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Resumo

Os estudantes de Odontologia do milénio exigem do professor novas estratégias
de comunicacdo. Situacdo que deve ser aprimorada no ensino das estruturas
anatdémicas em radiografias panoramicas. Em consequéncia surgiu a proposta de
criar-se um aplicativo que estimule o interesse do estudante e desenvolva sua
habilidade espaco-visual, que seja atrativo e de facil interagdo. Assim, o objetivo
deste estudo foi criar uma imagem panoramica tridimensional. Para tanto,
utiizou-se 10 pares de imagens constituidas da projecdo panoramica
convencional e da imagem volumétrica por tomografia computadorizada de feixe
conico (TCFC), sendo cada par oriundo de um mesmo individuo. Utilizaram-se o
software livre Invesalius®, o qual permitiu a reconstrucdo volumétrica a partir dos
arquivos DICOM; e o Matlab®, pela funcdo cp2tform, para a realizacdo da
interpolacdo polinomial da TCFC 3D e sua posterior correlagdo com uma
radiografia convencional. Foi obtida uma reformatacdo panoramica, seccionada
por trés planos de reconstrugcdo, o que dificultou sua correlagdo com a
panoramica convencional. Por essa razao, sugere-se o reinicio do processo com
uma equacao polinomial que permita a realizacdo de uma varredura continua
visando uma minima distorcdo e objetivando uma radiografia panoramica
reconstruida em 3D, ininterrupta, para ser implementada como uma nova

ferramenta de ensino na Radiologia Odontoldgica.

Palavras Chaves: Educacdo em Odontologia, Radiografia panoramica, Imagem

Tridimensional, Multimidia
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Introducéo

No processo de aprendizagem, o armazenamento das informagdes
recebidas depende das operacbes mentais realizadas, existindo uma
probabilidade de esquecimento de 75% das informacgdes, ja nas 48 horas
seguintes ao ensinamento recebido (1).

Essa informacé&o, gera preocupacao por parte dos educadores e pode ser
constatada nas Faculdades, uma vez que os estudantes recebem informacdes
tedricas nas disciplinas antes de coloca-las em prética. Nos estudos realizados
por Corton et al. (2006), Jack et al. (2012) e Arya et al. (2013), observou-se que
conhecimentos de Anatomia oferecidos para os alunos do primeiro ano de
Medicina sdo esquecidos no decorrer do tempo. Aproximadamente no terceiro
ano, quando recebem as aulas de Radiologia, aqueles conhecimentos tornaram-
se vagos (2-4).

Essa situacdo € preocupante para o professor de Radiologia, obrigando-o
a procurar novas estratégias que ajudem no fortalecimento do conhecimento de
Anatomia para o entendimento da imagem radiogréfica.

O papel do radiologista como educador é ressaltado pela sua
interdisciplinaridade, o que permite a ele interagir com as diferentes areas da
Odontologia. Fornecendo assim um vasto campo de conhecimentos e uma
generosa quantidade de material, para ministrar aulas atrativas e interessantes
para o estudante, o que propicia melhor entendimento da disciplina (5).

Tradicionalmente, o método socréatico vem sendo aplicado nas disciplinas
de Radiologia Odontolégica, com o acréscimo de apresentacdes feitas em Power
Point® (6). Mas sera que esta metodologia continua sendo apropriada para a
“geragao do milénio”? Geragao essa descrita por Slanetz et al. (2013) como uma
geracao que se caracteriza por ser visual e influenciada pelas novas tecnologias
da comunicacdo da informacdo (TCI). Esta situacdo exige do “professor do
milénio” a aplicacdo de modernas estratégias de ensino e a conformacao de uma
nova linguagem que |he permita interagir com maior eficacia e eficiéncia com o
estudante (7).

A radiografia panoramica é considerada uma ferramenta essencial no
diagnéstico e no planejamento do tratamento Odontoldgico, porque com uma

baixa dose de radiacdo, observa-se o complexo maxilofacial numa imagem uUnica
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e bidimensional. Porém, o grau de distorcdo e magnificacdo das estruturas
dificultam sua interpretacéo (8). Nesse sentido, o professor de Radiologia tem a
responsabilidade de desenvolver no estudante de Odontologia competéncias
para a interpretacdo radiografica, sendo preciso conhecimentos tedricos e
topograficos da anatomia da cabeca e da face, para a compreensdo da
redistribuicdo espacial das estruturas anatomicas nas imagens (9).

Tendo em vista a necessidade de gerar um didlogo mais fluente com os
estudantes, que permita uma maior e mais efetiva compreensao das estruturas
anatdmicas observadas nas radiografias panoramicas. Surgiu a proposta de criar
um aplicativo para o estudo das estruturas anatdbmicas nas radiografias
panoramicas, associando o volume obtido pela tomografia computadorizada de
feixe conico (TCFC). No intuito de facilitar ao estudante, o entendimento da
estruturacdo da imagem e desenvolver suas habilidades espaco-visuais, por meio
de uma imagem panoramica redimensionada. A qual permitira navegar dentro
das estruturas, reconhecer sua configuragdo por meio de cores, apoiando-se
sempre de um didlogo interativo que vai descrever o que estudante esta
observando. Para assim, viabilizar uma maior compreensdo e nao s6 a
memorizacdo da anatomia da imagem.

Desta forma, o objetivo deste estudo, foi criar uma imagem panoramica em

trés dimensoes (3D).

Material e Método

Este estudo foi aprovado pelo Comité de Etica em Pesquisa local, sob o
parecer de numero CAAE - 50963015.6.0000.0020.
Amostra

Utilizou-se um total de 10 pares de imagens (10 panoramicas
convencionas e 10 imagens volumétricas da TCFC, tamanho do fov: 16 cm x 13
cm), sendo cada par de um mesmo individuo (figura 1), todas as imagens
pertencem a um banco de imagens de uma clinica particular de Radiologia

Odontoldgica, localizada na cidade de Curitiba-Pr.
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Fase 1 do processamento da Imagem

Inicialmente, para a criagdo da reconstrugdo panoramica fez-se um
registro ou pareamento das imagens (radiografia panoramica e TCFC do mesmo
paciente), utilizando-se o software livre ImageJ®. Este mesmo tem uma interface
prépria para a analise de imagens e duas ferramentas para realizar o pareamento
ou registro das mesmas, dependendo de pontos selecionados manualmente ou
automaticamente pela presenca de estruturas semelhantes. Mas, nao houve éxito
no registro devido ao grau de distor¢do na correlacao final entre as imagens.

Fase 2 do processamento da Imagem

Apos as dificuldades encontradas no registro com o ImageJ®, utilizou-se o
software livre Invesalius®, o qual permite a reconstrucdo volumétrica a partir de
arquivos DICOM ou renderizacdo 3D da tomografia facial, para a posterior
obtencéo de projecbes de maxima intensidade, para o entendimento do processo
de criacdo das imagens panoramicas a partir de volumes.

Para fazer a correspondéncia das duas imagens adotou-se 0 software
Matlab®, pela funcdo cp2tform, que realiza a interpolacdo polinomial de duas
imagens. Para a realizacdo da interpolacdo polinomial da TCFC 3D e sua
radiografia convencional, foram selecionados 3 pontos como parametros: ponto 1
(espinha nasal posterior), ponto 2 (face distal do incisivo lateral esquerdo), ponto
3 (face distal do incisivo lateral direito). Estes pontos permitiram a criacdo de
planos de orientacao (PO), os quais posteriormente se converteram em planos de
reconstrucao (PR). O primeiro ponto delimita o plano de orientagcdo 1 (PO1), no
final da denticdo; plano de orientacéo 2 (PO2), perpendicular ao PO1, simulando
o plano médio sagital do paciente e os dois pontos restantes conformaram o PR2,
paralelo ao PO1 (figura 2).

Apés divisdo do corte axial pelos planos antes mencionados, se
delimitaram os limites de reconstrugdo, o primeiro plano de reconstrugéo 1 (PR 1)
esta delimitado por PO1 e PR2; o PR2 esta delimitado pelos pontos 2 e 3 e 0

plano de reconstrucéo 3 (PR3), esta delimitado por PO1 e PR2.
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Figura 1- Imagem volumétrica da TCFC e imagem panoramica do mesmo paciente.

Fonte: o autor.

O foco nessas divisbes foi realizar a projecdo 2D do modelo 3D por pré-
selecéo dos 3 planos (PR1, PR2 e PR3) para posterior jungdo, obtendo um “loop”
de verificagcdo por maxima intensidade por varredura intrabucal para extrabucal e
armazenamento de suas coordenadas no espaco 3D, de modo a obter uma
imagem radiografica projetada que relaciona por meio de registro com a

radiografia panoramica original do mesmo paciente.
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Excedente de PR 3 Excedente de PR 1

Excedente de PR 2 PR 2 Excedente de PR 2

PO1 PO1

Figura 2 — llustracdo do processo de obtencdo dos planos de projecdo radiogréfica a

partir de cortes tomograficos. Fonte: o autor.

Resultados

Obteve-se uma reconstrucdo panoramica 3D, constituida por trés planos
de reconstrucdo, que demonstram a redistribuicdo espacial das estruturas
anatdmicas no formato panoramico. Porém, sua configuracdo dificulta o registro
com a panoramica convencional, porque gera distor¢cdo na imagem final, pelo fato
de existir espacos em branco entre os planos e repeticdo dos dentes nas
extremidades dos planos, os quais apresentam diferentes angulagées. (figura 3)

Figura 3- Reconstrucao panoramica a partir dos planos de reconstrugao.

Fonte: o autor.



© 00 N o o b~ NP

W W W wWNRNNDNNNDNDNRNNDNIERERRRR B R B R
W N P O © 0 N O 008 WNERPRO O ®®~NOO O MWN PFL O

Discusséao

Com o0s avancos tecnoldgicos surgiram os novos formatos digitais dos
estudos radiograficos, os quais facilitam o gerenciamento das bases de dados
radiograficos dentro dos sistemas de comunicacdo — pictures archiving and
comunication system, PACS (2). Escolas na Alemanha, Inglaterra, Turquia,
Irlanda, Estados Unidos e Brasil, ttm implementado os PACS nas Escolas de
Medicina para criar ferramentas de ensino de anatomia por meio de radiografias,
observando-se excelentes resultados (4,10). Entretanto a radiografia panoramica
tem sido pouco considerada, no momento de gerar novas ferramentas de estudo,
pelo fato de ser uma ferramenta quase exclusiva para o Cirurgido Dentista.

Nos trabalhos desenvolvidos por Khalil et al. (2005) e Corton et al. (2006)
buscou-se observar a influéncia da implementacéo de ferramentas tecnoldgicas
no processo de ensino-aprendizagem da anatomia, comparando dois grupos de
estudantes: o primeiro usando a metodologia convencional e o segundo usando
um aplicativo para computador. Naqueles estudos, néo foi encontrada diferenca
significativa em relacédo ao processo de retencéo da informacéo (3,11).

Em contrapartida, nos estudos realizados por Cook e Triola (2009),
Ellaway (2014) e Jin et al. (2014) os quais avaliaram a implementagcdo de
pacientes virtuais nas aulas convencionais, concluiu-se que as ferramentas
tecnolégicas permitem a simplificacdo de conteddos complexos, facilitam a
observacéo das estruturas, promovem o raciocinio l6gico na atividade clinica e
geram um maior comprometimento do estudante com o material, por ser mais
atrativo e dindmico (12-14).

Rizzolo et al. (2006) afirmaram que a implementacdo de diferentes
formatos para o ensino de anatomia, assim como o0 uso de ferramentas
tecnologicas como a imagem radiografica, ajudam na fixacdo dos conhecimentos
tornando-se mais efetivos do que os informativos (15). Situacdo que estimula o
“professor do milénio” a buscar ou criar novas estratégias e ferramentas
tecnoldgicas que se adaptem a seus Cursos.

A radiografia panoramica digital vem se implementando nos cursos de
Odontologia. Ela conserva as mesmas caracteristicas do formato analdgico,
mantendo a observacdo do complexo maxilofacial em uma imagem s6, com sua

respectiva redistribuicdo espacial das estruturas em um Unico plano (16). Quando
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se equipara esta imagem com uma fotografia, pode-se entender que por mais
gue seja um conjunto de imagens radiolicidas e radiopacas, nelas existem
detalhes, sombras, pontos ou sinais pictoéricos que permitem compreender que
aguela imagem originou-se de uma estrutura 3D curva (17), elementos que sao
facilmente observados na reconstrucédo panoramica (figura 3).

A TCFC é uma ferramenta de estudo e planejamento cirdrgico, comumente
utilizada pelo Cirurgido-Dentista, nas diferentes especialidades. Fornecendo
maior campo de observacdo, maior precisdo na mensuracdo linear e uma
reconstrucdo volumétrica com menor dose de radiacdo (18). A maioria dos
softwares que trabalha com a TCFC, tem a habilidade de formatar uma
reconstrugcado panoramica a partir da tomografia, mas ela se caracteriza por ser
corte tomografico que vai depender da posicdo do corte e de sua espessura. A
qual perde parcialmente informacfes anatdmicas comparando-a com a
panoramica convencional (19,20). Essa situacdo €é desfavoravel quando o
objetivo é avaliar o complexo maxilofacial. Dificuldade que busca ser resolvida
com esta nova formatacdo da imagem.

Estes estudos radiograficos apresentam vantagens e desvantagens na sua
configuracdo. No intuito de resgatar as melhores qualidades de ambos os
estudos e aproveitar que as duas imagens sao compostas por pixels e voxels que
permitem sua inter-relacdo, objetivou-se criar a panoramica 3D a partir de suea
correlagdo. Como ferramenta didatica, para melhorar a habilidade espaco-visual
do estudante, na avaliagdo da anatomia na radiografia panoramica. Porque esta
vai fornecer os detalhes pictoricos necessarios para ressaltar os detalhes
anatdémicos. Uma vez desenvolvido o aplicativo, o estudante podera navegar
entre as estruturas para sua maior compreensao anatéomica e espacial.

A habilidade espaco-visual foi definida como a habilidade de gerar, manter
e manipular representacoes mentais dos objetos reais (21). Autores como Garg
et al. (2001) e Guillot et al. (2007) descreveram a relacdo existente entre a
habilidade espaco-visual dos estudantes e sua capacidade para a interpretar e
identificar as estruturas anatdmicas nas radiografias (22,23).

Em 2011, Vuchkova et al. (25), partiram das conclustes de Garg et al. e
Guillot et al., e estudaram o potencial das imagens 3D TCFC para desenvolver a
habilidade espaco-visual na interpretacdo de imagens 2D. Observaram que a

utilizacdo das imagens 3D n&do melhorou significativamente o desempenho dos

9
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estudantes, concluiram que tal fato devia-se a uma mindscula relacdo entre a
habilidade espaco-visual e a interpretacdo radiografica. Porém, os autores
verificaram que os resultados também demonstraram que a correta observacéo
da imagem em 3D afetou positivamente o processo de ensino-aprendizagem em
93% (n=55) dos casos e, em 91% (n=54), o processo de interpretacdo da
imagem radiogréfica. Fato que estimula o professor de Radiologia a desenvolver
esta habilidade para atingir as competéncias dos estudantes da Odontologia e
Medicina. Dos estudantes avaliados, 88% (n=52) preferiram a utilizacdo da
imagem 3D, dos quais 84% (n=43) acharam que foi mais facil entender e 70%
(n=36) consideraram mais rapida a interpretacéo (24).

Apéds o analise do estudo anterior, sugere-se que nao foi encontrada uma
diferenca significativa, porque eles utilizaram uma imagem 3D e uma imagem
convencional separadamente. Similar ao que acontece nas aulas tradicionais
com os modelos ou cranios secos. Razdo pela qual esta proposta de imagem
panoramica em 3D, cruzando a imagem volumétrica da TCFC e a panoramica
convencional, ira fazer uma diferenca importante, pois possibilitard a observacao
direta da posicdo relativa das estruturas anatbmicas em uma representacao
pictérica 2D, melhorando a habilidade espaco-visual dos estudantes como
sugeriram Rodt et al. (2002), Nilson et al. (2007) e Luffler et al. (2012) em seus
estudos (17,25,26).

Tem sido relatadas muitas complicagcbes na formatacdo da panoramica
3D. A principal é que a panoramica convencional origina-se a partir de trés eixos
de rotacdo, para dar origem a um corredor focal que se adapte parcialmente ao
arco dentario, explicando o apagamento, magnificacéo e distor¢cdo das estruturas
anatémicas que ficam fora desse corredor. Enquanto que a TCFC se estrutura a
partir de um so eixo de rotagdo, permitindo uma minima distor¢do na formatagéo
da imagem (8,27,28). Para gerar novamente aquela configuragcdo panoramica
seria preciso reproduzir aqueles trés eixos de rotacdo na reconstrucao
volumétrica. Eixos que sdo particulares para cada equipamento, pelo qual se
decidiu realizar o seccionamento da tomografia com os trés planos de
reconstrucao, juncdo dos mesmos e posterior registro com a imagem panoramica
original. Porém, o resultado n&o foi atingido em sua totalidade.

Em virtude de tal fato, sugere-se realizar novamente o processo com 25

pontos, de modo a permitir gerar um arco similar ao arco dentario realizando

10
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assim uma varredura continua, para posterior registro com a panoramica original,
buscando uma minima distor¢cdo e objetivando a criagdo de uma radiografia
panoramica reconstruida em 3D, para sua implementacdo no aplicativo de

ensino-aprendizagem das estruturas anatémicas na Radiologia Odontolégica.

Consideracgéo Final

Trabalhar com a “geragado do milénio”, tal como se apresenta e leva-la a se
interessar pelos conhecimentos que posteriormente necessitara € um grande
desafio. O professor atualmente precisa estar preparado para tal, pelo simples
fato de que a linguagem, ou seja, o primeiro elemento de comunicacéo tem que
ser mudado. Nesse ponto, acredita-se que essa ferramenta venha auxiliar no
desenvolvimento de competéncias interpretativas na Radiologia Odontologica.
Futuros estudos aprimorardo a imagem atual e os testes da ferramenta irdo

demonstrar a sua efetividade no desempenho do processo ensino-aprendizagem.
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Abstract

The new millennium students of Dentistry are demanding to their professors, new
communication strategies, prioritizing this need in teaching of anatomy structures
in panoramic radiographies (PR), it was proposed the creation of an app to
stimulate them and to develop their visual-spatial ability. Based in a revolutionary
tool, that has to be easy to manipulate, attractive and explained in an easy way a
spatial redistribution of the anatomy structures in PR. For that, the objective of this
study was to create a panoramic radiography image in three dimensions (3D).
Were used 10 pair of images, 10 conventional PR and 10 volumetric images from
a Cone Beam Computed Tomography (CBCT), each pair of images from the
same patient. Were used Invesalius® , a free software, to reconstruct the volume
from DICOM images of the CBCT, and Matlab® software, for performing a
polynomial interpolation in the CBCT, by the function cp2tform, and its posterior
correlation with their conventional PR. Reaching a new 3D panoramic format,
sectioned by three reconstruction plans, that was difficult to correlate with their
conventional PR. For that reason it was suggested to restart the process with a
new polynomial equation that will allow a continue projection of the scanning, for
minimum distortion and generating a reconstructed 3D panoramic continued. That

will be used like a new tool for teaching in Dental Radiology.

Key words: Education in Dentistry, Panoramic Radiography, Tridimensional

iImages, Multimedia.
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Introduction

The information acquired during the process of teaching and learning
depends on mental operations. Most people lose 75% of the information in just 48
hours after receiving it (1). This process can be verified in all Faculties and it is a
fact that worries many teachers because students forget the knowledge acquired
by the moment they need put them into practice. As evidenced in studies of
Corton et al. (2006), Jack et al. (2012) and Arya et al. (2013), they observed that
knowledge of Anatomy that received the first year students had been forgotten
with the passage of time. In approximately the third year of the carrier, when they
need it in the Radiology practice, those knowledges became vague (2-4).This led
the professors of Radiology to search for new strategies to secure better
knowledge of Anatomy, specifically in radiographic images.

Thanks to its interdisciplinary understanding, the role of Radiologists as
teachers has many advantages because they can interact in different areas of
Dentistry, providing them a vast field of knowledge and a generous amount of
practical material for attractive and interesting classes, and providing a better
understanding of the discipline for the student (5).

Traditionally the Socratic method had been applied in the discipline of
Radiology by the students of Dentistry through the addition of Power Point® slides
(6).However, is this Methodology still appropriate for the “millennial generation”?.
Generation explained for Slanetz et al. (2013), like “digital native” totally
influenced by the new telecommunication information technologies and tend to be
visual learners. Forcing the “millennial teacher” to use moderns’ strategies and
new methods of communication with their students to interact with more
effectiveness and efficiency with them (7).

A panoramic radiograph (PR) is an essential tool in diagnosing and
planning treatment in Dentistry. Since with a small amount of radiation you can
see the maxillofacial region in one single and unique two-dimensional (2D)
image, although the distortion and significant magnification of anatomic structures
make them difficult to be interpreted (8). For that reason, Professor of Radiology
has the responsibility for developing the competence for the interpretation of the

image in the students of Dentistry, by offering precise theories and topographic
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knowledge of the face and the head anatomy, aiming to understand the spatial
redistribution of anatomical structures in the PR (9).

Given the need to generate a more fluid dialogue with the millennial
students, for even better and more effective understanding of the anatomical
structures observed in PR, the creation of an app was proposed to teach these
anatomical structures associated with volumetric images of Cone Beam
Computed Tomography (CBCT), in order to facilitate the correct understanding of
the image structure and the development of spatial visual ability of students in a
resized panoramic view. all this with the possibility to navigate in the interior of the
anatomy structures, allowing a greater understanding and not only memorization
of the anatomy of the image.

In this sense, the objective of this study was to create a three-dimensional

(3D) panoramic image.

Material and Methods

This study was approved for a local Research Ethic Committee under the
number CAAE - 50963015.6.0000.0020.
Sample:

10 pairs of images (10 digital PR and 10 volumetric images of CBCT, fov
size: 16 cm x 13 cm) were used for this study, each pair from the same patient
(figure 1), for correlation between each pair of images. Those images are from a
data base from a private Radiology Clinic of Dentistry in the city of Curitiba-Pr.
Phase 1 of Images processing
In the first phase, a registration or paring of images (RP and volumetric CBCT of
the same patient) were done for a panoramic reconstruction, using an ImageJ®, a
free software that has its own interface for analyzing images and two different
tools to registrate or paring of the images. It could be made by different points:
manually selection or automatically correlation by the same structures in both
images. However, there was not success in the final recording because it had an

important distortion in the final image.
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Figure 1- Volumetric image of CBCT and conventional panoramic#radiography

from the same patient.

Phase 2 of Image Processing

After difficulties with the registration using ImageJ®, Invesalius® was used,
which is a free software to do a volumetric reconstruction from DICOM images or
3D renderization of the patient, to subsequently obtain maximum intensity
projections, to understand the PR reconstruction process starting from the
volume.

For both images correlation, Matlab® software was used, by the function
cp2tform. A polynomial interpolation of both images can be done with this
software. For the polynomial interpolation of volume of CBCT, 3 parameter points
were selected: point 1 (posterior nasal spine), point 2 (distal face of left lateral
incisor) and point 3 (distal face of right lateral incisor). Each point let created
guidance planes (PO), than later would be reconstruction planes (PR). The first
point was used to limit the guidance plane 1 (PO1), in the final dentition arc. The
guidance plane 2 (PO2) is perpendicular to PO1 simulating the patient's sagittal
mean plane and the last plane created by PO2 and PO3, created PR2, which is
parallel to PO1 (figure 2).
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After axial cut division by several PO mentioned before, the PR were
delimited: the first one (PR1) was delimitated by PO1 and PR2, the second one
(PR2,) was delimitated by points 2 and 3. The last one, (PR3), was delimitated by
PO1 and PR2.

Excedente de PR 3 Excedente de PR 1

PO 2

Excedente de PR 2 W X Excedente de PR 2
A1 B4 )

d
SR 3 PRI
i
4‘

[

“J dynn ..‘.
2

PO1 PO1

Figure 2- Axial cut of CBCT Iillustrating the preselected points, the

guidance planes and the reconstruction planes.

The main of these divisions to obtain a 2D projected radipgraphie from a
3D model was created by preselected plans (PR1, PR2 and PR3) for final junction
of those three plans, having a “loop” of verification by highest intensity by intraoral
for extrabuccal sweep. This allows to archive spatial coordinates and to obtain a
projected 3D panoramic radiograph image that would be related by registration

process with the original PR of the same patient.

Results

There was a 3D reconstructed panoramic radiograph made by three
different reconstructed planes that presented anatomical redistribution in the
space of the panoramic format. However their constitution did not allow
registration with their original patient PR because of the black spaces between the
planes and the deferent angulation of the same teeth on the edge of the planes
that prohibited their junction (figure 3).
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Figure-3 Reconstructed 3D panoramic radiography divided by three different

planes.

Discussion

Thanks to the advancement of technology, formats of radiologic studies
have appeared, which facilitate the process of archiving and managing the data
base of pictures archiving and communication system (PACS) (2). Schools in
Germany, England, Turkey, Ireland, USA an Brazil had implemented the PACS in
the Medicine Schools to create several tools for anatomy’s teaching by
radiographies, observing excellent results (4,10).

Khalil et al. (2005) and Corton et al. (2006) studied the influence of
technological tools in the teaching and learning process of anatomy, comparing
two different groups of students: the first one which used a conventional
methodology, and the second one which used a computer app. They showed that
there wasn’t a significant difference between both groups in relation to the
retention of the information process (3, 11). In contrast, studies of Cook and Triola
(2009), Ellaway (2014) and Jin et al. (2014) concluded that technological tools
help, simplifying complex content, simplifying the assessment of anatomical
structures, promoting the logical reasoning in the clinical practice and generating
more commitment from the student with the class material, because it is more
friendly and dynamic (12-14).

Rizzolo et al. (2006) affirmed that the implementation of different strategies
in the anatomy teaching benefits the fixing of the knowledge, becoming more
effective than the informative ones (15).

This would force A digital PR was implemented in the Dentistry curse and it

conserved the characteristics of analog format to preserve the maxillofacial
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complex in one and unique image, with the same spatial distribution of anatomical
structures in one unique plan (16). When they are related with a photography, it
could be understood that the radiolucents and radiopaques images had the same
details, shadows and pictorial signs that permitted their 3D curve structure origin
(17), real important elements to easily observation of PR conformation (figure
3).the millennial teachers to search or create new strategies and technological
tools for the millennial learners.

The CBCT is an important study tool in the dentistry surgical planning and
other specialties, bringing more camp of vision, precise linear measurement and
volume reconstruction with low radiation dose (18). The majority of CBCT
software formatted a panoramic view, but it principal characteristic is being slice of
tomography that depend of the position and thickness cut losing part of the
anatomic information, if it is compared with conventional PR (19,20). Unfavorable
situation when the objective is asses a maxillofacial complex. Difficulty that try to
be solved que this new proposal.

Both radiography studies had their advantages and disadvantages. Trying
to rescue their best qualities, taking advantage of the fact that both images are
composed by pixels and voxels that allow their interrelationship, by the degree of
the highest intensity pixel and being of the same patient. Aim was to create 3D
panoramic for a didactic tool, for increase the visual-spatial ability of the student
for the better assessment of PR. Because this new format is offering the
necessary pictorial signs, that a student need to recognize the deferent structures
and once the app is functioning with this image, the millennia learners could travel
inside the maxillofacial complex for a better spatial comprehension.

The visual-spatial ability was defined as the ability to generate, maintain
and manipulate mental representations of real objects (21). Authors like Garg et
al. (2001) and Guillot et al. (2007) described the relationship existing between the
student visual-spatial ability and their capacity to identify the anatomical structures
in radiography images (22,23).

In 2011, Vuchkova et al. (25), based in Garg et al. and Guillot et al.
conclusions, studied the 3D CBCT image value to develop the interpretative ability
in 2D images. They observed that the utilization of 3D images did not increase in
a significant way the student performance. Justifying the fact, affirming that exist a

minimum relationship between a visual -—spatial ability and radiography
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interpretation. However, their results demonstrated that the correct observation of
3D images affected in a positively way the teaching and learning process in 93%
of the cases and the radiographic interpretation process in 91% of the cases.
Facts that stimulate the Radiology teacher to develop this ability to reach the
competence in Dentistry or Medicine student. 88% of the student assessed, they
preferred use 3D images, 84% of them found it easier to understand and 70% of
the same group considered faster to interpret (24).

After having analyzed the previous study, no significant differences were
found due to the fact that 2D and 3D images had been used separately, which
is similar to the the mehod used with models or dry skulls given in conventional
classes. For this reason, the proposal to join together both images becoming a 3D
panoramic image would come out as an important difference. This is because
it allows for observing the relative position of the anatomic structures in the
original 2D image, which increases the visual-spatial ability, as suggested by Rodt
et al. (2002), Nilson et al. (2007) and Luffler et al. (2012), in their studies
(17,25,26).

Several difficulties had been reported in the formatting process of the panoramic
in 3D. The principal difficulty is the fact that the conventional PR acquisition origin
is from three rotation axes, to create a focal truogh adapted to the dental arc.
Explaining the deletion, magnification and distortion of the anatomical structures
that are outside this focal trough. In a different way, the CBCT structure their
image from one rotation axe, allowing a better projection of the image without
distortion of it (8,27,28). To generate the same panoramic distribution it would be
necessary to reproduce the ortophantomographic process in the volumetric
image, reproduce the three axes in the same position and this information is
particular and secret for each equipment. For that reason, sectioning the CBCT in
three plans was decided for later junction of them and for last a registration with
the original PR. However, the final objective was notenterely achieved.

Restarting the processing image with 25 point in the space is suggested to
generate continues arc that will be an uninterrupted projection plan.lt will be
registered with the original PR with less distortion that could be implemented in
the final app. This will create an innovative tool for the teaching and learning

process of anatomy structures in Radiology for Dentistry.
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Final Consideration

Working with the “millennia generation”, the way they are presented and make

that they are interested in the knowledge they will need in the future is a big

challenge for the millennial teachers, who have to prepare for the simple fact that

the way to communicate with students is changing. In this regard, we believe that

this new tool came to help develop interpretative skills in the new era of dental

radiology. In future studies, these 3D images will be improved and tested to

demonstrate its effectiveness in the teaching and learning process.
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Normas para publicacao

RADIOLOGY

Original investigations, preliminary investigations, and technical reports should contain
discrete Introduction, Materials and Methods, Results, and Discussion sections and should not exceed
15 manuscript pages (excluding references, tables, and figure legends). The journal permits flexibility in the
format of all other sections.Rapid Communications are shorter than Original Investigations and are timely and
describe new techniques or observations that have the potential of having a major impact on the science of
biomedical imaging. Authors must select "Rapid Communication" as the Article Type at time of submission via
the Elsevier Editorial System. Only manuscripts with little to no revisions qualify for this submission type.
Manuscripts not accepted as Rapid Communications can be expanded and re-submitted as regular Original
Investigations. Rapid Communication submissions require the following manuscript format:
1. A limit of 4000 words, including the Abstract, Introduction, Material and Methods, Results, Discussion,
Conclusion, and figure legends; 20 references; and 4 tables or figures.
2. All manuscript text and tables should be Word format.
3. Rapid Communication manuscripts must also be submitted with a concise summary page succinctly
describing the type and novelty of the contribution and comparison to existing state-of-the-art techniques or
observations. This summary page is not included in the word count.

Subdivision - unnumbered sections
Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply ‘the text'

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or
a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published should be indicated

by a reference: only relevant modifications should be described.
Results

Results should be clear and concise.
Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results and
Discussion section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone
or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq.
(B.1) and so on. Similarly for tables and figures: Table A1, Fig. A.l, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations
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and formulae where possible.
* Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each
author and check that all names are accurately spelled. Present the authors' affiliation addresses (where the
actual work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address of each author.
* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication. Ensure that the e-mail address is given and that contact details are
kept up to date by the corresponding author.
* Present/permanent address. If an author has moved since the work described in the article was done, or
was visiting at the time, a 'Present address' (or '‘Permanent address') may be indicated as a footnote to that
author's name. The address at which the author actually did the work must be retained as the main, affiliation
address. Superscript Arabic numerals are used for such footnotes.

Structured abstract

A structured abstract, by means of appropriate headings, should provide the context or background for the
research and should state its purpose, basic procedures (selection of study subjects or laboratory animals,
observational and analytical methods), main findings (giving specific effect sizes and their statistical
significance, if possible), and principal conclusions. It should emphasize new and important aspects of the
study or observations.

Original investigations, preliminary investigations, and technical reports require a structured abstract as the
second page of the manuscript. The abstract (of no more than 250 words) should be organized into four
separate paragraphs titled Rationale and Objectives, Materials and Methods, Results, and Conclusion.
Three to five Keywords that are suitable for indexing the manuscript should follow.

Abbreviations

Please submit a list of abbreviations used in your article, to appear in a callout box alongside the text. All
abbreviations and acronyms must be defined at first mention in the text and should be used a minimum of
three times throughout the article text. Write out the full term for each abbreviation, followed by its definition in
parentheses. Abbreviations appearing in figures and in table text should be defined in their respective figure
captions and table footnotes in alphabetical order.

Acknowledgements

Acknowledgments are to be uploaded as a separate submission item that will not be seen by the reviewers.
Do not include them on the title page, as a footnote to the title or otherwise in the text. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or proof
reading the article, etc.).

Drug Names/Instrumentation Names
Scientific (generic) names of drugs should be used when first cited, followed by (in parentheses) the trade
(proprietary) name and the manufacturer and location (city/state/country) of the product. In subsequent
mention in the article, the generic name should be used. Names of instruments should be followed by the
manufacturer's name and location (city/state/country) in parentheses). In subsequent mention, only the name
of the instrument should be used. In subsequent mention in the article, the generic name should be used.
Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill &
Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant
number aaaa).
It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research institution,
submit the name of the institute or organization that provided the  funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.
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Units

Follow internationally accepted rules and conventions: use the international system of units (Sl). If other units
are mentioned, please give their equivalent in Sl

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with normal
text where possible and use the solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In
principle, variables are to be presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the text (if referred to explicitly
in the text).

Embedded math equations

If you are submitting an article prepared with Microsoft Word containing embedded math equations then
please read this (related support information).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate the
position of footnotes in the text and list the footnotes themselves separately at the end of the article. Do not

include footnotes in the Reference list.
Artwork

Electronic artwork
General points

* Make sure you use uniform lettering and sizing of your original artwork.
* Preferred fonts: Arial (or Helvetica)), Times New Roman (or Times), Symbol, Courier.
. Number the illustrations according to their sequence in the text.
. Use a logical naming convention for your artwork files.
. Indicate per  figure if it is a single, 1.5 or  2-column fitting image.
» For Word submissions only, you may still provide figures and their captions, and tables within a single file at

the revision stage.
* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert the
images to one of the following formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):
EPS: Vector drawings. Embed the font or save the text as ‘graphics'.
TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.
Please do not:
» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
. Supply files that are too low in resolution.
. Submit graphics that are disproportionately large for the content
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF or EPS files) and with the correct
resolution. If, together with your accepted article, you submit usable color figures then Elsevier will ensure, at
no additional charge, that these figures will appear in color on the Web (e.g., ScienceDirect and other sites)
regardless of whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier after receipt of
your accepted article. Please indicate your preference for color: in print or on the Web only. For further
information on the preparation of electronic artwork, please
see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to 'gray scale' (for
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the printed version should you not opt for color in print) please be prepared to submit in addition usable black
and white versions of all the color illustrations, should your manuscript be accepted for publication.

Illustration services

Elsevier's WebShop offers lIllustration Services to authors preparing to submit a manuscript but concerned
about the quality of the images accompanying their article. Elsevier's expert illustrators can produce scientific,
technical and medical-style images, as well as a full range of charts, tables and graphs. Image 'polishing' is
also available, where our illustrators take your image(s) and improve them to a professional standard. Please
visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A caption
should comprise a brief title (not on the figure itself) and a description of the illustration. Keep text in the
themselves to a minimum but explain all symbols and abbreviations used.

Text graphics

Text graphics may be embedded in the text at the appropriate position. If you are working with LaTeX and
have such features embedded in the text, these can be left. See further under Electronic artwork.

Tables

Tables should be submitted in Word in separate files from the manuscript file. Tables submitted in .tif,
.jpeg, .bmp, .pdf, or PowerPoint format are unacceptable for publication. Tables must be numbered and
cited in the text in numerical order. Table titles should be placed above each of their respective tables. Please
use *, , , etc., in the table text to indicate the corresponding table footnotes below the table. Each table
should be typed on its own separate page. Previously published tables must be accompanied by written
permission to reprint from the publisher and authors, with sources cited in the text.
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Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any
references cited in the abstract must be given in full. Unpublished results and personal communications are
not recommended in the reference list, but may be mentioned in the text. Citation of a reference as 'in press'
implies that the item has been accepted for publication.
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Increased discoverability of research and high quality peer review are ensured by online links to the sources
cited. In order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and
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VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the
Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
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This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your
text and including a data reference in your Reference List. Data references should include the following
elements: author name(s), dataset title, data repository, version (where available), year, and global persistent
identifier. Add [dataset] immediately before the reference so we can properly identify it as a data reference.
The [dataset] identifier will not appear in your published article.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style or
format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter
title/article title, year of publication, volume number/book chapter and the pagination must be present. Use of
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Journal abbreviations source

Journal names should be abbreviated according to thelList of Title Word Abbreviations.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish videos, supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is directly
usable, please provide the data in one of our recommended file formats. Authors should submit the material
in electronic format together with the article and supply a concise and descriptive caption for each file. For
more detailed instructions please visit our artwork instruction pages
at http://www.elsevier.com/artworkinstructions.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on ScienceDirect.
This gives authors the opportunity to summarize their research in their own words and to help readers
understand what the paper is about. More information and examples are available. Authors of this journal will
automatically receive an invitation e-mail to create an AudioSlides presentation after acceptance of their
paper.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing annotation
and correction of proofs online. The environment is similar to MS Word: in addition to editing text, you can
also comment on figures/tables and answer questions from the Copy Editor. Web-based proofing provides a
faster and less error-prone process by allowing you to directly type your corrections, eliminating the potential
introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for
proofing will be given in the e-mail we send to authors, including alternative methods to the online version and
PDF.

We will do everything possible to get your article published quickly and accurately. Please use this proof only
for checking the typesetting, editing, completeness and correctness of the text, tables and figures. Significant
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changes to the article as accepted for publication will only be considered at this stage with permission from
the Editor. It is important to ensure that all corrections are sent back to us in one communication. Please
check carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility.
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