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Abstract

The wax sculpting of a maxillofacial prosthesis is challenging, time-consuming, and 
requires great skill. Rapid prototyping (RP) systems allow these hurdles to be overcome 
by enabling the creation of a customized 3D model of the desired prosthesis. Geomagic 
and Mimics are the most suitable software programs with which to design such prosthe-
ses. However, due to the high cost of these applications and the special training required 
to operate them, they are not widely used. Additionally, ill-fitting margins and other dis-
crepancies in the final finished products of RP systems are also inevitable. Therefore, this 
process makes further treatment planning difficult for the maxillofacial prosthodontist. 
Here, we report the case of a 62-year-old woman who attended our clinic. Initially, she had 
presented with a right facial defect. This was later diagnosed as a squamous cell carci-
noma and resected. The aim of this report is to describe a new technique for the 3D 
printing of facial prostheses which involves the combined use of open-source software, an 
RP system, and conventional methods of fabrication. The 3D design obtained was used 
to fabricate a maxillofacial prosthesis to restore the defect. The patient was happy with 
the esthetic outcome. This approach is relatively easy and cheap, does not require a high 
degree of non-medical training, and is beneficial in terms of clinical outcome.
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Introduction

The surgical removal of oro-facial tumors 
may cause facial disfigurement, which can 
result in psychological disorders. The altera-
tion of facial structures in the treatment of 
cancer often causes great difficulties in terms 
of social relationships and economic circum-
stances, which in turn can affect quality of 
life1). Small defects can now be restored using 
microvascular flaps. This may not be an 
option in some patients, however, due to the 
size of the defect, age-related considerations, 
complications arising from radiation therapy, 
or the patient’s general medical condition. In 
such cases, a maxillofacial prosthesis could 
serve as a viable and definitive alternative7).

A number of methods for constructing 
facial prostheses have been proposed, and all 
involve the contra-lateral matching of the ana-
tomic morphologies of the face2,5,10,11). Com-
puter-aided design (CAD), computer-aided 
manufacturing (CAM), and other rapid pro-
totyping (RP) techniques have also recently 
been introduced as tools for use in this 
field3,4,18). Rapid prototyping techniques basi-
cally involve an additive procedure, in which 
the desired object is constructed layer-by-layer 
to specifications obtained by virtual slicing in 
a computerized 3D model15,16,19). The produc-
tion of a variety of anatomical shapes and 
features is possible in a very short period of 
time using this method13). However, with cur-
rent CAD/CAM systems, it is still not possible 
to create the wax patterns required for a facial 
prosthesis as they do now allow for adaptable 
margins or no margin gaps8,17,18). To solve this 
issue, this clinical report describes a new tech-
nique for the construction of a 3D-printed 
facial prosthesis which uses a combination of 
conventional and RP methods and open 
source software.

Case Report

A 62-year-old woman presented at the Max-
illofacial Prosthetic Service at the School of 
Dental Sciences of the Universiti Sains in 

Malaysia with a right facial defect after resec-
tion of a tumor diagnosed as a squamous cell 
carcinoma (Fig. 1). Initially, the patient pre-
sented with a severely painful skin ulcer, which 
later penetrated the skin, invading the bone 
beneath. This lesion was subsequently diag-
nosed as a squamous cell carcinoma based on 
a biopsy. The whole lesion was excised, result-
ing in the concomitant loss of a portion of the 
malar bone and associated buccinator, mas-
seter, and zygomaticus muscles.

1. Impression procedures
Three, single-piece partial facial impres-

sions were planned (Fig. 2). Light-body poly-
vinyl siloxane (Multisil Epithetik; Dreve-Dent-
amid, Unna, Germany) was applied to the 
defect as the first layer, followed by regular-
body polyvinyl siloxane impression material 
(Multisil Epithetik; Dreve-Dentamid). The 
impression material was then allowed to set. 
Pieces of tongue blade were incorporated to 
increase the stability of the material. The pre-
viously fabricated boxing wax rim was applied 
to the appropriate location on the face. Regu-
lar-set alginate (Dentsply Int., York, PA, USA) 
was mixed to a high flow consistency and 
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Fig.　1　Right-side facial defect
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poured onto the area. A layer of wet gauze was 
then immediately placed onto the alginate 
surface and allowed to set. Once it had set, a 
layer of plaster mixed with slurry water was 
applied to the surface of the gauze. The 
impression was cast with a type IV dental stone 
(Dental Vision, Bangkok, Thailand) accord-
ing to the manufacturer’s instructions and 
allowed to set.

2. 3D design of prosthesis
Computed tomography was conducted 

using the Siemens Somatom Definition AS+ 
128-slice (Siemens, Erlangen, Germany) at 
the Radiology Department of this institute. 
The obtained images, which had a slice thick-
ness of 1 mm and matrix of 512×512 pixels, 
were transferred from the Picture Archiving 
and Communication System Server to a Dell 
Precision T7500 workstation in a Digital Imag-
ing and Communications in Medicine format. 
The images were analyzed and processed 
using the open source MITK Workbench 
2014.10.0014). The MITK Workbench is a ver-
satile and user-friendly application for medi-
cal image analysis developed by the German 
Cancer Research Centre at Heidelberg in 
Germany. This application is designed to pro-
vide a clear distinction between different 
work areas (Fig. 3).

First, a 3D model of the patient’s face was 
constructed to facilitate design of the maxil-
lofacial prosthesis. A threshold of –200 HU 
was used to segment soft tissue using 3D tools; 

the tissue was visualized in 3D using the “Cre-
ate smoothed polygon model” function (Fig. 
4).

Next, the images were cropped in 2D view 
using 2D tools to focus on the facial area with 
the defect. The cropped virtual 3D model was 
later saved in stereolithography (STL) format 
and then sent to a 3D printer (Objet30 
Scholar, Stratasys, Eden Prairie, MN, USA) for 
printing of the physical 3D model (Fig. 5).

3. ‌�RP fabrication of maxillofacial prosthesis 
template
Traditionally, a template could be pro-

duced by initially taking an impression of the 
patient’s face or of a physical 3D model. Alter-
natively, the template could be designed by 
CAD/CAM software. In the present study, the 
implant was produced by open-source MITK 
Workbench software, applying shape-based 
interpolation methods to segment the defects 
of the face. Here, the defects were manually 
filled by using the “Add” function in 2D tools. 
This was done in the coronal view every 5 
slices until the defect was covered (Fig. 6).

The segmented coronal slices were interpo-
lated with other slices using a shape-based 
interpolation method in MITK. The fully seg-
mented template was then saved in STL for-
mat and sent to another 3D printer (Maker-
bot Replicator 2X, Makerbot, Brooklyn, NY,  
USA). After the 3D printing of the virtual 
model, the physical 3D template was obtained 
(Fig. 7).

4. Final prosthesis fabrication
The modified working cast obtained from 

the initial partial facial impression was used as 
a mold. Room temperature vulcanizing 
(RTV) Silicon A 2006 (Factor II, Lakeside, Az,  
USA) with intrinsic coloration was loaded 
into the mold to fabricate the final facial pros-
thesis (Fig. 8), which was attached using Daro 
adhesive extra strength (Factor II, USA). This 
water soluble adhesive has shown excellent 
results in water emulsion. It requires no sol-
vents, and has shown extremely good patient 
acceptance over the last 20 years. This prod-
uct is particularly suitable for heavier prosthe-
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Fig.　2　Three, single-piece impression technique
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Fig.　3　MITK Workbench graphical user interface
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Fig.　4　‌‌Processing 2D computed tomography data into 3D using “Threshold” in 3D tools and “Create 
smoothed polygon model” in MITK Workbench
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ses to be worn in climates that are cool and 
dry. Although initially white, it becomes trans-

parent when dry. Evaluations were performed 
at 1 week and at 3 months following implanta-
tion. No further complaints were voiced by 
the patient, who subsequently reported a sig-
nificant improvement in their psychosocial 
condition and satisfaction with the esthetic 
outcome.

Discussion

A number of technical procedures have 
been proposed involving computer-assisted 
fabrication6,12,15). The present article describes 
a simple, inexpensive, and reproducible 
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Fig.　5　Virtual (a) and physical 3D models (b)
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Fig.　8　‌‌Final prosthesis: outer surface (a), inner sur-
face (b), and insertion (c)
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Fig.　7　‌‌Virtual model and 3D model inner surface (a) 
and outer surface (b); physical implant and 3D 
model inner surface (c) and outer surface (d)
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Fig.　6　‌‌Hole was manually filled to cover defect (a) every 5 slices; seen in axial 
view (b)
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method of obtaining a wax sculpture of a spe-
cific maxillofacial prosthesis. Here, MITK 
software was used to design the prosthesis. 
The advantage of MITK is that it is open-
source, whereas commercial software such as 
Mimics and Geomagic is very expensive. 
Moreover, MITK can provide an acceptable 
prosthesis design, which can later be printed 
using the economical Makerbot 3D printer. 
The use of open-source software to perform 

image segmentation and design maxillofacial 
prostheses provides an alternative platform 
for researchers or prosthodontists in develop-
ing research applications without costly soft-
ware. Using MITK software, 3D models of the 
prosthesis were individually made based on 
the size and shape of the defect in the scanned 
model. Furthermore, one of the major chal-
lenges of the RP method is the direct produc-
tion of wax sculptures with adaptable edge 
margins, together with the sculpture of other 
parts of the facial structure. Some evidence 
indicates that the material or powder used to 
fabricate the model is not strong or stable 
enough in thin sections. Moreover, as yet, RP 
technology does not allow adherence charac-
teristics to be modeled with sufficient preci-
sion when dealing with the human face, 
resulting in materials presenting with open 
margins at the edges9).

Therefore, if the virtual prosthesis to be 
implanted is directly designed and fabricated 
to correspond to the healthy side of the face, 
there is the danger that there will be multiple 
margin discrepancies at the edges.

To overcome this problem, a new tech-
nique was introduced in the current case, one 
which combines RP and conventional meth-
ods. A partial facial impression using light-
body and regular polyvinyl siloxane impres-
sion materials was obtained and a working 
cast made by prior 3D design of the prosthesis. 
After obtaining the prosthesis template, it was 
converted into a wax model (Fig. 9a). A wax 
try-in was then performed with the patient, 
allowing any margin gaps to be identified 
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Fig.　9　‌‌Conversion of maxillofacial template into wax 
model (a) and wax try-in revealing marginal 
gaps (b and c)
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Fig.　10　‌‌Wax adaptation to improve marginal gap (a 
and b); final try in (c) and relining with plas-
ter of Paris (d)
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Fig.　11　�Final working cast (a) and scraping of cast (b)
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(Figs. 9b and 9c). To improve the surface 
adaptability and integrity of the facial prosthe-
sis, a thin section of base-plate wax was adapted 
to these areas (Figs. 10a and 10b) and applied 
to the face of the patient at the final fitting 
(Fig. 10c). The fitting surface of the adapted 
wax template was then relined with plaster of 
Paris (Fig. 10d) and a new working cast fabri-
cated (Fig. 11a). Following that, the new 
working cast was scraped to a depth of 0.5 mm 
at the edge of the prosthesis (Fig. 11b). The 
outer peripheral surface of the rapid-proto-
typed wax sculpture was then incorporated 
into the working cast. The final prosthesis was 
cured using the modified working cast, which 
over-compressed the prosthesis border edge. 
The chances of marginal discrepancies were 
thus reduced and maximum adaptability of 
the final prosthesis achieved.

However, the operating time and cost 
between the conventional and 3D model 
method vary. Software for 3D modeling and 
the materials required for printing are expen-
sive; meanwhile, the conventional method is 
cost effective, but the facial prosthesis has to 
be adjusted for marginal adaptation, thus 
requiring extensive time and work.

Conclusion

The use of RP systems in the rehabilitation 
of facial defect cases marks a new era in maxil-
lofacial prosthetics. The clinician must under-
stand the principles and outcomes of digital 
methods so that potential errors can be mini-
mized. Close collaboration between software 
experts and maxillofacial prosthodontists is 
needed to improve results. 
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