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RESUMO

Pinto, Rafael Rocha. Acurdcia de mensuracoes lineares realizadas por ortodontistas em
modelos digitais com condigoes clinicas simuladas: estudo transversal. Rio de Janeiro. 2021.
Dissertagdo (Mestrado Profissional em Clinica Odontoldgica) — Programa de Pos-Graduagao
em Clinica Odontoldgica, Faculdade de Odontologia da Universidade Federal do Rio de
Janeiro.

A tecnologia vem ganhando espaco de maneira acelerada em todas as areas do conhecimento,
nao sendo diferente na Odontologia. Na Ortodontia, o correto planejamento exige a utilizagao
de exames complementares, como radiografias, fotografias intra e extraorais, tragados
cefalométricos e modelos das arcadas dentarias. Tradicionalmente, os modelos sé&o
confeccionados em gesso e obtidos através de uma moldagem com alginato de toda a arcada do
paciente. Contudo, a substitui¢do de modelos em gesso por modelos digitais ¢ uma realidade na
Odontologia contemporanea, especialmente por possuir vantagens como facilidade de acesso,
armazenamento e transferéncia, ¢ precisdo da captura de imagens técnicas. Trata-se de um
estudo observacional transversal, que avaliou a acuracia de mensuracdes lineares, realizadas
por ortodontistas, em modelos digitais obtidos por meio de escaneamento direito e imagens de
tomografia computadorizada de feixe conico (TCFC). Alteragdes clinicas simuladas, com a
presenca de objetos metalicos, foram realizadas para verificar uma possivel interferéncia nas
mensuragoes e, além disso, foi testada a eficacia da ferramenta de reducéo de artefatos metalicos
(RAM), presente no exame de TCFC. A amostra foi composta por 15 ortodontistas que atuaram
como examinadores do estudo, sendo responsaveis pela realizacdo das mensuracdes nos
modelos. Dois cranios secos, com os dentes integros, foram utilizados para obtencdo dos
modelos digitais. Foram utilizados o teste t pareado, para a analise comparativa das
mensuragOes entre examinadores e padréo-ouro, assim como para correlacdo intraclasse, e o
Modelo de Equacdes de Estimativas Generalizada (Modelo GEE) para verificar se a experiéncia
dos examinadores e uso rotineiro dos modelos digitais interferia na acurdcia das mensuragdes.
Os dados obtidos foram tabulados e analisados utilizando o programa SPSS, com o nivel de
significancia 5%. Os ortodontistas apresentaram alta correlacdo intra-examinador para
praticamente todas as varidveis testadas (média de 0,88), exceto nos parametros “distancias
intermolares” (média de 0,37) e “discrepancia de Bolton” (média de 0,31). Quando as
mensuragbes foram comparadas com o padrdo-ouro, os valores encontrados pelos
examinadores diferiram estatisticamente em todos os parametros testados, em pelo menos um
dos modelos obtidos, porém essas diferencas ndo apresentaram relevancia clinica. Nos quesitos
tempo de experiéncia e uso rotineiro de modelos digitais, 0s grupos estudados néo apresentaram
diferencas na maioria dos parametros avaliados. Além disso, ndo foram encontradas diferencas
nas mensuragdes realizadas em modelos com metal, com e sem a utilizacdo da ferramenta
RAM. Conclui-se que os ortodontistas sdo capazes de realizar mensuragdes acuradas em
modelos digitais, independente da pratica rotineira com essa tecnologia, e 0 tempo de
experiéncia na especialidade favorece a realizacdo de mensuragdes mais precisas. As alteracdes
clinicas simuladas com a presenca de objetos metalicos, ndo prejudicaram a analise acurada dos
modelos. No entanto, a ferramenta RAM né&o facilitou a realizacdo das mensuragdes nos
modelos extraidos da TCFC que possuiam objetos metéalicos.

Palavras-chave: Modelos Dentarios; Modelos Digitais; Tomografia Computadorizada de
Feixe Cdnico; Ortodontia; Artefatos.



ABSTRACT

Pinto, Rafael Rocha. Accuracy of linear measurements performed by orthodontists on digital
models with simulated clinical conditions: a cross-sectional study. Rio de Janeiro. 2021.
Dissertation (Professional Master’s in Dental Clinic) — Post Graduate Program of the School of
Dentistry of the Federal University of Rio de Janeiro.

Technology has been gaining ground in an accelerated way in all areas of knowledge, being no
different in Dentistry. In Orthodontics, correct planning requires the use of complementary
exams such as radiographs, intra and extraoral photographs, cephalometric tracings, and dental
arch models. Traditionally, the models are made in plaster and escape through the molding with
alginate of all the patient's arch. However, the replacement of plaster models by digital models
is a reality in contemporary Dentistry, especially for having advantages such as ease of access,
storage and transfer, and precision in capturing technical images. This is a cross-sectional
observational study, which evaluated the accuracy of linear measurements performed by
orthodontists, in digital models used through straight scanning and cone beam computed
tomography (CBCT) images. Simulated clinical alterations, with the presence of metallic
objects, were carried out to verify a possible interference in the measurements and, in addition,
the metallic artifact reduction tool (MAR), present in the CBCT exam, was tested. The sample
consisted of 15 orthodontists who acted as examiners for the study, being performed by carrying
out measurements in the models. Two dry skulls, with intact teeth, were used to obtain the
digital models. The paired t-test was used for a comparative analysis of measurements between
examiners and the gold standard, as well as for intraclass correlation, and the Generalized
Estimating Equation Model (GEE Model) to verify whether the experience of examinations and
routine use of digital models interfered with the accuracy of the measurements. The data
gathered were tabulated and the SPSS program used throughout with a 5% significance level.
The independent orthodontists had high intra-examiner correlation for practically all variables
tested (mean of 0.88), except for the parameters "intermolar distances” (mean of 0.37) and
"Bolton discrepancy” (mean of 0.31). When the measurements were compared with the gold
standard, the values found by the examiners differed statistically in all tested parameters, in at
least one of the required models, but these differences did not parallel clinically. In terms of
experience time (years) and routine use of digital models, the studied groups did not differ in
most of the parameters adopted. Furthermore, no differences were found in the measurements
performed on metal models, with and without the use of the MAR tool. It is concluded that
orthodontists can perform accurate measurements on digital models, regardless of their routine
practice with this technology, and the length of experience in the specialty favors the
performance of more accurate measurements. The clinical changes simulated with the presence
of metallic objects did not affect the accurate analysis of the models. However, a MAR tool did
not facilitate the performance of measurements in models extracted from CBCT that had
metallic objects.

Keywords: Dental models; Digital Models; Cone-Beam Computed Tomography;
Orthodontics; Artifacts.



LISTA DE FIGURAS

Figura 1. Cranios secos posicionados no tomégrafo com as linhas de referéncia desenhadas nos

dentes para obtencado das imagens simuladas em oclusao (A e B) e boca semiaberta (C)........... 51

Quadro 1. Descrigao dos protocolos obtidos, € dos modelos gerados, em cada uma das fases do

estudo, antes da realizacao do eStudo PIlOtO......c..eeereviieiiieeiieeeeee e 53

Quadro 2. Descri¢ao dos protocolos obtidos, e dos modelos utilizados, apds a realizacao do

ESTUAO PILOTO. ..o eeiiieeiiie ettt e e e e et e e e beeesaaeeesssaeesseessseeessseeessseeensseeans 54

Figura 2. Representacdo das mensuragdes realizadas nos modelos digitais utilizando o software
3Shape 3D Viewer. Distancia inter-caninos e inter-molares no modelo superior (A); Distancia
inter-caninos e inter-molares no modelo inferior (B); Espaco avaliado (C); Espago requerido

(D); Overjet (E); OVErbite (F).....coouieiiiiiiiiieieeeeeee ettt 55

Figura 3. Mensuragdes realizadas nos dentes com paquimetro digital para estabelecimento do

PAATAO-OULO. ..cc.evieeeiiieeeiteeeeeiiee ettt e ettt e e tteeeteeeeteeesssaeessseeenssaeesseeansseeensseeensseessseesnsseessseeennnseeans 56



LISTA DE ABREVIATURAS

3D — Tridimensional

TC — Tomografia Computadorizada

2D — Bidimensional

TCFC — Tomografia Computadorizada de Feixe Conico
TCMD - Tomografia Computadorizada de Multidetectores
RAM — Reducdo de Artefatos Metéalicos

CBCT — Cone Beam Computed Tomography

MAR — Metal Artifact Reduction

FOV — Field of View

kV — Kilovoltage

mA — Miliamperage

DICOM - Digital Imaging and Communications in Medicine
IOS — Intraoral Scanner

STL - Stereolithography

TCLE — Termo de Consentimento Livre e Esclarecido



SUMARIO

INEEOAUGAO. ..ottt e et e e et e e e et e e e e eeaaee e e eeataeeeeearaeeaeanns 11
DESENVOIVIMENTO. ...ttt ettt ettt ee et e be e st e bee st e ebeeeneeas 16
2.1 Artigo: Are orthodontists able to perform accurate measurements on digital models
with simulated clinical conditions? A cross-sectional study.................ccccoeeinnn.n 16

2.2 E-book: Guia Pritico — Obtencdo de Modelo Digital a partir de Tomografia

Computadorizada de Feixe CONICO......cccuiriieiiieriiiiiieiie ettt 42
CONCIUSILS. ...ttt ettt ettt et e st e et e e bt esbtesabeesbeeenbeeneeenseens 43
ConsSideracOes FINQIS...........cociuiiiiiiiiie ettt e e eare e e eeaaeaeeeas 44
RETRIENICIAS. ¢ttt ettt ettt et e st be e e e e e 46
APEINAICES. ..o ieieeeiiieeeee ettt ettt e et e et e e e b e e e ba e e s ta e e e baeeaabae e rbaeenaaaeetraeenraeeannes 48
Apéndice 1. Metodologia Estendida...........ccceerieiiiiiiiiiiiiiiieeceeeeee e 48

Apéndice 2. Video elaborado para instrugdo e treinamento dos examinadores do
ESTUAO. .. 59

Apéndice 3. Material instrucional elaborado para o treinamento dos examinadores do

ESTUAO . 1ttt ettt et e annnanannntnnenn et nnnnnnnnnnnnnnnnnnnnnnnnnn 60
AAIEXOS. ..ottt ettt e e e e ettt e e e e e ettt b ——————aet e ettt ———————atttttr———————taras 61
Anexo 1. Parecer do CEP/HUCEFEF/UFRU...... oot 61

Anexo 2. STROBE Statement—Checklist of items that should be included in reports of

CPOSS-SECHONAL STUATES . ... oo e, 62


https://1drv.ms/b/s!Aqv9StgbE1vBx1FPp6PeYxtyjBAe?e=esyr1d
https://1drv.ms/b/s!Aqv9StgbE1vBx1FPp6PeYxtyjBAe?e=esyr1d

11

1. INTRODUCAO

A tecnologia tem evoluido rapidamente nos ultimos anos e estd presente em
praticamente todos os setores, fazendo parte do dia a dia das pessoas. A tendéncia € que
ela se expanda cada vez mais e de maneira acelerada, nao sendo diferente na Odontologia.
Materiais mais modernos e resistentes, biomateriais de alta tecnologia, e equipamentos
que aumentam a qualidade no atendimento e na performance do cirurgido-dentista, ja
fazem parte do momento atual da profissao, permitindo procedimentos clinicos mais
rapidos e previsiveis, causando menos desconforto ao paciente e maior previsibilidade
dos tratamentos.

Na ortodontia, para estabelecer o correto plano de tratamento, sao necessarios
exames complementares como as radiografias, fotografias intra e extraorais, tragados
cefalométricos e modelos das arcadas dentdrias, que atualmente podem ser de gesso,
prototipados ou digitais. (1) Os modelos das arcadas do paciente sdo fundamentais para
realizacdo do diagnostico e planejamento do tratamento, pois permitem documentar a
oclusado inicial, e os resultados obtidos com a terapia proposta. (1) Valiosas informagoes
s3o obtidas a partir da analise dos modelos, como simetria do arco dentario, analise do
espago presente e tamanho dos dentes. (2, 3)

Tradicionalmente, os modelos sdo confeccionados em gesso e obtidos através de
uma moldagem com alginato de toda a arcada do paciente. No entanto, analises
convencionais de modelos em gesso possuem desvantagens, pois eles podem ser perdidos
e fraturados, além de apresentarem certo grau de degradacdo com o tempo. (2) Embora
medidas dentarias em modelos de gesso, obtidas por paquimetro, sejam demoradas e

propensas a erros, devido a variagdes anatdmicas, fatores individuais ou mau
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posicionamento e inclinagdo dos dentes, elas tém sido a forma mais comum de anélise
nos ultimos anos. (2, 4)

A substituicdo de modelos de estudo confeccionados em gesso por modelos
virtuais ¢ uma realidade na Odontologia contemporanea, especialmente por possuir varias
vantagens, como facilidade armazenamento e transferéncia, e a precisdo da captura de
imagens técnicas. (2, 5) Além disso, modelos confecionados digitalmente nao estdao
sujeitos as fraturas e/ou degradagdo com o passar do tempo, permitem acessibilidade
instantanea de informagdes tridimensionais (3D), possibilitam diagndsticos precisos e
rapidos de varios padrdes de ma-oclusdo, fornecem imagens virtuais que podem ser
transferidas para qualquer lugar no mundo para consulta instantnea e facilitam a anélise
objetiva para classificacdo do modelo. (1, 6)

Os modelos digitais podem ser obtidos a partir de escaneamento direto, indireto
ou por meio de imagens de tomografia computadorizada (TC). O escaneamento direto ¢
realizado com uso de scanners intraorais, diretamente no paciente, enquanto o indireto
requer o escaneamento dos modelos fisicos ou moldagens, o que aumentaria o tempo de
trabalho e ndo eliminaria a etapa de moldagem, muitas vezes desconfortavel ao paciente
(1). Os modelos obtidos a partir de imagens de TC exigem um exame tomografico prévio,
que deve estar aliado aos critérios fundamentais para indicagdo de exames tomograficos
em Odontologia (7), o que muitas vezes ¢ uma limitagdo pois a realizagdo da tomografia
pode ndo estar inserida como um dos exames complementares para elaboragao do plano
de tratamento.

O uso de imagens bidimensionais (2D) em ortodontia tem sido dominante por
muitos anos, no entanto, a falta da terceira dimensao pode resultar na perda de algumas
informagdes importantes, geralmente necessarias para fazer um diagnostico e formular

um plano de tratamento. O exame de TC ¢ capaz de demonstrar a terceira dimensdo
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capturando os dados em uma multiplicidade de detectores sensiveis (8) e, além disso,
possibilitando a geracdo dos modelos virtuais.

A tomografia computadorizada de feixe conico (TCFC), desde a década de 90,
esta presente na Odontologia e passou a permitir diagnodsticos e planejamentos mais
precisos. (9, 10) A TCFC produz imagens de boa qualidade com menor exposi¢do a
radiacdo, quando comparada a Tomografia Computadorizada de Multidetectores
(TCMD). (11) Tanto as aplicagdes da TCFC dentro da Odontologia, como suas vantagens
para as especialidades contemporaneas, vém sendo discutidas ao longo dos anos, assim
como as diretrizes para indicacdo e seu uso consciente. (11-14) Esse exame vem sendo
cada vez mais solicitado para procedimentos em implantodontia, cirurgia
bucomaxilofacial, periodontia, endodontia e a ortodontia. (15) Esta modalidade de exame
fornece diversas vantagens para a avaliagdo da regido bucomaxilofacial, como a avalia¢do
tridimensional das estruturas, maior acuracia, auséncia de distor¢cdes e sobreposigdes.
Contudo, uma limitagdo importante relaciona-se a possibilidade de geracdo de artefatos
nas imagens, que sdo imperfei¢cdes relacionadas a presenca de metais na cavidade bucal,
que no caso dos dentes, sdo oriundos de restauragdes metalicas, como o amalgama,
materiais obturadores dos canais radiculares, implantes e aparelhos ortodonticos fixos.
(16, 17)

Tais artefatos apresentam-se como listras ou zonas escuras que afetam a qualidade
da imagem de modo geral, podendo ocorrer por diversos efeitos. (19-21) O
endurecimento do feixe é o artefato mais comumente observado na TCFC, resultado da
absor¢do substancial dos fotons de menor energia no feixe de raios X ao atravessar o
objeto estudado. (18) Quanto mais denso e maior o nimero atomico do material que
compde o objeto, maior serd a quantidade de feixes de raios X absorvidos. (19) Os

artefatos gerados pelo endurecimento do feixe sdo vistos como faixas escuras adjacentes
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as estruturas de alta densidade e podem mimetizar algumas alteragdes, como por exemplo
tragos de fraturas radiculares (20), além disso, podem prejudicar a interpretacao das
imagens e provavelmente interferir nas mensuragoes. (21)

Alguns métodos foram desenvolvidos para tentar reduzir o efeito prejudicial dos
artefatos metalicos e melhorar a qualidade das imagens tomograficas, aprimorando a
reconstru¢do das mesmas. A ferramenta de redugao de artefatos metalicos (RAM), ocorre
por um processo denominado interpolarizacao. (24, 25) Esta ferramenta diminui a
variabilidade dos valores de cinza e aumenta a relacdo contraste-ruido, melhorando a
qualidade da imagem. Além disso, a ferramenta RAM aplica um limiar que corresponde
aos valores de cinza do artefato e em seguida, uma imagem com menos artefatos ¢
reconstruida. (22)

Especificamente na ortodontia, esse avango tecnologico permitiu andlises digitais
e planejamentos virtuais, aprimorando o diagndstico. No entanto, os métodos de medi¢ado
utilizados para esses modelos precisam ser acurados e reprodutiveis. (1) As vantagens
potenciais dos modelos digitais, para a quantificagdo dos problemas ortoddnticos, seriam
negadas se, a validade, eficiéncia e facilidade das medigdes linear e angular das
caracteristicas oclusais ndo fossem comparaveis as realizadas em modelos de gesso
tradicionais, ja que estes ainda sdo considerados “padrdo-ouro” na pratica clinica. (6) No
entanto, ainda ha duvidas sobre a habilidade dos profissionais em mensurar e planejar
seus casos ortodonticos utilizando modelos virtuais.

Nao foram encontrados, na literatura pesquisada, estudos que relacionassem a
capacidade dos ortodontistas em realizarem mensuragdes em modelos digitais, quando
comparados aos modelos de gesso tradicionais, tampouco se essas mensuragdes sofrem
ou ndo interferéncias das condigdes oclusais dos pacientes, como por exemplo presenca

de restauracdes metalicas extensas. Da mesma forma, estudos acerca do uso da ferramenta
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RAM em imagens de TCFC utilizadas para obtengdo de modelos e sua subsequente
analise, também ndo foram encontrados, o que enfatiza a necessidade em se estudar o
assunto, tendo em vista sua real aplicagao clinica.

Considerando a lacuna do conhecimento sobre o assunto exposto e levando em
conta a importancia em minimizar o desconforto do paciente e aliar procedimentos
clinicos a tecnologia e a melhoria do diagnostico, bem como, considerando a hipdtese
nula de que ortodontistas sdo capazes de realizar mensuragdes acuradas em modelos
digitais, independente da presenca de condicdes clinicas adversas, o presente estudo se
propde a responder as seguintes questdes: “Os ortodontistas realizam mensuragdes
acuradas em modelos digitais?”; “Alteracdes clinicas simuladas, com a presenca de
objetos metdlicos, interferem nas mensuracdes realizadas?”; e “A ferramenta RAM
facilita a realizacdo das mensuracdes nos modelos digitais, obtidos da TCFC, que

possuem artefatos metalicos?”.
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Abstract

Objectives: To assess the accuracy of orthodontic analyzes performed on digital models,
collection by intraoral scanning and CBCT images, with and without the presence of
metallic materials in the teeth. Furthermore, verifying whether the artifact reduction tool
facilitates the analysis in those CBCT models that contained metal in the teeth. Materials
and Methods: Simulated clinical alterations, with metallic objects, were performed to
verify a possible interference in the measurements, as well as the effectiveness of the
metal artifacts reduction tool in the models obtained from cone-beam computed
tomography. The sample consisted of 15 orthodontists who performed the measurements
on the models. Two dry skulls were used to obtain the digital models. Paired t-test,
intraclass correlation and the Generalized Estimating Equation Model were used. The
data were tabulated and analyzed, with a significance level of 5%. Results: When
compared to the gold standard measurements, the examiners' differed statistically in
41,4% of the tested parameters, but these differences were not clinically relevant. In terms
of years’ experience and routine use of digital models, the studied groups did not show
differences for most of the parameters. Conclusions: Orthodontists can perform accurate
measurements on digital models, regardless of their routine practice with this technology,
and the length of experience in the specialty. Clinical changes simulated with metallic
objects did not affect the accurate analysis of the models. However, the metal artifacts
reduction tool did not facilitate the carrying out of measurements in the models extracted

from the cone-beam computed tomography.

Keywords: Dental models; Digital Models; Cone-Beam Computed Tomography;

Orthodontics; Artifacts.
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Introduction

Specifically in orthodontics, the technological advance has allowed digital
analysis and virtual planning, improving the diagnosis, however the measurement
methods of models need to be accurate and reproducible. (1-3) The potential advantages
of digital models for the quantification of orthodontic problems would be denied if the
validity, efficiency, and ease of linear and angular measurements of occlusal features
were not comparable to those performed on traditional plaster models, as these are still
considered the gold standard in clinical practice. (4-6) Digital models can be obtained
from direct or indirect scanning or through computed tomography (CT) images, which in
this case must be combined with the fundamental criteria for the indication of
tomographic exams in Dentistry (7), being often a limitation as the performance of CT
may not be an essential part of the complementary exams for the elaboration of the
treatment plan.

Cone beam computed tomography (CBCT) is a specific tomographic examination
modality for the maxillofacial region and has been used for various purposes in
contemporary dentistry. (8, 9) Cone beam computed tomography (CBCT) has several
advantages, such as measurement accuracy, high image resolution, and no overlap or
distortion. (10,11) However, an important limitation is the presence of artifacts in the
images, characterized by imperfections resulting from various factors (12, 13)

The “beam hardening” is the most common type of artifact observed in CBCT,
resulting from the substantial absorption of lower energy photons, present in the X-ray
beam, when passing through the studied object. (14) The denser and greater the atomic
number of the material that makes up the object, the greater the amount of absorbed x-
ray beams. (15) The artifacts generated by the hardening of the beam are seen as dark

bands adjacent to the high-density structures and can mimic some changes, such as traces
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of root fractures (15, 16), in addition, they can impair image interpretation and probably
interfere with measurements. (17)

This type of artifact frequently occurs when there is the presence of metals in the
oral cavity, which, in the case of teeth, come from metal restorations, filling materials
within root canals, implants and fixed orthodontic appliances. (12, 14) Some methods
have been developed to reduce metallic artifacts and improve the quality of tomographic
images, improving their reconstruction. The metallic artifact reduction tool (MAR) acts
through a process called interpolarization (18, 19). This tool decreases the variability of
gray values and increases the contrast-to-noise ratio, improving image quality. In
addition, the MAR tool applies a threshold that matches the artifact's gray values and then
an image with fewer artifacts is reconstructed. (20)

There is no evidence on studies that relate the ability of orthodontists to perform
measurements on digital models, when compared to traditional plaster casts, nor whether
these measurements are interfered with by the patients' occlusal conditions, such as the
presence of extensive metallic restorations. Likewise, studies on the use of the MAR tool
in CBCT images, used to obtain models and their subsequent analysis, were also not
found, which emphasizes the need to study the subject, in view of its real clinical
application. The hypothesis considered in this study is that orthodontists perform accurate
measurements on digital models obtained by intraoral scanning (IOS) or CBCT,
regardless of the clinical condition, and the artifact reduction tool facilitates the
measurements performed on models with metallic objects.

Considering the knowledge gap and taking into account the importance of
technology in improving diagnosis and treatment in Dentistry, the aim of this study was
to answer the following questions: “Do orthodontists perform accurate measurements on

digital models?”; “Do clinical alterations simulated with the presence of metallic objects
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interfere with the measurements performed?”; and “Does the MAR tool facilitate the
performance of measurements on digital models, obtained from CBCT, which have

metallic artifacts?”.

Materials and methods

Study design

This is an analytical observational cross-sectional study, previously approved by
the local Research Ethics Committee, under protocol number 3.793.749. The study design
followed the guidelines for observational studies found in the STROBE Statement
guide—Checklist of items that should be included in reports of cross-sectional studies.
21

Participants

The study sample comprised 15 dentists, specialists in orthodontics who had at
least one year of experience in the specialty. The sample size calculation was performed
using the WinPepi software, version 11.65. A power of 80% and a significance level of
5% were set. To compare the difference between measurements, considering the value
measured by the examiner and the gold standard, the minimum sample size calculated
was 15 subjects. The calculation made it possible to detect a significant difference of 0.80

deviation between the means, considering the unit standard deviation.

Skull preparation

For the acquisition of tomographic images and digital models, two dry skulls were
used, with the upper and lower arches intact. All skulls should have permanent dentition
containing from the anterior teeth to the first molars, without the presence of metallic

restorations. The skulls were selected at a single moment and stored in a suitable
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environment until image acquisition and teeth manipulation. Storage time was 2 weeks.
The teeth were fixed to the skull with a high-resistance, fast-drying glue based on
cyanoacrylate, to prevent teeth displacement during image acquisition. Artificial gums

were not used, as the objects of measurement were the teeth.

Obtaining the models
Obtaining digital models was divided into three phases. To obtain the digital

models by direct scanning, the CS3600™

scanner (Carestream Dental, USA) was used.
The generated files were digitally stored. To obtain the tomographic images, the Cranex
3D™ cone beam device (Soredex, Finland) was used. The acquisition parameters were
fixed for all Phases (I, II, III) of the study, ensuring the same resolution of the images:
field of view (FOV) 6 x 8 cm; voxel size 0.3 mm; scan time 4.9 seconds; 90 kV; and 10
mA. The interval between one image acquisition and another was one week, totaling three
weeks. Reference lines were drawn on six teeth of each skull to serve as indicators of
occlusion positioning during acquisition and thereby ensure standardization of
positioning. The generated DICOM files were digitally stored, and the digital models
extracted from the CBCT images using the InVesalius™ software (Brazil) version 3.1.1.
The segmentation of the tomography to obtain the models was done without threshold
manipulation, using only the software's standard mode.

Initially, a pilot study was carried out to evaluate the measurement conditions of
the generated digital models. It was observed that it was not possible to make accurate
measurements in the models obtained by CBCT in occlusion, because of occlusal

interferences, and so these were excluded from the main sample of this study.

Obtaining the digital models was carried out in phases. (Figure 1)
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In Phase I, a digital occlusion model was obtained for each skull and dental arch,
through direct scanning; and a digital model extracted from the CBCT, with the teeth in
a semi-open position during image acquisition. The generated files were digitally stored.
Then, in Phase II, silver metallic restorations were installed on the occlusal face of four
teeth of each skull, one per hemiarch. Then, the arch models were obtained following the
same protocol used in Phase I. Also in this phase, skulls with metallic objects were
submitted to tomographic image acquisition using the MAR tool as well. From the new
tomographic images, the digital models were extracted. Thus, at the end of Phase II, a
digital model was obtained from each skull and for each dental arch, through direct
scanning; a digital model extracted from the CBCT, with the teeth in a semi-open position
using the MAR tool; and a digital model, with the teeth in a semi-open position during
acquisition, without the MAR tool.

In Phase III, the fixed metallic orthodontic appliance was installed in the two
arches of the two skulls. Digital models were obtained following the same methodology
applied in Phase II. Therefore, at the end of Phase III, a digital model was obtained from
each skull, for each arch, through direct scanning; a digital model extracted from the
CBCT, with the teeth in a semi-open position using the MAR tool; and a digital model,

with the teeth in a semi-open position during acquisition, without the MAR tool.

Analysis of models and determination of the gold standard

Initially all examiners were previously trained through an explanatory video that
taught all the measurements that would be performed. All digital models obtained were
randomized, through coding, and distributed to the blind examiners. Each examiner

received eight models (upper and lower arch) at a time, at seven-day intervals, to prevent
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visual fatigue from interfering with the measurements. (22) They were instructed to use
a 21-inch high-resolution liquid crystal display (LCD) under subdued lighting.

The digital models were analyzed with the linear measurement tools of the 3Shape
3D Viewer™ software (3Shape, Denmark). (Figure 2) Descriptions of all parameters
measured are shown in Table 1. After 15 days, 20% of the digital models was reassessed
to perform the intra-examiner calculation. (23)

The same measurements were repeated twice directly on the skulls with a digital
caliper, by a single examiner (R.R.P.), a researcher in the study, specialist in orthodontics
with 15 years of experience and seasoned in tomographic images and used as the gold

standard for comparison.

Statistical analysis

To determine the intra-examiner coefficient, the paired t-test and intraclass
correlation were used. The paired t-test was also used to compare the examiners'
responses with the gold standard. The examiners were separated into groups to verify
whether the variables “routine use of digital models” or “time of experience in the
specialty” influenced the measurements performed. The generalized estimating equation
model (GEE model) was used to compare the groups. The model was composed of an
exchangeable work correlation matrix, a robust estimator covariance matrix and a normal
distribution with identity link function. All analyzes were performed using SPSS and the

significance level adopted was 5%.

Results

Of the 15 orthodontists who participated in the study, only two were male. Four

of them had between 1 and 5 years of experience in the specialty and the others had 6 to
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15 years, and only two reported working with digital models regularly, one with less
experience and the other with more experience in the specialty.

The intra-examiner correlations varied according to the parameter measured, with
the minimum value found being 0 and the maximum being 0.99. However, only the
measurements "intermolar distance" and "Bolton discrepancy" showed great variability,
ranging from 0.11 to 0.93 and from 0 to 0.73, respectively, showing the significant
interference of the parameter in the reliability of measurements performed by the same
examiner at two different times. (Table 2)

Comparisons between the means of measurements performed by the examiners
and the gold standard, for each of the parameters tested, in each of the models, are shown
in Table 3. For skull 2, in the model obtained by CBCT without metallic interference, the
means for measurements performed by the examiners were statistically different (p<0.05)
from those obtained by the gold standard in practically all tested parameters, except for
“model discrepancy” (p=0.224); these means being larger in seven of the eight parameters
measured. This pattern of differences is repeated for practically all models without
metallic intervention, except for the IOS model, skull 2, where in half of the evaluated
parameters statistically significant differences were found (p<0.05). The averages of the
examiners on these [OS models are slightly lower.

In the model obtained by CBCT, with metallic restorations and MAR tool, also
for skull 2, no statistically significant difference was found in any of the evaluated
parameters. (Table 3) Still in Table 3, it is observed that in all models obtained by IOS,
the examiners' responses differed from the gold standard in a statistically significant way,
and this difference occurred in 27 (45%) of the 60 parameters tested. The results showed
that in the models without metallic interference, the statistically significant difference of

the measurements performed by the examiners, in relation to the gold standard, occurred
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in 72.22% of the evaluated parameters, while in the models with metal this difference
occurred in only 35.1%.

The comparison of answer precision between less experienced (1-5 years) and
more experienced (6-15 years) examiners is described in Table 4. No statistical
differences were found in the first nine models described (p>0.05). From the tenth model
onwards, for some parameters, the difference was statistically significant (p<0.05). In
general, the more experienced examiners had lower means of difference in relation to the
gold standard, when compared to the less experienced ones.

When considering the routine use or not of digital models, there was a
statistically significant difference in the accuracy of the intercanine/intermolar distances
in the IOS model, for Skull 1 (p = 0.006). Orthodontists who do not work routinely with
the digital models had lower means of difference in the parameter “space required” and
greater in the “intercanine/intermolar distance”, when compared to those who work with

this method. (Table 5)

Discussion

Given all the technological evolution that is present in dentistry and based on all
the advantages that digital models can offer to orthodontists, the aim of this study was to
evaluate the accuracy of measurements performed by orthodontists, in digital models,
obtained by 10S and CBCT images, with and without the use of the MAR tool. Clinical
situations routinely found in patients, such as metallic restorations and metallic
orthodontic appliances, were simulated to verify whether they cause interference in the
measurements.

In Brazil, there is an average prevalence of 57.7% of decayed teeth in children

and adolescents (24), and the rate of teeth with cavity caused by caries among adolescents
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1s 41.6%. (25) These data suggest a high rate of restored teeth, and for this reason, it was
decided to place metallic restorations in the skulls, to simulate a clinical condition that is
quite common in Brazil. (25) What motivated the installation of metallic orthodontic
appliances in the skulls used in this study was to simulate a condition that may eventually
occur in cases of orthodontic replanning. In these situations, new orthodontic
documentation is often necessary, including photos and radiographic exams, in addition
to arch models, which can be digitally obtained by intraoral scanning, extracted from
CBCT images or conventional plaster models. (1, 2, 6)

The intraoral scanning procedure can be more accurate than a traditional
impression, as it is subject to the formation of air bubbles, impression material rupture
and distortion. (26) It may also be particularly advantageous for patients sensitive to the
impression process with impression material, for patients with a cleft palate who are at
greater risk of aspiration, and for those where trays are not suitable. (27) In addition, it
may be an advantage for patients undergoing orthodontic treatment with fixed appliances,
where a traditional impression would be severely distorted. (27, 28) Currently,
impressions with silicone-based materials have a recording time greater than the average
time required for intraoral digital scanning. (28) However, when compared to the alginate
impression procedure, intraoral scanning may require more time, as it is linked to the
operator's skill, which can be considered a disadvantage of digital models obtained by
direct scanning. (29)

The CBCT, in addition to being a three-dimensional and accurate exam, with wide
possibilities in diagnosis, allows the extraction of digital models from DICOM files, using
specific software for this purpose. (30) The use of CBCT to obtain digital models and
analysis of the dentition generates reliable and accurate measurements. (30) The constant

evolution and digitalization of Dentistry, especially Orthodontics, and the advantages
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offered by new technologies on the market, reinforce the importance of this study, where
digital models were obtained, varying the form of acquisition, and in different situations
simulated clinics that are routinely found in the clinical practice of dentistry.

Metallic objects cause artifacts due to the hardening of the X-ray beam, directly
affecting the image quality, and may even make the correct diagnosis unfeasible. (15) In
order to improve the digital models obtained by CBCT with metallic objects, the MAR
tool was used, already described in the literature as an effective way to reduce artifacts in
CBCT images. (17) However, in this study, the use of the MAR tool did not facilitate the
measurement. The digital models extracted from the CBCT were obtained with the
InVesalius 3.1.1 software and it is believed that, even with the tool active during the
tomography acquisition, the software algorithm used for this type of reconstruction was
not efficient. However, in general, the models generated are good and perfectly applicable
to everyday clinical practice.

In all, sixteen models were obtained, eight from each skull. The use of two skulls
was necessary to increase the variability of measurements and generate models with
different dental anatomy and occlusal types. In this way, it would be possible to identify
whether these variables would generate different measurement standards or not. The
parameter “intercanine distance” showed a statistically significant difference in all
models, when comparing skulls 1 and 2, except for those obtained by CBCT without
interventions. The examiners in the present study had difficulty measuring the overjet and
overbite in the skull 1, which had these measurements larger when compared to skull 2.
The means in these tested parameters, were statistically different from the gold standard.
It is believed that this fact occurred due to the difficulty in finding the exact points while

manipulating the models in the software. In the other parameters, orthodontists presented
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a good standard of measurement between skulls, with mean differences in relation to the
gold standard, always within clinically acceptable standards. (28, 30)

The examiners showed good reproducibility for most parameters tested, when
considering the same type of digital model. This shows that reliability was directly
affected by the type of model and the parameter tested, inferring that the act of repeating
the location of a given point to perform the measurement can be difficult and the
examiner's opinion on the precise location of a point can vary randomly, directly affecting
repeatability, as previously reported in other studies. (31, 32)

The results showed that there is a tendency for orthodontists to overestimate the
mesiodistal diameter of teeth in models obtained by CBCT, without metal, while in
models obtained by intraoral scanning these measurements are underestimated. These
data go against the conclusion of the study by Baumgaertel et al. (2009), who detected
underestimated measurements for the size of teeth in models obtained by CBCT, in
addition, the study showed that this difference increases, becoming statistically
significant when other variables are evaluated, such as the space required. (30) In the
present study, orthodontists performed underestimated measurements in models with the
presence of metallic objects, both in those extracted from the CBCT, with and without
the MAR tool, and in those obtained by intraoral scanning. Previous studies have reported
that the presence of metallic artifacts can lead to the underestimation of linear
measurements. (31, 33)

For the analysis of models, underestimated or overestimated values for tooth size
can lead to significant errors in clinical practice, as the sum of these differences can lead
to important changes in treatment planning. Some parameters were defined to determine
whether differences in measurements are clinically relevant and could influence treatment

decisions or the accuracy of devices made from these models. (28-30) Differences greater
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than 0.3 mm for measures such as overjet, overbite, and tooth size (width and height), and
greater than 0.4 mm for transverse and sagittal parameters, were considered clinically
relevant. (28, 34) In addition, differences greater than 0.75 mm in the sum of the 6 anterior
teeth in the superior or inferior dental arch, and greater than 1.5 mm in the sum of 12 teeth
in the superior or inferior dental arch, are considered clinically significant. (28, 35)
Although the data evaluated showed statistical differences, they did not show clinical
relevance.

Inaccuracies with the digital measurement technique can also be attributed to the
difficulty in locating the largest mesiodistal diameter of the tooth, as the contact points in
digital models are less defined and this is still hampered by tooth crowding, even using
the rotation and magnification functions existing in the software. (32) The results of the
present study showed that in the parameters where the identification of the reference point
seemed to be easier, such as intercanine/intermolar distances, a statistically significant
difference was found in most models, configuring a random pattern, which is that models
without interventions showed difference, while some models with metallic objects did
not. These data go against the study by Abizadeh et al. (2012), who found good
repeatability and reproducibility in these same measurements. (32)

The length of experience in the specialty and the routine use of digital models
were used to compare the accuracy of measurements between groups, with those with 1
to 5 years in the specialty being considered less experienced, and those with 6 to 15 years
being more experienced. More experienced orthodontists had lower means of difference
being considered more accurate when compared to less experienced ones. It is believed
that the training time gives the professional extra skill in detecting the correct points for
measurement, even in models with metallic objects, where it is known that measurements

can be difficult. The routine uses of digital models influenced the accuracy of the
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measurements performed, as examiners who were already working with this technology
obtained more accurate measurements for most variables. No studies were found in the
researched literature that assessed the professional's experience in relation to the accuracy
of their analyses.

The difficulty in recruiting the sample meeting the eligibility criteria, and at the
same time maintaining homogeneity between the groups, considering experience in the
specialty and routine use of digital models, can be considered a limitation of this study.
New research involving digital methods and the use of technology in Dentistry, for
different clinical conditions and different malocclusions, are important and should be

considered.

Conclusions

It was concluded that orthodontists perform accurate analyzes on digital models,
regardless of the way of obtaining them (IOS or CBCT), with the “required space”
parameter being the one that offers the greatest difficulty. Clinical changes simulated with
the presence of metallic objects did not interfere with the accuracy of the measurements.
The measurements performed on the models obtained from the CBCT images, with the

MAR tool, were accurate, however, the use of the tool did not facilitate the analysis.
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Table 1. Parameters definition.
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Parameters Localization Definition
gil;grclizme E(I))\Iz)vzrr and Distance between the cusp tip of the upper left canine to cusp tip of the upper right canine.
U Distance between the tip of the mesiolingual cusp of the upper left 1st molar to the tip of the mesiolingual

Intermolar pper cusp of the upper right 1st molar.

distance Lower Distance between the occlusal fossa of the lower left 1st molar to the occlusal fossa of the lower right 1st
molar.

Mesiodistal Upper and Mesiodistal diameter of each tooth from 1st molar to 1st molar (largest mesiodistal diameter of the mesial

diameter Lower contact point to the distal contact point, parallel to the occlusal plane).
Sum of the distance from the mesial contact point of the right first permanent molar to the mesial contact

. point of the right canine, plus the distance from the mesial contact point of the right canine to the mesial

Available Upper and ) . L . . . .

space Lower contact point of thp right centra.l incisor, plus the. distance from the mesial contact point of the rlght central
incisor to the mesial contact point of the left canine, plus the distance from the mesial contact point of the
left canine to the mesial contact point of the left first permanent molar.

Required Upper and Diameter sum of 10 anterior teeth.

space Lower

Model X Upper and Available space less required space.

discrepancy Lower

Bolton's Anterior - 6 Sum of 6 mandibular anterior teeth divided by the sum of 6 maxillary anterior teeth.

discrepancy Total - 12 Sum of 12 mandibular anterior teeth divided by the sum of 12 maxillary anterior teeth.

Overjet Distange between the labial sqrface Qf the most prominent maxillary incisor at the incisal edge level and
the labial surface of the mandibular incisor parallel to the occlusal plane.

Overbite Greater vertical overlap on the maxillary incisor and the mandibular incisor perpendicular to the occlusal

plane.
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Table 2. Intra-examiner reliability for the parameters "CBCT No Metal", "CBCT Metal
MAR", "IOS metal" and "CBCT Brace MAR", in the evaluation and reassessment

moments, expressed as ICC (r).

Measurement (mm) n r (min — max)
Mesiodistal diameter 360 0.95-0.97
Intercanine distance 30 0.91-0.99
Intermolar distance 30 0.11-0.93
Available Space 30 0.59 -0.91
Required Space 30 0.86 —0.96
Bolton's Discrepancy 6 15 0-0.73
Bolton's Discrepancy 12 15 0-0.55
Model’s Discrepancy 30 0.08-0.55
Overjet 15 *
Overbite 15 *

* It was not possible to carry out the correlation in these parameters
due to the reduced n, as in only 4 of the 16 models it was possible

to measure overjet and overbite.
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Me'siodistal Intgrcanine Int_ermolar Required Auvailable _Model‘s ) Bolton's _ Bolton's Overjet Overbite
Models Diameter Distance Distance Space Space Discrepancy Discrepancy 6 Discrepancy 12
n=120 n=30 n=230 n=230 n=30 n=30 n=15 n=15 n=15 n=15
Gs 7.97 (1.73) 3221 (516)  4279(0.64)  7312(484)  73.08(539)  -0.04 (0.54) 0.77 (0.00) 0.92 (0.00) 5,57 (0.00) 2.72 (0.00)
Skull LCBCT  Ortho 8.16 (1.76) 3166 (441)  4362(340)  7509(501)  7430(534)  -0.79 (3.02) 0.84 (0.04) 0.95 (0.04)
p value <0.001 0.015 0.194 0.003 0.003 0.166 <0.001 0.003
GS 7.85 (1.53) 3025(497)  40.81(0.03)  72.83(580)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
Skull2CBCT  Ortho 8.09 (1.62) 3061 (474)  4118(0.71)  7513(4.85)  74.78(655)  -0.35 (4.70) 0.83 (0.05) 0.97 (0.05)
b value <0.001 0.009 0.007 0.006 0.02 0.224 <0.001 0.003
Gs 7.97 (L.73) 3221(516)  4279(0.64)  7312(484)  7308(539)  -0.04 (0.54) 0.77 (0.00) 0.92 (0.00) 5.57 (0.00) 2.72 (0.00)
Skall 110S  Ortho 7.70 (1.85) 3136 (470)  42.98(0.67)  7028(544) 7270 (6.52) 2.42 (3.94) 0.78 (0.03) 0.94 (0.04) 4.20 (1.68) 3.42 (0.67)
p value <0.001 <0.001 0.013 <0.001 0.618 0.002 0.259 0.092 0.007 0.001
GS 7.85 (1.53) 3025(497)  40.81(0.03)  72.83(580)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
Skall210S  Ortho 7.64 (1.70) 3040 (489)  4139(L21) 7030 (6.11)  72.42 (6.65) 2.12 (3.99) 0.78 (0.04) 0.93 (0.05) 3.03 (1.03) 0.16 (1.84)
p value <0.001 0.115 0.013 0.001 0.025 0.046 0,613 0.142 0.377 0.742
salliceer S 7.97 (L.73) 3221 (516)  4279(0.64)  7312(484)  7308(539)  -0.04 (0.54) 0.77 (0.00) 0.92 (0.00) 5.57 (0.00) 2.72 (0.00)
Met Rest Ortho 7.94 (1.77) 3130 (450)  42.95(1.93)  72.86(519)  7206(532)  -0.80 (3.20) 0.80 (0.06) 0.95 (0.05)
MAR p value 0.352 0.002 0.505 0.696 0.011 0.186 0.033 0.039
salliceer S 7.97 (1.73) 3221 (516)  4279(064)  7312(484)  73.08(539)  -0.04 (0.54) 0.77 (0.00) 0.92 (0.00) 5,57 (0.00) 2.72 (0.00)
Met Rest Ortho 7.97 (L.72) 3130 (444)  4300(203)  7335(500)  7263(486)  -0.72 (3.76) 0.82 (0.07) 0.96 (0.05)
No MAR p value 0.938 0.011 0.502 0.774 0.246 0.315 0.015 0.005
GS 7.85 (1.53) 3025(497)  40.81(0.03)  72.83(580)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
Sm't 2195 ortho 7.68 (1.70) 3037 (468) 4117 (104)  7078(627)  7395(1251) 2.1 (4.40) 0.79 (0.06) 0.92 (0.04) 3.30 (0.57) 0.40 (1.40)
p value <0.001 0.221 0.062 0.009 0.854 0.066 0.301 0.298 0.861 0.287
GS 7.97 (1.73) 3221 (516)  4279(064)  7312(484)  73.08(539)  -0.04 (0.54) 0.77 (0.00) 0.92 (0.00) 5,57 (0.00) 2.72 (0.00)
Sm't éégts Ortho 7.70 (1.79) 3141 (454)  4272(100)  7031(540) 7126 (7.39) 0.95 (6.70) 0.78 (0.04) 0.93 (0.03) 361 (2.07) 3.49 (1.06)
p value <0.001 <0.001 0.617 <0.001 0.138 0.428 0.106 0.056 0.003 0.013

*Paired t test
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Me_siodistal Inte_rcanine Int_ermolar Required Available _Model‘s ) Bolton's _ Bolton's Overjet Overbite
Models Diameter Distance Distance Space Space Discrepancy Discrepancy 6 Discrepancy 12
n=120 n=30 n=30 n=30 n=30 n=30 n=15 n=15 n=15 n=15
sall2ceer S 7.85 (1.53) 3025(497)  40.81(0.03)  72.83(5.80)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
Met Rest Ortho 7.87 (1.55) 3057 (451) 4038 (L67)  73.46(629)  73.62(7.71) 0.16 (4.11) 0.78 (0.03) 0.92 (0.03)
MAR p value 0.558 0.371 0.177 0.313 0.912 0.505 05 0.504
sllzcger S 7.85 (1.53) 3025(497) 4081 (0.03)  72.83(580)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
Met Rest Ortho 7.89 (1.58) 3060 (4.21)  41.39(1.42) 7380 (611)  73.54(6.38) -0.26 (4.99) 0.80 (0.04) 0.92 (0.04)
No MAR p value 0.415 0.255 0.032 0.186 0.986 0.318 0.062 0.336
salliceer S 7.97 (L.73) 3221 (516)  4279(0.64)  7312(484)  73.08 (5.39) -0.04 (0.54) 0.77 (0.00) 0.92 (0.00) 5.57 (0.00) 2.72 (0.00)
Braces Ortho 7.94 (1.83) 3110 (438)  4336(139)  7255(505  73.75 (8.06) 1.20 (6.64) 0.83 (0.03) 0.93 (0.05)
MAR p value 0.369 <0.001 0.019 0.433 0.539 0.301 <0.001 0.273
sllzcger S 7.85 (1.53) 3025(497)  4081(0.03)  72.83(580)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
Braces Ortho 7.82 (L57) 3040 (434)  41.28(0.61)  7268(6.05  73.48(7.10) 0.80 (4.27) 0.80 (0.03) 0.92 (0.02)
MAR p value 0.268 0.413 <0.001 0.737 0.885 0.849 0.01 0.163
GS 7.97 (L.73) 3221(516)  4279(0.64)  7312(484)  7308(539)  1835(1925 0.7 (0.00) 0.92 (0.00) 5.57 (0.00) 2.72 (0.00)
ooalt  ortho 7.71 (1.82) 3142 (456) 4244 (147)  7027(555)  7151(5.26)  1817(1822)  0.78(0.04) 0.93 (0.03) 412 (1.87) 321 (1.29)
p value <0.001 <0.001 0.181 <0.001 <0.001 0.761 0.232 0.152 0.009 0.164
GS 7.85 (1.53) 3025(497)  4081(0.03)  72.83(580)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
IOSSk;IrIa(Z:es Ortho 7.65 (1.58) 3097 (499)  40.78(358)  70.85(596)  72.00 (6.29) 1.16 (3.71) 0.77 (0.04) 0.92 (0.02) 4.77 (5.10) -0.36 (L.55)
p value <0.001 0.186 0.967 0.002 <0.001 0.452 0.994 0.203 0.274 0.379
salliceer S 7.97 (L.73) 3221(516)  4279(0.64)  7312(484)  73.08 (5.39) -0.04 (0.54) 0.77 (0.00) 0.92 (0.00) 5.57 (0.00) 2.72 (0.00)
Braces Ortho 7.84 (1.74) 3120 (442) 4243 (348) 7189 (460)  70.98 (6.68) -0.92 (6.16) 0.82 (0.04) 0.95 (0.04)
No MAR p value <0.001 0.081 0572 0.088 0.024 0.437 <0.001 0.007
silzceer ©S 7.85 (1.53) 3025(497)  4081(0.03)  72.83(580)  73.54 (6.36) 0.65 (0.56) 0.77 (0.00) 0.91 (0.00) 3.27 (0.00) 0.00 (0.00)
Braces Ortho 7.83 (1.64) 3040 (441)  4137(089)  7269(637)  72.83 (7.41) 0.14 (3.78) 0.77 (0.02) 0.91 (0.03)
No MAR p value 0.496 0.499 0.002 0.74 0.217 0.441 053 0.433

*Paired t test
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Table 4. Comparison of the means (SD) of the precision of the answers of the orthodontist examiners (Ortho) in
relation to the time of experience in years (1-5 or 6-15) for the parameters intercanine/intermolar distance, required
space and evaluated space, in each model studied.

Mesiodistal Diameter

Intercanine and Intermolar

Required Space

Available Space

Models Distance
15(n=96) 6-15(n=264)  1-5(n=16) 6-15(n=44) 15(n=8)  6-15(n=22) 1-5(n=8)  6-15(n=22)
GS 797(1.74)  797(L73) 3750 (6.62) 3750 (6.48) 73.12(5.09) 73.12 (4.87) 73.08 (5.66) 73.08 (5.42)
SkullLCBCT Ortho  816(L71)  817(L79) 3691 (651) 37.90 (7.47) 7508 (454) 75.09(527)  2.76 (1.90)  74.32 (5.55)
p value 0.961 0.164 0.991 0918
GS 785(1.53) 7.85(L53) 3553(652) 3553(6.38) 72.88(6.09) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
Skull2CBCT Ortho  8.17(L63)  8.06(L62)  36.03(6.72) 35.84(6.22) 7573 (4.8l) 7491 (496)  2.96 (2.50)  74.34 (6.49)
p value 0.417 0.491 0526 0117
GS 797(174)  797(L73) 3750 (6.62) 37.50(6.48) 73.12(5.09) 73.12(4.87) 73.08(5.66) 73.08 (5.42)
Skull LI0S ~ Ortho 776 (1.62)  7.67(1.93)  37.16 (6.89) 37.17 (6.76) 7177 (5.73) 69.74 (5.37) 242 (3.16)  72.40 (5.98)
p value 05 0975 0.054 0.4
GS 7.85(153) 7.85(153) 3553(652) 3553(6.38) 72.88(6.09) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
Skull210S  Ortho  7.80(1.65)  7.59(L72)  36.03(6.66) 3584 (6.62) 72.02(551) 69.67 (6.32) 2.67(2.07)  72.74 (6.90)
p value 0122 0.36 0.089 0.329
GS 797 (174)  797(173)  37.50(6.62) 37.50(6.48) 73.12(5.09) 73.12(4.87) 73.08(5.66) 73.08 (5.42)
,\S/I';"l'?istcaig Ortho  8.07(1.79)  7.90(1.77)  37.13(6.94) 37.13(6.83) 74.03(6.04) 7243 (494) 161(L.16) 7181 (5.29)
p value 0.243 0.999 0.251 0.365
skull1cBeT  GS 797(1.74)  797(L73) 3750 (6.62) 37.50(6.48) 73.12(5.00) 73.12(4.87) 73.08 (5.66) 73.08 (5.42)
MetRest  Ortho 8.01(L58)  7.95(177) 3697 (7.21) 37.08(6.77) 74.25(475) 73.02(5.15) 2.19(1.03)  72.57 (4.68)
NoMAR  yalue 0.686 0.524 0.405 0.82
GS 785(1.53) 7.85(L53)  3553(652) 3553(6.38) 72.88(6.09) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
S 2195 oo 790(191)  759(L61) 3616 (679) 3563(633) 7223 (624) 7025(634) 1249 (2085) 72.78 (6.98)
p value 0.15 0.107 0.201 0.318
GS 797(1.74)  797(L73) 3750 (6.62) 37.50(6.48) 73.12(5.00) 73.12(4.87) 73.08 (5.66) 73.08 (5.42)
Sl'f/‘:e'{ LIOS oo 779(L71)  766(L81) 37.12(672) 37.05(659) 7160(531) 6984(548) 220(1.99)  7121(7.92)
p value 0.399 0.709 0.243 0.845
Skull 2cBeT  GS 7.85(1.53) 7.85(L53)  3553(652) 3553(6.38) 72.88(6.09) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
MetRest ~ Ortho  7.96 (1.49)  7.84(157)  35.24(6.19) 35.45(6.00) 74.64(6.87) 73.02(6.18) 3.85(2.37)  72.77 (7.30)
MAR p value 0511 0.111 0.349 0.281
skull 2cBCT  GS 7.85(153) 7.85(153) 3553(652) 3553(6.38) 72.88(6.09) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
MetRest ~ Ortho  8.10(1.60)  7.81(156) 3597 (6.22) 36.01(6.36) 75.46 (6.69) 73.20(5.93) 4.13(2.71)  73.38 (6.53)
NoMAR  ,yalue 0.022% 0.876 0.071 0.681
GS 797 (174)  797(173)  37.50(6.62) 37.50(6.48) 73.12(5.09) 73.12(4.87) 73.08(5.66) 73.08 (5.42)
Sé‘;'gels (,f/IBA?RT Ortho  8.11(1.79)  7.87(1.84)  37.84(7.49) 37.01(6.85) 74.60(5.86) 7177 (4.63) 7.26(7.08) 72.82 (4.64)
p value 0.042* 0.079 0.012* 0.383
GS 7.85(153) 7.85(153) 3553(652) 3553(6.38) 72.88(6.09) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
SEL‘;'C'EZS f,ffg Ortho  7.92(152)  7.78(1.58) 3597 (6.55) 35.80 (6.27) 73.88(6.07) 7224(6.12) 250 (L72)  73.49 (7.30)
p value 0.356 0.477 0.255 0.969
GS 797 (174)  797(173)  37.50(6.62) 37.50(6.48) 73.12(5.09) 73.12(4.87) 73.08(5.66) 73.08 (5.42)
IOSSk;IrIaies Ortho  7.86(1.77)  7.66(1.84)  37.30(6.68) 36.80 (6.49) 71.92(5.66) 69.67(552) 239 (1.90) 7155 (5.27)
p value 0.164 0.079 0.112 0.727
GS 7.85(1.53) 7.85(L53) 3553(652) 3553(6.38) 72.88(6.00) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
Iosékg'r'aies Ortho  7.86 (1.57)  7.58 (1.57)  35.88(6.48) 3583 (6.66) 72.80(5.80) 70.13(5.99) 2.48(L28)  71.86 (6.37)
p value 0.014* 0.993 0.021* 0.595
skull1cBeT  GS 797(1.74)  797(L73) 3750 (6.62) 37.50(6.48) 73.12(5.00) 73.12(4.87) 73.08 (5.66) 73.08 (5.42)
Braces Ortho 801 (1.71)  7.78(1.75)  36.78(7.05) 36.89 (6.88) 73.56 (4.27) 7129 (4.66) 2.97(2.02)  70.29 (7.10)
NoMAR  yalue 0.047* 0.805 0.042% 0.043*
skull 20BCT  GS 7.85(1.53) 7.85(L53) 3553(652) 3553(6.38) 72.88(6.00) 72.88(5.83) 73.54 (6.69) 73.54 (6.40)
Braces Ortho  8.09(1.61)  7.73(1.64)  36.24 (6.80) 35.76(6.28) 7542 (6.83) 7170 (6.05) 2.78(2.65)  72.22 (6.95)
NoMAR 1 value 0.000* 0.004* 0.000* 0.15
GEE model

*Significant values
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Table 5. Comparison of the means (SD) of the precision of the answers of the orthodontist examiners (Ortho) in
relation to the routine use of digital models for the variables intercanine/intermolar distance, required space and
evaluated space, in each model studied.

Mesiodistal Intercanine and Intermolar Required Auvailable
Models Diameter Distance Space Space
No (n=312) Yes (n=48) No (n=52) Yes (n=8) No (n=26) Yes (n=4) No (n=26)  Yes (n=4)
GS 7.97 (1.73) 797 (1.75)  37.50(6.47) 37.50(6.85) 73.12(4.85) 73.12(5.50) 73.08 (5.40) 73.08 (6.11)
Skull1CBCT Ortho 816 (1.78) 8.20(1.66) 37.69(7.27) 37.28(7.06) 75.01(5.22) 75.62(3.84) -0.64(3.15) 73.89 (5.58)
p value 0.769 0.319 0.647 0.596
GS 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54 (6.38) 73.54(7.22)
Skull2CBCT Ortho  8.10 (1.65) 8.02(1.47) 35.88(6.28) 36.01(6.87) 75.16 (4.85) 74.96 (5.59) -0.38 (4.88) 74.82 (6.69)
p value 0.640 0.567 0.913 0.952
GS 7.97 (1.73) 797 (1.75)  37.50(6.47) 37.50(6.85) 73.12(4.85) 73.12(5.50) 73.08(5.40) 73.08 (6.11)
Skull110S  Ortho 7,67 (1.88) 7.88(1.70)  37.22(6.71) 36.82(7.37) 69.95(5.33) 72.45(6.50) 2.82(4.06)  72.25(6.21)
p value 0.135 0.006* 0.025* 0.556
GS 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54 (6.38) 73.54(7.22)
Skull210S ~ Ortho 7,62 (1.70) 7.79(1.73) 3591(6.62) 35.80(6.66) 70.11(6.14) 7152 (6.64) 259 (3.81)  70.57 (6.19)
p value 0.154 0.405 0.329 0.271
Skull1cBCT ©S 7.97 (1.73) 797 (1.75)  37.50(6.47) 37.50(6.85) 73.12(4.85) 73.12(5.50) 73.08 (5.40) 73.08 (6.11)
MetRest ~ Ortho  7.93(1.77) 8.06 (1.81) 37.11(6.74) 37.21(7.73) 7270(5.17) 73.86(6.06) -0.65(3.37)  72.05 (7.07)
MAR " pvalue 0.450 0.847 0.486 0.995
Skull 1 CBCT ©S 7.97 (1.73) 797 (1.75) 3750 (6.47) 37.50(6.85) 73.12(4.85) 73.12(550) 73.08(5.40) 73.08 (6.11)
MetRest ~ Ortho  7.95(1.73) 8.09 (1.65) 37.08(6.69) 36.84(8.17) 73.14(4.97) 7470(5.71) -0.53(3.96) 72.75(6.08)
NOMAR b value 0.379 0.564 0.251 0.943
Skull 2 10S GS 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54 (6.38) 73.54(7.22)
Met Rest ~ Ortho 7,65 (1.71) 7.85(1.60) 35.78(6.42) 35.71(6.71)  70.49(6.34) 72.61(6.33) 2.54(456)  71.94 (6.93)
p value 0.094 0.674 0.049* 0.978
Skull 110S GS 7.97 (1.73) 797 (1.75) 3750 (6.47) 37.50(6.85) 73.12(4.85) 73.12(550) 73.08(5.40) 73.08 (6.11)
Met Rest ~ Ortho  7.66 (1.79) 793(1.76)  37.14(6.60) 36.61(6.77) 69.93(5.38) 7277 (5.67) 1.40(3.62)  70.76 (15.09)
p value 0.004* 0.182 0.002* 0.493
Skull 2 cBCT ©S 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54(6.38) 73.54 (7.22)
MetRest ~ Ortho  7.87(1.55) 7.89(1.58)  35.39(6.00) 3540 (6.46) 73.43(6.32) 73.64(7.03) 0.23(4.30)  73.36(7.56)
MAR " pvalue 0.918 0.622 0.801 0.898
skull 2 cBCT ©S 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54 (6.38) 73.54(7.22)
MetRest ~ Ortho  7.85(1.57) 8.16 (1.61)  36.01(6.22) 35.88(7.04) 73.49(6.19) 75.86(5.95) 0.13(5.19)  73.06 (6.63)
NOMAR b value 0.001* 0.442 0.013* 0.663
Skull 1 CBCT GS 7.97 (1.73) 797 (1.75) 3750 (6.47) 37.50(6.85) 73.12(4.85) 73.12(550) 73.08(5.40) 73.08 (6.11)
Braces MAR Ortho  7.92(1.82) 8.03(1.89) 37.17(6.94) 37.59(7.63) 72.48(5.31) 72.96(3.31) 1.48(6.84)  72.35(7.45)
p value 0.301 0.642 0.622 0.277
Skull 2 CBCT GS 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54 (6.38) 73.54(7.22)
Braces MAR  Orthe  7.79 (1.56) 7.98(1.61) 35.81(6.28) 36.04(6.74) 72.44(5.97) 7425(7.25) 1.11(4.46)  73.03 (7.53)
p value 0.114 0.490 0.107 0.764
Skull 1 GS 7.97 (1.73) 797 (1.75)  37.50(6.47) 37.50(6.85)  73.12 (4.85) 7312 (5.50)  73.08 (5.40) 73.08 (6.11)
10S Braces  O1tho  7.67 (1.83) 7.95(1.74)  36.90(6.49) 37.17(6.95)  69.89 (5.74) 7269 (3.84) 312(2.82)  71.04 (6.30)
p value 0.002 0.628 0.003* 0.346
Skull 2 GS 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54(6.38) 73.54 (7.22)
10S Braces  O"tho 7.61 (1.57) 7.92(1.58) 3586 (6.58) 36.02(6.87) 70.46(5.97) 73.35(6.07) 1.63(3.74)  71.44(6.23)
p value 0.001* 0.562 0.002* 0.633
Skull1cBCT ©S 7.97 (1.73) 797 (1.75)  37.50(6.47) 37.50(6.85) 73.12(4.85) 73.12(5.50) 73.08 (5.40) 73.08 (6.11)
Braces Ortho  7.82(1.74) 797(1.72) 36.82(6.88) 37.15(7.19) 71.72(4.85) 73.04(258) -0.07 (4.87) 66.61 (9.30)
NOMAR b value 0.189 0.301 0.172 0.191
Skull 2 cBCT ©GS 7.85 (1.53) 7.85(1.54) 3553(6.37) 3553(6.75) 72.88(5.81) 72.88(6.58) 73.54(6.38) 73.54 (7.22)
Braces Ortho 7,78 (1.65) 8.15(1.51) 35.85(6.41) 36.14(6.50) 72.18(6.36) 76.04 (6.15) 0.68(3.68)  72.65 (7.70)
NoMAR b value 0.000* 0.483 0.000* 0.897
GEE Model

*significant values
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Figure 1. Flowchart exemplifying the steps to obtain digital models

40



41

Figure 2. Representation of measurements performed on the models using the 3Shape 3D
Viewer software. A) Intercanine and intermolar distance in the upper model. B)
Intercanine and intermolar distance in the lower model. C) Assessed space. D) Space
required. E) Overjet. F) Overbite.
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2.2 E-book

Link de acesso para ao E-Book:

Guia Pratico — Obtencao de Modelo Digital a partir de Tomografia

Computadorizada de Feixe Conico.

(&Y= 160 RAFAEL ROCHA PINTO
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JRIBEROSLEDES 192012020 FABIO RIBEIRO GUEDES

OBTENCAO DE GUIA PRATICO

MODELO DIGITAL OBTENGAOQ DE

MODELO DIGITAL
A PARTIR DE A PARTIR DE TOMOGRAFIA

TOMOGRAFIA COMPUTADORIZADA DE
COMPUTADORIZADA FERECORIED
DE FEIXE CONICO B

1920 | 2020



https://1drv.ms/b/s!Aqv9StgbE1vBx1FPp6PeYxtyjBAe?e=esyr1d
https://1drv.ms/b/s!Aqv9StgbE1vBx1FPp6PeYxtyjBAe?e=esyr1d
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3. CONCLUSOES

e (s ortodontistas sdo capazes de realizar mensuragdes acuradas em modelos
digitais, independente da pratica rotineira com essa tecnologia. O tempo de
experiéncia na especialidade favorece a realizagdo de mensuragdes mais
precisas, no entanto, a anatomia dentdria e os tipos oclusais interferem

significativamente nas mensuragdes realizadas.

® As alteracdes clinicas simuladas, com a presenca de objetos metalicos, ndo

prejudicaram a andlise dos modelos.

e A ferramenta RAM nao facilita as mensuragdes realizadas em modelos obtidos

de TCFC que possuem objetos metalicos.
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4. CONSIDERACOES FINAIS

Com a evolucao tecnoldgica cada vez mais presente na pratica clinica da
Odontologia, especialmente na Ortodontia, onde os recursos mais modernos podem
contribuir significativamente com diagnéstico e plano de tratamento, acompanhar o
desenvolvimento e performance dos ortodontistas se faz importante para manter a
exceléncia na especialidade. Os scanners intraorais, alinhadores ortodonticos, softwares
para manipulacdo de modelos digitais e para realiza¢cdo de sefup ortodontico sdao alguns
exemplos de tecnologias que atualmente podem fazer parte da rotina dos ortodontistas.
Todas essas ferramentas visam dar mais conforto ao paciente e mais agilidade e
praticidade ao profissional.

Com o desenvolvimento deste estudo foi possivel identificar que a manipulagao
de modelos digitais ainda ndo faz parte da pratica clinica didria da maioria dos
ortodontistas, sendo uma tecnologia ainda ndo aderida por boa parte dos profissionais. No
entanto, varios sdo os estudos que comprovam a eficacia e confiabilidade dos modelos
digitais para confec¢ao de aparelhos ortodonticos. Alguns fatores podem ser considerados
para explicar esse quadro como, por exemplo, o alto custo do scamner intraoral, a
dificuldade em encontrar um centro de imagem que oferega esse tipo de servigo e, até
mesmo, a resisténcia do proprio ortodontista em sair de sua “zona de conforto”.

Com o intuito de oferecer acessibilidade a um maior niimero de ortodontistas
optou-se, neste estudo, pelo uso ferramentas gratuitas para obtencdo e mensuragdo dos
modelos digitais. O software InVesalius® 3.1.1 ¢ um produto nacional e de acesso livre,
além disso, o programa possibilita a geragdo de modelos em formato .STL
(stereolithography) a partir de imagens DICOM. Algumas limitagdes sdo claras, e a

principal delas ¢ a dificuldade em criar os modelos tridimensionais a partir de imagens
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tomograficas que possuem muitos artefatos. O algoritmo de reconstru¢do do programa,
para este tipo especifico de reconstru¢ao, ndo ¢ muito eficiente. Contudo, de uma maneira
geral, os modelos gerados pelo InVesalius® sdo bons e perfeitamente aplicaveis no dia a
dia clinico.

Além dos objetivos principais ja expostos anteriormente, este estudo mostrou que
¢ possivel realizar bons diagnosticos utilizando modelos digitais e principalmente com o
auxilio de softwares gratuitos, no entanto, ¢ importante o treinamento e atualizagdo
profissional em relacdo as novas tecnologias disponiveis no mercado. Ademais, a
manipulacdo de modelos digitais ndo necessariamente precisa ser onerosa para o
profissional, j4 que um computador com configuracao simples € capaz de manipular as
imagens geradas. Dessa forma, o profissional pode ser manter atualizado com as préticas

contemporaneas € a comunica¢do com o seu paciente sera mais facil e empolgante.
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APENDICE 1

Metodologia Estendida

Trata-se de um estudo analitico observacional transversal, previamente aprovado
pelo comité de Etica em Pesquisa do Hospital Universitario Clementino Fraga Filho
(CEP/HUCFF/UFRIJ), sob o parecer numero 3.793.749 (Anexo 1). O delineamento do
estudo seguiu as diretrizes para estudos observacionais presentes no guia STROBE
Statement—Checklist of items that should be included in reports of cross-sectional

studies. (27) (Anexo 2)

Selecdo da amostra

A casuistica para o presente estudo compreendeu 15 -cirurgides-dentistas,
selecionados a partir dos seguintes critérios de elegibilidade: especialistas em ortodontia
que possuissem pelo menos um ano de experiéncia na especialidade. O célculo do
tamanho amostral foi realizado utilizando o programa Winpepi, versdo 11.65. Foi fixado
o poder de 80% e um nivel de significancia de 5%. O tamanho da amostra minimo
calculado foi de 15 sujeitos para comparar a diferenga entre medidas, considerando os
valores mensurados pelos examinadores e o padrdao-ouro. Esse célculo possibilitou
detectar uma diferenca significativa de 0.80 de desvio entre as médias, considerando o
desvio padrao unitario.

Todos os examinadores foram recrutados em um Unico momento, via aplicativo
de mensagens “WhatsApp” e somente foram incluidos efetivamente no estudo apods

assinarem o Termo de Consentimento Livre e Esclarecido (TCLE).
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Preparo dos cranios

Para aquisi¢do das imagens tomograficas e dos modelos digitais foram utilizados
dois cranios secos, com as arcadas superior e inferior intactas. Todos os cranios deveriam
possuir denticdo permanente contendo desde os dentes anteriores até os primeiros
molares, sem a presenga de restauragdes metalicas.

Os cranios foram selecionados em um momento Unico e armazenados em
ambiente adequado até a aquisicao de imagens e manipulagdo dos dentes para simulagdo
das condicdes clinicas. O tempo de armazenamento foi de 2 semanas. Os dentes foram
fixados ao cranio com cola de alta resisténcia e secagem rapida a base de cianocrilato
(Super Bonder® — Loctite, Brasil) para evitar qualquer movimentagdo dentaria durante a
manipulac¢do. Nao foi utilizada gengiva artificial, pois os objetos de medigdo foram as

coroas dos dentes.

Obtencdo dos modelos

Para obtencdo das imagens foi utilizado o tomografo computadorizado de feixe
conico Cranex® 3D (Soredex Finlandia). Os parAmetros de aquisi¢do foram fixados para
todas as Fases (I, II, III) do estudo, sendo eles: campo de visdo (field of view - FOV) 6 x
8 cm; tamanho do voxel 0,3 mm; tempo de escaneamento de 4,9 segundos; 90 kV; e 10
mA. O intervalo entre uma aquisi¢do de imagem e outra foi de uma semana, totalizando
trés semanas.

Para obtencdo dos modelos digitais a partir das imagens TCFC, linhas de
referéncia foram desenhadas em seis dentes, de cada cranio, para servirem como
indicadores de posicionamento da oclusdo durante a aquisicdo e com isso garantir a

padronizacgdo do posicionamento. (Figura 1)
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Figura 1. Cranios secos posicionados no tomografo com as linhas de referéncia
desenhadas nos dentes para obtengdo das imagens simuladas em oclusdo (A ¢ B) e boca
semiaberta (C).

Os arquivos gerados em formato digital imaging and communications in medicine
(DICOM) foram armazenados e os modelos digitais extraidos das imagens de TCFC

através do software gratuito, nacional, InVesalius® versio 3.1.1.

Fase

Nesta fase, foram obtidos todos os modelos das arcadas dentarias dos dois cranios.
Para obtencdo dos modelos digitais, através do escaneamento direto, foi utilizado o
scanner CS3600® (Carestream Dental, USA). Os arquivos gerados foram armazenados
digitalmente. Ao final da Fase I foram obtidos, de cada uma das arcadas, para cada cranio:
um modelo digital em oclusdo, através do escaneamento direto; um modelo digital
extraido da TCFC, com os dentes em oclusdo durante a aquisi¢do da imagem; e um
modelo digital extraido da TCFC, com os dentes em posi¢do semiaberta durante a

aquisi¢cdo da imagem.
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Fase Il

Nesta fase, foram confeccionadas restauracdes metélicas em quatro dentes de cada
cranio, um por hemiarcada. Em seguida foram obtidos os modelos das arcadas seguindo
exatamente o mesmo protocolo utilizado na Fase I. Ainda na Fase I, os cranios com
objetos metalicos também foram submetidos a aquisi¢do da imagem tomografica
utilizando a ferramenta RAM propria do aparelho.

A partir das novas imagens tomograficas, foram extraidos os modelos digitais.
Dessa forma, ao final da Fase II, foram obtidos de cada cranio, para cada arcada: um
modelo digital obtido através do escaneamento direto; um modelo digital extraido da
TCFC, com os dentes em oclusdo durante a aquisicdo, sem a ferramenta RAM; um
modelo digital extraido da TCFC, com os dentes em posi¢do semiaberta durante a
aquisi¢do, sem a ferramenta RAM; um modelo digital, com os dentes em oclusdo
utilizando a ferramenta RAM; e um modelo digital, com os dentes em posi¢do semiaberta

durante a aquisi¢do, também utilizando a ferramenta RAM.

Fase IlI

Nesta fase, foi instalado o aparelho ortodontico fixo metalico nas duas arcadas dos
dois cranios. Os modelos digitais foram obtidos, seguindo a mesma metodologia aplicada
na Fase II. Portanto, ao final da Fase III, foram obtidos de cada cranio, para cada arcada
dentaria: um modelo digital através do escaneamento direto; um modelo digital extraido
da TCFC, com os dentes em oclusdo durante a aquisicdo, sem a ferramenta RAM; um
modelo digital extraido da TCFC, com os dentes em posicdo semiaberta durante a
aquisi¢do, sem a ferramenta RAM; um modelo digital, com os dentes em oclusdao
utilizando a ferramenta RAM; e um modelo digital, com os dentes em posi¢ao semiaberta

durante a aquisi¢do, também utilizando a ferramenta RAM.
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Todos os protocolos, assim como a descri¢ao das imagens geradas nas Fases I, II

e III, previamente a realiza¢ao do estudo piloto, estdo dispostos no Quadro 1.

Cranio 1 Cranio 2 n
S <
< = < =
. 6 <§ 6 <8 72}
Procedimentos 2 = = 2 p= 2 =
s z £ o @ £ S,
L0 18« o 20 18 o §
= E_ |25 T E_ 2=l
s o < o0 [ s o < 0 [0 =
52| %2| 82| 52| 82| &z 28
A | M | < | A | e | < | B
Escaneamento Direto 6
TCFC oclusdo com RAM 6
TCFC semiaberta com RAM 6
TCFC oclusdo sem RAM 4
TCFC semiaberta sem RAM 4
Total de Modelos 3 5 5 3 5 5 26

Quadro 1. Descri¢ao dos protocolos obtidos, e dos modelos gerados, em cada uma das
fases do estudo, antes da realiza¢do do estudo piloto.

Estudo Piloto

ApOs a aquisi¢do de todas as imagens, um estudo piloto inicial foi realizado para
melhor entendimento e padronizagdo das mensuracdes propostas. Sendo assim, um Unico
examinador (R.R.P.), pesquisador do estudo, com 15 anos de experiéncia na especialidade
e treinamento em imagens tomograficas, realizou todas as mensuragdes propostas. Os
dados obtidos foram analisados e as inconsisténcias na metodologia foram ajustadas para
o inicio efetivo da pesquisa. Quando os modelos foram obtidos em oclusdo, discrepancias

em medi¢des referentes ao tamanho mésio-distal dos dentes, foram muito frequentes e
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significativas, e por este motivo, todos os modelos obtidos em oclusdo foram excluidos

do estudo principal. Dessa forma, os protocolos, assim como a descricdo das imagens

que permaneceram no estudo principal estao dispostos no Quadro 2.
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Escaneamento Direto 6
TCFC semiaberta com RAM 6
. 4

TCFC semiaberta sem RAM

Total de Modelos 2 3 3 2 3 3 16

Quadro 2. Descricao dos protocolos obtidos, e dos modelos utilizados, ap6s a realizagao

do estudo piloto.

Analise dos modelos e determinagdo do padrdo-ouro

Inicialmente todos os examinadores receberam um video explicativo e um

material instrucional para orientd-los a realizar as mensuragdes necessérias e a utilizar as

ferramentas do software. Em seguida os modelos digitais obtidos foram aleatorizados por

meio de codigos e disponibilizados aos examinadores. Cada examinador recebeu oito

modelos (arcada superior e inferior) por vez, em intervalos de sete dias, para evitar que a

fadiga visual causasse interferéncia nas mensuragoes. (26)

Na andlise dos modelos, foram obtidas as seguintes mensuracgdes lineares: (1)

distancia inter-caninos (distancia entre cuspides); (2) distancia inter-molares (inferior:
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fossa central do primeiro molar a fossa central do primeiro molar do lado oposto; e
superior: cuspide mesio-palatina do primeiro molar a cuspide mésio-palatina do primeiro
molar do lado oposto); (3) largura mésio-distal dos dentes (primeiros molares, segundos
pré-molares, primeiros pré-molares, caninos, incisivos laterais e incisivos centrais); (4)
espaco disponivel na arcada dentaria (somatdrio da distancia entre a face mesial do
primeiro molar a face distal do incisivo lateral e distancia entre a face distal do incisivo
lateral a face mesial do incisivo central nos quatro quadrantes); (5) espaco requerido na
arcada dentaria (somatério da maior distancia meésio-distal de todos os dentes
permanentes presentes a partir da face mesial do primeiro molar, nos quatro quadrantes);
(6) discrepancia de Bolton; (7) Overjet (distancia da face vestibular do incisivo superior
mais proeminente a superficie labial correspondente do incisivo inferior em oclusao
habitual e na direcdo horizontal); e (8) Overbite (Distancia entre a borda do incisivo
superior e a correspondente borda do incisivo inferior em oclusdo habitual e na direcédo
vertical).

Os modelos digitais foram analisados com as ferramentas de mensuragéo linear

do software 3Shape 3D Viewer® (3Shape, Dinamarca). (Figura 3)

Figura 2. Representacdo das mensuragdes realizadas nos modelos digitais utilizando o
software 3Shape 3D Viewer. Distancia inter-caninos e inter-molares no modelo superior
(A); Distancia inter-caninos e inter-molares no modelo inferior (B); Espago avaliado (C);
Espaco requerido (D); Overjet (E); Overbite (F).
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Todos os dados foram tabulados utilizando o programa Excel® (Microsoft). Em
um segundo momento, apos 15 dias do final da etapa de avalia¢do, 20% dos modelos
foram reavaliados para realizacao do célculo intra-examinador. (27)

As mesmas mensuragoes foram realizadas diretamente nos cranios, com o uso de
um paquimetro digital, determinadas por um unico examinador (R.R.P.), pesquisador do
estudo, especialista em ortodontia ha 15 anos e com experiéncia imagens tomograficas, e

utilizadas como padrao-ouro para comparagao. (Figura 2)

Figura 3. Mensuragdes realizadas nos dentes com paquimetro
digital para estabelecimento do padrao-ouro.

Elaboracdo do E-Book

Visando contribuir para a divulgacdo do assunto e devolver o conhecimento
adquirido com o estudo para os profissionais que atuam na clinica odontoldgica,
especialmente na Ortodontia, foi confeccionado um E-book intitulado “Guia pratico —

Obten¢ao de Modelo Digital a partir de Tomografia Computadorizada de Feixe Conico”.
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(Apéndice 2) Trata-se de um tutorial pratico para obtencdo de modelos digitais, a partir

de imagens de TCFC, utilizando softwares gratuitos.

Anélise estatistica

As medidas dos 24 dentes examinados, em cada modelo, foram compiladas para
simplificar as analises e interpreta¢des. Para determinar o célculo intra-examinador foi
utilizado o Teste t pareado. Para cada variavel mensurada foi calculada a diferenca
absoluta entre a média das respostas obtida pelos examinadores e a média do padrdo-ouro,
ou seja, foi calculado o erro cometido pelo examinador nos dois momentos (avaliagédo e
reavaliacdo). Além dos valores médios, foi calculada a soma das diferencas absolutas para
evidenciar o erro acumulado. A correlacado intraclasse também foi realizada.

O Teste t pareado também foi utilizado para comparar as respostas dos
examinadores com o padrao-ouro. Para cada modelo, foi calculada a diferenga absoluta
entre as respostas, determinando o erro cometido pelo examinador, e a média das
diferencas dos erros nos 24 dentes. Além do valor médio, foi calculada a soma das
diferencas absolutas para determinar o erro de medi¢cdo acumulado. Valores proximos de
zero sdo esperados para sucesso das mensuracgdes realizadas.

Os examinadores foram separados em grupos para verificar se as variaveis
“trabalho rotineiro com modelos digitais” ou “maior tempo de experiéncia na
especialidade” influenciaram nas mensuracdes realizadas. O modelo de equagdes de
estimagdes generalizadas (Modelo GEE) foi usado para comparar os grupos. Essa andlise
identifica dentro de um grupo o examinador e suas respostas, discriminando as variancias
intra e inter examinadores. O modelo foi composto por uma matriz de correlagdo de

trabalho exchangeable, uma matriz de covaridncia de estimador robusto e uma
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distribuicao normal com fungao ligagao identidade. Todas as andlises foram realizadas no

SPSS e o nivel de significancia adotado foi de 5%.



APENDICE 2

Video elaborado para instrugdo e treinamento dos examinadores do estudo.

Link para acesso:

https://1drv.ms/v/s! Agv9StebE1vBx1isnfOszzJxE-th?e=1aOy12
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https://1drv.ms/v/s!Aqv9StgbE1vBx1isnf0szzJxE-fh?e=iaOy12
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APENDICE 3

Material instrucional elaborado para o treinamento dos examinadores do estudo.

Link para acesso:

https://1drv.ms/b/s! Agv9StebE1vBx1v2RJadMhlpklI23?e=U820QMh



https://1drv.ms/b/s!Aqv9StgbE1vBx1v2RJadMhIpkI23?e=U82QMh
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Clementino Fraga Filho da Universidade Federal do Rio de Janeiro (CEP/HUCFF/UFRJ).
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Objectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest

Outcome data 15*%  Report numbers of outcome events or summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and

sensitivity analyses




Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.comny/). Information on the STROBE Initiative is
available at www.strobe-statement.org.



