
Copyright © 2018. LDJ. This is an open access article distributed under the Creative Commons Attribution 3.0 License, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited.

Citation:Libyan Dent J 2018, 8: 201812005 -http://dx.doi.org/10.5542/LDJ.v8i0.201812005

 (Page number is not for citation purpose).  

1 

THE ROLE OF DIGITAL TREATMENT PLANNING IN MAXILLOFACIAL 
PROSTHETICS: A CASE REPORT
Mahmoud Elbashti, Yuka Sumita 

Department of Maxillofacial Prosthetics, Graduate School, Tokyo Medical and Dental University (TMDU), Tokyo, Japan

ARTICLE INFORMATION: 

Article History: 
Received: 04 October, 2018 
Accepted in revised form: 05 November, 2018 
Published: 28 December 2018

Corresponding author: 

Mahmoud Elbashti
E-mail: mahmmfp@tmd.ac.jp
Keyword: 

Computer-aided design, computed tomography, 
photogrammetry, maxillofacial prosthesis.

:المقال معلومات

ABSTRACT: 

Advances in treatment planning have changed patients’ expectations of the 
functional and aesthetic outcomes of maxillofacial prosthetic treatments. This 
case report describes and discusses the role of digital technology in the 
treatment planning of a facial prosthesis for a patient with complex maxillofacial 
prosthetic needs. A 75-year-old man was diagnosed with squamous cell 
carcinoma of the left maxillary sinus. The tumor was surgically resected and 
resulted in extensive tissue loss. The four key elements of visualization, design, 
manufacture, and evaluation were considered in digital treatment planning of 
the facial prosthesis; the first two are discussed in this report. The defect areas 
were three-dimensionally digitized using computed tomography and 
stereophotogrammetry. The scanned data were saved as a standard 
tessellation language file. From these data, virtual three-dimensional models 
were created for treatment planning options. With the aid of computer-aided 
design software, two types of facial prostheses were designed: an open-eye 
prosthesis and a closed-eye prosthesis. These designs were discussed with the 
patient to determine the one most suitable to meet his aesthetic expectations. 
Patients’ expectations of treatment options can be improved through the virtual 
visualization and design offered by digital treatment planning. This case report 
confirms the applicability of digital treatment planning in managing patients with 
complex maxillofacial prosthetic needs.      
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الكلمات المفتاحیة:
التصمیم بمساعدة الكمبیوتر ، التصویر المقطعي المحوسب ، 

التصویر الفوتوغرافي ، تعویضة الوجھ والفكین.
دور تخطیط العلاج الرقمي في استعاضة الوجھ و الفكین: تقریر حالة

لستعاضة  والجمالیة  الوظیفیة  المعالجة  لنتائج  المرضى  توقعات  من  غیرت  العلاج  تخطیط  في  التطورات 
للتعویض  العلاجي  التخطیط  في  الرقمیة  التكنولوجیا  دور  ویناقش  یصف  التقریر  ھذا  والفكین.  الوجھ 
الصناعي للوجھ لمریض ذو احتیاجات تعویضیة معقدة للوجھ والفكین. تم تشخیص رجل یبلغ من العمر75 
الورم  استئصال  تم  الیسرى.  الناحیة  من  العلوي  الفكي  الجیب  في  الحرشفیة  الخلایا  بسرطان  عامًا مصابًا 
جراحیًا مما نتج عنھ فقدان كبیر للأنسجة. تم اعتماد على العناصر الرئیسیة الأربعة لتخطیط العلاج الرقمي 
التقریرتم  ھذا  في  والتقییم.  والتصنیع  والتصمیم  التصورالرقمي  تشمل  التي  و  الفكین  و  الوجھ  لستعاضة 
مناقشة العنصرین الاولین . تم تصویر المناطق المعیبة ثلاثیة الأبعاد باستخدام التصویر المقطعي المحوسب 
ھذه  من  القیاسیة.  بالفسیفساء  التغطیة  بلغة  كملف  ضوئیًا  المصورة  البیانات  حفظ  تم  المجسم.  والتصویر 
التصمیم  برامج  العلاجي. وبمساعدة  التخطیط  لخیارات  افتراضیة  الأبعاد  ثلاثیة  نماذج  إنشاء  تم   ، البیانات 
العین وتركیبة  الوجھ: تركیبة تعویضة مفتوحة  الرقمیة ، تم تصمیم نوعین من الأطراف الاصطناعیة في 
تعویضة اخرى مغلقة العین. تمت مناقشة ھذه التصامیم مع المریض لتحدید الأنسب لتوقعاتھ الجمالیة. یمكن 
تحسین توقعات المرضى من خیارات العلاج من خلال التصور الظاھري والتصمیم المتقدم للتخطیط العلاج 
ذوي  المرضى  إدارة  في  الرقمیة  المعالجة  تخطیط  تطبیق  اھمیة  على  ھذا  الحالة  تقریر  یؤكد  الرقمي. 

الاحتیاجات التعویضیة المعقدة للوجھ والفكین.
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globe had been surgically resected prior to external 
radiotherapy, causing extensive hard- and soft-tissue 
loss that affected oral function and aesthetics (Fig. 1). 
His chief complaints were aesthetic problems and loss of 
function, and he expected prosthetic rehabilitation to 
restore function, aesthetics, and participation in social 
activities. After a detailed discussion of the treatment 
process and examination of the defect area, the four key 
elements of digital treatment planning—visualization, 
design, manufacture, and evaluation—were considered. 
The first two are discussed in this report.

Elbashti et al

INTRODUCTION
Maxillofacial prosthetic rehabilitation is indicated for 
many patients with maxillofacial defects with functional 
and aesthetic deficiencies.1-3 Rehabilitation requires 
complicated techniques to obtain functionally and 
morphologically satisfactory outcomes. The 
conventional protocol involves obtaining diagnostic 
models that represent the patient’s defect, two-
dimensional (2D) intra- and extra-oral radiography, and 
2D photography. For good results, comprehensive 
diagnostic and treatment planning should be conducted 
before embarking on definitive rehabilitation.1

Four key elements are considered in digital treatment 
planning for patients with maxillofacial defects: 
visualization, design, manufacture, and evaluation. 
Three-dimensional (3D) visualization of the defect can 
be achieved by medical imaging techniques such as 
computed tomography (CT),4,5 cone-beam computed 
tomography (CBCT),6 or magnetic resonance imaging 
(MRI),3,5 which all provide surface and deeper data, 
depending on the degree of segmentation. In contrast, 
non-medical imaging techniques such as 
stereophotogrammetry, which do not involve radiation 
exposure but may use lasers or intense light beams7,8 
provide only surface data, onto which texture can be 
mapped to produce photorealistic 3D models. Three-
dimensional design software plays an important role in 
treatment planning, offering comprehensive toolsets that 
allow sculpting of anatomical details and deformation of 
virtual clay models into any form required.9 The final 
prosthesis design can be virtually matched to the defect 
model and quickly evaluated for suitability before 
manufacture.
With advances in digital technology, rapid advances 
have been made in the treatment planning of 
maxillofacial prosthetics.10,11 This has changed patients’ 
expectations of functional and aesthetic treatment 
outcomes. Digital treatment plans can easily be shown 
to the patient for approval or suggestion of 
modifications, and offers the patient a better 
understanding of the final results. This case report 
describes and discusses the role of digital technology in 
the planning of a facial prosthesis for a patient with 
complex maxillofacial prosthetic needs.       

CASE REPORT
A 75-year-old man with squamous cell carcinoma of 
the left maxillary sinus was referred to the maxillofacial 
prosthetics clinic at Tokyo Medical and Dental 
University for rehabilitation. The left maxilla and ocular
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globe had been surgically resected prior to external 
radiotherapy, causing extensive hard- and soft-tissue 
loss that affected oral function and aesthetics (Fig. 1). 
His chief complaints were aesthetic problems and loss of 
function, and he expected prosthetic rehabilitation to 
restore function, aesthetics, and participation in social 
activities. After a detailed discussion of the treatment 
process and examination of the defect area, the four key 
elements of digital treatment planning—visualization, 
design, manufacture, and evaluation—were considered. 
The first two are discussed in this report.

Visualization
The defect areas were three-dimensionally digitized using 
a routine post-surgical CT scan (SOMATOM Sensation 64-
slice, Siemens AG, Erlangen, Germany). Data were saved 
in the Digital Imaging and Communications in Medicine 
(DICOM) file format, imported into Mimics 11.11 3D 
modeling software (Materialise NV, Leuven, Belgium) to 
produce a virtual model for both hard tissue (skull) and soft 
tissue (facial skin), and saved as a binary Standard 
Tessellation Language (STL) file (Fig. 2). Facial tissue was 
also digitized using 3D digital stereophotogrammetry 
(SCANIFY, Fuel 3D Technologies Limited, Oxford, UK; 
measuring accuracy 0.35 mm) (Fig. 3). The distance from

Fig 1. Two-dimensional image that enabled visualization of the facial
          defect of the patient, with different views.
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dead infected animals can also be a source of 
infection.  

PATHOGENESIS
EVD appears to incapacitate the immune system. It 
evades the host immune response and replicates in 
various cell types such as the hepatocytes, Kupffer’s 
cells, macrophages and endothelial cells. This results 
in early viremia. There is a clear upsurge in the 
release of pro-inflammatory cytokines from the 
infected cells. The resultant immune system 
malfunction subsequently initiates the hemorrhage in 
vascular system, hypotension, and drop in blood 
pressure. This sets the stage for shock, multi-organ 
failure and a typical  death  within ten days  after the 

the digitizer to the object was 45 cm. The acquired point-
cloud data were converted into a triangular mesh and 
saved as an STL file. From these data, virtual 3D models 
were created.

Three-dimensional Design
Three-dimensional models were imported into computer-
aided design (CAD) software (Mimics). The facial midline 
was used as the axis of symmetry, and the normal-side 
image was mirrored to the defect side. The resulting 
model was saved as a separate STL file (Fig. 4). The 
defect model and mirrored model were then 
superimposed in Mimics, and the difference between the 
two datasets was masked as the new facial prosthesis 
data. At the same time, a 3D facial photograph was 
mapped on the CAD model using the photo-mapping 
function of Mimics (Fig. 5). Based on the 3D virtual 
design, two facial prostheses were designed: an open-
eye prosthesis and a closed-eye prosthesis. These were 
discussed with the patient to determine the best option to 
meet his aesthetic expectations.

DISCUSSION
This case illustrates the role of digital technology in the 
treatment planning of maxillofacial prosthetics. The use 
of various digital technologies to visualize the defect 
and design of multiple prosthetic treatment options 
helped the patient understand the treatment plan and 
establish realistic expectations of outcome. Although 
the use of CT scanning as a visualization tool requires 
radiation exposure, it is a routine postoperative 
procedure for tumor recurrence screening in patients 
with neoplasms.12 Despite issues relating to radiation 
exposure, artifacts, and scanning time, CT has the 
advantage of being able to scan deeper defects with 
shallow undercuts that cannot be visualized using other 
optical scanners.
Conventional methods of facial capture, such as facial 
impressions and plaster molding, are prone to inaccuracy, 
can be invasive, and can result in poor assessment and 
planning. Increasingly, 3D capture techniques are being 
used to generate more accurate records of complex facial 
geometry.13 Three-dimensional digital stereophotogrammetry 
allows rapid and simple capture of 3D colored models. The 
SCANIFY handheld 3D scanner enables quick collection of 
accurate data, which can help to reduce the patient’s 
physical and psychological stress. In the present case, 
capturing the facial image and creating the 3D model took 
just 0.1 s and 30 s, respectively.
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Fig 2. Virtual 3D modeling of hard tissue (skull) and soft tissue (facial skin).

Fig  3. Digitization of facial tissue by 3D digital stereophotogrammetry.

Fig     4. Mirroring of the normal side to the defect side based on the
         facial midline.

Fig     5. Superimposition of the 3D digital photograph with the CT scan data. 
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In designing facial prostheses on a CAD model, 
the mirror image technique is commonly used.13,14 
However, in patients with a large defect or 
deformation of residual soft tissue, construction of 
the facial prosthesis based on this technique may 
result in overextension of the prosthesis size to 
maintain symmetry. Here, Mimics’ photo-mapping 
function was used to apply a digital photograph 
three dimensionally on the CAD model and confirm 
accurate positioning of the eye and external profile. 
This avoids having to shorten the CT to obtain an 
open-eye scan, as the patient’s eyes must be 
closed during scanning. The final prosthesis image 
generated by Mimics is also effective for motivating 
patients. Patients’ expectations of treatment 
options can be improved through the virtual 
visualization and 3D design offered by digital 
treatment planning.
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