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Abstract 

Purpose: To explore the advancements and applications 

of three-dimensional (3D) stereolithographic (SLA) 

models in oral and maxillofacial surgery (OMFS), 

highlighting their impact on surgical planning, 

education, and patient outcomes. 

Methods: A comprehensive review of the current 

literature on the development and utilization of 3D SLA 

models in OMFS was conducted, focusing on 

technological advancements, clinical applications, 

benefits, limitations, and future directions. 

Results: 3D SLA models have significantly enhanced 

preoperative planning, intraoperative navigation, and 

postoperative assessment in OMFS. They serve as 

valuable tools for surgical simulation, patient education, 

and the fabrication of custom implants and prosthetics. 

Challenges include high costs, the need for specialized 

equipment, and technical expertise. 

Conclusion: The integration of 3D SLA models into 

OMFS has improved surgical precision and patient 

outcomes. Ongoing technological advancements are 

expected to further expand their applications and 

accessibility. 

Keywords:  3D Stereolithographic Models, Oral and 

Maxillofacial Surgery, Surgical Planning, Patient-

Specific Implants, Medical 3D Printing. 
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Introduction 

Oral and maxillofacial surgery (OMFS) is a specialized 

field that deals with the diagnosis and surgical treatment 

of diseases, injuries, and defects affecting the face, jaw, 

and oral cavity. Given the complexity of craniofacial 

anatomy, precise surgical planning is essential to achieve 

optimal functional and aesthetic outcomes. Traditional 

imaging modalities such as two-dimensional (2D) 

radiographs and computed tomography (CT) scans 

provide valuable diagnostic information but often fall 

short in conveying intricate anatomical relationships, 

particularly in cases requiring detailed preoperative 

assessment.1-3 

The introduction of three-dimensional (3D) printing, 

particularly stereolithographic (SLA) technology, has 

revolutionized surgical planning and execution in 

OMFS. Stereolithography is an additive manufacturing 

technique that builds physical 3D models layer by layer 

using photopolymerization of liquid resin. The high 

resolution and accuracy of SLA models make them 

particularly valuable for preoperative planning, 

intraoperative guidance, and patient education.4,5 

3D SLA models offer a tangible and highly detailed 

representation of a patient's anatomy, enabling 

surgeons to visualize complex structures, plan 

osteotomies, and simulate surgical procedures before 

entering the operating room. This technology has proven 

beneficial in various OMFS applications, including:6-8 

 Orthognathic Surgery – Helps in planning and 

executing corrective jaw surgeries. 

 Trauma Reconstruction – Assists in restoring 

facial skeletal integrity after injuries. 

 Tumor Resection and Reconstruction – Facilitates 

resection planning and custom prosthetic fabrication. 

 Dental Implantology – Aids in implant placement 

and bone grafting procedures. 

 Congenital Deformities – Supports surgical 

correction of conditions such as cleft lip and palate. 

Beyond surgical applications, 3D SLA models enhance 

patient-doctor communication by allowing patients to 

better understand their condition and the proposed 

surgical intervention. Additionally, they are valuable 

teaching tools for medical education and resident 

training, enabling hands-on learning without direct 

patient involvement.9,10 

As 3D printing technology continues to evolve, 

advancements in biocompatible materials, printing 

speed, and cost-effectiveness are expected to further 

enhance its role in OMFS. This review explores the 

latest developments in stereolithographic 3D printing 

and examines its current and future applications in 

oral and maxillofacial surgery. 

Discussion 

Advancements in 3D Stereolithographic Technology 

(11,12) 

The evolution of 3D SLA technology has led to 

improvements in printing speed, resolution, and material 

properties. Modern SLA printers can produce highly 

detailed models with complex geometries, facilitating 

their use in various surgical applications. Advancements 

in biocompatible resins have also expanded the potential 

for intraoperative use and the development of patient-

specific implants. 

Applications in Surgical Planning and Simulation13 

3D SLA models have become indispensable in 

preoperative planning and surgical simulation. They 

allow surgeons to visualize patient-specific anatomy, 

plan osteotomies, and rehearse procedures, thereby 

reducing intraoperative uncertainties. For instance, in 

orthognathic surgery, these models enable precise 

planning of bone repositioning, leading to improved 

functional and aesthetic outcomes.  
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Patient Education and Communication14-17 

Physical 3D models serve as effective tools for patient 

education, enhancing understanding of surgical 

procedures and fostering informed consent. They also 

improve communication among multidisciplinary teams 

by providing a tangible reference for discussing surgical 

approaches and expected outcomes. 

Fabrication of Custom Implants and Prosthetics18-21 

The precision of 3D SLA models facilitates the design 

and fabrication of custom implants and prosthetics 

tailored to individual patient anatomy. This 

customization enhances the fit and function of implants, 

reduces operative time, and minimizes the risk of 

complications. 

Limitations and Challenges22,23 

Despite their benefits, 3D SLA models present 

challenges, including high production costs, the 

necessity for specialized equipment, and the requirement 

for technical expertise in model creation and 

interpretation. Additionally, the accuracy of the models 

depends on the quality of the initial imaging data and the 

precision of the printing process. 

Conclusion 

The integration of 3D stereolithographic models into 

oral and maxillofacial surgery has significantly enhanced 

surgical planning, execution, and patient education. 

These models provide a tangible representation of 

complex anatomical structures, allowing for meticulous 

preoperative assessment and customization of surgical 

interventions. As technology continues to advance, it is 

anticipated that the accessibility and applications of 3D 

SLA models will expand, further improving patient 

outcomes and setting new standards in surgical care. 

Future Directions 

Future research and development in 3D SLA technology 

should focus on reducing production costs and 

simplifying the fabrication process to make these models 

more accessible in routine clinical practice. Exploring 

new biocompatible materials could expand 

intraoperative applications, such as the direct production 

of implantable devices. Integrating 3D SLA models with 

emerging technologies like augmented reality and 

robotic surgery may also enhance surgical precision and 

outcomes. Additionally, establishing standardized 

protocols for the use of 3D models in surgical planning 

and education could further optimize their benefits 

across the field of oral and maxillofacial surgery. 

The image below illustrates a 3D-printed 

stereolithographic model used in the surgical simulation 

of Le Fort I osteotomy and sagittal splitting ramus 

osteotomy in oral and maxillofacial surgery. 
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