopolymers was immediately cured to fabricate high resolution, high quality 3D 

models with varying patterns, physical properties and minute modifications with low cost production suggested for indirect 

orthodontic bracket splints. Excess materials on PJ models are difficult to remove and may cause skin irritation [17].  

SL, PJ methods uses light cure resin material whereas LS included wide range of polymeric powder materials such as nylon, 

elastomers and composites sintered by heat polymerization and laser scanning layer by layer in a descending powder bed. Different 

lasers including CO2, Nd:YAG, fiber lasers, disc lasers are focused into a powdered substrate causing fusion of the substrate to 

produce desired laser sintered (LS3D) models with full mechanical functionality that can be autoclaved. LS3D models are widely 

chosen for surgical osteotomy guides with high precision and also to produce customized titanium orbital floors, grids, periosteal 

implants, and cranial plates in reconstructive surgeries [18, 19]. The major disadvantage being high infrastructure requirements 

and also 3D models produced with rough surfaces. To overcome several limitations in choice of material, currently PEEK 

(polyetheretherketone), a new alloplastic material is recommended in reconstruction of complex maxillofacial defects and calvarial 

defects [20].  

Clinical applications: 

In oral and maxillofacial region, anatomical structures simulating the human skeleton are of valuable tool in decision making and 

virtual surgical planning during trauma surgeries and orthognathic surgeries. Rapid prototyping is mainly proposed for hard tissue 

reconstruction such as bony defects, fracture correction and bone-implant guidance [7, 21]. Custom-made implants, Splints, 

fabrication of facial prosthesis, tailored temporomandibular joint, complex facial structures reconstruction, and distraction 

osteogenesis are few other applications of 3D printing models. 3D printing is capable of presenting spatial relationships in traumatic 

or pathologic defects secondary to tumor, or congenital disease and visualize the surgical procedure in respect to surrounding 
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components and predict the favorable outcome. In mandibular defects requiring partial resection with bone reconstruction 

alloplastic materials, or autogenous bone grafts are used in 3D models to mimic complex muscular movements and mandibular 

positions [5, 22, 23, 24].  

In trauma surgeries, patients with bony defects, fracture lines, internal or delayed fractures can be simulated and treated using 3D 

models. In head and neck region, Orbital wall fracture management can be carried out by 3D customized reconstruction of orbital 

wall defects with titanium mesh or sheet pre-adapted on the 3D model to reduce post-operative complications such as enopthalmos 

or diplopia using detailed orbital anatomy template [25]. Custom-made implants in blow out fracture reconstruction had produced 

better results than conventional surgical procedures. Similarly in medial orbital wall fractures Ata N observed 3D model template 

reduced operating time with precise adaptation [26]. In TMJ reconstruction alloplastic and allograft materials can be accurately 

placed in patients for functional jaw correction using additive manufacturing. 3D printing aided in measuring the precise 

proportions of the bone required to be harvested at the defective site.  

In the recent years, dental implants with complex geometries are produced and placed using virtually guided drilling planes thus 

reducing multiple visits and lengthy procedure. Surgical implant guides that are designed to assist orientation and execution of 

drilling, proper angulation, and placement of implant screws are fabricated with high detailed accuracy and internal complex 

structures [5, 7, 27]. Currently, direct metal laser sintering techniques provide the ability to fabricate customized implants in patients 

with severe bone atrophy requiring augmentation procedures thus reducing the need for reconstructive bone surgery. Studies have 

shown ear, nose, eyes and facial prosthetic fabrication using 3D printing had better esthetic and functional properties compared to 

conventional hand-made prosthetic replacements. Auricular components are most popular among facial prosthesis using 3D 

reconstruction rapid prototyping technique. Rapid prototyping eliminated laboratory steps such as impression making, wax build-

ups and rough surface coating and improved soft tissue contouring such as ocular, auricular reconstruction using contralateral 

anatomical components [28, 29].  

Accuracy, Reliability and Bio-Printing:  

Accuracy of 3D printed models plays a vital role in diagnosis and treatment planning where a faulty or inaccurate models can 

largely impact the clinical outcome. Accurate reconstruction surgeries along with minimization of the operation time is of crucial 

importance to oral and maxillofacial surgeons. 3D printing consistency generally depends on the accuracy of computerized 

tomography (CT) scans. Several studies have shown 0.20mm to 0.85 mm variation with 0.6 to 6% error using SL model in mid-

face irregularities with an average 0.8mm to 2.5mm differences in overall head and neck locations [4-9]. Silva DN et al reported 

99.9% accuracy using PJ technique compared to Selective laser sintering (SLS) in fabrication of mandibular architecture [30]. 

Salmi et al established CT guided PJ technique as most reliable method than SLS and FDM methods [31]. Shqaidef et al stated that 

precision and accuracy of even 0.1mm in orthognathic surgeries plays a key role in achieving esthetical and functional results and 

showed maximum of 1.73mm (0.04 to 1.73mm) error in 3D printed SL models using CAD/CAM software with considerable 

skeletal distortion [24]. Vercruyssen et al evaluated the accuracy of SL guides with that of conventional surgical guides’ in vitro 

and observed 1.5mm deviation (average) at the entrance of traditional surgical guides and 2.1mm deviation (average) at the vertex 

is 2.1 mm with an average distance deviation of SLA is 0.9 mm and 1.0 mm [32]. Al-Harbi and Sun reported that when implants 

were placed in patients using SL guides, the implants planned and the actual placement of implants were almost exactly matched 

in location and axis. However, one should also consider shape, dimensions and anatomic details of prototypes may be affected by 

errors at any stage of the technique such as fabrication or sintering, CT/MRI digital image acquisition, image manipulation with 

CAD software and finishing [33].  

Recently, studies on 3D printing using biologically active components including growth factors and extracellular matrix 

components have showed promising results in craniofacial defect reconstruction. Bio-printing technology is the process of 

incorporating biological substance or compounds in 3D techniques within or onto a printed substrate. Similar to conventional rapid 

protyping printing techniques bio-printing methods also includes dip pen lithography, soft lithography, extrusion or micro-

extrusion, laser bio-printing and inkjet deposition for fabrication of 3D printed scaffold suggested for bone tissue repair in 

craniofacial defects, soft tissue regeneration particularly in the maxillofacial region [2-5]. Wang et al explored the osteogenic 

potential of undifferentiated mesenchymal stem cells on a polyamide hydroxyapatite scaffold [34]. Similarly Legemate et al 

investigated the combination of a 3D-printed polycaprolactone scaffold and dual spatiotemporal growth factor delivery for 

regeneration of the temporomandibular joint articular disc [35]. Suska et al also showed translational potential of 3D-printed 

biologically active scaffolds for patient-specific applications in the craniofacial region [36]. Despite several advantages the 

application of 3D printing is limited due to its potential cost, expense of 3D printing devices and challenges in handling materials 

and software. Future studies focusing on increasing higher resolution of the printing device, development of materials with 

mechanical and biological properties, biocompatible and strong bio-ink as well as development of patient-specific 3D scaffold 

should be carried out to ensure reliability and expand their potential application.  

Conclusion: 

 3 Dimensional printed models have reduced social, cultural and preservation challenges associated with cadavers used in medical 

education and training. 3D printed models aided patient education on pre-operative planning, patient preparation for several surgical 

procedures, diverse results and predictions, and potential complications following the procedure can highly impact satisfaction. 

One of the major limitations of 3D printing is non-availability of standardization methods and manufacturing guidelines. 3D models 

have also decreased post-operative complications associated with complex surgical techniques. However, variability between the 

technologies and the fabrication process may produce a lack of appropriate strength and quality and, thus, a standardized quality 

measurements are required to ensure strength and reliability requirements are acquired. Thus more clinical trials, evidence based 

reports with advanced imaging methods and 3D printing devices should be performed to expand and explore the potential 

application of 3D printing in oral and maxillofacial region.  
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