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DIGITAL WORKFLOW IN MAXILLOFACIAL 

PROSTHETICS 
 

Abstract 

 

 Maxillofacial prosthetics plays a pivotal 

role in restoring form and function for 

individuals who have undergone facial 

disfigurement due to congenital anomalies, 

trauma, or surgical procedures. With the advent 

of digital technologies, the field is witnessing a 

transformative shift towards more efficient and 

patient-centric approaches. This abstract 

provides an overview of the integration of 

digital workflow in maxillofacial prosthetics 

and its profound impact on treatment planning, 

design, and fabrication processes.  

  

 The digital workflow begins with 

advanced imaging techniques such as computed 

tomography (CT) scans and intraoral scans, 

providing detailed anatomical information. This 

digital data serves as the foundation for 

computer-aided design (CAD) and computer-

aided manufacturing (CAM) processes, 

allowing for precise and customized prosthetic 

solutions. Virtual simulations enable clinicians 

to assess and refine treatment plans before 

physical fabrication, optimizing outcomes and 

reducing the need for iterative adjustments.  

  

 Despite the numerous advantages, 

challenges such as initial setup costs, staff 

training, and standardization of protocols need 

to be addressed. This abstract emphasizes the 

ongoing evolution of digital workflows in 

maxillofacial prosthetics, highlighting the 

potential for improved patient outcomes, 

increased efficiency, and enhanced 

collaboration among healthcare professionals. 

As technology continues to advance, the 

integration of digital solutions is poised to 

redefine the landscape of maxillofacial 

prosthetics, ultimately contributing to a more 

personalized and accessible patient care 

experience. 
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I. INTRODUCTION 

 

On the basis of the defect type, the fabrication of maxillofacial prostheses to 

rehabilitate patients with facial disfigurements which can be congenital or acquired as a result 

of malignant disease or trauma can often be complicated. The primary objective of these 

prostheses is to enhance the patient's quality of life.
[1]

 They are designed to replace facial 

structures including the eye, ear, nose, and surrounding tissues, as well as sections of bone 

and soft tissue that are absent, and to restore oral functions like mastication, deglutition and 

speech. Conventional techniques for fabricating maxillofacial prostheses require a number of 

complicated steps that are expensive, time-consuming, and can be uncomfortable for the 

patient. Depending on the expertise of the maxillofacial clinician, dental physician, and 

maxillofacial team.
[2]

 Conventional maxillofacial prosthodontics production is a complex 

process and requires several weeks and a great number of visits by the patient for try-ins, 

functional and esthetic adjustments.
[3] 

   

          

 Maxillofacial prosthesis, which are classified as aesthetic devices and frequently are 

not covered under health insurance, serve a key role in aiding patients in reintegrating into 

society and in safeguarding anatomical tissues after surgical procedures.
[4]

 The standard 

fabrication process possesses numerous limitations, mainly because of the high degree of 

technical proficiency needed, the time, expenditure and effort involved in it, along with 

retention and cosmetic concerns, which reduces its accessibility to the entire patient 

community globally. Very few patients can afford these costly prostheses, and even fewer of 

them are able to quickly acquire such cutting-edge armamentarium. 

 

 Rapid prototyping, computer-aided design(CAD) and manufacturing (CAD-CAM), 

and digital design have all become increasingly popular over the last several decades, 

especially in the fields of medicine and dentistry. The major technological breakthroughs 

made in computer technology, software, and hardware are to blame for this. Such 

advancement makes it feasible for jobs like graphics rendering to be performed on home 

computers, which was previously considered to be impossible.
[5]

 The disciplines of computer-

aided design (CAD) and computer-aided manufacturing (CAM) have advanced, enabling new 

methodologies for design and construction, and new materials and technology have been 

promptly incorporated in all dental fields.
[6]

 
 

 Despite the urgent need to decrease production costs, simplify the process, improve 

comfort, and make patients more accessible, many parts of these technical improvements are 

still not fully functional for maxillofacial prosthetic treatment.
[7],[8]

 There is constant research 

that is being undertaken in view of incorporating technological aids in the field of 

maxillofacial prosthetics, with an emphasis on the data acquisition techniques that are 

available at present for complex extraoral and intraoral defects of the maxillofacial region. 

https://paperpile.com/c/MgkyUg/1c9c
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Figure 1: Comparison between conventional and digital workflow of a nasal prosthesis 

manufacturing
[9]

 

 

II. CONVENTIONAL WORKFLOW 

 

 A summary of the steps involved in the conventional workflow of fabricating a 

maxillofacial prosthesis is shown in figure 1.  

 

 An appropriate impression material should be chosen according to the defect's size, 

type, and whether or not there are any undercuts in the region. Elastomeric impression 

material and irreversible hydrocolloid or alginate are the most commonly used impression 

materials. The material is selected in order to obtain a precise impression of the prosthetic 

region, often requiring the use of a custom tray.  In order to retrieve the impression without 

damaging or distorting the tissue surrounding it, the anatomic undercuts are blocked out prior 

to impression making. After the impression is taken and the gypsum cast is poured, the 

replacement anatomical part's wax model is made. 

 

 The wax is then carved to replicate the anatomical characteristics of the defect , after 

which the maxillofacial prosthesis is tried in and the necessary revisions are made for 

marginal fit and visual appeal. Using the lost wax technique, that involves pouring gypsum 

onto the wax model and subsequently melting and washing away the wax with hot water, the 

molds are formed from the final wax-up.
[10]

 The finished prosthesis is made from the suitable 

material. Complicated intraoral abnormalities which affect a portion or the entire dental arch, 

mounting on a semi-adjustable articulator and an impression of the opposing arch are needed 

prior to the try-in. 

 

https://paperpile.com/c/MgkyUg/SHNd
https://paperpile.com/c/MgkyUg/9RxN
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III.  DIGITAL WORKFLOW 

 

The steps in fabricating a maxillofacial prosthesis using digital workflow are listed 

below: 

 

1. Medical Imaging and Data Acquisition: The workflow starts with the collection of 

patient data using medical extraoral imaging modalities such as magnetic resonance 

imaging (MRI), cone beam computed tomography (CBCT) and intraoral scanning, which 

predominantly target the maxillofacial region.
[11]

These imaging techniques give precise 

information on the patient's anatomy, particularly the location and size of the defect and 

the anatomical structures adjacent to it  The digital imaging and communication in 

medicine (DICOM) format scan files are created in before being converted to 3 

dimensional models of the patient's specific anatomy. An effective option for acquiring 

patient defect data is the use of surface scanners, such as intraoral, facial, and structured 

light scanners.
[11,12] 

 

2. In the second stage of Image Segmentation and 3D Reconstruction, the important 

structures of the craniofacial region are segmented from the medical pictures using 

specialized softwares. A 3D digital model of the patient's anatomy is produced by 

segmenting the patient's anatomy to separate the healthy tissues from the damaged 

parts.
[9] 

 

3. Virtual Surgical Planning (VSP): Maxillofacial surgeons and prosthodontists can 

conduct virtual surgical planning using the acquired 3D digital models. They can evaluate 

the patient's health, formulate treatment plans for the surgery, and choose the best site and 

form of the maxillofacial prosthesis.
[13] 

 

4. Prosthetic Design: Using specialist computer-aided design (CAD) software, the 

maxillofacial prosthesis is designed according to the virtual surgical planning. The 

prosthesis is made specifically according to the patient's individual anatomy, ensuring the 

best possible comfort and appearance.
 [1] 

 

5. 3D Printing and Rapid Prototyping: After the prosthetic design is complete, a digital 

file that can be used with 3D printers is generated. The actual model of the maxillofacial 

prosthesis is created using additive manufacturing methods, such as 3D printing or rapid 

prototyping. Before final production, this model is used as a prototype for checking and 

making adjustments.
[14] 

 

6. Creation of the Complete Prosthesis: The final prosthesis is manufactured traditionally 

utilizing the physical model as a mold with maxillofacial prosthetic materials like silicone 

elastomers or other polymers like acrylic, polyphosphazenes, polyurethane, and many 

more. Depending on how complicated the prosthesis is, fabrication may either involve 

traditional methods or, as an alternative, cutting-edge techniques like additive 

manufacturing. In a research by Sabol JV et al., the technicians were given an Standard 

Triangulation Language (STL) model and a 3D printed model for fabrication. The 

technicians observed that it was more straightforward to distinguish the margins and 

contours of the defect on the 3D printed model than on the STL model, which showed 

https://paperpile.com/c/MgkyUg/1TLi
https://paperpile.com/c/MgkyUg/1TLi+X744
https://paperpile.com/c/MgkyUg/SHNd
https://paperpile.com/c/MgkyUg/M871
https://paperpile.com/c/MgkyUg/1c9c
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slight over-contouring because of the layering. There were no discernible differences in 

the conformity of the final prosthesis between the two models as a master cast. 
[15] 

 

7. Prosthesis Fit and Adjustment: The maxillofacial prosthesis is adjusted and checked for 

comfort and fit. To make certain an ideal adaptation to the patient's anatomy, extra 

adjustments may be done if necessary.
[16] 

 

8. Prosthesis Delivery, follow up appointments and Patient Care: The maxillofacial 

prosthesis is delivered to the patient upon completion, along with post rehabilitation 

instructions on how to properly take care and maintain it. To keep track of the prosthesis' 

functioning and handle any potential problems, periodic follow-up appointments are 

planned.
[17] 

 

IV.  ADVANTAGES OF THE MAXILLOFACIAL PROSTHESIS DIGITAL 

WORKFLOW  
 

The following are the benefits of using digital workflow. They are: 

 

1. Precise Fit: Using digital workflow, the resultant prosthesis is more precise and 

customizable, allowing a precise fit. 

 

2. Time Efficiency: Digital technologies speed up the process and cut down on production 

time as compared to traditional methods. 

 

3. Improved Patient Communication: Patients can better understand treatment plans and 

expected outcomes thanks to 3D visualizations. 

 

4. The capability to quickly develop digital files from scratch in the event that a new 

prosthesis is ever needed 

 

5. Modifiable Design Process: Modern digital procedures make it easy to make 

adjustments and modifications while the design is still being developed, leading to better 

outcomes. 

 

V. DISADVANTAGES OF THE MAXILLOFACIAL PROSTHESIS DIGITAL 

WORKFLOW 

 

There are few shortcomings to this. They are: 

 

1. These systems are often costly since they need an investment of CAM equipment, CAD 

software, and imaging apparatus for capturing 3D maxillofacial tissues. 

 

2. Color matching for 3D-printed models presently does not match the tones of real skin. In 

order to provide superior shade matching in digital processing, this topic has to be 

explored. 

 

3. Tissues must be adequately supported since this technique may not be recommended if 

the tissue lacks tonicity.
[15]

 

https://paperpile.com/c/MgkyUg/AUCl
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VI.  CONCLUSION 

 

 To conclude we can say that technological advancements are helping us to do superior 

treatments that result in better aesthetic results and patient comfort. But there are areas in 

which more research is needed. One must keep updated with the latest scientific evidence in 

this field. 
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