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Abstract—A new proto col for m aking an immediate prov i-
sional eyeg lasses-supported nasal p rosthesis is presen ted that
uses laser scann ing, com puter-aided desig n/computer-aided
manufacturing procedures, and rapid p rototyping tech niques,
reducing time and costs while increasing the quality of the final
product. With this protocol, the eyeglasses were digitized, and
the relative position of the nasal prosthesis was plan ned and
evaluated in a virtual environment without any try-in app oint-
ment. This in novative m ethod saves tim e, reduces costs, and

restores the patient’s aesthetic appearance after a disfiguration
caused by ab lation of the nasal py ramid bet ter th an conv en-
tional restoration methods. Moreover, the digital model of the
designed nasal ep ithesis can be u sed to devel op a definit ive
prosthesis anchored to osseointegrated craniofacial implants.

Key words: CAD/CAM, computer-aided design, facial disfigure-
ment, facial rehabi litation, immediate tem porary p rosthesis,
maxillofacial rehabilitation, nasal prosthesis rapid prototyping,
reverse engineering, silicone prosthesis, virtual molding.

INTRODUCTION

After tumor removal or acci dental injury, such as a
gunshot or road accident, the plastic su  rgeon should do
whatever possible using skin and cartilage to restore a
defect involving th e nose. So metimes, ho wever, th e
patient’s condition does not a llow plastic surgery rehabili-
tation, necessitating a silicone nasal prosthesis, which pro-
vides good ae sthetics, respiratory function, and social
relationship recovery.
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The methods most commonly used for retaining nasal
prostheses include medical adhesive s, mechanical s up-
port (e .g., eyeglass es), and osseointegrated craniofac ial
implants [1-6]. The medical adhesives used to retain
prostheses may irritate soft tissues that contact the pros-
thesis and may damage the thin mar gins of the prosthesis
when it is rem oved fo r main tenance and cleaning. An
eyeglasses-supported nasal pr osthesis system may result
in dis placement, with an opening at the margins of the
prosthesis. For definitive re habilitation, osseointegrated
craniofacial implants (two positioned in the premaxilla in
the nasal floor and one in the glabella, if necessary) and a
metal support bar to stabilize the pro sthesis are best for
anchoring a nasal prosthesis to the skull.

Because manufacturing a definitive implant-supported
nasal prosthesis takes a long time and the patient needs to
have an acceptable aesthetic appearance as soon as possi-
ble, a provision al eyeglass es-supported nasal prosthesis
may be a temporary solution. Moreover, the use of
eyeglasses to support the nasal prosthesis may be neces-
sary when insufficient bone exists for implant placement.

Abbreviations: 3-D = three-dimensional, ABS = acrylonitrile
butadiene styrene, CAD/CAM = computer-aided design/com-
puter-aided manufacturing, FDM = fused deposition modeling.
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+39-051-220852. Email: leonardo.ciocca@unibo.it
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Recently, several authors have attempted to design
facial prostheses (auric ular and nasal) using computer-
aided design/computer-aided manufacturing (CAD/CAM)
technology to reduce time and costs and to in crease the
quality of the final product [7—13].

In 2007 and 2009, protocols for provisional eyeglasses-
supported nasal prostheses were pub lished [14—16]. These
studies developed a simple transfer system requiring try-in
on the patient’ s face for co rrect po sitioning o f the eye-
glasses and prosthesis with th e use of a ma nual sil icone-
based approach. The investigators placed eyeglasses on the
patient’s face and used silic one to check t he relat ionship
with the nasal prosthesis wax-up to design the substructure
framework used to connect the prosthesis to the eyeglasses.

This article presents an update of this method in which
the eyeglasses were digitized and the relative position of
the nasal prosthesis was planned and evaluated in a virtual
environment withou t any try-in ap pointment, fu rther
reducing the delivery time and patient discomfort.

MATERIALS AND METHODS

A 58-year-old man lost his entire nose after being shot
(Figure 1 ). He was scheduled for a defi nitive nasal
prosthesis anchored to osseointegrated craniofacial implants.
His general medical condition, which did not allow surgical
reconstruction, determined the schedule. In the meantime, to

Figure 1.
Initial appearance of pa tient’s fac e wit h inj ury from ac cidental
gunshot.

provide an immediat e temporary solution and to enable the
patient to recover socially , the maxillofacial prosthodontist
constructed an eyeglasses-supported provisional prosthesis.

The flow chart of the proces s used to make the provi-
sional prosthesis is shown in Figure 2. First, the patient’s
facial defect and surrounding anatomical structures, includ-
ing both ears for later positioning of the digital model of the
eyeglasses, we re sc anned wit h a thre e-dimensional (3-D)
laser. We used a laser sca nner (NextEngine Desktop 3-D
Scanner; NextEngine, Inc; Santa Monica, Cal ifornia) to
obtain a digital model of the entire face whi le the patient’s
eyes were covered with a protective anti-ultraviolet device,
although the class 1M laser beam is classified as eye-safe
scanning (Figure 3). The face was scanned from five (left,
right, frontal, upper , and lower) d ifferent p erspectives
around the patient’s head to detect all undercuts. With the
face visualized as a clock, the “upper” position was at
12 hours, and the “lower” at 6 hours, while left and right
positions were referred to as the lateral profiles. During 3-D
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Figure 2.
Flow chart of procedure for provisional nasal prosthesis.
acrylonitrile butadiene styrene.
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Figure 3.

Scanning of patient’
(NextEngine Desktop 3 -D Scanner, NextEngine, Inc; Santa Monica,
California).

sinjured face witht hree-dimensional la ser

acquisition, the patient was as ked to keep his head firmly
positioned in the headrest and not to smile, which kept the
maxillary arches closed in the maximal intercuspal posi-
tion. To obtain a good result and simplify the later align-
ment of the different scans during the postproc essing
operations, the clinician must ensure that the patient avoids
any movements during the scanning process, as well as any
alterations of the external profile of the face (i.e., smiling or
contracting areas).

Then, we digitized a pair of eyeglasses chosen by the
patient using a Konica Minolta VIVID 9i laser scanner
(Konica Minolta Sensing, Inc; Osaka, Japan). First, the
eyeglasses were coa ted with talcum powde r, with the
temple arms opened to av oid any pro blems during the
scan process due to the transp arency of the lens and the
highly reflective material of the frame. T o obtaint he
complete coverage of e xternal and internal s urfaces of
the eyeglasses, we needed 20 scans.

As is usu al in reverse engin eering, we po stprocessed
both data sets (patient’s face and eyeglasses) to obtain the
final digi tal models in soli d-to-layer format. W e fir st
aligned the scans by identifying three pairs of morphologi-
cal reference points on the overlapping regions of the two
corresponding dif ferent scan s. After we aligned all the
scans, we refined the alignment semiautomatically using a
fine registration and, finally , merged al I sc ans together.
Additional finishing operations were performed for elimi-
nating any surface abnormalities, followed by remeshing
and smoothing the two triangular meshes.

For both data sets, we performed all postprocessing
operations needed to align the scans, merge the scans, and
finish the mo dels (such as de leting abnormal faces, fil ling
holes, remeshing, smoothing, etc.) with Rapidf orm XOS
software (INUS Technology; Seoul, South Korea). More-
over, we checked the eyeglasses positionusinga putty-
silicon (Elite HD, Zhermack; Badia Polesine, Italy) during
the first appointment: the silicon was positioned in the gla-
bella region and the eyeglasses were pressed on it until the
correct position was gained. We also scanned the impressed
putty to be integrated in the virtual environment, ensu ring
to reposition the eyeglasses in the same respective position
as the real one. No direct scanning of the eyeglasses on the
face was taken because, without the nose, their accurate and
stable p osition may be cu stomized only with a silicone
engaging the skin and the eyeglasses at the same time.

Next, we designed the customized prosthesis with the
support of an “Ear & Nose Digital Library,” which is used
mainly when a contralateral healthy side of the patien t’s
face is not available to deve lop a prosthesis using a mir-
roring-based approach, such as for an ear prosthesis. The
Ear & Nose Digital Library used in this work is based on
real anatomic models collected during a hands-on study of
maxillofacial prosthodontics. Stone models of auricular
and nasal epitheses of students were digitized and stored
with the necessary informatio n (age, sex, and height) for
creating a database of digital models. Starting from the
3-D model of the patient’s face (Figure 4(a)), we chose a
digital anatomic nose as a reference model from the digi-
tal library using earlier photographs of the patient, as well
as his fac ial dim ensions. We sup erimposed the dig ital
model on the defect and positioned it in the correct ana-
tomic location so that it covered the entire defect, adjust-
ing the margin of the prosthesis to the patient’s skin and
designing the holes for the nostrils ( Figure 4(b) ). Once
we designed the volume of the nasal prosthesis, we chose
the thickness that reduced th e mass of the prosth esis as
much as possible, giving a minimum 6 mm backward off-
set of the prosthesis. Becaus e the prosthesis supports the
eyeglasses, it did not fill the volume of the defect, reduc-
ing the weight of the prosthesis. Moreover, a thin prosthe-
sis is more easily adaptable to the patient’s defect because
of the elastic properties of the silicone.

Then, we placed the digi tal model of the eyeglasses
on the 3-D mode | of the patient’ s face w ith reference to
the existing anatomical structures previously scanned, as
well as to the designed nasal epithesis ( Figure 4(c)). In
particular, the rims of the lenses were centered on the
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(b)

Figure 4.
(a) Three-dimensional model of patient’s injured face, (b) superimposition
of digitized re ference nose on pa tient’s face, and (c) digital model of
eyeglasses positioned with referen ce to patient” seye sand e ars with
prosthesis.

eyes, the temple arms were placed over the ears, and the
bridge of the optical frame was put in contact wi th the
upper part of the nasal prosthesis. The correct position of
the eyeglasses was also checked by means of the digital
model of the reference putty silicone.

After the digital models of th e nasal prosthesis and
eyeglasses were both positioned on the 3-D representa-
tion of the patient’s face in Rapidform XOS, we imported
them (with the new correct positions) in the CAD envi-
ronment Rhino 4.0 (McNeel North Ame rica; Seattle,
Washington) to design the co nnecting su bstructure an d
the mold for silicone processing.

We designed the substructure, accounting for volume
constraints and functional requirements. We chose the
length of the substructure (55 mm) a ccording to the
length of t he prosthesis and designed the width (8 mm)
and the thickness (from 3.5 mm in the upper par tto
2.0 mm in the lower part), accounting for function so that
the weight of the prosthesis and the dimensions of the bar
clips were properly sustained. The substructure must be
contained entirely within the silicone nasal prosthesis,
except for the upper part, which is connected to the frame
of the eyeglasses (Figure 5(a)). This upper part allows
the technician to position th e eyeglasses with respect to
the substruct ure, and it was removed after  the silicone
was processed. We calculated the seat for the connection
in a CAD environment by subtracting the volume of the
bridge of the eyeglasses from the upper part of the s ub-
structure (Boolean volume difference). In this way, the
substructure could be positi oned precisely and unambigu-
ously and fixed on the ey eglasses. Mo reover, we added
three rectangular holes to the main body of the substruc-
ture to guarantee mechanical fixation inside the silicone
prosthesis (Figure 5(b)).

Finally, the nasal model was represented as a negative
volume and split into two el ements for obtaining a two-
part mold for subsequent conventional silicone processing
procedures (Figure 5(c)). In the upper part of the mold, a
reference seat was designed for keeping the substructure
in the planned position during silicone processing. When
the silicone polymerized, the upper part of the substruc-
ture was eliminated, making it invisible behind the ey e-
glasses’ interocular connector.

Next, the substructure and two-part mold were manu-
factured directly with the us e of rapid proto typing tech-
niques. A Stratasys Dimension soluble support technology
3-D printer (S tratasys; Eden Prairie, Minnesota) based on
fused deposition modeling (FDM) was used for producing
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(a)

(b)

(©)

Figure 5.

(a) Digital model of prosthesis w ith substructure for connecting it
to eyeglasses, (b) three-dimensional (3- D) model of substructure,
and (c) 3-D model of two-part mold.

physical models in acryl onitrile butadiene styrene (ABS).
The working principle of this system is based on layer-by-
layer deposition wit h a layer thickness of 0.254 mm of
both fused ABS and soluble support material for the sus-
taining of the overhanging parts of the comp onent under
construction. At the end of the building process, the model

is placed in a hot soapy water bath, with agitation for the
washing process to remove all the support mate rial.
Table1 lists the AB S and support mate rials needed,
building time, and cost for each model.

Before proceeding with the silicone molding proced-
ures, we positioned the ~ABS substructure on the eye-
glasses to check whether the planned connection was
unambiguous and easily determined. Then,a  hole was
drilled in both the eyeglasses and substructure in the con-
necting region at the level of the eye glasses. An implant
abutment (Multi-Unit Abutment, external connection; NP,
Nobel Biocare; Kloten, Switze rland) was secured in the
eyeglasses with epoxy resin, and an implant replica (NP ,
Nobel Biocare) was inserted in the corresponding part of
the substructure. The rigid connection to retain the nasal
prosthesis was secured with a bolt (Figure 6(a)).

During the conventional s ilicone processing proce-
dures, the su bstructure was disco nnected fro m the eye-
glasses and positioned in th e mold with use of the
reference hole in the upper part of the mold (Figure 6(b))
that was previously projected for simple repositioning of
the substructure in the mold . We processed the silicone
(VST-50F, Factor II; Lakeside, Arizon a) to obtain a pro-
visional nasal prosthesis using the ABS mold, taking care
that silicone was deposited all around the substructure by
using a syringe to inject  the silicone ( Figure 7 (a)).
Finally, we refined the prosthesis by tri mming of f the
excess silicone at the margins.

According to the de signed dimensions of the sub-
structure and to the reduced thickness (and mass) of the
silicone prosthesis, the FDM ABS material can ensure
functional requirements in both strength and durability.

We used a spec trophotometer (SpectroShade Office;
MHT SpA; Verona, Italy) to determine the intrinsic color
of the prosthesis. The spectro photometer used a colo r

Table1.
Acrylonitrile butadiene styrene (ABS) and support materials, building
time, and cost of rapid prototyping models.

. ABS Suppo.rt Building Cost of

Portion Material Material . Material
@) (@) ™ @
Mold Lower Part  24.29 7.19  3h29 min 8.70
Mold Upper Part  38.18 11.36  5h12min 12.73
Substructure 1.45 1.17 21 min 2.27
Total Nose 19.09 6.24 9h2min 23.70

* . . ..
Costs are calculated on basis of academic conditions.
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Figure 6.

(a) Connection used to retain nasal prosthesis consisting ofa bolt
passing through hole drilled in frame of eyeglasses and a nut inserted
in upper part of substructure and (b) development of nasal epithesis
using silicone process (positioned substructure is visible in mold).

grade elaborated by one of the authors: 12 silicone differ-
ent colors were saved into the software of the machine. For
obtaining each color, the mix ture composition of the dif-
ferent intrinsic colors necessary was determined. When the
patient had his first appointment, a registration of his skin
and the prevalent intrinsic color was done with the use of
the spectrophotometer. We used this color to pigment the
silicone before molding. Extrinsic coloring (extrinsic, fac-
tor II) during the second (last) appointment was applied,
silicone adhesive (A-564, factor II) was used as a sealant,
and matting dispersion liquid (TS-564, f actor II) was
added for conferring a matte app earance to the final pros-
thesis. Finally, we reconnected the provisional prosthesis
to the eyeglasses with a bolt (Figure 7(b)) and d elivered
the prosthesis to the patient (Figure 8).

RESULTS

The proce ss w as validate d experimentally with in
vivo application of the prosthesis on the patient. W e
observed two main results in terms of quality . First, the
final prosthesis an d virtually planned desig n were co m-
pared by a qualitative two-di mensional superimposition
of a digital photograph of the patient, with the prosthesis
in position and the corresponding view of digital model
(Figure 9). To ensure a better and quantitative compari-
son, one could scan the patient’s face with the prosthesis
in position after delivering the prosthesis to analyze any
surface d eviation between the 3-D dig ital models of
planned and final pro sthesis. Howe ver, we be lieve tha t
this kind of quantitative analysis would be more appropri-
ate for evaluating the result of a definitive prosthesis
retained by osseointegrated craniofacial implants. We also
verified the position of the prosthesis as correct clinically
by careful observation. The nasal prosthesis fit over the
defect well, leaving no open margins in the contact region.
Consequently, the patient did not h ave to use skin adh e-
sive to retain it in the correct position.

Second, the connection betwe en the prosthesis a nd
eyeglasses was precise and unambiguous because of the
Boolean volume difference calculated between the digital
models. The design of the reference seat in the upper part
of the mold ensured the pr ecise positioning of the sub-
structure in the mold. In add ition, the mold resulted in a
stable, secure position during silicone processing because
of the design of the opposing parts. The holes designed in
the main body of the substructure securely retained the
substructure in the silicone prosthesis.

DISCUSSION

The Ear & Nose Digital L ibrary can be used to
choose a reference model based on the patient’s anatomy
when no presurgical model is av ailable or mirro ring (as
for ear prosthesis) is impossible. However, when surgical
ablation of a tumor is schedule d, laser scanning of the
face anatomy should alw ays be performed before the
ablative sur gery. In this way, the digital model of the
presurgical anatomy can be used to d esign the required
prosthesis, even if the tumor alters the “model.” One can
incorporate all the nece ssary correc tions in the virtual
model to design the final correct anatomy.
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(b)

Silicone prosthesis (a) before and (b) after finishing operations and connection to eyeglasses.

Figure 8.
Final prosthesis on patient.

However, given the required static position of the
head for acqui sition o fthe scans, we considered some
practical aspects to ensure the prosthesis fitted well onto
an animated face in vivo. Fi rst, the reference regions of
the prosthesis were chosen according to stable structures
only, e.g., as glabella and skin/bone borders of the defect.
Second, since the external margins of the prosthesis rest
against the mobil e cut of the face, a thin overlapping
margin of silicone was CAD-designed that may be flexi-
ble as the mimic move ments require. In this way, the
prosthesis can be stable and no margin is visible during
functional movements of the face.

A problem might be the retention of  the ABS-
substructure in to the silico ne. In our opin ion, since
no evidence-based data exist in the literature (to our
knowledge) about the retentive forces of adhesion between
the silicone and the ABS or  pol ymethyl methacr ylate
(acrylic), the retention of the substructure ha sto be
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Figure 9.
Comparison of (a) final prosthesis and (b) and (c¢) virtually planned design.

mechanical and not only adhesive. For this reason, also in
the case prese nted here, a series of connected holes is
designed into the substructure that allows penetrating the

silicone and engaging the substructure safely. The design
of the holes has to compensate for mechanical properties
of the substructure and retentive forces of silicone so that
repositioning or removing t he prosthesis does not dis-
lodge the substructure from the silicone.

The main innovation of o ur proto col invo lves th e
digitization of the eyeglasses. The digitization of the eye-
glasses allows the design of the connection between the
digital models of the eyeglasses and the subs tructure of
the nasal prosthesis in a virtual environment and enables
an evaluation of the result on the 3-D mo del of the
patient’s face. The relative po sitions of the substructure
and eyeglas ses must be e nsured with high acc uracy,
because a n error a t this s tage would c ompromise the
entire work, af fecting the final prosthesis. Moreover , we
transferred the eyeglasses position to the CAD designer
using a putty silicone duri  ng the first appointment to
ensure that the reposition of the eyeglasses in the virtual
environment is in the same as the real world.

Compared with publ ished procedures, our multidisci-
plinary protocol involving la ser scanning, CAD/CAM, and
rapid p rototyping tech nologies fo r manu facturing a pro vi-
sional nasal prosthesis introduces three improvements. First,
our procedure shortens the time required to manufacture the
provisional prosthesis, because only t wo appointments are
necessary before the prosthesis is delivered: one t o make a
digital impression of the patient’s face, including a skin color
scan (for intrinsic coloring), and another for extrinsic color-
ing, try-in, and delivering the prosthesis. The total clini cal
time employed to perfo rm these procedures is 3 ho urs and
40 minutes. In addition to this time, an additional 27 hours
(of which, the operator does not need to be pres ent for 19
hours) are needed for completing the procedure ( Table2 )
according to each step of the flow chart in Figure 2.

Second, because of the improvements of this protocol,
our meth od is less expensive. The cost compariso  n
between the c onventional manual procedures (€8 11) and
the innovative CAD/CAM protocol (€413) is presented in
Table 3. A 50 percent cost savings can be seen.

Third, patient discomfort is reduced because the virtu-
ally planned position of the digital models of eyeglasses
and nose eliminates the need for a conventional try-in
appointment involving the pl acement of silicone on the
patient’s face and a nasal pros thesis wax-up. Reducing
patient discomfort means improving patient quality of life.

Finally, the digital model of the designed nasal epithesis
can be used to develop a defi nitive prosthesis anchored to
osseointegrated craniofacial implants. Therefore, in terms of
quality of care, scanning the eyeglasses and transferring
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Table2.
Time needed to complete eyeglasses-supported prosthesis procedure.
With Without
Step Patients  Patients Total

Reverse Engineering

3-D Laser Scanning of 40 min — 40 min

Face

3-D Laser Scanning of — 1 hl h

Eyeglasses
Computer-Aided Design — 6h 6h
Rapid Prototyping

Building Time — 9h* 9h"

Washing Time — 6h" 6h"
Connection Set-Up — 20 min 20 min
Silicone Processing

Injection — 20 min 20 min

Hardening — 4h" 4n"
Screw Connection — 20 min 20 min
Extrinsic Coloring 3h — 3h
Total 3h,40min 27h 30 h, 40 min

*These operations do not require presence of operator.
3-D = three-dimensional.

Table 3.
Cost comparison between computer-aided design/computer-aided manu-
facturing (CAD/CAM) and manual procedure.

Cost of Cost of
Variable CAD/CAM Notes Manual Notes
Procedure Procedure
(€) €
CAD 250 — — —
Designer
Substructure 12 Manufactured 120 Manufactured
by rapid by technician
prototyping
Mold 60 Manufactured 600 Manufactured
by rapid by
prototyping anaplastologist
Silicone 4 — 4 —
Connection 87 — 87 —
System
Total 413 — 811 —

their position from the patient straight into the virtual envi-
ronment cons iderably increases precision and reduces the
patient’s time investment.

CONCLUSIONS

A new protocol for making an imm ediate provisional
eyeglasses-supported nasal prosthesis is presented that uses

laser scanning, CAD/CAM procedures, and rapid prototyp-
ing techniques. Compared with ex isting methods, our pro-
tocol redu ces time a nd cos ts and re stores the patient’s
aesthetic appearance after the disfiguration caused by abla-
tion of the nasal pyramid.
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