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point-and-shoot three-dimensional
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Introduction

Orbital exenteration is a disfiguring
procedure that is often reserved for
progressive malignancies or infections
that are otherwise uncontrollable. Patients
undergoing orbital exenteration often
experience substantial psychological stress
and have difficulties in their social life
and work. Prosthesis rehabilitation plays
a crucial role in restoring patients’ quality
of life.l'?!

Conventional prosthesis fabrication involves
making an impression and, subsequently, a
series of molds through manual sculpting.
Therefore, prosthesis-making is expensive
and time-consuming. For pediatric patients,
fabrication may be difficult because of
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Patients cannot wear ocular prostheses after undergoing orbital exenteration. They require a facial
prosthesis to obtain a more favorable appearance, which greatly affects their social life and psychological
health. In addition, conventional prosthesis-making processes require substantial time and expense.
The economic burden is particularly heavy on children, who may require many prosthesis replacements
as they mature. We report a method of fabricating a facial prosthesis by three-dimensional (3D) facial
scanning and 3D printed for a 13-year-old girl who underwent partial orbital exenteration for malignant
ciliary body medulloepithelioma 2 years ago. The patient’s facial contour was captured with a hand-held,
point-and-shoot 3D scanner. A facial prosthesis was designed using a mirror image technique with
3D modeling software and 3D printed. The prosthesis was then postprocessed and cast in silicone
rubber. An ocular prosthesis was integrated into the facial prosthesis. The prosthesis was retained by
prosthetic adhesives. This digitally assisted, impression-free method may lower the cost and effort of
making facial prostheses and improve patient comfort, especially for children.

Facial prosthesis, orbital exenteration, three-dimensional printing, three-dimensional scanning

insufficient cooperation. In addition,
the economic burden of fabrication is
particularly heavy for families with small
children who require replacements as they
mature.

Three-dimensional (3D) scanning and
printing of the prosthesis may reduce
the expenses associated with prosthesis
fabrication by replacing several steps with
digital processes.!

Case Report

An 11-year-old girl presented with a
thoroughly vascularized mass protruding
from the upper nasal sclera of her right
eye accompanied by visual loss. Orbital
computed tomography and a biopsy
confirmed the diagnosis of a ciliary body
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medulloepithelioma. Parotid lymph node metastasis
was detected upon whole-body survey. She underwent
partial exenteration and adjuvant radiotherapy to
the orbital tumor bed and, subsequently, the right
preauricular area. Six months later, the tumor recurred,
with intracranial invasion. The patient underwent
radiosurgery and salvage chemotherapy. She continued
to receive oral chemotherapy after radiosurgery and
salvage chemotherapy.

We scanned the patient’s face with a hand-held,
point-and-shoot, 3D scanner (SCANIFY, Fuel3D
Technologies, Ltd., United Kingdom) [Figure 1a].
Multiple scans were cropped and stitched together to
form an upper face model, which contains the geometric
shapes and the surface details of the healthy side and
the diseased side [Figure 1b and c]. The design of the
prosthesis was performed by ophthalmologists and
was based on the mirror image of the healthy side of
her face [Figure 2a]. The mirrored healthy side surface
would become the basis of anterior surface of the
prosthesis, while the diseased side surface defined
the posterior surface of the prosthesis. We used the
tools in 3D sculpting software (Zbrush, Pixologic, Inc.,
United States) to tweak the position and contour of
the mirrored surface to alter the shape and size of the
prosthesis. By changing the elevation and contour of the
mirrored surface, the ophthalmologist could determine
the curved line at which the two surfaces intersect,
determining the edge of the prosthesis [Figure 2b]. An
acrylic ocular prosthesis which was custom-made for
the patient by an ocularist with conventional manual
molding and painting process was 3D scanned. The
3D model of the ocular prosthesis was imported into
the software and aligned with the facial prosthesis.
The details on the 3D model of the prosthesis were

Figure 1: The acquisition of three-dimensional facial contour data. (a) The portable
three-dimensional scanner. (b) A single scan captured by the SCANIFY scanner. The
area circled by dots and lines is an example of selecting an area for cropping. (c) A
three-dimensional model created by stitching fragments being cropped from multiple
scans
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enhanced with 3D sculpting tools. The whole set of
3D models was transferred to another 3D modeling
software (Meshmixer, Autodesk, Inc., United States)
to become subjects of Boolean functions (combinations
and subtractions between overlapping 3D models) to
create the final prosthesis 3D model. Solid volumes
were created by extruding (adding thickness to) the
anterior surface and the posterior surface. The volume
of the posterior surface was used as a tool to subtract
part of the volume created by the anterior surface. The
part intersecting with the posterior surface volume
was removed, and the remaining volume would
be the prosthesis. The recess required to house the
ocular prosthesis was carved out with similar Boolean
subtraction method [Figure 2c]. After the shape of the
prosthesis was determined, a trial prosthesis was printed
with a stereolithography printer. Then, a trial fitting
was conducted. Visible gaps between the inner surface
of the prosthesis and the patient’s face were eliminated
by creating an updated version of the prosthesis. The
final facial prosthesis model was printed, postprocessed,
and cast into silicone rubber, and the paint was added
manually. The eyelashes and brow were implanted
manually, using the patient’s own hair [Figure 2d]. The
silicone part weighted about 4 g.

The first step of the prosthesis fitting was to align and
integrate the ocular prosthesis and the facial prosthesis.
Temporary adhesive was applied between the silicone
facial prosthesis and the acrylic ocular prosthesis. After
the position of the ocular prosthesis was confirmed,
excessive volume at the edge of the ocular prosthesis
was trimmed and the ocular prosthesis was integrated

Figure 2: The design and fabrication processes of the facial prosthesis. (a) The
mirrored healthy side surface being aligned with the diseased side. (b) The shape of
the prosthesis defined by adjusting and reshaping the mirrored surface. The diseased
side surface is shown in darker gray color. (c) A schematic of the relationship among
the diseased side surface (blue), the anterior surface of the prosthesis created
according to the mirrored image (yellow), and the three-dimensional model of ocular
prosthesis (green). (d) The silicone facial prosthesis before the removal of excessive
material at its edge. The ocular prosthesis is not yet integrated with the facial prosthesis
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into the facial prosthesis by adding a thin layer of fast
curing silicone rubber onto its posterior surface, sealing
up the posterior opening of the recess. The completed
prosthesis was attached to the patient’s skin with a
water-based prosthetic adhesive which contains acrylic
emulsion, glycerol, guar gum, and sorbitol [Figure 3].

Discussion

There are different types of 3D capture devices available
for facial prosthesis fabrication. Structured light and laser
scanners which would continue to update geometry
over the scanning process are often sensitive to motion
and deformation, limiting their use in living people,
particularly children.¥! The scanner we use provides
acquisition within a fraction of a second by combining
stereoscopic and photometric technology, eliminating the
problems of motion and deformation and thus increasing
image quality. The scanner we used could preserve
many fine details on the face, such as lid creases and
wrinkles, without requiring external fixation to stabilize
the patient’s head. This reduced the work of designing
a periocular facial prosthesis. The main disadvantage
of this type of scanner is its reduced accuracy on the
area with steep angles and undercuts.”! According to
our experience, this type of error could be mitigated by
carefully stitching multiple scans taken from different
angles and by a (mockup) trial fitting with subsequent
manual adjustment in the software. The trial-fitting
strategy has also been adopted by another team using a
highly accurate scanner, which is more expensive than
what we have used on this case.”!

The ocular prosthesis we used in this case
was (conventionally) custom-made for the patient and
3D scanned. The workflow could be further simplified
in future cases by replacing the 3D scanning process
of the ocular prosthesis with the utilization of prebuilt
ocular prosthesis models in the software, since such
patients have already lost their conjunctiva sac and no
custom geometry would be needed. The fabrication of
the acrylic ocular prostheses can be based on 3D-printed
ocular prosthesis molds.

Figure 3: Result of prosthetic fitting. (a) Photograph before fabrication of the facial
prosthesis. A 13-year-old girl with ciliary body medullopeithelioma underwent partial
exteneration and radiotherapy of the orbital tumor bed 2 years ago. (b) Result after
applying the facial prosthesis with prosthetic adhesive
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An adhesive-retained prosthesis does not require any
preplaced implant; therefore, it has a lower risk of
complication than, for example, a magnetic-retained
prosthesis, particularly on a postradiotherapy patient
whose local microvasculature is compromised. A soft
silicone prosthesis can stretch with the patient’s
facial expression when adhered firmly to the skin,
which improves cosmesis. The main disadvantages
of adhesive-retained prostheses, compared with
implant-retained ones, are the complex and lengthy
process to apply them and sometimes the strength of
retention, particularly when perspiring or sneezing,
depending on the adhesive used.®! Since the digitally
assisted fabrication process does not limit retaining
method, similar workflow may be implemented in
the fabrication of easier-to-use magnetic-retained
prostheses.
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