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APRESENTAÇÃO
 
Ciência é uma palavra que vem do latim, “scientia”, que significa conhecimento. 

Basicamente, definimos ciência como todo conhecimento que é sistemático, que se 
baseia em um método organizado, que pode ser conquistado por meio de pesquisas. Já a 
tecnologia vem do grego, numa junção de “tecnos” (técnica, ofício, arte) e “logia” (estudo). 
Deste modo, enquanto a ciência se refere ao conhecimento, a tecnologia se refere às 
habilidades, técnicas e processos usados para produzir resultados.

A produção científica baseada no esforço comum de docentes e pesquisadores 
da área da saúde tem sido capaz de abrir novas fronteiras do conhecimento, gerando 
valor e também qualidade de vida. A ciência nos permite analisar o mundo ao redor e 
ver além, um individuo nascido hoje num país desenvolvido tem perspectiva de vida de 
mais de 80 anos e, mesmo nos países mais menos desenvolvidos, a expectativa de vida, 
atualmente, é de mais de 50 anos. Portanto, a ciência e a tecnologia são os fatores chave 
para explicar a redução da mortalidade por várias doenças, como as infecciosas, o avanço 
nos processos de diagnóstico, testes rápidos e mais específicos como os moleculares 
baseados em DNA, possibilidades de tratamentos específicos com medicamentos mais 
eficazes, desenvolvimento de vacinas e o consequente aumento da longevidade dos seres 
humanos.

Ciência e tecnologia são dois fatores que, inegavelmente, estão presentes nas 
nossas rotinas e associados nos direcionam principalmente para a resolução de problemas 
relacionados à saúde da população. Com a pandemia do Coronavírus, os novos métodos 
e as possibilidades que até então ainda estavam armazenadas em laboratórios chegaram 
ao conhecimento da sociedade evidenciando a importância de investimentos na área e 
consequentemente as pessoas viram na prática a importância da ciência e da tecnologia 
para o bem estar da comunidade.

Partindo deste princípio, essa nova proposta literária construída inicialmente de 
quatro volumes, propõe oferecer ao leitor material de qualidade fundamentado na premissa 
que compõe o título da obra, isto é, a busca de mecanismos científicos e tecnológicos que 
conduzam o reestabelecimento da saúde nos indivíduos.

Finalmente destacamos que a disponibilização destes dados através de uma 
literatura, rigorosamente avaliada, fundamenta a importância de uma comunicação sólida e 
relevante na área da saúde, assim a obra “Medicina: A ciência e a tecnologia em busca da 
cura - volume 1” proporcionará ao leitor dados e conceitos fundamentados e desenvolvidos 
em diversas partes do território nacional de maneira concisa e didática.  

Desejo uma ótima leitura a todos!

Benedito Rodrigues da Silva Neto
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ABSTRACT: In this work, from the bone 
failure-containing skull tomography, and in 
DICOM format, an image was converted using 
InVesalius and Geomagic software, responsible 
for converting files in this format to repair errors, 
edit their design and enhance for 3D printing 
later is was used for the construction of a mold 
produced by selective laser sintering (SLS) in 
polyamide (PA), applied in the manufacture of 
polymethyl methacrylate (PMMA) prostheses, 
where the volume of the conformed prostheses 
was compared after the polymerization reaction, 
evaluating the volume obtained between the 
prostheses produced and the expected volume to 
cover the bone failure (measured by Geomagic 
software itself). 
KEYWORDS: Additive manufacturing, 
Biomaterial, Selective laser sintering, Polymethyl 
methacrylate, Bone cement.  

RESUMO: Neste trabalho, a partir da tomografia 
de crânio contendo falha óssea, e no formato 
DICOM, uma imagem foi convertida utilizando os 
softwares InVesalius e Geomagic, responsáveis   
por converter arquivos neste formato para 
reparar erros, editar seu desenho e aprimorar 
para impressão 3D posterior. utilizado para 
a construção de um molde produzido por 
sinterização seletiva a laser (SLS) em poliamida 
(PA), aplicada na fabricação de próteses de 
polimetilmetacrilato (PMMA), onde o volume 
das próteses conformadas foi comparado após 
a reação de polimerização, avaliando o volume 
obtido entre as próteses produzidas e o volume 
esperado para cobrir a falha óssea (medido pelo 
próprio software Geomagic).
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PALAVRAS-CHAVE: Manufatura aditiva, Biomaterial, Sinterização seletiva a laser, 
Polimetilmetacrilato, Cimento ósseo.

1 |  INTRODUCTION
Polymers as biomaterials for applications in modern medicine have been growing as 

time goes by and adapts to human needs. With the wide variety of these organic synthetic 
compounds, they adapt for many purposes, from simple sutures for temporary applications 
to alloplastic and bioactive polymers that can coexist with the body after approval by various 
in vitro and in vivo assays (GABRIEL, 2012; PIRES et. al., 2015).

Popularly known as bone cement, Polymethyl methacrylate (PMMA) is a synthetic 
polymer that has been gaining prominence as the best alloplastic material for adult 
cranioplasty (GONZALES, 2003).

In addition to offering excellent fracture resistance, PMMA has a relatively lower 
price compared to other known bioinert biomaterials, such as high-density polyethylene 
and titanium, and also has the ability to induce no foreign body reaction, thus being a highly 
stable biocompatible biomaterial, without the risk of hypersensitivity or allergic reactions, 
and with high corrosion resistance and quickly restoration of cement to the external contour 
of the skull (CERQUEIRA et. al., 2011).

PMMA poses a certain risk during its exothermic polymerization (reaching about 
80 °C), releasing highly toxic monomer vapors that can interfere with systemic function, 
affecting your blood pressure. This means that a good alternative is to work with the concept 
that prostheses need to be pre-formed by related technologies to additive manufacturing, 
ensuring its proper size (SAURA, 2014).

Bearing this in mind, this present work approaches the preparation of PMMA 
prostheses, conformed to polyamide molds obtained by selective laser sintering (SLS), 
evaluating changes made in the molds, which offer some improvement in the precision of 
the obtained final prostheses volume compared to the predetermined volume.

2 |  MATERIALS
The materials used in this research were a liquid component (a sterile blister 

containing one ampoule containing 20 ml of colorless liquid containing 99.245% monomer 
of methyl methacrylate, 0.750% N, N Dimethyl - p - toluidine and 0.004% hydroquinone), 
and a 40 g of a white powder containing 81.00% polymethyl methacrylate, 10.00% barium 
sulfate (added to make the mixture radiopaque) and 2.25% benzoyl peroxide. Both liquid 
monomer and PMMA powder came from Cimtech. The patient’s computed tomography was 
provided by the Department of Plastic Surgery of the Unicamp Clinic Hospital, in DICOM 
format.
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2.1 Software
In this research, Geomagic software was used to construct the molds, edit their 

design and obtain the exact volume of the prosthesis from a Computer Tomography (CT) 
scan containing craniofacial failure.

2.2 Selective Laser Sintering (SLS)
Polyamide molds were made using the Selective Laser Sintering Instrument (EOS 

model FORMIGA P110) located at INCT-Biofabris.

3 |  METHODS
The methods used were divided into four stages: PMMA synthesis, mold preparation, 

3D printing, confection and measurement of the applied prostheses.

3.1 Mold preparation 
3D digital image can be obtained by using computer tomography - CT scanner 

or Magnetic Resonance Imaging (MRI) data. These imaging technologies are used for 
modeling internal structures of human’s body. Medical models made from this data must 
be very accurate and because of this, they require a spiral scanning technique which 
allows to do full volume scanning. This makes possible to generate a high number of slices 
(recommended thickness <1) and what is very important, the pixel dimension in each slice 
could be reduced depending on each case. Most CT and MRI units have the ability of 
exporting data in common medical file format - DICOM – digital imaging and communication 
in medicine. After saving CT or MRI image data, they should be transferred to additive 
manufacturing system (AM) system. The next step is processing these data, which is a 
very complex and important step, with a significant impact on the quality of the final medical 
model. For this step engineers need software package, for instance InVesalius (Fig. 1),  
in which they can make segmentation of this anatomy image, achieve high resolution 3D 
rendering in different colors, make 3D virtual model and finally make possible to convert CT 
or MRI scanned image data from DICOM to .STL (structure triangularization language) file 
format.
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Figure 1. Virtual 3D model using InVesalius software.

The conversion of the 3D files to STL format, performed by biomedical software 
(Invesalius), generates an amount of triangles, so that it can adequately represent the 
complex topography of the craniomaxillofacial region.  The STL file needs to be worked on 
specific software for AM such as Geomagic (Materialise).

For prosthesis generation, a subtraction Boolean was accomplished with 3D virtual 
model generated from the exam. This result bases prosthesis creation and fitting borders 
to refine seeking as better anchorage between prosthesis and bone. In order to create a 
perfect model for the implant, points from the symmetric right solid part of the head bone 
were used. Three key points in the nose were selected for the datum plane definition. These 
points were mirrored according to the created datum plane. Boolean operations were then 
applied to isolate the set of points required to reconstruct the cranial defect surface and 
produce the implant model (Fig. 2).
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Figure 2. 3D model and prosthesis generated.

After obtaining the 3D model of the prosthesis, it was developed the mold using 
Magics software. A box was designed and through the Boolean subtraction between box 
and prosthesis, a void was generated, where the PMMA material was introduced, allowing 
the manufacture of a perfect copy of the prosthesis (Fig. 3).

Figure 3.  Additive manufacturing method for the Cranioplasty Surgery.

Additive manufacturing is a relatively new technology capable of reproducing 
physical objects in various types of materials, from a virtual model, represented as data in 
a computer. The goal is to obtain a physical model with the same geometric characteristics 
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of the virtual one, so that it can be manipulated for various purposes. One application that 
has emerged as highly promising is the reproduction of anatomical structures, through the 
image acquisition by medical imaging equipment, obtaining thereby the so-called biomodels 
to surgery aid. The AM systems used in the case presented here includes two steps: (1) the 
creation of the medical biomodel using SLS system (EOS GmbH) and (2) the DMLS system 
(EOSint) for the design and manufacture of the customized implant required.

3.2 3D printing
An additive manufacturing layer technology, SLS involves the use of a high power 

laser (for example, a carbon dioxide laser) to fuse small particles of plastic into an object 
that has a desired three-dimensional shape. The laser selectively fuses powdered material 
by scanning cross-sections generated from a 3D digital description of the part (for example 
from a CAD file or scan data) on the surface of a powder bed. After each cross-section 
is scanned, the powder bed is lowered by one layer thickness, a new layer of material is 
applied on top, and the process is repeated until the part is completed. The SLS machine 
preheats the bulk powder material in the powder bed somewhat below its melting point, to 
make it easier for the laser to raise the temperature of the selected regions the rest of the 
way to the melting point.

The parts were manufactured based on the specifications of an anatomical drawing, 
to use as a mold before the surgery (Fig. 4). This tends to reduce the surgical procedure 
time and, as a result, the anesthesia period, as well as the risk of infection. There is also 
improvement in the result and reduction in the overall cost of the treatment.

Figure 4. Prostheses mold developed by SLS.
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3.3 PMMA Synthesis
According to the Cimtech datasheet, PMMA synthesis occurred in three steps. The 

first step consists of mix with the monomer. First, the PMMA powder was subjected to 
a container, and soon after the ampoule was broken, the liquid monomer was added for 
polymerization near 23 °C.

The bone cement was mixed with a sterile dry spatula for approximately one minute, 
and at the end of this period, the material was groped until it began to loosen its first “strands” 
from the surface. The approximate time from mixing to the “wire” phase was 1:30 minutes. 
It is very important to minimize air intake while mixing as the presence of air impairs the 
effectiveness of the cement and may impede its mechanical performance.

The second phase goes from the phase manual to the application phase. If the 
cement is brought to hands too early it can be used as gloves, it will be quickly absorbed 
by the mass, leaving the gloves free of any residue. At this stage, the cement becomes 
visibly viscous, good for its application in the narrowest cavities in the mold (Fig. 5). The 
prostheses should be inserted and held firmly in position until the cement is properly seated. 
This phase has approximately four minutes since its inception.

Figure 5. Bone cement applied to the prostheses mold.

The third phase comprises the end of the application phase to the end of the 
hardening. In the hardening phase, the cement gains temperature and can reach up to 
80 °C. Excess cement was removed before the cement was completely hardened. At 
this stage, the prosthesis should be firmly secured in the desired position. Over time, the 
cement lost heat and its temperature gradually returned to room temperature. This phase is 
approximately eight minutes from its inception.

3.4 Confection and measurement of the applied prostheses
Finally, four PMMA prostheses (Fig. 6) were made, in which the last one broke during 
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the extraction stage, and after conforms to the molds, were weighed on the scale, and 
knowing the polymer density (1.14 g•cm-3), the average volume for each prosthesis was 
obtained. The average volumes obtained were compared to the expected volume measured 
by Geomagic.

Figure 6. Developed prostheses.

4 |  RESULTS
The obtained masses for each prosthesis are presented below in Table 1.

Sample Masses of the prostheses obtained (g)

1 49.01

2 34.25

3 24.75

4 26.71

Table 1. Masses of each prostheses.

With the masses presented in Tab. 1, the average volumes for each PMMA prosthesis 
were obtained to cover the craniofacial failure (Fig. 7).
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Figure 7. Comparison between the volumes obtained and the predicted volume (21.18 cm3).

5 |  CONCLUSION
The first prosthesis presented a higher volume than expected, which could highlight 

the need for a cavity for better extraction of excess material. The second prosthesis, by 
adding this necessary zone in the mold design, showed an improvement with the closest 
expected volume, however, it still cannot be effective and it was considered that the lack 
of a gas outlet zone (due to the fact it is an exothermic polymer) could give a closer result 
than expected.

The third prosthesis, following this specification, presented the best result reaching a 
value very close to the desired value as shown in Fig. 3, however, the prosthesis presented 
a small flaw in its design, resulting from mixing during polymerization.

Due to the satisfactory result that the third prosthesis presented, the same mold was 
used, which can guarantee a great volume, even though the prosthesis had broken during 
the extraction of the mold.
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