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“En la naturaleza esta todo, solo hay que darle forma”

Isabel Janckielewicz



RESUMO

A especialidade de Prétese Buco-Maxilo-Facial é responsavel por
reconstrucdes complexas da face e do cranio. Entretanto, com a utilizacao de
impressdes convencionais, € dificil se alcancar uma adequada adaptacao
clinica para a reabiltacdo do paciente. Assim, algumas vézes, faz-se
necesséaria a obtencdo de modelos tridimensionais (3D) que reproduzam a
realidade clinica. O objetivo deste estudo € comparar os protétipos obtidos com
diferentes protocolos de aquisicdo de imagem provenientes de distintos
aparelnos de tomografia computadorizada com relacdo a rugosidade
superficial, &area reconstruida e dose de exposicdo gerada, procurando
estabelecer o mais adequado para a confeccdo de protétipos de cranio. Para
isso, nove protétipos de um fragmento craniofacial seco foram confeccionados.
A comparacdo entre os prototipos quanto a lisura superficial e a area
reconstruida foi realizada por meio da Andlise de Variancia (ANOVA). Nos
casos em que a avaliacao indicou diferenca significativa, foi aplicado como
complemento o Teste de Comparacdes Mdultiplas de Tukey. O nivel de
significancia adotado foi de 5%. Em relacdo a analise de rugosidade as
diferencas encontradas ndo demonstraram correlagdo com a érea reconstruida.
J4& em relacdo aos diferentes protocolos, diferencas significativas foram
observadas nos prototipos com respeito a area reconstruida e dose de
radiacdo gerada. Pode-se concluir, frente aos resultados encontrados, que as
imagens geradas pelos tomégrafos de feixe cénico e feixe em leque, utilizando
0s protocolos com as resolugbes maximas estudadas, estdo indicadas para a
confeccdo de prototipos. Contudo, o que deve nortear a selecdo do melhor
protocolo tomografico deve ser o proposito da indicacdo clinica correlacionado

com o principio ALARA (As Low As Reasonably Achievable).

Palavras-chave: Tomografia Computadorizada. Prototipagem Répida.

Dose de Radiacao.



ABSTRACT

Oral-maxillo-facial prosthodontics is the study of complex face and skull
reconstructions. In view of the insufficient degree of adjustment of conventional
impression to enable proper clinical rehabilitation, among other reasons,
practitioners increasingly resort to 3D models that accurately reproduce the
clinical reality. The aim of this study is to determine the optimal selection of
imaging device and protocol for use in skull prototyping. The surface roughness
and reconstructed area of nine prototypes obtained from a dried craniofacial
specimen using different image acquisition protocols and CT devices were
measured, in addition to measurements of the radiation dose potentially
received by the patient. ANOVA of the surface roughness, reconstructed area
and radiation dose data enabled statistical comparisons among the prototypes.
Where significant differences were found, Tukey’s multiple-comparison test was
conducted, using a significance level of 5%. No correlation was found between
surface roughness and reconstructed area. However, significant differences in
reconstructed area and radiation dose were found among the different
protocols. These results support the use of images generated by CBCT or fan
beam CT for the construction of prototypes, using the protocols with the highest
resolution. Nevertheless, the selection of the most appropriate TC protocol
should be based on the particular clinical indication along with the ALARA (as

low as reasonably achievable) principle.

Keywords: Computerized Tomography. Rapid Prototyping. Radiation Dosimetry.
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1 INTRODUCAO

A especialidade de Protese Buco Maxilo Facial € responsavel por
reconstrucdes complexas da face e do cranio, considerando aspectos
anatdmicos, funcionais e estéticos. A utilizacdo de impressdes convencionais
dificulta a correta realizacdo destas proteses, bem como a adequada
adaptacao clinica, o que interfere na reabilitacdo do paciente (SYKES, 2004).
Assim, em alguns casos, faz-se necessaria a obtencdo de modelos

tridimensionais (3D) que reproduzam estrutura anatémica.

A técnica de prototipagem rapida foi introduzida na Odontologia no ano
de 1991. A estereolitografia foi utilizada no planejamento cirdrgico e na
reconstru¢cdo de uma mandibula acometida por um tumor que envolvia corpo e
angulo do lado esquerdo. O modelo confeccionado a partir de uma tomografia
computadorizada (TC) possibilitou a realizacdo prévia da reconstrucdo desta
estrutura anatdémica, facilitando a abordagem cirurgica (SALLES, ANCHIETA E
CARVALHO, 2002). Mais recentemente, Oliveira et al. (2007) ressaltam o
emprego desta tecnologia para a construcdo de guias para a colocacdo de
células-tronco, com a utilizagdo de materiais aloplasticos biocompativeis ou

nao absorviveis.

Cada vez mais se mostra evidente a contribuicdo de modelos 3D para o
diagnostico e planejamento dos casos e confeccdo das proteses,
principalmente, pelo avanco da tecnologia, da acessibilidade e disminugao de
custos. Sannomiya et al (2008) verificou que o uso de biomodelos permite
procedimentos cirdrgicos mais previsiveis, reducdo do tempo cirargico e
melhores condicdes para o paciente no pés-operatério. Erickson et al. (1999)
apresentaram o relatério de um questionario sobre a utilizacdo de modelos de
estereolitografia 3D em diferentes especialidades médicas e odontoldgicas e
observaram que 69% dos profissionais os utilizaram para diagnoéstico, 73%
para explicar a cirurgia aos seus pacientes e 77% declararam reducdo no
tempo cirargico. Os autores concluiram que o uso dos modelos facilita a
visualizacdo das estruturas pelo profissional e o entendimento da situacao

clinica pelo paciente.
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Morris, Barber e Day (2000) estudaram um defeito 6sseo iniciando-se no
angulo de uma mandibula seca e estendendo-se 5 cm em direcdo ao condilo.
Foi realizada uma TC com cortes de 1mm e, a partir das imagens, o defeito
unilateral do osso foi reconstruido pelo espelhamento virtual do lado
contralateral integro. Os dados obtidos foram convertidos para a forma
requerida em estereolitografia resultando na fabricacdo de um modelo em
resina epoéxi. Paralelamente, foi confeccionado outro & méo livre. Comparando
os modelos, foi observado que ambos se encaixaram no defeito, entretanto, o
modelo reverso esterelitografico apresentou uma diferenca de 0,50mm na

largura distal, enquanto no modelo a méao livre esta diferenca foi de 0,98mm.

Soler, de Lima e Cabrera (2011) observaram diferencas na adaptacéo
clinica das proteses e nos protétipos em casos de traumatismos cranianos com
relacdo a reproducdo das margens. Mesmo assim, estes procedimentos
neurocirdrgicos apresentaram alta taxa de sucesso. Todavia, regides como a
mandibula e assoalho de Orbita necessitam de maior precisdo na adaptacéo
clinica das margens das proteses, pois variacbes de milimetros podem alterar

estruturas sensiveis como a articulagéo témporo mandibular ou o globo ocular.

A evolucdo do processo de aquisicdo de imagens na area médica e 0
desenvolvimento de softwares especificos no setor de computacédo auxiliaram
também a manipulacdo das imagens obtidas a partir de TC, imagem por
ressonancia magnética (IRM), scanner de superficie (Sc) e laser scanning (LS).
As imagens 3D de estruturas anatbmicas geradas por essas tecnologias
possibilitam que os dados do relevo superficial sejam captados e
disponibilizados, permitindo a confec¢cdo das préteses faciais. As imagens
obtidas por meio de TC e IRM, gravadas no formato DICOM, podem ter seus
dados reformatados, originando imagens 3D (LAMBRECHT et al., 1995).

Coward et al. (2007) compararam as medidas e a topografia superficial
de modelos estereolitograficos de orelhas, gerados a partir de TC, IRM e LS
com o0s dados clinicos e dos modelos em gesso. Nos modelos
estereolitograficos originados de exames tomograficos foram observadas

minimas diferencas de medidas sendo estatisticamente semelhantes aquelas
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das orelhas naturais. Os autores consideraram, ainda, que a utilizagao da IRM
€ particularmente interessante, uma vez que este método possibilita a
aguisicdo de imagens sem submeter o individuo a radiacdo, entretanto, seus

resultados ndo foram satisfatorios.

Falk, Gielen e Heuser (1995) avaliaram o emprego da imagem de TC em
cirurgias maxilofaciais e observaram que o tempo de aquisicdo da imagem
influencia na resolucéo, sobretudo em estruturas anatdbmicas moveis, tais como
lingua, faringe e laringe. Os autores concluiram que a TC é especialmente
importante em cirurgia de reconstrucdo craniofacial, uma vez que a imagem 3D
do tecido mole e duro permite uma impressao realista da situacéao patologica e

anatdmica, o que consolida o emprego da TC nas técnicas CAD/CAM.

Berry et al. (1997) verificaram que, embora a preciséo de reproducéo da
TC seja relativamente alta, com erros entre 0,1 a 0,6 mm, ela depende da
espessura de aquisicdo, a qual deve ser a mais fina possivel, cerca de 1 a

2mm.

Na aquisicdo das imagens tomograficas € desejavel a obtencdo de um
volume unico de todo o segmento a ser estudado, utilizando cortes finos. No
entanto, é essencial considerar a exposicdo do paciente a radiagdo. E
responsabilidade do radiologista a escolha do melhor protocolo de aquisicéo,
buscando um equilibrio entre qualidade e dose de radiacdo. Deste modo,
alguns cuidados sdo necessarios a fim de se otimizar a aquisicdo das imagens
para o pos-processamento computadorizado. Embora a espessura de corte
deva ser a menor possivel, se a area a ser escaneada for muito extensa, pode
nao ser tecnicamente viavel obter os dados desta forma. No caso da area de
interesse ser a face, a mudanca no plano de aquisicdo de axial para coronal
pode diminuir o nimero de cortes. Assim como, no modo helicoidal, 0 aumento
do pitch pode permitir a obtencdo de um volume com maior extenséo,
mantendo os cortes finos. Isto pode ser uma melhor solucdo, sobretudo, nos
aparelhnos com multiplas camadas de detectores, evitando o aumento da

espessura do corte. Se este aumento for inevitavel, deve-se optar pela
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formag&o do volume com o menor intervalo de reconstrugdo possivel entre as
imagens (MEURER et al., 2008).

Caceres et al. (2005) afirmam que a selecéo do field of view (FOV) deve
englobar toda a regido de interesse. Quanto menor o FOV, maior a qualidade
da imagem, pois a matriz disponivel é aplicada a uma area menor, diminuindo

o tamanho do pixel e, consequentemente, o efeito de volume parcial.

O gantry, a principio, ndo deve ser inclinado durante a aquisicdo das
imagens, pois alguns softwares ainda ndo permitem a compensacdo dessa
inclinacdo, produzindo prototipos com alteracdes dimensionais (KRAGSKOV et
al., 1996). A utilizacdo de filtros de imagem durante a aquisi¢cdo € controversa,
alguns estudos tém reportado maior formacao de artefatos com o seu emprego

durante a aquisi¢cdo para osso (CHOI, et al., 2002).

O desenvolvimento da TC de feixe conico (TCFC) difundiu a utilizacdo
das imagens volumétricas na Odontologia. A TCFC é baseada na tomografia
volumétrica, onde os dados sdo adquiridos e armazenados em formato digital
com uma unica volta da fonte de raios X ao redor da cabeca do paciente,
gerando uma imagem 3D e em escala de 1:1 com a imagem real (ARAKI et al.,
2004; SCARFE et al., 2006). Muitos dos principios e caracteristicas séo
comuns entre as TC convencional e de feixe conico (KWONG et al., 2008).
Entretanto, a TCFC apresenta algumas vantagens para o uso odontologico:
natureza sempre isotropica dos voxels; rapidez para a realizacdo do exame;
artefatos metélicos sédo reduzidos; acesso facilitado e reducéo de custos para o
paciente (SWENNEN et al., 2006; LUDLOW et al., 2006; LUDLOW et al.,
2007).

Com relacdo a dose de radiacdo recebida pelo paciente, estudos
mostram que, quando comparada com a TC tradicional, os beneficios da
utilizacado da TCFC ficam mais evidentes. Ainda, a otimizacdo da dose deve ser
realizada pela adequada selecdo de parametros de exposicdo e tamanho do
FOV, dependendo das necessidades de diagnodstico (GARIB et al., 2007,
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LUDLOW et al., 2008; ANSON et al., 2009; ROBERTS et al., 2009; PAUWELS
et al., 2011).

Diversos estudos ja demonstraram a aplicabilidade da TCFC para o
diagnostico e o planejamento de intervengbes nas diversas areas da
Odontologia (ZIEGLER et al.,, 2002, NAKAGAWA et al., 2002, SATO et al.,
2004, SILVEIRA et al., 2007, LIEDKE 2009). Acredita-se que ela possa vir a
beneficiar a confeccdo de protétipos cranio-maxilo-faciais. Assim, o objetivo
deste estudo foi comparar os protoétipos obtidos com diferentes protocolos de
aquisicao de imagem provenientes de distintos aparelhos de TC (TCFC e
TCFL) com relagéo a lisura superficial, area reconstruida e dose de exposicao
gerada. Desta forma, buscou-se estabelecer qual o protocolo mais adequado

para a confeccéo de prototipagem em cranio.
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2 OBJETIVOS

2.1 Objetivo Geral

Comparar os protoétipos obtidos com diferentes protocolos de aquisicao
de imagem provenientes de diferentes aparelhos de Tomografia
Computadorizada com relacdo a area reconstruida e a dose de exposicédo

gerada e a rugosidade superficial.

2.2 Objetivos especificos

a) Comparar os prototipos obtidos a partir de: 3 protocolos de aquisicdo em
aparelho de TCFC, 3 protocolos de aquisicdo em aparelho de TC 16 canais e
3 protocolos de aquisicdo em aparelho de TC 64 canais quanto a rugosidade

superficial.

b) Comparar os prototipos obtidos a partir de: 3 protocolos de aquisicdo em
aparelho de TCFC, 3 protocolos de aquisicao em aparelho de TC 16 canais e
3 protocolos de aquisicdo em aparelho de TC 64 canais quanto a area

reconstruida.

c) Comparar as doses de radiacao geradas pelos diferentes protocolos de cada
aparelho de TC.

d) Correlacionar os dados obtidos nos itens a, b, c.



18

3 ARTIGO

Formatado para publicacdo na revista Dentomaxillofacial Radiology
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Comparative study of reconstruct area and radiation dose in rapid prototyping

Abstract

Objectives: The aim of this study was to compare different image acquisition protocols

to produce prototypes and the radiation dose.

Methods: Three image acquisition protocols were applied to each of cone beam CT, 16-
channel fan beam CT and 64-channel fan beam CT to produce 9 prototypes of a dry
craniofacial specimen. Surface roughness and reconstructed area were determined for
each prototype. The radiation dose received by the specimen was measured by means of
lithium crystals. ANOVA and the Tukey test were used to determine significant
relationships among the data obtained for the different prototypes. Finally, linear

function optimization techniques based on stochastic variables were applied.

Results: Significant differences were found among the different acquisition protocols as

well as among the different CT devices.

Conclusion: The three CT devices proved suitable for rapid prototyping when used at
full-resolution. The highest reconstruct area vs. radiation dose ratio was found for 64-

channel CT devices.

Acknowledgments: This research was made in association between Universidad de la
Repuablica (UdelaR) /Uruguay  and Universidade Federal do Rio Grande do Sul

(UFRGS) /Brazil.

Keywords: Computed Tomography. Rapid Prototyping. Radiation Dosimetry.
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Introduction

Rapid prototyping in dentistry has enabled significant advances in cost-
affordable diagnostic, planning and manufacturing technology for prosthesis
applications. The use of biomodels has also increased the predictability of surgical
procedures, leading to both a reduction in surgical time and improved post-surgery
conditions.* Erickson et al. (1999) reported that 69% of medical and dental specialists
have used stereolithography for diagnostic purposes and 73% for explanatory purposes,

with 77% of the sample reporting a reduction in surgical time.?

Different applications of rapid prototyping are described in the literature.
Whereas high success rates have been associated with the use of rapid prototyping,
prototypes have been reported to differ from the relevant anatomical parts in varying

degrees.®*>°

Developments in medical imaging applications and associated computer
software have enabled the easy manipulation of images obtained by computed
tomography (CT).” However, the precision of rapid prototyping techniques based on
such images depends on a number of factors like scanner type (cone beam or fan beam),
acquisition time, field of view (FOV), voxel size, slice thickness, pitch, gantry type and

image filters.®#*

Despite several common features shared by cone beam CT (CBCT) and fan
beam CT **, CBCT can be conveniently used in dental applications in view of isotropic

voxels, rapid scanning, reduced number of metal parts, easy availability and low

12,13,14,15,16,17,

operating cost, in addition to a low patient radiation dose. 18 An appropriate
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dose optimization procedure is based on the selection of correct exposure parameters

and FOV size, depending on diagnostic needs.***%*"%

In this study, prototypes based on different image acquisition protocols applied
to different CT devices were analysed for surface roughness, reconstructed area and

radiation dose.

Materials and Methods

A cross-sectional observational in vitro study was conducted following approval
by the ethics committee of the Faculty of Dentistry of UdelaR. Nine prototypes were
generated from a dry craniofacial specimen bounded by a line crossing the
frontozygomatic sutures at the top, a line passing through the rear of pterygoid
apophysis at the back, the occlusal plane with its palate vaulting at the bottom, and the
anterior wall of the maxillary sinus, up to the alveolar ridge, at the front. The specimen
used in this study was made available by the Museum of Anatomy of UdelaR’s Faculty
of Dentistry. The specimen was immersed in a plastic vessel containing water in order

to simulate soft tissue conditions.

Three CT devices were used for the acquisition of tomographic images: a CBCT
device (i-CAT tomography, Imaging Sciences International, Inc, Hatfield, PA, USA,
120 kVp, 3-8 mA), a fan beam 16-channel CT scanner (Bright Speed, General Electric,
Milwaukee, Wisconsin, USA, 120 kVp, 100 mA), and a fan beam 64-channel CT

scanner (SOMATOM Sensation, Siemens AG Medical Solutions, Erlangen, Germany;
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120 kVp, 90 mA). Three different image acquisition protocols were conducted on each

of the three CT devices (Table 1).

Images recorded in DICOM format were converted to .stl format using
InVesalius 3 Beta 2 software developed by CenPRA (Renato Archer Research Center,
Campinas, SP, Brazil). Selective laser sintering (SLS) in PA 2200 (Sinterstation HiQ,

3D Systems Company, Valencia, CA, USA) was used to construct the prototypes,

which were later tested for their reconstructed area and surface roughness (figure 1).

Figure 1 - Two prototypes: (A) smallest reconstructed area CB 0,3 voxel (B) greatest reconstructed area CT-16 0,625mm.

Table 1. Prototype coding scheme according to acquisition protocol and CT device
Protocol | CB* 0.2 [CB 025 | CB 0.3 | CT-64 CT-64 CT-64 CT-16 CT-16 CT-16

voxel voxel voxel 0.75mm 1.0mm 1.5mm 0.625mm | 1.25mm 2.5mm

kVp120 | kvp120 | kVvp 120 | kVp120 kVp 120 kVp 120 kVp 120 kVp 120 kVp 120

mAs mAs mAs mAs mAs mAs mAs mAs mAs
30.89 30.89 15.44 90 90 90 100 100 100
_é FOV FOV FOV FOV FOV FOV FOV FOV FOV
§ 8.5mm 8.5mm 8.5mm 140 mm 140 mm 140 mm 140 mm 140 mm 140 mm
g Diameter | Diameter | Diameter | t.3.12s 1.3.12s t.312s t.5.2s t.5.2s t.5.2s
g 14 14 14 Rot Time | Rot Time | Rot Time | Rot Time | Rot Time | Rot Time
g t.23s t.23s t.85s 05s 05s 05s 0.8s 0.8s 0.8s
- Slice Slice Slice Slice Slice Slice

thickness | thickness | thickness | thickness | thickness | thickness
0.755 1.0 15 0.625 1.25 25
Pitch 0.4 Pitch 0.5 Pitch 0.7 Pitch 0.62 | Pitch 0.6 Pitch 1.25
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Reconstructed area determinations were based on photographs of the orbit floor
of the nine prototypes. Placing the prototypes in a standardized position, with the orbit
floor facing up, camera fixed to a tripod was so positioned that the focus was directed
downward at right angle with the surface to be photographed and the distance between
the focus and the upper floor of the orbit was 40 cm. The photos were imported into
ImageJ software (National Institutes of Health, Bethesda, Maryland, USA) and the
study area was delimited by a line starting at the inner orbital angle, running along the
anterior edge of the pterygomaxillary fissure up to the infraorbital crest, and thence
medially, and surrounding the tear duct before returning to the inner corner of the eye
orbit along the etmoidomaxillary suture (fig 2). The total non-reconstructed area was
subtracted from the study area. An examiner was calibrated to provide measurements in

mm?, which were repeated after 15 days (ICC >0.9).

Figure 2 - Bone specimen and study reconstructed area.


http://es.wikipedia.org/wiki/Bethesda
http://es.wikipedia.org/wiki/Maryland
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Roughness was determined in units of Ra (roughness average) based on five
readings per sample made on a roughness meter (Mitutoyo American Corporation SJ-
201, Aurora, IL, USA). The same region was also analysed on the external surface of

the zygomatic bone.

Radiation dose was measured by means of lithium crystal dosimeters (SAPRA,
Sdo Paulo, SP, Brazil). Triplicate determinations were made by fixing each of two
dosimeters — encased in a black nylon sachet — onto each of the anterior maxillary

sinus walls of the dry craniofacial specimen.

ANOVA, and the Tukey test (p<0.05) were used for statistical analysis of

roughness (Ra) and radiation dose milisivert (mSv) data.

A linear function index was used to compare the variables, as they were
expressed in different units of measurement. A linear optimization technique based on
stochastic variables was applied using Risk Optimizer®® software (Palisade Corporation,

Ithaca, NY, USA).
Results
Table 2 shows the results of ANOVA on the roughness data.

Table 2. Roughness data ANOVA

Sum of squares Gl Quadratic mean F p
Inter-groups 19.669 8 2.459 3.396 .005
Intra-groups 26.063 36 124
Total 45.732 44

Application of the Tukey test, (results not shown) led to the identification of

three subgroups among the roughness data. None of these subgroups simultaneously
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included CB 0.25 voxel and CT-16 1.25mm or CT-64 1.0mm, or CT-64 1.5mm and CT-

16 1.25mm.

Table 3 shows the results of ANOVA on radiation data.

Table 3. Radiation data ANOVA

Sum of squares Gl Quadratic mean F P
Inter-groups 679.785 8 84.973 82.727 .000
Intra-groups 46.222 45 1.027
Total 726.007 53

Among three subgroups identified by classical descriptive analysis, the lowest
radiation dose correlated significantly with the use of CBCT protocols, whereas the

highest values were associated with the use of 16-channel devices (results not shown).

The T3 Dunnet test was used to identify significant differences among the mean
values. The 16-channel protocols (CT-16 0.625mm, CT-16 1.25mm and CT-16 2.5mm)
generated significantly different mean values from those found for CBCT and 64-
channel protocols (i.e., CB 0.2 voxel, CB 0.25 voxel and CB 0.3 voxel, and CT-64
0.75mm, CT-64 1.0mm and CT-64 1.5mm, respectively). The 64-channel protocols led
to different means from those generated by the CBCT protocols and that of the 16-
channel protocol CT-16 2.5mm. The mean values obtained for the CBCT protocols
differed significantly from the mean values found for any of the other two devices. Also
significant differences were found among the radiation dose data of the three CBCT

protocols.

Based on these results, a linear optimization technique with stochastic variables

was used to identify which protocol had the highest performance. The procedure was



26

based on the linear function index f (x;, x,, X;) =—X, + X, — X;, Where X; is the roughness

in Ra, X is the reconstructed area as a percentage and Xz is the radioactive dose in mSv.
Because the variables are positive, to maximize the above index, the second variable

should be maximized while the first one and the third one should be minimized.

Table 4 shows mean roughness, reconstructed area and radiation dose results. To
compare the variables, results were normalized to zero and a SD equal to 1. The mean
and SD of each variable were calculated and the following transformation was made:

Z,=(%—u)l o;, where g is the mean value of variable i and o, its standard

deviation. Results are shown in Table 5.

Table 4. Raw roughness, reconstructed area and radiation dose data

Prototype Roughness Ra Reconstructed area % Radiation dose mSv
CB0.2 7.870 87.003 2.450

CB0.25 8.470 86.069 2.380

CBO0.3 7.160 62.428 1.230

CT 16 0.625 7.300 100.000 9.900

CT 16 1.25 6.330 98.731 9.680

CT 1625 6.970 80.699 11.600

CT 640.75 7.140 99.462 6.410

CT6410 6.610 99.195 8.065

CT6415 8.130 97.925 7.980
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Table 5. Normalized roughness, reconstructed area and radiation dose data

Prototype Roughness Ra Reconstructed area % Radiation dose, mSv
CBO0.2 2.302 -0.749 -3.334
CB0.25 4.865 -0.971 -3.390
CB0.3 -0.731 -6.569 -4.307
CT 16 0.625 -0.133 2.328 2.604
CT 16 1.25 -4.277 2.028 2.429
CT 1625 -1.543 -2.242 3.959
CT 64 0.75 -0.816 2.201 -0.178
CT641.0 -3.081 2.138 1.142
CT6415 3.413 1.837 1.074

In order to further discriminate which variables were the most relevant, weight

coefficients were applied to the terms of the index function. Table 6 shows the variables

with different weight coefficients (A, B, C, D and E). In column A, the same coefficient

was applied to the three variables, showing CT-64 1.0mm to lead to the most accurate

results.

Table 6. Weighted roughness, reconstructed area and radiation dose data

A B C D E

(1/3.1/3.1/3) (0.2.0.4.0.4) (0.2.0.35.0.45) (0.2.0.3.0.5) (0.03.0.92.0.03)
CBO0.2 0.09 0.57 0.78 0.98 -0.67
CB0.25 -0.82 -0.01 0.21 043 -0.96
CBO0.3 -0.51 -0.76 -0.21 033 -6.02
CT 16 0.625 -0.05 -0.08 -0.33 -0.58 2.11
CT 16 1.25 1.29 0.69 0.47 0.25 1.96
CT1625 -1.55 217 -2.26 234 -2.18
CT 64 0.75 1.07 111 1.01 0.91 2.10
CT641.0 1.36 1.01 0.85 0.69 2.07
CT6415 -0.88 -0.38 -0.52 -0.67 159
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Alternatively, CT-64 0.75mm appears as the most accurate protocol if
reconstruced area and radiation dose are assigned a higher weight (column B and C).
CB 0.2 voxel appears as the best protocol assuming that radiation dose has a higher
weight than that of the other variables (column D). If reconstructed area is assigned the
highest weight coefficient (column E), the highest precision is associated with protocol

CT-16 0.625mm, which reproduced 100% of the reconstructed area.

Applying linear optimization techniques and random variables with Risk
Optimizer software, weight coefficients were selected randomly by Monte Carlo
simulation and optimal values were determined. The software selected a 64-channel
protocol 95% of the time, CT-64 1.0mm or CT-64 0.75mm over 85% of the time, with a

marked preponderance of CT-64 0.75mm.
Discussion

Despite the precision of CT-based prototyping techniques, Berry et al. (1997)
reported errors amounting to as much as 0.1 to 0.6 mm, depending on the slice
thickness, which should be restricted to within 1 to 2 mm. In this study the results show
that a 16-channel CT device can be used conveniently at a 0.625 mm slice thickness to
reconstruct 100% of a bone specimen. The reconstructed area of prototypes based on
64-channel fan beam CT was as high as 99.4%, with surface roughness varying only
slightly according to protocol. It is in line with only slight differences among prototypes
based on 64-channel CT and the successful reconstruction of relevant anatomical

structures, reported in the literature. -

An excessive radiation dose has been associated with the use of fan beam CT.
In this study, those prototypes based on 16-channel fan beam CT had the highest

radiation dose, which was 1.39-fold higher than that found for 64-channel CT protocols.
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According with a greater radiation dose associated with fan beam CT '**° CBCT
protocols were found to provide a radiation dose 3.70-fold lower than that of 64-channel

fan beam CT and 5.14-fold lower than that of 16-channel fan beam CT protocols.

Differences in radiation dose have been reported to depend directly on the mAs
specified for each protocol.”>?® In this research, were used 90 mAs for the 64-channel
CT protocols and 100 mAs for the 16-channel CT were used protocols. The above
explains the identification of three well-defined groups: CBCT, 64-channel fan beam
CT and 16-channel fan beam CT protocols. It also explains the differences found among

the CBCT protocols, as the mAs value differed according to protocol.

Variations in roughness data were did to enable the evaluation of differences
among groups, as these were not great enough to generate clinical implications.
Likewise, no correlation was found between roughness and reconstructed area data.

Various studies have addressed the suitability of CBCT for diagnostic and
surgical planning applications in dentistry.?% 2?2 2% Erickson et al. (1999) reported that
70% of prototype requests are made by practitioners wanting to study and plan clinical
cases of high surgical complexity. Minimizing the radiation dose where explanatory
purposes are sought, these results indicate the use of CBCT at a 0.2 voxel resolution, as

it was the CBCT protocol that led to the greatest reconstructed area (87%).

Where the clinical purpose of the prototype request is the manufacture of oral-
maxillo-facial prostheses, the protocol leading to the greatest reconstructed area is
recommended in order to ensure the adjustment of manufactured pieces. ***® In this
study, the prototypes that had the greatest reconstructed area — i.e., the highest quality
—were those based on 16-channel CT at 120 kVp, 100 mAs, 0.625mm slice thickness,

0.625mm pitch and 64-channel CT at 120 kVp, 90 mAs, 0.755mm slice thickness,
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0.4mm pitch. Use of the 64-channel CT is recommended as it had the lowest radiation

dose.

Overall, the three CT devices proved suitable for rapid prototyping when used at
full-resolution. Nevertheless, the conclusion is made that most appropriate tomography
protocol will entail correlating the purpose of indication with the ALARA (as low as

reasonably achievable) principle.
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4 CONSIDERACOES FINAIS

A aplicabilidade clinica deste estudo esté ligada a determinacdo de um
protocolo tomografico preciso para a confeccdo de prototipos cranio-maxilo-
faciais, que atendam aos requisitos clinico-protéticos, aliado a menor dose de

exposicao a radiacao para o paciente.

A partir dos dados obtidos fica claro a necessidade de estudos futuros
para avaliar as potencialidades da TCFC na confec¢do de biomodelos, ja que

esta gera menos radiacao do que a TC.

Nesta investigacdo os protocolos de imagem dos TC nao puderam ser
profundamente comparados tendo em vista que suas mAs foram diferentes. O
TC de 16 canais foi programado com 100 mAs e o de 64 canais com 90 mAs.
Desta forma pensa-se realizar um estudo comparativo de protocolos onde as
mMAs sejam iguais em ambos TC. Permitindo assim, avaliar a influéncia dos

intervalos de corte na confecgdo dos prototipos.
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ANEXO 1

Termo de consentimento de uso do fragmento 6sseo

Universidad de la Repiblica
Facultad de Odontologia
Catedra de Anatomia General y Buco Dental

Direccién: Gral. Las Heras 1925 - Tel.: 487 30 48 Int. 148 — e mail: anatgral@odon.edu.uy

Montevideo, 28 de abril de 2011

Por la presente dejo constancia que la cabeza dsea que se empleara en el proyecto
“Andlisis de protocolos tomograficos en adquisicién de imagenes para confeccion de
modelos estereolitograficos” pertenece a la coleccion de esta catedra.

. Dr. Jorge Gutiérrez
Profesor Titular



ANEXO 2

Termo de consentimento de uso do rugosimetro

Termo de Consentimento de Uso do Rugosimetro

DECLARACAO

Declaro que estou ciente do uso do Aparelho Rugosimetro S$J-201 (Mitutoyo, Japdo),
nas dependéncias do Laboratdrio de Materiais Dentarios, referente ao projeto de pesquisa
intitulado Andlise de protocolos tomogrdficos na aquisicdo das imagens para confec¢do de
modelos de prototipagem.

Prof2 Dr2 Susana Werner Samuel
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ANEXO 3

Termo de Consentimento de Uso do Aparelho de TC 16 canais

HOSPITAL MACIEL )
SERVICIO DE TOMOGRAFIA COMPUTADA

Montevideo, 12 de octubre de
2011.

Srs del Servicio de Protesis Buco-Maxilo-Facial
Facultad de Odontologia - UdelaR
Drs. R. Soler Varelay J.J. de Lima Moreno

De mi mayor consideracion:

por la presente me dirijo a Uds para
comunicarles la decisién de aceptar la propuesta recibida y brindarles el
apoyo necesario en la utilizacion del tomégrafo multicorte (16) que funciona
en nuestro servicio.

Quedamos a las érdenes para coordinar dicha participaciéon y brindarles la
informacion necesaria.

Aprovecho asimismo, para felicitarlos por la dedicacion a dicho proyecto de

investigaciéon y desearles el mayor éxito.

Divea. Alicia Steatsa

Jefe de Servicio TC
Hospital Maciel

Sin otro particular reciban cordiales saludos



ANEXO 4

Termo de Consentimento de Uso do Aparelho de TC de 64 canais

DB LA REPUBLICA
e o.;a::am:s?ungr .“'.I‘GIHA“..
a Dr. Quint
HOSPITAL DE OLINIOAS Av. Italic a/n - Montevideo - Uruguay

Montevideo, 15 de abal de 2011

T

i
[EXIFLoES S

3OV ontd

Visia la solicitud del Dr. Javier de Lima del Servicio de Prétesis de la
facaltad de Odbntologia de tealizar unos protocolos de craneo en nuestro
Separtamento. para el proyecto que esta realizando sobre: “Analisis de
prciocnies omograficos en adquisicion de imdgenes para confeccion de
awndelos esterevlitogrdficos”.

& onsideramos que no tenemos inconvenientes que se realice 1a muestra.
Fnviamos a usted para su aulorizacidn y consideracion.

Satuda atenlaente,

JHOSPITAL DE CLINICAS
RECIBIDO EN TERECION

FECH*: 1.5 ABR, 200 _

3756,

2‘}/8104'( Mewirn Lo, ! 71/\
TELEFONOS 487 1 FRE A0 28 0 SrREGBELLEPIANE
— Director Asletertie




ANEXO 5

Termo de Consentimento de Uso do Aparelho de TCFC

Termo de Consentimento de Uso do Aparelho de TCFC

DECLARACAO

Declaro que estou ciente do uso do Aparelho de TCFC, nas dependéncias da Clinica
Tomo Center Moinhos de Vento, referente ao presente projeto de pesquisa.

Nadia Assein Arus

CRO 12781
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ANEXO 6

Termo de aprovacao na Comissao de Pesquisa

Sistema Pesquisa - Pesquisador: Heraldo Luis Dias Da Silveira

Projeto No: 22201

Titulo: ANALISE DE PROTOCOLOS TOMOGRAFICOS NA AQUISICAO DAS IMAGENS PARA CONFECCAO DE
MODELOS DE PROTOTIPAGEM

COMISSAO DE PESQUISA DE ODONTOLOGIA: Parecer

Analise de protocolos tomograficos na aquisicdo das imagens para confecgdo de modelos de
prototipagem Pesquisador responsavel: Heloisa Emilia Dias Da Silveira O objetivo deste estudo &
comparar os protdtipos obtidos com diferentes protocolos de aquisicdo de imagem provenientes de
diferentes aparelhos de tomografia computadorizada com relagdo a rugosidade superficial, drea
reconstruida e dose de exposicdo gerada, procurando estabelecer o mais adequado para a confecgdo
de prototipagem em cranio. Para isso, nove protdtipos serdo confeccionados de um fragmento
craniofacial seco. O estudo serd realizado na Disciplina de Radiologia da Faculdade de Odontologia da
Universidade Federal do Rio Grande do Sul (UFRGS), no Servico de Prétese Buco - Maxilo - Facial da
Faculdade de Odontologia da Universidad de la Republica (UdelaR) e no Centro Renato Archer,
Campinas, S3o Paulo. A peca 0ssea a ser utilizada pertence ao museu de anatomia da Faculdade de
Odontologia da UdelaR e foi doada para a realizacao deste estudo. O presente projeto de pesquisa
sera encaminhado ao Comité de Etica da UdelaR. O mesmo encontra=se adequadamente descrito e
delineado. O parecer é pela aprovacdo.
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ANEXO 7

Termo de aprovacao para confeccao dos protétipos

Certrode DavEAmc tErER4.
W o “I"ml"MQ - ML
- H Cigncia e clagia
Infickaniagag il
Rerata frrher

Campinas, 05 de Dezembro de 2011.

A Professora Dra. Heloisa Dias da Silveira

Chefe do Departamento de Radiclogia
Faculdade de Odontologia da Universidade Federal do Rio Grande do Sul
Fua Ramiro Barcelos, 2492 - Porto Alegre, RS

Prezada Dra. Heloisa Silveira,

Pela presente, declaro o compromisso do Cemtro de Tecnologia da Informacéo Renato Archer —
(T, unidade de Pesguisa do Ministério da Ciénda, Tecnologia e Inovagao - MCTI, por meio de sua
Divisdo de Tecnologias Tridimensionais, em colaborar cientificamente, com software e modelos de
prototipagem rapida necessarios para o projeto de pesquisa Analise de protocolos tomograficos
na aquisicio das imagens para confecgio de modelos de prototipagem rapida a ser realizado
pelo aluno Dr. J. Javier de Lima Moreno e supervisionado pelo Prof. Dr. Heraldo Dias da Silveira.

O interesse do CTl como parceiro neste projeto se da pelas caracterfsticas complementares e
multidisciplinares das instituicbes envolvidas.

A disposicao para maiores informacbes que se fizerem necessdrias.

Respeitosamente,

)

G_T (Vo !:'plq-""*—-—_.

Dr. Jorge Vicente Lopes da Silva, PhD

Chefe da Divisdo de Tecnologias Tridimensionais - DT3D
Centro de Tecnologia da Informagae Renato Archer — CT1
Ministério da Géncia, Tecnologia e Inovagdo — MCTI
Tel.: 19-3746-6142

E-mail: jorge.silva@cti.gov.br
hitpifwwwe.cti.gov.br

Rod. Dv. Pedra | {SP-G5), km 1436 - 13069-901 - Campinas - 5P
Tel.: +55 19 3746-6000 - Fax: #5519 3746-6028
weaaesctigobr



ANEXO 8

Termo de aprovacdo na Comissdo de Etica
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UNIVERSIDAD DE LA REPIJBLI{CA
FACULTAD DE ODONTOLOGIA
Seccion Comisiones y Claustro

Montevideo, 22 de mayo de 2012

Reunido el Comité de Etica en Investigacion de la Facultad de Odontologia,

Resuelve aprobar el Proyecto Titulado:

“ANALISIS DE PROTOCOLOS TOMOGRAFICOS PARA LA REALIZACION
DE PROTOTIPOS”, presentado por el Dr. Jorge Javier de Lima Moreno,—-—-—--

/ b
£ Aof S

Dr. Emesto BORGIA
Presidentre del Comité de Etica en Investigacion
de la Facultad de Odontologia
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