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ABSTRACT

Many patients suffer facial disfigurements, causing significant psychological trauma. Facial 
disfigurements can be congenital or acquired. In the past, external maxillofacial prostheses 
were produced through manufacturing wax models and applying carving techniques, that where 
laborious and required specialised skills by medical role players. Advancements in technologies 
such as medical imaging technologies, computer-aided design, and computer-aided 
manufacturing have opened new approaches to the manufacturing of maxillofacial prostheses.
These new technologies provide opportunities for non-medical role players to be part of the 
process chain. This review demonstrates how these new technological advancements bring 
about change to the conventional process chain and its accompanying adaptions to the 
participating human resources.
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1. INTRODUCTION

Visible facial disfigurements can have a profound psychosocial impact on the individual 
concerned. Being different, and the visibility of the disfigurement, can present various 
challenges in social encounters, particularly because normal appearing members often view 
these people as being ‘abnormal’ [1]. Because society often rejects people with visible 
disfigurements and treat them as outcasts, these people often suffer severe depression and 
poor self-esteem [2]. As a consequence, people with facial disfigurements are not only rated as 
significantly less attractive, but also as less honest, less employable, less trustworthy, less
optimistic, less effective, less capable, less intelligent and less popular [3]. People with a 
variety of disfiguring conditions have unfavourable levels of anxiety, depression, social anxiety, 
social avoidance, and quality of life compared to published norms in outpatients [4].

Facial disfigurements can be congenital or acquired. There are many types of congenital 
ear deformities. Some of these deformities include underdeveloped outer ear (microtia), 
missing one or both ears (anotia) and earlobe deformities, such as duplicate earlobes or 
earlobes with clefts or skin tags. In contrast, congenital nasal absence (arhinia) is an extremely 
rare malformation [5]. Acquired facial disfigurements are strongly associated with motor 
vehicle accidents, assaults, burns and cancer [6]. Motor vehicle accidents are one of the most 
common causes of facial injuries [7]. Burn injuries constitute a major public health issue, 
particular in developing countries [8]. In South Africa, shack fires and primus stoves are main 
causes of burns [9]. Burns affect 3.2% of the population annually and are particularly common 
in children and young adults [10]. Tumours of the oral-cranial-facial area, with 6% of 
prevalence, are 6th in the malignant tumour ranking [11]. Extended craniofacial defects can 
result in psychosocial and functional impairment, which can affect vision, speech, mastication 
and swallowing.

For patients with severe defects or disabilities caused by trauma, tumours, or congenital 
disorders; their facial features can often be rehabilitated with maxillofacial protheses [12, 13]. 
Patients with maxillofacial disfigurements therefore usually seek some or other reconstructive 
intervention. Most treatments on other parts of the body are aimed at restoring function, 
whereas in the maxillofacial region aesthetics is a major concern [14]. For these patients, 
maxillofacial prostheses provide comfort and support on many levels. A good quality and 
appropriate prosthesis results in patients demonstrating improved mental health, social 
engagement and the ability to lead productive lives [15].

Conventionally, external maxillofacial prostheses have been manufactured through hand 
carving the missing anatomic defect in wax and creating a mould into which pigmented silicone 
elastomer is placed [16]. Such prostheses can cost as much as $10,000 to $15,000 and take 
weeks to produce [17]. Because these devices are classified as cosmetic, they are usually not 
covered by health insurance, making these prostheses unavailable for many patients [18]. 
Besides these limitations, conventional manufacturing of external maxillofacial prostheses 
requires a high degree of technical skill and causes much discomfort for the patient, 
particularly during the impression taking process [19]. Prostheses also do not last indefinitely 
and do deteriorate. Deterioration is caused by absorption of skin and oral secretions including 
sweat, sebaceous secretions and saliva, exposure to sunlight and changes in temperature, 
humidity and hand contact during cleaning, as well as the daily use of adhesive [20, 21]. The 
lifespan of a prosthesis varies greatly depending on prosthesis type, the material it is made 
from, method of attachment, how it is cared for, and finally how often the prosthesis is worn 
[22]. The general deterioration timeframe is 1-3 years. Therefore, such prostheses need 
regular replacement [23].

The advancements in medicine, surgical techniques and in particular cancer survival rates 
have resulted in the ever-increasing number of patients seeking maxillofacial rehabilitation. 
However, the high fabrication cost of conventional prostheses hamper access to such 
interventions. With the development and application of three-dimensional (3D) computer-aided 
design (CAD) and 3D printing or additive manufacturing (AM) technologies, new options have 
become available for the manufacturing of soft tissue prostheses for maxillofacial 
rehabilitation. Using these technologies, a 3D physical object is printed layer by layer from a 
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3D-CAD file more conveniently and more rapidly than other manufacturing means. The 
implementation of these newer technologies is changing how information about the facial 
disfigurement data is collected and how a prosthesis is manufactured. The process of digital 
image taking has the advantage of being more accurate than conventional impression taking 
[24]. Furthermore, it has now become easy to customise a product according to personal 
requirement and to manufacture on demand, without patient participation [17]. Delivery of 
products will no longer be a restriction, because remote printing by local distributors and 
service providers has become a reality [25]. It is estimated that at least in excess of 100 million 
people (1.5 % of the world’s population) are in need of a prosthesis, therefore, it is expected 
that AM can solve these medical problems with extensive benefit to humanity [15]. In 2012, the 
medical segment of the AM market was only $11 million, but as the cost of the technology 
decreases, the market is expected to grow to $1.9 billion in 2025 [26]. These new technological 
advancements have opened-up opportunities for non-medical role players to participate in the 
manufacturing of external maxillofacial prostheses. Therefore, this review shows how these 
new technological advancements bring about change to the conventional process chain and its 
accompanying adaptions to the participating human resources.

2. CONVENTIONAL MANUFACTURING OF EXTERNAL MAXILLOFACIAL PROSTHESES

Conventional manufacturing of maxillofacial prostheses is guided by a maxillofacial
prosthodontists or highly skilled technicians, mostly because maxillofacial prosthodontics are 
the branch of dentistry that entails the design, manufacture, and fitting of artificial 
replacements for teeth and other parts of the mouth. Conventionally, external facial 
prostheses manufacturing processes have been ‘subtractive’ in nature. In this manufacturing 

three-dimensional preliminary product. The conventional manufacturing process chain for 
external maxillofacial prostheses involves broadly three operational steps (Figure 1). Firstly, a 
maxillofacial prosthodontists or technician takes an imprint of the facial anatomy, the region 
of interest (ROI), and transforms it into a workable model of the patient’s face (face model).
Thereafter, a model of the desired prosthesis is designed and sculpted out of wax (prosthesis 
model); after which the prosthesis model is used to create a negative mould for the casting of 
the prosthesis in medical grade silicone. 

Figure 1:  Conventional process chain.
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3. INTRODUCTION OF NEW TECHNOLOGIES FOR THE COLLECTION OF FACIAL IMPRINT 
DATA

Two major technological advances have changed the way facial imprint data is collected. 
Digital volumetric data sets obtained through computed tomography (CT) or magnetic 
resonance imaging (MRI), have largely replaced the conventional stone plaster impression 
taking technique (Technology Intervention 1). Although more recently, with the introduction 
of structured-light 3D scanning technologies, facial imprint data of external surfaces can also 
be digitally generated (Technology Intervention 2).

When generating volumetric data sets with CT or MRI medical imaging technologies, 2D 
digital images are captured. These digital images consist of a sequence of multiple slices in 
Digital Imaging and Communications in Medicine format (DICOM). These multiple slices are 
referred to as a volumetric data set [27]. In contrast to the negative impression of the 
conventional process chain, the digital images are a positive representation of a patient’s 
anatomy. Medical practitioners, such as radiologists are responsible for the collection of such 
data sets (Figure 2).

The recent application of structured-light 3D scanning technologies to generate surface 
facial imprint digital data has brought about significant changes to the conventional process 
chain. Structured-light 3D scanning technologies are incorporated in non-contact, hand-held 
optical 3D scanners, which are used to obtain digital surface imprint data by projecting laser 
structured-light in a pattern onto an object, usually in the form of multiple parallel beams
[28, 29]. These laser structured-light arrays were initially white light; however blue light was 
introduced because it produces higher resolution and more accurate scans than white light. 
The amount of blue light released is the same as the amount displayed by digital devices such 
as computer screens, electronic notebooks and smartphones, which also emit significant 
amounts of blue light, with minimal risk of exposure. The digital data collected from external 
surfaces of objects is in a “point cloud” using a 3D coordinate system, which is a digital record 
of the object [30]. The collected digital 3D surface data is then processed with appropriate 
software. Hand-held 3D surface scanners have many advantages in external maxillofacial 
prostheses manufacturing. The most important of these advantages include, expeditious 
collection of accurate digital data, which can be stored for repeated use [31]. Furthermore, 
this laser structured-light technology is a low risk alternative to CT capturing of digital data 
and does not require medical trained operators. 

Figure 2:  First and second technology intervention.
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4. INTRODUCTION OF NEW TECHNOLOGIES IN PROTHESIS DESIGN

The facial imprint digital data collected by volumetric and surface scanning is a positive 
facial imprint, in contrast to the ‘negative’ impression taken conventionally. Volumetric and 
surface scanning data of a facial imprint is processed differently. The implementation of 
medical imaging editing software (Technology Intervention 3) is used to process volumetric 
data. Once the volumetric data (DICOM file) has been imported into medical imaging editing 
software, the ROI is isolated from the entire digital volume by performing pixel-by-pixel 
editing steps to subtract or segment the ROI. At this stage, a geometry of the segmented ROI 
can be exported as a stereolithography (STL) file to a 3D printer or can be exported to CAD 
software for further design enhancements and corrections. In contrast to volumetric data, the 
surface data collected by a hand-held 3D surface scanner is processed with the on-board 3D 
scanner software. The point cloud data sets produced by the hand-held 3D surface scanner are 
first joined together to form a complete facial picture of the facial imprint data, after which it 
is exported as an STL file to CAD software where it is rendered into volumetric data.

Figure 3: Third technology intervention.

The STL file exported from the medical imaging editing software or from the hand-held 
3D surface scanner on-board software can further be manipulated to produce a prosthesis 
model using CAD software (Technology Intervention 4). Conventionally, this step entailed hand 
carving the missing anatomical structures out of wax to design a prosthesis model. The wax 
sculpting and carving techniques can thus be replaced with 3D CAD software technologies, to 
create a representation of the prosthesis model. CAD software offers a more robust set of 
tools and methods to digitally modify designs and is therefore an excellent alternative to wax 
carving techniques. A prosthesis model can be digitally sculpted using “mirroring techniques”, 
allowing for designing mirror images of contralateral anatomical structures, such as ears. The 
use of Boolean operations, tugging and smoothing techniques, and the addition of fine detail, 
can also be used to create a custom-fit prosthesis with a thin margin that resemble the 
patient’s skin texture, which exhibits real life characteristics and human likeness. The 
processing and prosthesis design require software specialists, such as skilled medical design 
technologists.
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Figure 5:  Fourth technology intervention.

5. INTRODUCTION OF NEW TECHNOLOGIES IN PROSTHESIS MANUFACTURING

In the field of prosthetics, AM is increasingly becoming more established. The main task 
during the manufacturing of soft tissue prosthesis is the production of the casting mould (a 
negative impression of the prosthesis model). In the conventional process chain, a mould is 
manually produced from the wax prosthesis model using conventional flasking methods; 
thereafter it is used to cast the final prosthesis in silicone rubber. When using AM, several 
options can be pursued, depending on the extend of the use of conventional techniques in the 
manufacturing of an external maxillofacial prostheses. Firstly, the digital face model can be 3D 
printed, from which the prosthesis can be designed and manufactured in the conventional 
manner. Secondly, the prosthesis model can be printed to create a mould in the conventional 
manner. Finally, a negative mould of the prosthesis model, designed in CAD software, can be 
printed and used to cast the final prosthesis in silicone. Once the silicone rubber has cured 
within the cast, the facial prosthesis is recovered from the mould, trimmed and extrinsic 
colourant added if necessary, often by hand-painting. The non-conventional steps in the 
manufacturing phase of external facial prostheses can be performed by medical design
technologist, engineers or 3D printing technicians.
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Figure 6:  Fifth technology intervention.

6. DISCUSSION AND CONCLUSION

The three broad operational steps of the conventional process chain for external 
maxillofacial prostheses manufacturing can be largely assisted or replaced with the 
introduction of various technological advancements. The use of these technological 
interventions can have a low, medium or high impact on the conventional process chain, 
depending on which technologies are used. At a low level of impact, the imprint data is 
digitally collected, and a reference face model is manufactured from the collected data, while 
the remainder of the conventional operational steps remains the same. At the medium level, 
digital data is used to design a model of the prosthesis, both the reference face model as well 
as the prosthesis model is 3D printed to test the accuracy and the final aesthetic outcome. 
Finally, at the high impact level, all the technological interventions are used in a 
comprehensive manner. The comprehensive use of these technologies has a number of
advantages. Because the patient involvement is drastically reduced, this results in a less 
traumatic experience. These technologies also allow for the manufacturing of a more realistic 
and complex medical implant model; the ability to review different options of the final 
aesthetic outcome without the necessity of patient involvement and the ability to digitally 
store the information of a medical model.

Many researchers have previously demonstrated that the use of 3D printing technology 
was an effective way to accelerate the prostheses manufacturing process and to reduce costs
and time, thereby shortening the supply chain [17]. Although research indicates a reduction in 
overall cost of prostheses manufacturing with the application of these technological 
interventions, some of these technologies are still expensive. However, with the ever-
continuing technological advancements, these technologies are becoming cheaper. 
Furthermore, it realistic to envisage that casting moulds will be manufactured using desktop 
3D printers in the future. As these printers become more readily affordable, doctors will be 
able to manufacture prostheses in their offices, or even patients may be able to manufacture 
their own prosthesis at home. Therefore, the future of facial prostheses design and 
manufacturing holds that it can become a convenient household activity with the development 
and improvement of new low-cost desktop 3D printers. Such printers will be beneficial for the 
manufacturing of replacement prostheses, on demand and more rapidly than other 
manufacturing means. Finally, developments have progressed far in direct 3D printing 
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technologies, which will allow a prosthesis to be printed directly in medical grade silicone,
thereby eliminating mould production and casting completely [32].
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