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Prototyping is a process of construction in order to obtain physical
prototypes from 3D digital models. The introduction of prototyping
in medicine is a recent event. Case 1: An 18-year-old patient with a
192 cm? cranial defect secondary to a decompressive craniectomy.
A cranioplasty was performed using a customized prosthesis
manufactured by prototyping. Case 2: A 34-year-old patient with
a panfacial fracture sequelae. This patient had a relevant defect
in the zygomatico-orbital complex, with great zygoma dislocation.
Surgical planning was performed using the prototype, which
was taken to the surgery room to support the surgery. Case 3: A
29-year-old patient with a mandibular ameloblastoma from the
subcondylar region to the right parasymphysis. Prototyping of the
craniofacial skeleton and fibula were carried out in addition to a
model surgery that was performed on the previous day. Discussion:
Prototyping can be applied to craniofacial surgery in many ways,
such as customized prosthesis manufacturing, surgical planning,
and education of residents and patients. In case 1, a customized
prosthesis had the advantage of not requiring a donor area and
resulted in excellent esthetic results. In case 2, the presence of
the prototype during surgery helped identify the zygoma more
quickly in order to reposition it. In case 3, the model surgery helped
decrease morbidity of the donor area, define fibular osteotomy
and the resection margins, mold the plate, select the screws,
ensure the condylar prosthesis fit in the temporomandibular
joint (TMJ ), achieve the best occlusion possible, and reduce
the surgical time, anesthesia, and hospital-associated costs.
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and lesions/complications; Mandible/abnormalities.
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Prototyping: applications in craniomaxillofacial surgery

A prototipagem é um processo de construgdo para obter
protétipos fisicos a partir de modelos 3D digitais. A introdugéo
da prototipagem na medicina é recente. Casol - Paciente de 18
anos portador de defeito craniano de 192 cm? secundario a uma
craniotomia descompressiva. Foi feita uma cranioplastia com
proétese customizada confeccionada a partir da prototipagem.
Caso 2 - Paciente de 34 anos portador de sequela de fratura
panfacial. Apresentava importante defeito do complexo
zigomatico-orbitario, com grande deslocamento do zigoma. O
plano cirargico foi feito com o protétipo; e o protétipo foi levado
a sala de cirurgia para auxiliar o ato operatério. Caso 3 - Paciente
29 anos portadora de um ameloblastoma de mandibula da regiao
subcondilar até parassinfise direita. Foi feita a prototipagem
do esqueleto craniofacial e fibula, e uma cirurgia de modelo
1 dia antes. Discussdo: A prototipagem pode ter aplicacdo na
cirurgia craniofacial de varias maneiras: confeccio de préteses
customizadas, planejamento cirdrgico e educagio dos residentes
e pacientes. No caso 1, a prétese customizada tem como vantagens
a auséncia de area doadora e o excelente resultado estético. No
caso 2, a presenca do protétipo na sala de cirurgia ajudou a
identificar com mais rapidez o zigoma para resposicioné-lo.
No caso 3, a cirurgia de modelo diminuiu a morbidade da
4rea doadora; definiu a osteotomia da fibula e as margens de
resseccao; moldou a placa; escolheu os parafusos; encaixou a
proétese de condilo na ATM; alcancou a melhor ocluséo possivel;
e diminuiu tempo cirdrgico, anestesia, e custo hospitalar.

Descritores: Impressao tridimensional; Craniotomia;
Ferimentos e les6es/complicacdes; Mandibula/anormalidades.

INTRODUCTION

Prototyping is a process of construction in order to
obtain physical prototypes from 3D digital models. Proto-
typing systems were developed more than 30 years ago,
and prototypes are manufactured by adding fine layers of
specific materials (such as plastics, ceramics, metals, and
paper)3. Models of virtual objects are quickly and accu-
rately transformed into physical models of these objects®.
These virtual objects may be created by design software,
which are downloaded from specific sites on the internet
or scanned from a pre-existing object. Prototyping was
initially used in the automobile and aeronautical industries;
however, currently it is used in many other areas™”.

The introduction of prototyping in medicine is a
relatively recent event. With the technological advances of
radiology (computerized tomography [CT] and magnetic
nuclear resonance-[MNR]), high-definition images can
be generated, allowing a detailed 3D view and analysis
of anatomical structures®. From these images, a digital
printer can create a 3D model of the anatomical structure
under study?®.

More recently, the combination of scanning tech-
nology with prototyping technology became possible

through smartphone applications. Thus, it is already pos-
sible to scan objects using smartphones, to send the three-
dimensional attachment to a 3D printer through Wi-Fi and
print objects in the form of the scanned model®.

This work aimed to present examples of prototyping
uses in craniomaxillofacial surgery and to discuss its
benefits in surgical planning, the education of residents,
clarifying patient doubts and in customized prosthesis
manufacturing,

CASE SERIES

This work presents three distinct cases carried out
in 2013, for which the craniomaxillofacial surgical team
at the Brazilian National Institute of Traumatology and
Orthopedics (INTO)-RJ decided, in their weekly clinical
meeting, to use prototyping as part of the treatment for
these patients. Case 1 presented with a full-thickness cra-
nial defect and its prototyping and customized prosthesis
were performed by the EincoBio® company. Cases 2 and 3
presented with panfacial fracture sequelae and a mandible
tumor, respectively, and their prototypes were manufac-
tured by the Centro de Tecnologia da Informagdo Renato
Archer (Renato Archer Information Technology Center).
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All prototypes were manufactured free of charge.
EincoBio® donated the cranial prosthesis, and the CTI
Renato Archer has an agreement with the patients from
the Brazilian Unified Health System (SUS). The benefits
and possible disadvantages of using the prototyping were
observed and discussed by the team based on the literature
available on the topic.

Case 1

An 18-year-old patient presented with a full-
thickness 192 cm? frontal-parietal-temporal cranial
defect secondary to a decompressive craniectomy
due to a motorcycle accident 1 year ago (Figure 1).
We chose to perform the incision in the previous scar
left by the neurosurgeon, in a hemicoronal access.
After finding the bone plane peri-defect, we entered
in a plane exactly supra dura-mater, fully exposing
the defect and leaving a good cover of the soft parts
above. Subsequently, the borders of the defect were
reopened using a drill, a suspension point in the
dura-mater was conducted, and the customized
prosthesis fit perfectly and was fixed with a plate and
screws (Figures 2 and 3). There were no complica-
tions and the patient progressed well (Figures 4 and
5). In this case, the prototyping was performed by
Eincobio®, where the prototype for this defect was
made, which was used for the manufacture and fit-
ting tests of the customized prosthesis.

Case 2

A 34- year-old patient presented with a panfa-
cial fracture sequelae due to a motorcycle accident
3 years ago (Figure 6). The patient presented with
relevant dislocation of the zygomatic bone, absence
of a floor, lower ridge, lateral wall, and lateral ridge of
the orbit and right anophthalmic cavity. A bicoronal
access was performed and the skull and middle third
of the right hemiface were fully exposed. The surgi-
cal planning had already been performed with the
prototype in a clinical meeting, and the prototype
was taken to the surgery room to support the sur-
gery. The zygoma was repositioned and fixed in
the zygomatic arch and frontal zygomatic suture
using plates and screws, and we obtained a parietal
external bone graft and, with this bone, the lower
and superolateral orbital borders were reconstructed
(Figure 7). There were no complications and the
patient progressed well (Figure 8).

Case 3

A 29-year-old patient presented with mandibular
ameloblastoma, confirmed by biopsy, which extended

Figure 1. An 18-year-old patient with a 192 ¢cm? cranial defect due to decom-
pressive craniectomy sequelae.

Figure 2. Prototyping of the skull and defect through CT and design of the
prosthesis that perfectly fits in the defect.

Figure 3. Defect exposed with reopened borders and prosthesis fixed in the
defect.

Figure 4. Pre and postoperative CT with the prosthesis reconstructing the
cranial defect.

from the subcondylar region to the right parasymphysis
(Figure 9). The surgical planning, which was decided in
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Figure 5. Preoperative and 11th month postoperative cranioplasty with
prosthesis.

Figure 6. A 34 year-old patient with a panfacial fracture sequelae with a
zygomatico-orbital deformity.

Figure 7. Prototype showing the zygoma location in the surgery room, and
the zygoma repositioned and the orbit reconstructed with parietal bone in the
trans-operative period.

a clinical meeting, was tumor resection with 1 cm mar-
gins and immediate reconstruction with a fibula-free
bone graft and a condylar prosthesis. For this woman,
we decided to make prototypes of the craniofacial and
donor fibula. One day before the surgery, we took the
prototypes to the surgical center, conducted the surgery,
and, with the prototypes in our hands, we made some

Figure 8. Preoperative and 17th month postoperative with the repositioned
zygoma.

Figure 9. A 29-year-old patient with a mandibular ameloblastoma from the
subcondylar region to the D parasymphysis D.

decisions and anticipated surgical movements. We opted
for a proximal resection margin to preserve the cuspid
tooth. The reconstruction plate was folded, molding it
to the remaining bone and maintaining the mandibular
transverse diameter and the occlusion. The exact height
and position of the condylar prosthesis were adjusted
in the temporomandibular joint (TMJ). After deciding
how much of the fibula we would need and the number
of osteotomies, we performed the osteotomy and abra-
sion of the remaining bone so that the fibula would fit
perfectly. The size of the screws was selected for each
bone segment (graft and native bone). All fixation mate-
rial was sterilized after the model surgery (Figures 10 to
12). On the following day, we repeated everything that
had been done with the prototype without any compli-
cations, and there was a clear decrease in the surgical
time when using the prototype (Figures 13 and 14). The
patient developed an infection in the surgical site the 3rd
week after surgery and was treated with an intravenous
antibiotic, and she experienced palsy in the marginal
mandibular branch, which has been successfully treated
by phonoaudiology. The condylar prosthesis seems to
have slightly dislocated, misaligning the occlusion a bit,
but with no impact on the opening of the mouth and
chewing functions (Figure 15).
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Figure 10. Prototyping of the craniofacial skeleton and fibula D, and model
surgery 1 day before defining the resection margin.

Figure 11. Resected tumor and transversal-shaped bar ensuring the transverse
diameter, the fibula osteotomized and folded, the folded and fixed plate, and
the prosthesis regulated and positioned in the glenoid.

Figure 12. Abrasion of the symphysis for a better fit and screws selected. The
bone contact is present with the transverse diameter maintained.

Figure 13. Subcondylar region ameloblastoma to the parasymphysis D, and
remaining defect after resection.

DISCUSSION

Prototyping can have applications in cra-
niomaxillofacial surgery in many ways, including

Figure 14. Similarity of the model surgery and the trans-operative period.

Figure 15. Preoperative and 8th month postoperative resection of amelo-
blastoma and immediate reconstruction with a fibula free graft and condylar
prosthesis.

customized prosthesis manufacturing, surgical plan-
ning, and the educating of residents and patients?!!.
In the cases presented here, we observed all these
forms of application. The process of obtaining the
prototype or customized prosthesis was very simple:
we sent a DVD with the computerized tomography of
patients to Eincobio®, in the case of the customized
prosthesis, and to the Centro de Tecnologia da Infor-
magdo Renato Archer, in the cases of the prototypes,
and the material was available 1 to 2 weeks later.
In case 1, despite the fact that the autologous
external parietal table graft is considered a gold
standard in cranioplasties, we decided to use a
customized prosthesis!?. This decision was based
on the size of the defect (> 36 cm?) and the patient’s
choice of this method. In cases like this one, a
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customized prosthesis has as its main advantages
not requiring a donor area and excellent esthetic
results, in that it has a part that fits perfectly in
the defect. Nevertheless, there is the possibility of
rejection of the alloplastic material and a greater
risk of infection and extrusion than of an autologous
graft’®, An important technical detail in these cases
is to ensure a good cover of the soft parts, creating
a plane that accurately touches the dura-mater,
and the re-opening of the borders of the defect to
stimulate an integration of local tissue with the
porous prosthesis.

In case 2, there was a severe panfacial fracture
sequelae with practically a complete absence of
the entire right zygomatico-orbital complex. It is
a defect with difficult anatomical comprehension,
in which we considered that prototyping would be
useful to define more adequate surgical planning.
The presence of the prototype in the surgery room
also helped to more quickly and more accurately
identify the zygoma piece that was loose between
the soft parts of the patient at the level of the
alveolar process of maxilla. The dislocated zygoma
ascended as a free graft to its original location
and reconstruction was completed using external
parietal table grafts and rigid internal fixation.
Having the view of the model and surgical field at
the same time in the trans-operative period was a
critical factor to conduct our work.

In case 3, a major surgery was conducted, with
tumor resection compromising the totality of one
hemi-mandible and the right TMJ, and reconstruction
with microsurgical flaps, reconstruction plate, and a
condylar prosthesis. The model surgery conducted one
day before provided a number of benefits: decreased
morbidity of the donor area (only the required amount
was obtained); definition of the fibular osteotomys;
definition of the resection margins; plate molding;
selection of screws; maintenance of the mandibular
transverse diameter; condylar prosthesis fitting in
the TMJ; maintenance of the best possible occlusion;
less surgical time, less anesthesia; and lower hospital
costs>. An important technical detail of prototyping
in this case was that we also asked for the prototyping
of the skull base (containing the glenoid) and the
manufacturing of a transversal-shaped bar from the
medial face of one condyle to the other, which helped
us in maintaining the mandibular transverse diameter
and fitting the condylar prosthesis in the glenoid. We
can cite as a disadvantage in this case the inability
to sterilize the prototype, in particular regarding
the donor fibular osteotomy. We got around this fact
by covering the two model segments with sterile
Tegaderm® and, thus, by placing the molds next to

the obtained fibula, we could accurately reproduce
the size and angle of the bevel that we had made in
the previous day. There was no need to perform any
adjustments to the plate fold or any other osteotomy
or bone abrasion beyond that which was planned.

With regard to education, anatomical knowl-
edge is a fundamental prerequisite to perform a
surgery. Prototyping may improve the skills of
surgeons in training and greatly help in clarifying
patient doubts in regard to their current condition
and expected results. The theoretical cost of this
technology corresponds to costs associated with the
three-dimensional printer, material from which the
mold will be made, and software. Currently, the cost
of a domestic 3D printer varies from US $500 to US
$2500, and there are a great variety of not very ex-
pensive materials that can be used for the prototype,
and the design software can be acquired online for
free. Thus, the total cost will be determined by the
type of material used, volume of material used, and
prototype size. Once having acquired a printer, the
cost for prototyping a complete skull may reach US
$3400, including the material and electricity used!®.

Even if prototyping is not part of the daily routine
in many craniofacial surgery centers in Brazil, we
believe that this technology has the potential to improve
surgical teaching practices in some cases. With time, all
these costs will probably decrease, making prototyping
more accessible to everyone.
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