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Abstract
Objectives: Many patients with maxillofacial defects
require maxillofacial prosthetic rehabilitation due to
cancer, trauma, or congenital diseases. Adequate
surgical and prosthetic treatment planning is required
to achieve satisfactory morphological and functional
results. Before computer-aided design/computerassisted manufacture (CAD/CAM) technology was
introduced, conventional methods have been used to
reconstruct the facial form, which involved making
impressions, obtaining models and fabricating the
prosthesis all of which is time consuming and requires
multiple visits. A rapid progress has been made with
advances in digital technology, such as milling systems,
rapid prototyping, three-dimensional (3D) scanning,
and 3D printing, which has improved the patients’
expectations, the functional and esthetic treatment
outcomes.
Materials and methods: An electronic search was
conducted in the Cochrane, PubMed (MEDLINE), and
ScienceDirect databases between July 2000 and October

2020. A manual search was also performed to cover all
digital aspects of the maxillofacial prosthesis. The
inclusion criteria were randomized clinical trials,
prospective or retrospective cohort, and cross-sectional
studies performed on humans with at least 1 year of
follow-up and published within the last 20 years.
Results: The results showed that the used technologies
in a digital workflow of auricular, orbital and nasal
prosthesis reduce the manufacturing time and allow the
manufacture of high-quality prostheses for missing
facial parts. The methodology provides a good position
for further development issues and is usable for clinical
practice.
Conclusion: Utilization of digital technologies in the
facial prosthesis manufacturing process can be a good
contribution for higher patient comfort and production
efficiency but also comes with a higher initial
investment and greater demands for experience with
software tools.
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Introduction
Many patients with maxillofacial defects
require maxillofacial prosthetic rehabilitation due
to cancer, trauma, or congenital diseases. [1] These
defects often require adequate and high-quality
surgical and prosthetic treatment planning to
overcome
the
associated
esthetic
and
psychological problems in order to achieve
satisfactorily morphological and functional results.
[2] Before computer-aided design / computerassisted manufacture (CAD/CAM) technology was
introduced, conventional methods have been used
to reconstruct the facial form using extraoral
prostheses, which involved making impressions,
obtaining models that accurately represent the
21

defect, then fabricating and fitting the prosthesis;
this is usually time consuming and requires
multiple visits. [3] However, rapid progress has
been made in maxillofacial prosthetics with
advances in digital technology [4], such as milling
systems, rapid prototyping, three-dimensional
(3D) scanning, and 3D printing. Several studies
have shown a dramatic increase in the reported
usage of digital technologies in maxillofacial
prosthetics. [5] The process of fabrication of the
extraoral prosthesis using the digital workflow has
four key elements: 1- data acquisition, 2- design, 3manufacture, and 4- evaluation. [6,7]
Data acquisition can be accomplished using
laser scanning, 3D photogrammetry, ultrasound
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along with computed tomography (CT) and
magnetic resonance imaging (MRI). [8] All of these
methods
have
their
advantages
and
disadvantages. [9] The data acquired by CT or MRI
are initially processed into Data Imaging and
Communication in Medicine (DICOM) format.
Thereafter, it is then converted into Standard
Tessellation Language (STL) format which allows
it to become editable using CAD software. The STL
model of the prosthesis can then be printed using
3D printing techniques such as Selective Laser
Sintering (SLS) and fused deposition modeling
(FDM). [75]
Facial morphology and analysis are integral
parts of designing an extraoral prosthesis. [10]
Two-dimensional (2D) photographic, Vernier
caliper, and bevel protractor measurements are all
conventional methods for facial analysis, which are
used to measure 2D projection distances and
angles. [11,12] However, recent dramatic evolution
in optical scanning and designing technology has
shifted the treatment modality from 2D to 3D
approach [13-15]. Clinicians can use 3D facial
scanning to record landmarks, capturing emotions
for surgical planning and maxillofacial
rehabilitation. [15,16]
One of the main applications of digital
technology in maxillofacial prosthodontics is
implant planning, in which the surgeon can
visualize the desired extraoral implant locations
preoperatively, then digitally design and fabricate
a surgical guide using rapid prototyping (RP)
technology. This improvement in technology has
the benefit of providing an accurate implant
position and avoiding the vital anatomical
structure better than ever before. [17]
The purposes of this article are to
systematically review and highlight the rapidly
growing field of digital technology, and how it has
specifically impacted the way clinicians and
anaplastologists
approach
maxillofacial
reconstruction. The focus within this review is on
digital applications of nasal, auricular, and orbital
prostheses, specifically on rapid prototyping (RP)
and 3D technology. A breakdown of each digital
workflow is discussed, with focusing on the
software programs that were used to build each
protheses and the advantages and disadvantages
of each system.
Materials and Methods
An electronic search was conducted in the
Cochrane,
PubMed
(MEDLINE),
and
ScienceDirect databases between July 2000 and
March 2021. A manual search was also performed
using key words (maxillofacial prothesis, digital
workflow, CAD/CAM, rapid prototyping and
Journal of Advanced Dentistry

facial scanner) to cover all possible digital aspects
of the maxillofacial prosthesis and the related
topics that were chosen. The inclusion criteria were
randomized clinical trials, prospective or
retrospective cohort studies, and cross-sectional
studies performed on humans with at least 1 year
of follow-up and published within the last 20
years. The researcher independently screened the
title and abstract of every article, also analyzed the
manuscripts in order to establish its eligibility. The
literature search included only English‐language
articles in the field of dentistry and ones published
in peer‐reviewed dental journals. The exclusion
criteria were studies based on surveys or expert
opinions. The selected articles were classified into
different levels of evidence by means of the
Strength of Recommendation from the Taxonomy
criteria. The characteristics collected from the
studies in order to perform a qualitative analysis
were based on the type of intervention, outcome
(success, survival, and failure rates), assessment
criteria, and follow-up time.
Results
Study selection:
The search yielded a total of 360 articles.
The articles were screened by reading titles, and
279 were removed as unrelated and excluded,
leaving 105 articles. These articles were further
scrutinized by abstract reading and 77 were
selected. Finally, after applying all inclusion and
exclusion criteria, the authors were left with 39
articles focusing on clinical examination and
treatment planning of different levels of digital
applications pertaining to the orbital, auricular and
nasal prosthesis. The review included original
research, randomized controlled trials, and articles
published from 2000 to 2021.
Assessment of study quality:
Two reviewers independently and in duplicate
evaluated the quality of the included studies as part
of the data extraction process. Any disagreements
were resolved by consensus or by consulting the last
signing author of the present study.
Description of the studies
21 cross-sectional study, 14 vitro pilot study,
13 retrospective, 4 prospective and 25 review
studies were included in the systematic review.
Discussion
Data acquisition
Recently, with the advent of contemporary
facial scanners has increased the use of facial
morphology capture and optical scanning
www.JADjournal.com
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technology which has raised images from 2D to
3D. [4, 18] A 3D facial scanner is the non-contact
optical measurement tool that can obtain 3D facial
models with skin texture and color in open data
format; albeit with the scanning process usually
short. Face scanners promise wide applications in
medicine and dentistry, including facial
recognition, capturing facial emotions, facial
cosmetic planning and surgery, and maxillofacial
rehabilitation. [10]
Higher accuracy of the scanner improves the
quality of the data recorded, which ultimately
benefits the outcome. Facial scanner has a nominal
accuracy that is obtained by measuring standard
geometric entities at the factory [10]; However,
because the scanned object (a real person's face)
has a more complicated shape and texture than a
standard model, several recent investigations have
found differences between nominal accuracy and
practical accuracy of facial scanners. [19,20] Zhao et
al. [20] evaluated the practical accuracy of optical
facial scanners for facial deformed patients in oral
clinics. They found no significant difference in
accuracy among different scanning systems like
FaceScan (structured light-based system) and 3dMD
(stereophotography technology). Furthermore,
optical facial deformity was approximately 0.6-0.7
mm with deformed area and 0.5-0.6 mm with global
face. They also showed that the 3D accuracy of
different facial partitions was inconsistent, with
better performance at the middle face.
The
emergence of
three-dimensional
visualization of human anatomy in computerized
tomography (CT) and magnetic resonance imaging
(MRI) has opened new possibilities for design of
maxillofacial prothesis. [25] [26]. Bohner et al. in
2019 [22] reviewed the estimated mean accuracy of
facial scan. Included studies reported deviation
values less than 2 mm for 1.5T Avanto MRI
(Siemens), M4D Scan (Rodin4D), and Structure
Sensor (Occipital Inc), which Knoops et al. found
out that they were all considered clinically
acceptable [23]. However, magnetic resonance
imaging and infrared scanners do not present the
comparable accuracy as stereophotogrammetry
and white light scanners. [24]
Design and Manufacture
Computer data manipulation allows the exact
measurements to be replicated or modified. [27]
The mirror image approach was frequently
utilized when designing a prosthesis. This
approach differentiated the defected and healthy
sides along the midline of the model. Thereafter,
reflected the healthy side to the opposite side and
the difference between mirrored data and defected
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data were presented along the contour of the
prosthesis. [31-34]
A blueprint for the final prosthesis can be
created by computer numeric controlled (CNC)
milling machine [28], but the applications of CNC
milling is limited when trying to replicate the
internal features of a complex anatomy [29,30].
Therefore, the advancement of RP systems has
contributed to the output of customized anatomical
3D models with internal complexity. [35,36] Because
RP methodologies build an object by a digital model
that has been virtually sliced [37], it allows complex
shapes to be produced with internal detail and
undercut areas. [38] Stereolithography is an example
for this technique, which creates 3D objects under a
computer-guided laser by curing a liquid resin. [39]
Thermojet Printer (3D Systems) is a more recent
system that is able to use wax as the building
material, which offers the benefit of direct casting
from a wax model [4].
However, the high cost of the equipment,
complex machinery, and the requirement on
special skills to operate the machinery during
production are all limitations of using RP
technology. The initial capital necessary to
configure the system, nevertheless, may be
lessened by launching a centralized service in
state-, country-, or even continent-level. [40]
Digital Workflow for Nasal Prostheses
Data acquisition
Several authors had used CT scans as a common
methods of data acquisition [41-44], while others had
used photogrammetry [45-48], and laser scanners
[49-52]. In order to improve the accuracy and reduce
risk of missed parts, combination of multiple
methods might be applied [53,54,77]. The softwares
such as Mimics and Simplant by Materialise (Leuven,
Belgium) had been used when data were initially
acquired by CT scans. The transformation of the
DICOM files of CT [39,42,53] to STL format can be
achieved in a CAD software; however, this process
was not generally necessary when using laser/light
scanning and photogrammetry.
Design and Manufacture
A nasal prosthesis can be printed directly
[44,45,48,54], but Unkovskiy et al. [54] considered
the marginal adoption poor even though it might
avoid a try-on appointment. Eggbeer et al. [45]
used a printed material (TangoPlus, Stratasys) that
was an acrylate- base material but with flexibility.
However, its physical properties were not strong
enough even though being close to benchmark
silicone, and might be further affected by
ultraviolet light, which caused premature
breakdown of thin wall sections after daily usage.
www.JADjournal.com
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A nasal prosthesis can also be manufactured
indirectly by converting the virtual model of a
prosthesis to be a negative volume in a block,
which than an empty mold for further silicone
processing can be designed. [41,45,46,49,55,56]
Utilizing CAD softwares such as Pro-E software
and Makerware (Makerbot, USA) for designing the
molds was illustrated by different articles. [39,44]
Because printing a mold would take more material
than the actual prosthesis. However, reducing the
mold's thickness by 2.5 mm might be considered to
lower the manufacturing cost. [43] Moreover,
because the generated resin mold was durable and
allowed
for
multiple
pourings,
future
remanufacturing might be done in the same mold
when discoloration or deterioration of the silicone
elastomer happens over time. [41]
Digital Workflow for Auricular Prosthesis
Data acquisition
It was similar to the data acquisition method
for nasal prostheses. Laser scanning was the
preferential method for auricular prostheses [59].
This is even though there is no significant
difference on clinical implications among CT, MRI,
and laser scanning [7]; However, anterior edge
misfit was the main drawback described by
Unkovskiy et al. [59] This inaccuracy was the result
of the movement of patients during scanning. For
accurate data representations, the patient should
avoid moving for the duration of the scan.
Softwares like 3Ddoctor (Able Software Corp,
Lexington, MA) [60], Mimics (Materialise, Leuven,
Belgium) [37] and Polygon Editing Tool (Konica
Minolta) [61,62] were used to process the data
which was acquired from scanning. Afterwards,
the data are exported to STL file format and
imported into CAD software.
Design and Manufacture
Several authors mentioned the use of different
software like CAD tools such as Meshmixer
(Autodesk Inc.) [63], Rapidform [65], and Magic &
RSM (Materialise) [41]. Making auricular prostheses
using CAD/CAM technology was considered
favorable because an ear sculpture using wax can be
avoided by mirroring the healthy ear to the defect
side [57], integrating the edges with the tissue
surface, and then utilizing negative volume of the
prosthesis to construct a prosthetic segmented
mold. [64-66] The process can be done on a
computer and the patient can visualize the results
on the monitor before the fabrication process. On
the other hand, some authors stressed the necessity
of a digital library for the selection of prostheses
when absence of healthy ears happened on both
sides which represent a challenge for the clinician
Journal of Advanced Dentistry

[60,64], Overall, the computer aided method could
help the auricular prosthesis fabrication in terms of
shape, size, position of the prostheses, as well as
shorten the processing time in comparison to
conventional techniques. [58]
Unkovskiy et al. [59] showed that an
additional prototype try-on stage before indirectly
fabricating the prosthesis by creating a mold for
the silicone processing could lead to the better
result in fitting. In addition, Tam et al. [68]
discovered that four of six auricular prostheses
fabricated by indirect technique had good
marginal accuracy and retention, while all six had
symmetry and good location.
Digital Workflow for Orbital Prosthesis
Data acquisition
In most circumstances, proper digital
manufacture of an ocular prosthesis remains a
hurdle. The eye is confined within a socket
surrounded by hard and soft tissue, unlike
auricular or nasal abnormalities which are
protrusion on the face. 3D scanning methods like
using 3DSS-STD-II structured-light facial scanner
(Digital Manu, Shanghai) [70], and even the
combination of images from facial scanner by
3dMDface System (3dMD) and intraoral scanner
by Trios (3Shape) [71] had been used in the
fabrication of orbital prostheses. Ciocca and Scotti
[72] used MRI combined with laser scanning
imaging for the rehabilitation process to capture
the soft tissue and its skin textures; However, laser
would be absorbed by dark areas that are essential
for the fabrication of orbital prostheses, such as
eyebrows, eyelashes, and undercut areas. 3D
photography had also been discovered as a choice
for data acquisition [73,74]. Moreover, Bi et al. [70]
recommended taking two 45-degree scans from the
left and right and merging them in a CAD software
when using a facial scanner to avoid undercut
misrepresentations.
Different technologies and techniques had
also been applied to the data acquisition of orbital
defects. Yoshioka, et al. [76] used a 3D non-contact
digitizer (VIVID 910; Konica Minolta, Japan)
utilizing laser-beam light sectioning technology,
which was less harmful than CT scans; However,
low repeatability may be its drawbacks. On the
other hand, Jaesang et al. [69] chose to scan the cast
made from the physical impression of the socket
using a light intensity 3D scanner, since the ocular
images on CT were difficult to be identified and
did not represent the true volume of the eye.
Yoshioka et al. [76] described the photomapping technique using Mimics (Materialise,
Leuven, Belgium) to three-dimensionally place a
digital photograph on the CAD model. This
www.JADjournal.com
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allowed the confirmation of the pupil's external
profile and position on the model, considering the
correct location of the pupil cannot be acquired via
CT or face impressions since the patient's eyes
must be closed. Moreover, patients’ motivation
may be further improved by presenting the
proposed final prosthesis image via the CAD
software.
Design and Manufacture
Examples of the CAD software used in orbital
prothesis fabrication are Geomagic (Geomagic
Studio; Geomagic Inc) [70,71], SURFACER
(alphacam; GmbH) [73] and ClayTools system
(Freeform Modeling Plus; Wilmington) [72], these
software could mirror the unaffected side onto the
affected side and merge the margins after
determination of the midline to achieve bilateral
symmetry [70-72].
To apply a prefabricated ocular prosthesis in
digital workflow, the stock ocular prostheses could
be scanned for establishing a digital ocular
prosthesis database; by printing out the
corresponding resin ocular duplicated model after
virtual selection of the ocular mold based on iris
and pupil position, it could be used for preserving
internal space within silicone prosthesis for the
matched prefabricated ocular prosthesis to fit in
[70].
Moreover, the orbital prosthesis prototype
could be printed for the try-on purpose. [73,74] As
for the definitive prosthesis, the silicone part
surrounds the ocular prosthesis could be
fabricated by creating a mold for silicone packing,
which would require extra staining after
processing. [70-72].
Conclusions
Utilization of digital technologies in the facial
prosthesis manufacturing process can increase
patient comfort and production efficiency.
However also it comes with higher initial
investments and demands longer experience with
software tools.
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Berssenbrügge, P.; Berlin, N.F.; Kebeck, G.; Runte, C.; Jung,
S.; Kleinheinz, J.; Dirksen, D. 2D and 3D analysis methods
of facial asymmetry in comparison. J. Cranio Maxillofac.
Surg. 2014, 42, e327–e334.
Zuo, K.J.; Saun, T.J.; Forrest, C.R. Facial Recognition
Technology: A Primer for Plastic Surgeons. Plast. Reconstr.
Surg. 2019, 143, 1298e–1306e.
Huang, Y.H.; Seelaus, R.; Zhao, L.; Patel, P.K.; Cohen, M.
Virtual surgical planning and 3D printing in prosthetic
orbital reconstruction with percutaneous implants: A
technical case report. Int. Med Case Rep. J. 2016, 9, 341–345.
Van Assche N, Van Steenberghe D, Guerrero ME, et al.
Accuracy of implant placement based on pre-surgical
planning of three dimensional cone-beam images: A pilot
study. J Clin Periodontol 2007;34:816–821. Schneider D,
Marquardt P, Zwahlen M, Jung RE. A systematic review on
the accuracy and the clinical outcome of computerguided
template-based implant dentistry. Clin Oral Implants Res
2009;20:73–86.
Berssenbrugge P, Berlin NF, Kebeck G, Runte C, Jung S,
Kleinheinz J, et al. 2D and 3D analysis methods of facial
asymmetry in comparison. J Craniomaxillofac Surg. 2014;
42(6): e327±e334. doi: 10. 1016/j.jcms.2014.01.028 PMID:
24507934
Zhao YJ, Xiong YX, Yang HF, Wang Y. Evaluation of
measurement accuracy of three facial scanners based on
different scanning principles. Beijing Da Xue Xue Bao. 2014;
46(1): 76±80. PMID:

www.JADjournal.com

26

AlShaibani et al. Digital Applications of Maxillofacial Reconstruction– A systematic review

20. Shi Yong Kou Qiang Yi Xue Za Zhi Quantitative evaluation
for the measurement accuracy of three-dimensional facial
scanner.. 2016;32(1): 104±109.
21. Zhao, Y., Xiong, Y. and Wang, Y., 2017. Three-Dimensional
Accuracy of Facial Scan for Facial Deformities in Clinics: A
New
Evaluation
Method
for
Facial
Scanner
Accuracy. PLOS ONE, 12(1), p.e0169402.
22. Bohner, L., Gamba, D., Hanisch, M., Marcio, B., Tortamano
Neto, P., Laganá, D. and Sesma, N., 2019. Accuracy of
digital technologies for the scanning of facial, skeletal, and
intraoral tissues: A systematic review. The Journal of
Prosthetic Dentistry, 121(2), pp.246-251.
23. Knoops PG, Beaumont CA, Borghi A, Rodriguez-Florez N,
Breakey RW, Rodgers W, et al. Comparison of threedimensional scanner systems for craniomaxillofacial
imaging. J Plast Reconstr Aesthet Surg 2017;70:441-9.
24. Zhao YJ, Xiong YX, Sun YC, Yang HF, Lyu PJ, Wang Y.
Quantitative evaluation of three-dimensional facial
scanners measurement accuracy for facial deformity. Proc
SPIE Int Soc Opt Eng 2015:95241K.
25. Heissler E, Fischer FS, Bolouri S, et al. Custom-made cast
titanium implants produced with CAD/CAM for the
reconstruction of cranium defects. Int J Oral Maxillofac Surg
1998;27:334–338.
26. Petzold R, Zeilhofer HF, Kalender WA. Rapid prototypin g
technology in medicine—Basics and applications. Comput
Med Imaging Graph 1999;23:277–284.
27. Potamianos P, Amis AA, Forester AJ, McGurk M, Bircher
M. Rapid prototyping for orthopaedic surgery. Proc Inst
Mech Eng (H) 1998; 212:383–393.
28. Penkner K, Santler G, Mayer W, Pierer G, Lorenzoni M.
Fabricating auricular prostheses using three-dimensional
soft tissue models. J Prosthet Dent 1999;82:482–484.
29. McGurk M, Amis AA, Potamianos P, Goodger NM. Rapid
prototyping techniques for anatomical modeling in
medicine. Am R Coll Surg Engl 1997;79:169–174.
30. Coward TJ, Watson RM, Wilkinson IC. Fabrication of a wax
ear by rapid-process modeling using stereolithography. Int
J Prosthodont 1999;12:20–27.
31. Penkner K, Santler G, Mayer W, et al: Fabricating auricular
prostheses using three-dimensional soft tissue models. J
Prosthet Dent 1999;82:482-484
32. Runte C, Dirksen D, Holger D, et al. Optical data acquisition
for computer-assisted design of facial prostheses. Int J
Prosthodont 2002;15:129–132.
33. Cheah C-M, Chua C-K, Tan K-H, Teo C-K. Integration of
laser surface digitizing with CAD/CAM techniques for
developing facial prostheses. Part 1: Design and fabrication
of prosthesis replicas. Int J Prosthodont 2003;16:435–441.
34. Heissler E, Fischer FS, Bolouri S, et al. Custom-made cast
titanium implants produced with CAD/CAM for the
reconstruction of cranium defects. Int J Oral Maxillofac Surg
1998;27:334–338.
35. Webb PA. A review of rapid prototyping (RP) techniques in
the medical and biomedical sector. J Med Eng Technol
2000;24:149–153.
36. Löppönen H, Holma T, Sorri M, et al. Computed
tomography data based rapid prototyping model of the
temporal bone before cochlear implant surgery. Acta
Otolaryngol Suppl 1997;529:47–49.
37. Rimell JT, Marquis PM. Selective laser sintering of ultra
high molecular weight polyethylene for clinical
applications. J Biomed Mater Res 2000;53:414–420.
38. Nagao M, Sohmura T, Kinuta S, et al. Integration of 3-D
shapes of dentition and facial morphology using a highspeed laser scanner. Int J Prosthodont 2001;14:497–503.
39. Zhang G, Tsou Y, Rosenberger AL. Reconstruction of the
homunculus skull using a combined scanning and
stereolithography process. Rapid Prototyping J 2000;6:267–
275.

Journal of Advanced Dentistry

40. Sanghera B, Naique S, Papaharilaou Y, Amis A. Preliminary
study of rapid prototype medical models. Rapid
Prototyping J 2001;7:275–284.
41. Qiu J, Gu XY, Xiong YY, Zhang FQ. Nasal prosthesis
rehabilitation using CAD-CAM technology after total
rhinectomy: a pilot study. Supportive care in cancer : official
journal of the Multinational Association of Supportive Care
in Cancer. 2011;19(7):1055-9.
42. Abdulameer HM, Tukmachi MS. Nasal Prosthesis
Fabrication using Rapid Prototyping and 3D Printing (A
Case Study). International Journal of Innovative Research
in Science, Engineering and Technology. 2017;6(8).
43. Chaturvedi S, Bhagat T, Verma A, Gurumurthy V, Ali M,
Vadhwani P, et al. Rehabilitation of Nose following
Chemical Burn Using CAD/CAM Made Substructure for
Implant Retained Nasal Prosthesis: A Clinical Report. Case
reports in dentistry. 2017;2017.
44. Nuseir A, Hatamleh MMd, Alnazzawi A, Al‐Rabab'ah M,
Kamel B, Jaradat E. Direct 3D Printing of Flexible Nasal
Prosthesis: Optimized Digital Workflow from Scan to Fit.
Journal of Prosthodontics. 2019;28(1):10-4.
45. Eggbeer D, Bibb R, Evans P, Ji L. Evaluation of direct and
indirect additive manufacture of maxillofacial prostheses.
Proceedings of the Institution of Mechanical Engineers, Part
H: Journal of Engineering in Medicine. 2012;226(9):718-28.
46. Hsu D-Y, Cheng Y-L, Bien M-Y, Lee H-C. Development of
a method for manufacturing customized nasal mask
cushion for CPAP therapy. Australasian physical &
engineering sciences in medicine. 2015;38(4):657-64.
47. Matsuoka A, Yoshioka F, Ozawa S, Takebe J. Developmen t
of three-dimensional facial expression models using
morphing methods for fabricating facial prostheses. Journal
of prosthodontic research. 2019;63(1):66-72.
48. Palousek D, Rosicky J, Koutny D. Use of digital
technologies
for nasal prosthesis manufacturing.
Prosthetics and orthotics international. 2014;38(2):171-5.
49. Ciocca L, Fantini M, De Crescenzio F, Persiani F, Scotti R.
New protocol for construction of eyeglasses-supported
provisional nasal prosthesis using CAD/CAM techniques. J
Rehabil Res Dev. 2010;47(7):595-604.
50. Sun J, Xi J, Chen X, Xiong Y. A CAD/CAM system for
fabrication of facial prostheses. Rapid Prototyping Journal.
2011;17(4):253-61.
51. Fantini M, De Crescenzio F, Ciocca L. Design and rapid
manufacturing of anatomical prosthesis for facial
rehabilitation. International Journal on Interactive Design
and Manufacturing (IJIDeM). 2013;7(1):51-62.
52. Reitemeier B, Goetzel B, Schöne C, Stockmann F, Mueller R,
Lexmann J, et al. Creation and utilization of a digital
database for nasal prosthesis models. Oncology Research
and Treatment. 2013;36(1-2):7-11.
53. Sun J, Chen X, Liao H, Xi J. Template-based framework for
nasal prosthesis fabrication. Rapid Prototyping Journal.
2013;19(2):68-76.
54. Unkovskiy A, Spintzyk S, Brom J, Huettig F, Keutel C.
Direct 3D printing of silicone facial prostheses: A
preliminary experience in digital workflow. J Prosthet Dent.
2018;120(2):303-8.
55. Ciocca L, Bacci G, Mingucci R, Scotti R. CAD-CAM
construction of a provisional nasal prosthesis after ablative
tumour surgery of the nose: a pilot case report. European
journal of cancer care. 2009;18(1):97-101.
56. Abdullah AM, Mohamad D, Din TNDT, Yahya S, Akil HM,
Rajion ZA. Fabrication of nasal prosthesis utilising an
affordable 3D printer. The International Journal of
Advanced Manufacturing Technology. 2019;100(5-8):190712.
57. Jiao Ting, Zhang Fuqiang, Huang Xuemei, and Wang
Chengtao. 2004. Design and Fabrication of Auricular
Prostheses by CAD/CAM
System.Int
Journal of
Prosthodontic.17: 460-463

www.JADjournal.com

JAJD. 2021;1(1): 21-27

58. Subburaj, K., Nair, C., Rajesh, S., Meshram, S. M. and Ravi,
B. 2007. Rapid Development Of Auricular Prosthesis Using
CAD And Rapid Prototyping Technologies.Internationa l
Journal of Oral and Maxillofacial Surgery. 36(10): 938–943.
59. Unkovskiy A, Huettig F, Keutel C, Brom J. Auricular
Prostheses Produced by Means of Conventional and Digital
Workflows: A Clinical Report on Esthetic Outcomes.
International Journal of Prosthodontics. 2018;31(1).
60. Turgut G, Sacak B, Kiran K, Bas L. Use of rapid prototypin g
in prosthetic auricular restoration. The Journal of
craniofacial surgery. 2009;20(2):321-5.
61. Ciocca L, Scotti R. CAD-CAM generated ear cast by means
of a laser scanner and rapid prototyping machine. The
Journal of prosthetic dentistry. 2004;92(6):591-5.
62. Singare S, Zhong S, Xu G, Wang W, Zhou J, editors. The use
of laser scanner and rapid prototyping to fabricate auricular
prosthesis. 2010 International Conference on E-Product EService and EEntertainment; 2010: IEEE
63. Ballo AM, Nguyen CT, Lee VS. Digital Workflow of
Auricular Rehabilitation: A Technical Report Using an
Intraoral Scanner. Journal of Prosthodontics. 2019.
64. Bai S-z, Feng Z-h, Gao R, Dong Y, Bi Y-p, Wu G-f, et al.
Development and application of a rapid rehabilitation
system for reconstruction of maxillofacial soft-tissue defects
related to war and traumatic injuries. Military Medical
Research. 2014;1(1):11.
65. Ciocca L, De Crescenzio F, Fantini M, Scotti R. CAD/CAM
bilateral ear prostheses construction for Treacher Collins
syndrome patients using laser scanning and rapid
prototyping. Computer methods in biomechanics and
biomedical engineering. 2010;13(3):379-86.
66. Yadav S, Narayan AI, Choudhry A, Balakrishnan D.
CAD/CAM‐Assisted Auricular Prosthesis Fabrication for a
Quick, Precise, and More Retentive Outcome: A Clinical
Report. Journal of Prosthodontics. 2017;26(7):616-21.
67. Watson J, Hatamleh MM. Complete integration of
technology for improved reproduction of auricular
prostheses. The Journal of prosthetic dentistry.
2014;111(5):430-6.
68. Tam CK, McGrath CP, Ho SMY, Pow EHN, Luk HWK,
Cheung LK. Psychosocial and quality of life outcomes of

Journal of Advanced Dentistry

27

69.

70.

71.

72.

73.

74.

75.

76.

77.

prosthetic auricular rehabilitation with CAD/CAM
technology. International journal of dentistry. 2014;2014.
Ko J, Kim SH, Baek SW, Chae MK, Yoon JS. Semi-automated
fabrication of customized ocular prosthesis with three–
dimensional printing and sublimation transfer printing
technology. Scientific reports.2019;9(1):2968.
Bi Y, Wu S, Zhao Y, Bai S. A new method for fabricating
orbital prosthesis with a CAD/CAM negative mold. The
Journal of prosthetic dentistry. 2013;110(5):424-8.
Liu H, Bai S, Yu X, Zhao Y. Combined use of a facial scanner
and an intraoral scanner to acquire a digital scan for the
fabrication of an orbital prosthesis. The Journal of prosthetic
dentistry, 2019-03, Vol.121 (3), p.531-534
Ciocca L, Scotti R. Oculo-facial rehabilitation after facial
cancer removal: updated CAD/CAM procedures. A pilot
study.
Prosthetics
and
orthotics
international.
2014;38(6):505-9.
Reitemeier B, Notni G, Heinze M, Schöne C, Schmidt A,
Fichtner D. Optical modeling of extraoral defects. The
Journal of prosthetic dentistry. 2004;91(1):80-4.
Chiu M, Hong SC, Wilson G. Digital fabrication of orbital
prosthesis mold using 3D photography and computer aided design. Graefe's Archive for Clinical and
Experimental Ophthalmology. 2017;255(2):425-6.
Elbashti, M., Sumita, Y., Kelimu, S., Aswehlee, A., Awuti,
S., Hattori, M. and Taniguchi, H., 2018. Application of
Digital Technologies in Maxillofacial Prosthetics Literature:
A 10-Year Observation of Five Selected Prosthodontics
Journals. The International Journal of Prosthodontics, 32(1),
pp.45-50.
Yoshioka, F., Ozawa, S., Okazaki, S. and Tanaka, Y., 2010.
Fabrication of an Orbital Prosthesis Using a Noncontact
Three-Dimensional Digitizer and Rapid-Prototypin g
System. Journal of Prosthodontics, 19(8), pp.598-600.
Chaturvedi S, Bhagat T, Verma A, Gurumurthy V, Ali M,
Vadhwani P, et al. Rehabilitation of Nose following
Chemical Burn Using CAD/CAM Made Substructure for
Implant Retained Nasal Prosthesis: A Clinical Report. Case
reports in dentistry. 2017;2017.

www.JADjournal.com

