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Resumo

O uso de alinhadores ortodonticos transparentes tem demandado muitos
esforcos e recursos para que o resultado do tratamento seja o mais acurado
possivel. Em 2021 o protocolo G8 da Invisalgn® prometeu melhor previsibilidade
no tratamento. E através da sobreposicdo de imagens que estes resultados
podem ser avaliados. Na literatura, encontram-se relatos de diversos métodos e
softwares que buscam confiabilidade para sobreposicdo de modelos
tridimensionais (3D), mas sem consenso sobre estes métodos. Assim, 0s
objetivos deste estudo foram: (1) Desenvolver novo método de sobreposicao de
modelos 3D com Autodesk Inventor®, (2) avaliar a reprodutibilidade do Autodesk
Inventor® utilizando o sistema de coordenadas universais (UCS) associado a
anico ponto para sobreposicdo de modelos ortodénticos 3D da mandibula e
maxila, (3) avaliar a reprodutibilidade do Autodesk Inventor® na sobreposicéo de
modelo ortodéntico 3D da maxila e mandibula, (4) Comparar a acuracia do
protocolo G8 através do resultado previsto pelo ClinCheck® com o resultado real
obtido nos movimentos de intrusdo e expansdo dentaria posterior. Para os
objetivos 1, 2 e 3, foram selecionados 11 pares de modelos em STL
(estereolitografia) de ambos os arcos tratados com Invisalign® em dois tempos:
inicio (TO) e refinamento (T1). As sobreposi¢cdes foram realizadas utilizando os
softwares Slicer® (verséo 4.1) e Autodesk Inventor® usando como referéncia os
planos dos 3 eixos cartesianos UCS (X, Y e Z) associado a um ponto na segunda
ruga palatina na maxila e, na mandibula, um ponto na linha muco gengival
lingual. ApGs a sobreposicdo os movimentos de translacdo buco-lingual dos
caninos, pré-molares e molares superiores e inferiores, intrusdo, rotacdo dos
caninos e incisivos mandibulares foram analisados por dois examinadores. Para
0 objetivo 4, a acurédcia foi comparada nos movimentos alcancados e previstos
pelo ClinCheck® entre trés casos em que o protocolo G8 foi ativado e 8 casos
em que nao foi ativado para a expanséo posterior maxila e mandibula, intruséo
de caninos e incisivos inferiores.Resultados do objetivo 1, 2 e 3 foram
coeficientes de correlacdo intraclasse (ICC) maior que 0,90 em todas as
medidas, nao foi observado erro sistematico avaliado pela formula de Dahlberg.
Resultados do objetivo 4 ndo foram observadas diferencas estatisticas
significativas entre os grupos. A acuracia no grupo G8 quando comparada ao
grupo ndo G8 para expansao posterior na mandibula e maxila aumentou 12.7%
e 7,8% respectivamente, mas sem diferencas estatisticas significante.
Movimento de intrusdo, a acuracia do grupo G8 foi 7,7% maior que a do grupo
ndo G8 sem diferenca estatistica entre eles. Concluiu-se que o método
desenvolvido se mostrou reprodutivel para sobreposicdo de modelos
tridimensionais. O protocolo G8, quando ativado, ndo apresenta maior acuracia
para o tratamento com Invisalign®.

Palavras-chave: Invisalign®. Modelos dentarios. Movimentagdo ortodontica.
Imagem 3D. Reprodutibilidade dos testes



ABSTRACT

New mandibular superposition method using autodesk inventor®
software to evaluate the accuracy of the invisalign® G8 protocol

The use of orthodontic clear aligners has required effort and resources to ensure
that the treatment outcome is as accurate as possible. In 2021 Invisalgn® G8
protocol promises better treatment predictability. It is through image
superimposition that these results can be evaluated. In the literature, there are
reports of various methods and software that seek reliability for superimposing
three-dimensional (3D) models, but no consensus on these methods.The
objectives of this study were: (1) Develop a new method for superimposing 3D
models with Autodesk Inventor®, (2) evaluate the reproducibility of Autodesk
Inventor® using the universal coordinate system (UCS) associated with a single
point for superimposing 3D orthodontic models of the mandible and maxilla (3)
Evaluate the reproducibility of Autodesk Inventor® in superimposing orthodontic
3D models of the maxilla and mandible, (4) Compare the accuracy of the G8
protocol through the result predicted by ClinCheck® with the actual result
obtained in intrusion movements and posterior dental expansion. To the
objectives 1, 2 and 3, 11 pairs of STL (Stereo-lithography) models of both arches
treated with Invisalign® were selected at two times: initial (TO) and refinement
(T1). The superpositions were performed using the Slicer® (version 4.1) and
Autodesk Inventor® software using as reference the planes of the three Cartesian
axes (X, Y and Z) associated with a point on the second palatal crease in the
maxilla and, in the mandible, a point on the lingual mucous gingival line. After
superimposition, the bucco-lingual translation movements of the canines,
premolars and upper and lower molars, intrusion, rotation of the canines and
mandibular incisors were analyzed by two examiners. To the objective 4, the
accuracy was compared in the movements achieved and predicted by
ClinCheck® between three cases in which the G8 protocol was activated and 8
cases in which it was not activated for maxillary and mandibular posterior
expansion, canine and mandibular incisor intrusion. Results of objectives 1, 2 and
3 were intraclass correlation coefficients (ICC) greater than 0.90 no systematic
error evaluated by the Dahlberg formula was observed.Results of objective 4, no
statistically significant differences were observed between the groups. The
accuracy in the G8 group when compared to the non-G8 group for posterior
expansion in the mandible and maxilla increased by 12.7% and 7.8% respectively
but without statistically significant differences. Intrusion movement, the accuracy
of the G8 group was 7.7% higher than the non G8 group with no statistical
difference between groups. It was concluded that the developed method proved
reproducible for three-dimensional model superimposition. The G8 protocol,
when activated, does not present greater accuracy for treatment with Invisalign®

Key words: Invisalign®. Dental models. Orthodontic movement. 3D image.
Reproducibility of results.
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1 CONSIDERACOES INICIAIS

Com o proposito de criar um aparelho ortodéntico que nao possuisse
braquetes, fios ou bandas Kesling em 1945 idealizou o Tooth Positioning
Appliance considerado o precursor dos alinhadores. Seu sistema de
planejamento foi totalmente manual realizado através de encerramento
diretamente em modelos de gesso. Era feito de borracha flexivel que cobria a
superficie dos dentes movimentando-os na direcdo desejada. Apesar do uso
restrito a pequenas corregdes ele afirmava que movimentos maiores poderiam
ser conseguidos se houvesse modificagbes sequenciais a medida que o
tratamento fosse progredindo (KESLING, 1945)

O primeiro aparelho termoplastico transparente para uso na ortodontia,
baseado na ideia do Dr Kesling, foi desenvolvido por Henry Nahoum em 1964,
fabricado através de uma méaquina de vacuo industrial. Placas de plastico eram
aguecidas e modeladas sobre o set up nos modelos de gesso. O aparelho
poderia ser utilizado tanto como contencdo, como para conseguir pequenos
movimentos ortoddnticos. Ponderou que sua utilizagdo em movimentos maiores
era restrita pois havia dificuldade em segmentar os dentes em estagios precisos
utilizando modelos de gesso (NAHOUM, 1964).

Em 1971, Ponitz descreveu os primeiros experimentos com alinhadores
termoplasticos, também mediante estudos do Dr. Kesling, sendo que até 1971 a
ideia ndo apresentou progresso cientifico. Com o tempo e a partir de pesquisas,
Ponitz et al.(1971) retornou com uma nova concepgdo nomeada de “Retentores
Invisiveis”, os quais apresentam a mesma finalidade dos aparelhos do Dr.
Kesling, porém com um padrdo estético invisivel (PONITZ; VICKI
VLASKALIC,1971). A técnica de Ponitz et al. (1971) para fabricar aparelhos
invisiveis foi posteriormente refinada por James A. McNamara em 1985. A
fabricacdo dos aparelhos era feita através de uma maquina de pressao e néo de
vacuo. Poucos dentes eram movidos por estagios devido a dificuldade de
adaptacdo dos alinhadores que poderia dificultar o uso pelo paciente
(MCNAMARA; KRAMER; JUENKER, 1985).

Em 1993, John J. Sheridan apresentou a sua variacdo da familia dos

alinhadores termoplésticos, conhecida como a contengdo Essix. O principio



fundamental deste sistema baseava-se na utilizagdo de um Unico aparelho em
gue eram realizados ajustes no curso do tratamento, criando pontos de pressao
no alinhador com um instrumento aquecido provocando uma deformacéo pontual
pressionado o dente quando o aparelho era inserido (SHERIDAN; LEDOUX;
MCMINN, 1993).

O conceito da utilizacao de alinhadores ortodénticos ja persiste ha muitas
décadas, os processos de planeamento e fabricacdo eram feitos manualmente
através de procedimentos demorados e trabalhosos. Uma das maiores
limitagbes destes processos é o fato que estavam limitados a um nudmero
pequeno de alinhadores produzindo pequenos movimentos dentarios (WONG,
2002). Foi com a criacdo do sistema Invisalign® em 1997 através da empresa
Align® Technology (Santa Clara, Califérnia EUA.), com o mesmo principio de
tratamento, que trouxe grande impulso tecnolégico na area da ortodontia dos
alinhadores (WOMACK et al., 2002; WONG, 2002).

Os alinhadores da Invisalign® sdo fabricados em material plastico flexivel
de poliuretano. Cobrem a superficie oclusal, vestibular e lingual dos dentes O
sistema utiliza tecnologia com set-up totalmente digital. Este método foi o
primeiro que se baseou exclusivamente numa tecnologia tridimensional (3D), na
gual uma sequéncia de estagios produz movimentos sucessivos e precisos dos
dentes através de programas computadorizados que manipulam as imagens
virtualmente permitindo visualizar o tratamento. Associado as placas flexiveis ha
necessidade, em alguns casos, da instalacdo de attachments que sé&o
dispositivos de resina colados aos dentes que permitem maior ancoragem dos
alinhadores permitido direcionar os movimentos. Attachments otimizados sao
mais especificos que os convencionais, pois alteram a posicéo do alinhador em
toda a superficie do dente com o objetivo de melhorar a movimentacao desejada.
Utiliza o sistema CAD (desenho assistido por computador) e CAM (fabricacéo
assistida por computador) para o planejamento e construcdo do modelo inicial
onde as placas sédo confeccionadas para a movimentacao dentaria sequencial
até a posicao final planejada digitalmente na tentativa de aumentar acuracia e
previsibilidade do resultado do tratamento (BOYD; WASKALIC, 2001; WONG,
2002)

O software ClinCheck® é a ferramenta virtual de planejamento de

tratamento utilizada para comunicar um plano de tratamento para Align®.E a
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forma como a Align® mostra progressdo dos movimentos de cada dente até o
resultado final. Todas as previsbes de movimentos sédo resumidas na tabela do
ClinCheck® que permite ao paciente visualizar o resultado previsto de modo a
atingir com maior previsibilidade a simulagéo final do tratamento. (MORTON et
al., 2017).

Ao longo dos anos a Align® Technology vem aperfeicoando o sistema
Invisalign® com melhorias em seu sistema divididas em protocolos ou geracoes.
Surgiu em 2011 o protocolo G3 que incluem novos recursos como 0S
attachments de extrusdo e de rotacdo aperfeicoados, Power Ridges e novos
protocolos no software ClinCheck® de desgastes interproximais. Os attachments
de extrusdo foram desenvolvidos para aumentar o poder dos alinhadores na
extrusdo de dentes anteriores. Com o0 uso da tecnologia 3D, cada attachment
tem um desenho customizado para o contorno do dente de cada paciente. A
extremidade gengival dos attachments € mais fina para proporcionar contato
melhor e mais consistente com o alinhador e um desenho mais estético. A area
de superficie é orientada em relacdo ao longo eixo do dente para ajudar a
controlar a for¢a de extrusao aplicada e o desenho permite ao alinhador reter
melhor com um desempenho mais previsivel. Com o novo software ClinCheck®,
a velocidade de movimento de cada parte do dente € mais controlada, incluindo
araiz do dente e rotacdes em intervalos ideais recorrendo a pontos de referéncia
digitais no dente. Os novos attachments de rotacdo conseguem aumentar o
alinhamento devido a rotacdo dos caninos e pré-molares mais eficaz. O Power
Ridges, foi concebido para gerar torque lingual nas raizes dos incisivos
superiores, sem necessidade de recorrer a attachments. Pode ser utilizado
quando € necessario verticalizar incisivos retroinclinados como nos casos de
Classe Il divisdo 2 ( BELLMAN, 2011; INVISALIGN ®G3, 2011)

Protocolo G4 surgiu em 2012, com novos e melhores recursos de
SmartForce® projetados para movimentos dentarios mais previsiveis. Os
SmartForce® sdo recursos nos alinhadores e nos attachments, desenvolvidos
para melhorar o sistema de forgas, no controle mesio distal de angulagéo de raiz.
Forcas aplicadas na superficie ativa de dois attachments vestibulares criam o
momento de forca favordvel ao movimento radicular. Estes recursos estdo

disponiveis para 0s caninos superiores, inferiores e incisivos centrais superiores,
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€ aplicado para fechar espacgos e verticalizagdo mesio distal de raizes. O
Invisalign® G4, introduz também o novo recuso de movimento multiplano para
melhor controle de incisivos laterais superiores que necessitam de extrusao junto
com rotacao e/ou inclinagdo de coroa dentaria além de uma nova abordagem
para tratamento de mordida aberta anterior baseada nos attachments de
extrusdo que executam movimentos extrusivos nos quatro incisivos superiores
como uma unidade usando os dentes posteriores como .Neste ano, a Align
adquiriu a Align Cadent Holdings, Inc., uma empresa lider de solu¢des de
digitalizacdo em 3D para ortodontia e odontologia, e fabricantes do iTero.18 A
geracdo 4 também teve mudancas no ano de 2013, porém apenas foram feitas
algumas melhorias e a principal mudanca foi devido a implementacdo do seu
novo material o SmartTrack® prometendo mais elasticidade e resisténcia ao
alinhador durante a movimentacdo dentaria (BRASCHER et al., 2016;
INVISALIGN® G4, 2012)

Protocolo G5 surgiu em 2014 com o0 objetivo de corrigir casos de mordida
profunda. O Invisalign® G5 criou um novo SmartForce® para nivelar a curva de
Spee permitindo uma correcdo mais previsivel da mordida profunda trouxe
melhorias como pressure point na lingual dos incisivos para controle de intrusao
anterior na correcédo da sobremordida exagerada, attachments otimizados para
extrusdo ou ancoragem de pré-molares na correcdo da sobremordida
exagerada, Precision Bite Ramps, que é uma pequena estrutura de forma
piramidal ligada ao alinhador localizada na regido palatina dos incisivos
superiores que auxilia a correcdo da sobremordida exagerada desocluindo os
dentes posteriores, eliminando as forcas de mordida posterior que podem agir
contra a correcdo da mordida profunda. (INVISALIGN® G5, 2014; MORTON et
al., 2017)

O protocolo G6 em 2015 trouxe melhorias com novo attachments
otimizados para retracdo do canino no fechamento de espaco de extracdo do
pré-molar (acompanhado ou ndo de elasticos), novo attachments otimizados
para maximizar a ancoragem posterior, attachments otimizados modificados
para acomodar precision cuts no canino, insercdo de espaco na regidao dos

caninos, no alinhador, para insercdo do Power Arms que sao alcas utilizadas
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para uso de elasticos, correntes ou molas , identificacdo de pénticos e,
ClinCheck® Pro (INVISALIGN® G6, 2015; JIL, 2018; ZHU; LI; LAI, 2019)

Em 2016 surgiu o protocolo G7 criando attachments otimizados
multiplanos para controle de incisivos laterais superiores quando rotagdo com
extrusdo ou rotacdo com intrusdo esta planejada, attachments otimizados para
controle dos laterais superiores quando intrusdo de incisivos centrais ou caninos
é planejada, novo attachment para controle radicular mesio-distal do pré-molar
e 0 ClinCheck® Pro 5.0 (INVISALIGN® G7, 2016; MOSHIRI et al., 2021)

Ultimo protocolo criado pela Invisalign® foi o G8, em fevereiro de 2021,
surgiu com o objetivo de aumentar mais a previsibilidade clinica. O sistema foi
chamado de SmartForce Aligner Activation® que aproveita a cobertura completa
do alinhador nos dentes para criar areas de contato estratégicas para maior
controle. Trabalha sinergicamente com os recursos SmartForce® introduzidos
anteriormente para um alto controle do sistema de forca que € acionado
automaticamente quando ha necessidade de intrusdo ou expansao vestibular
maior que 0,5 mm. Ha também a insercdo automatica do dispositivo Precision
Bite Ramp® para casos de mordida profunda moderada a grave, com
sobremordida de pelo menos 4 mm, e que requer intrusao de pelo menos 1,5
mm dos incisivos inferiores Este sistema pretende melhorar a acuracia clinica
dos movimentos de intrusdo anterior e expansao do arco na regido posterior
reduzindo as inclinagBes dentarias prevenindo a abertura da mordida (ALIGN
TECHNOLOGY®, 2021; MOSHIRI et al.,2021).

A acurdcia do tratamento ortodéntico com alinhadores é importante pois
garante o0s resultados previstos, o calculo correto do custo, do tempo e
seguranca na comunicacdo com o paciente (LAGRAVERE; FLORES-MIR,
2005). O ClinCheck® é o software que permite a movimentacéo virtual das coroas
dos dentes. E através dele que o paciente e o ortodontista visualizardo a
projecéo do resultado do tratamento previsto e o progresso com cada alinhador
de modo a permitir maior previsibilidade da simulacdo final do tratamento.
(MORTON; DERAKHSHAN; KAZA; LI, 2017). Mesmo com o planejamento
computadorizado, a previsibilidade do resultado do tratamento é relativa e varia
de acordo com o tipo de movimento desejado (BUSCHANG et al., 2015;
CHARALAMPAKIS et al.; 2018; GRUNHEID; LOH; LARSON, 2017). Autores
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relataram que até 70%-80% dos tratamentos Invisalign® exigiram correcéo ou
refinamento (GALAN-LOPEZ; BARCIA-GONZALEZ; PLASENCIA, 2019).

Para se determinar o sucesso do tratamento com alinhadores, utilizamos
da avaliacdo da acuracia (KRAVITZ et al.,2009; CHARALAMPAKIS et al.; 2018;
GALAN-LOPEZ; BARCIA-GONZALEZ; PLASENCIA, 2019). Dentre estes, 0
movimento de inclinacdo vestibulo-lingual é considerado de moderada a boa
previsibilidade (GALAN-LOPEZ; BARCIA-GONZALEZ; PLASENCIA, 2019)
Kravitz et al., (2009) com o propdésito exclusivo de avaliar a eficacia dos
movimentos dentarios com Invisalign® realizaram um estudo com modelos
iniciais e finais, utilizando os dentes posteriores ndo movimentados como ponto
de referéncia para sobreposicdo. Utilizou a ferramenta Tooth Measure® da
prépria Invisalign® para andlise dos movimentos. O resultado mostrou que a
média de acuracia para todos os movimentos com Invisalign® foi de 41%. Maior
acuracia (47.1%) para movimentos inclinacao lingual dos incisivos (KRAVITZ; et
al., 2009). Charalampakis et al. (2018) utilizando a tecnologia Smart Track®, ndo
encontrou diferencas significantes em relagéo a inclinagédo vestibulo-lingual dos
movimentos previstos e alcancados com Invisalign®. (CHARALAMPAKIS;et al.,
2018). Houle et al. (2017) encontrou previsibilidade maior na movimentacéo
transversal de 72,8% na maxila e 87,7% na mandibula, quando comparado com
o movimento real alcancado com o previsto pelo ClinCheck® (HOULE et al.,
2017). Em 2020, Haouili et al. (2020) encontraram uma acuracia no movimento
de inclinacdo buco lingual de 56% creditada as novas tecnologias SmartForce®
e SmartTrack® incorporadas pela Invisalign® (HAQUILI et al., 2020). Bilello et al.
(2022) n&o encontraram diferencas estatisticamente significantes entre o
movimento planejado inicialmente pelo ClinCheck® e o resultado real final
alcancado com Invisalign® A acuracia do movimento vestibulo-lingual foi de
95,9% para a mandibula e 94,6% na maxila (BILELLO et al., 2022).

Varios autores demonstraram que o movimento de expanséo transversal,
dos dentes posteriores, com o uso do Invisalign®, ocorre predominantemente
com inclinacéo das coroas e ndo movimento de corpo do dente. Alertam para a
sobrestimardo deste movimento gerado pelo ClinCheck®, que pode néo ser
alcancado clinicamente, sendo necessario sobrecorrecdo durante o
planejamento virtual (BUSCHANG et al., 2015; HOULE et al., 2017; MORALES-
BURRUEZO; et al., 2020; VIDAL-BERNARDEZ et al., 2021; ZHOU; GUO, 2020).



14

Dentre os movimentos lineares, o de intrusdo é considerado de mais baixa
previsibilidade, alcancando diferenca entre o previsto e alcancado de até 1,5mm
(KRAVITZ et al., 2009). Para o movimento de intrusdo, a previsibilidade
encontrada foi em torno de 35% por Grunheid et al. (2017), Charalampakis et al.
(2018). Haouili et al. (2020) confirmou estes achados e afirmou que a baixa
previsibilidade pode ser uma consequéncia da falta de attachment na regido
posterior. Al-balaa et al. (2021) comparou as medidas de intrusdo dos dentes
anteriores previstas com as medidas de intrusdo reais clinicas usando a
tomografia computadorizada de feixe conico (CBCT)). A previsibilidade média
alcancada com uso do Invisalign® foi de 51,19% com melhor previsibilidade entre
0s incisivos lateriais superiores (58,1%) e a pior entre incisivos inferiores
(44,7%). Bilello et al. (2022) alcancou previsibilidade com maior acuracia de
92,2% e 94,3% para a maxila e mandibula, respectivamente, onde movimentos
de até 2 mm foram considerados mais previsiveis (BILELLO et al., 2022).

Movimentos de rotacdo sédo notoriamente considerados de baixa a média
previsibilidade. A forma anatdomica dos dentes influencia na previsibilidade deste
movimento. Dentes planos ou retangulares como incisivos centrais e laterais tém
movimentos de rotacdo mais previsiveis que dentes com superficies
arredondadas como os caninos e pré-molares (KRAVITZ et al., 2008.). Desde
Kravitz et al. (2009) este resultado j& era confirmado com previsédo de 32%, 55%
e 52% para caninos superiores, incisivos centrais superiores e inferiores,
respectivamente. A menor acuracia foi encontrada para os caninos inferiores
com apenas 29%. Este mesmo autor afirmou que com desgastes interproximais
a acuracia do movimento de rotacdo dos caninos aumentou para 43%.
Especialmente para rotacbes maiores que 15° a previsibilidade do movimento
tornou-se significantemente reduzida para 19% (KRAVITZ et al., 2009; ROSSINI,
et al., 2015.). Apesar de considerar os avangos alcancados com a adocao de
novos attachments otimizados para controle de rotacdo, Bilello et al. (2022)
encontrou menor previsibilidade deste movimento entre todos 0os movimentos
estudados sendo de 81%, 80,9% e 70,4% para 0s caninos, incisivos laterais
superiores e pré-molares inferiores, respectivamente (BILELLO et al., 2022.).

A acurdcia das andlises depende da acuracia da sobreposi¢cdo (MILLER;
KUO; CHOI, 2003). A sobreposi¢cédo de imagens para avaliacdo de resultado do

tratamento ortodontico, assim como estudos de alteragbes do posicionamento
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dos dentes e estruturas cranio faciais ocorridas durante a fase de crescimento,
tém frequentemente levantado interesse de pesquisadores e clinicos (GARIB et
al., 2021; KRARUP et al., 2005).

Com o avango de novas tecnologias da era digital, modelos 3D das
arcadas tém sido utilizados com mais frequéncia para estudos de diagndstico e
analise dos resultados do tratamento (QUIMBY et al., 2004; AKYALCIN et al.,
2013; AKYALCIN;et al. 2013). A utilizacdo de modelos digitais 3D para analise
de resultado ortoddntico tem como vantagens a auséncia de exposicdo a
radiacbes como ocorre na telerradiografia se nas Tomografias computadorizada
de Feixe conico (CBCT), qualidade da visualizacdo de imagens, custo menor e
simplificacdo do estudo (STUCKI; GKANTIDIS, 2020). Tem sido usado para
observacdo de alteracbes oclusal causadas pelo crescimento cranio facial
(GARIB et al., 2021; S. KRARUP et al, 2005) analise da acurécia e
previsibilidade do tratamento ortoddntico com alinhadores (CHARALAMPAKIS
et al., 2018; GRUNHEID et al. 2017; SACHDEV; TANTIDHNAZET; SAENGFAI,
2021) e avaliagdo da movimentacdo dentaria (CAMARDELLA; BREUNING;
VILELLA, 2017; CAMARDELLA et al., 2021; JOSE VINAS: PIE DE HIERRO;
2018; KLAUS; XIROUCHAKI; RUF, 2020; STUCKI; GKANTIDIS, 2020)., Os
modelos 3D produzidos através de escaneamento intrabucal apresentam maior
clareza nos detalhes anatbmicos e mostraram ser adequados, reprodutiveis e
validos para uso na Ortodontia, além da confiabilidade superior na relacao das
arcadas em comparacado aos modelos digitais indiretos (AKYALCIN et al.,2013;
AKYALCIN, et al., 2013).

Na literatura diversos métodos buscam confiabilidade para sobreposicao
de modelos 3D através de demarcacdo de pontos na maxila e mandibula que
sejam estaveis e ndo se movimentem durante o tratamento ortoddntico (AN et
al., 2015; CAMARDELLA et al., 2020; VASILAKOS et al., 2017). Estudos que
buscaram pontos de sobreposicdo na maxila observaram que os mais estaveis
estéo localizados na regiao posterior da papila incisiva e nas segunda e terceira
rugas palatinas (CHOI et al., 2010; KURALT; FIDLER, 2021; VASILAKOS et al.,
2017). Garib et al. em 2019, realizou um estudo com o objetivo de avaliar a
confiabilidade da sobreposicdo de modelos digitais nas alteragBes dentarias
ocorridas durante um periodo de acompanhamento dos pacientes dos 5 até os

40 anos de idade. Os modelos foram sobrepostos usando 9 pontos demarcados
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em regides que incluiu o limite posterior da papila incisiva, bordas mediais da
segunda ruga, bordas mediais e distais da terceira ruga palatina e duas marcas
projetadas 10mm distal da margem medial da terceira ruga. O programa utilizado
nas sobreposicdes foi Slicer® 3D. Seu resultado mostrou que em periodo de até
5 anos as marcas selecionadas parecem ser confidveis para sobreposicdo
(GARIB et al., 2019).

Para a mandibula sdo mais raros os trabalhos que encontram pontos
estaveis que possam ser utilizados para sobreposicdo de modelos em 3D (AN et
al., 2015; JOSE VINAS; PIE DE HIERRO; J, 2018; STUCKI; GKANTIDIS, 2020).
An et al. (2015) realizou estudo para definir pontos estaveis na mandibula que
pudessem ser sobrepostos, por meio de sobreposicdo de teleradiografias
laterais como modelos 3D dos mesmos pacientes os autores sobrepuseram os
modelos mandibulares em quatro areas bilaterais linguais definidas na regido
alveolar dos incisivos até molares e uma area, bilateral, na regido vestibular
préximo aos pré-molares e molares. Suas conclusfes foram que nas areas, tanto
vestibular quanto lingual, em pacientes que ndo possuem Torus, ndo ha
estruturas estaveis que possam ser utilizadas na sobreposi¢cdo de modelos de
mandibula e que os tords na regido lingual, proximo aos caninos e pré-molares,
sdo estaveis, mas esta € uma estrutura que ndo esti presente em todos os
pacientes (AN et al., 2015).

loshida et al. (2019) na busca de areas estaveis para sobreposicao da
mandibula validou a linha muco gengival como area de referéncia. As imagens
digitais foram obtidas através de escaneamento intrabucal e comparadas com
resultados previamente conseguidos através de CBCT da mandibula. Dez
pontos ao longo da linha muco gengival vestibular foram usados para a
sobreposicao dos modelos pré e pos-tratamento ortoddntico. Foi observado que
nao houve diferencga estatisticamente significante entre as medidas com a CBCT
e as realizadas nos modelos digitais mostrando a confiabilidade da linha muco
gengival como area estavel para sobreposicao de modelos digitais da mandibula
(IOSHIDA et al., 2019). Recentemente Garib et al. (2021), revalidou a linha muco
gengival como area de sobreposi¢cdo de modelos digitais mandibulares. Foram
avaliadas as mudancas tridimensionais dentais na mandibula em pacientes ndo
tratados e em crescimento. Os modelos digitais obtidos em dois tempos, com um

intervalo entre eles de 42 anos, foram sobrepostos utilizando 13 pontos ao longo
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da linha mucogengival do primeiro molar direito ao primeiro molar do lado
esquerdo. O software utilizado para aproximacéo dos modelos foi Slicer® verséo
3.1. Com seus resultados foi possivel observar pequenas mudancas na posicao
de alguns dentes entre os 17 e 60 anos de idade em relacdo a linha muco
gengival, considerada estavel ao longo dos anos, mesmo durante movimentagao
dentaria (GARIB et al., 2021).

Pesquisas realizadas utilizaram diversos softwares, mas ndo chegaram a
um senso comum sobre a previsibilidade dos movimentos. Todos esses
programas necessitam de demarcagéo de diversos pontos nos modelos 3D o
que pode gerar erros sistematicos. Softwares especificos para a Odontologia
tém demonstrado limitacdes e dificuldades para uso em pesquisa (FELTER et
al., 2018; TALAAT et al., 2017; WESTERLUND et al., 2015). Autodesk Inventor®
€ um software proveniente da engenharia que utiliza o sistema CAD/CAM na
construcdo de um produto/peca e no auxilio ao entendimento de como um
produto ou um corpo se comporta em determinadas condi¢des. Utiliza o sistema
de coordenadas Sistema de Coordenadas Universais (UCS) que permite marcar
apenas um ponto, que sera a origem de um sistema de coordenadas para cada
modelo (https://knowledge.autodesk.com/support/inventor-products). Através da
demarcacao deste Unico ponto, em cada modelo em estereolitografia (STL), é
gerado um sistema de coordenadas tridimensionais definido por trés vetores,
representando os eixos cartesianos (X, Y E Z), onde o software, de forma
automatica, alinha estes eixos criando uma sobreposicao de todos os pontos do
espaco (BOLDRINI et al.,, 1980). Isso torna o estudo dos movimentos
tridimensionais dos modelos mais proximo da realidade, gerando modelos
sobrepostos mais acurados, sem utilizagdo de inUmeros pontos para
sobreposicado garantindo a equivaléncia do espaco cartesiano de ambos 0s
modelos mantendo a alta preciséo
(https://knowledge.autodesk.com/support/inventor-products).

Diversos trabalhos tém buscado medir a previsibilidade com o sistema
Invisalign® através do ClinCheck® Nenhum deles até o momento avaliou a
acuracia do protocolo G8 comparado a protocolos antigos para verificar se houve
melhora na previsibilidade principalmente nos movimentos de intrusédo e
expansao posterior. Neste sentido, nosso estudo visou desenvolver um protocolo

de sobreposicdo usando um software da area de engenharia de alta preciséo
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utilizando planos cartesianos associados a um Unico ponto na maxila e
mandibula para sobreposicéo. Posteriormente analisar através destes modelos
a acuracia do protocolo G8 do tratamento ortoddntico com Invisalign® nos

movimentos de intrusdo e expansao dentéria.
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2 OBJETIVOS

2.1 Objetivo geral

Desenvolver um novo método de sobreposi¢cdo de modelos digitais e, a
partir disso, avaliar a previsibilidade dos movimentos de intruséo e expanséo de
casos tratados com o novo protocolo G8 da Invisalign®.

2.2 Objetivos especificos

1- Estabelecer novo método de sobreposicao utilizando o sistema
Cartesiano associado a ponto de Unico em modelo 3D de maxila e mandibula;

2- Desenvolver um método de sobreposicdo de modelos 3D para maxila
e mandibula no software Autodesk Inventor®;

3- Avaliar a confiabilidade e reprodutibilidade do método proposto para
realizar sobreposi¢do de maxila e mandibula utilizando modelos 3D;

4- Avaliar a previsibilidade do movimento d intrusdo e expansao dentaria
com ativacdo do protocolo G8 da Invisalign® utilizando a nova metodologia de

sobreposicao proposta no presente estudo.
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3 METODOLOGIA

3.1. Desenho do estudo

Foi realizado um estudo observacional retrospectivo.

3.2. Consideracdes éticas

Este estudo foi aprovado pelo Comité de Etica e Pesquisa da
Universidade Federal de Minas Gerais (CAAE: 48546321.4.0000.5149), foi
registrado na base do Registro Brasileiro de Ensaios Clinicos (ReBEC) com o

namero RBR-7df547he. Este trabalho seguiu a Declaracédo de Helsinque

3.3. Selecdo da amostra

A amostra, de conveniéncia, deste estudo foi composta por 56 modelos,
STL, 28 da maxila e 28 da mandibula de 14 pacientes das fases iniciais (TO) e
refinamento (T1), exportados da plataforma My iTero®
(https://bff.cloud.myitero.com/doctors/home Align Technology, Santa Clara, CA,
USA). Os casos foram tratados por um unico ortodontista pertencente a uma
clinica privada na cidade de Belo Horizonte, MG, Brasil, através do sistema
Invisalign® (Align Technology, Santa Clara, CA, USA). Todos os pacientes foram
escaneados através do escaner iTero® (modelo Element RTC2018 W06A228)
por um unico operador. Onze casos foram tratados exclusivamente com o

protocolo anterior ao G8 e trés casos o protocolo G8 foi ativado.

3.3.1 Critérios de incluséo:
Foram selecionados participantes com mas oclusfes de Classe |, Il ou Il

com apinhamento moderado inferior de até 4mm, alteracdo na sobremordida (3
mm até 5 mm), denticdo permanente, presenca de todos os dentes até os
segundos molares, com idades entre 18 a 45 anos. Todos tratados entre 0s anos

de 2020 e 2022 através do sistema Invisalign®.

3.3.2 Critérios de exclusao

Foram excluidos participantes que apresentaram restauracdes nos
dentes movimentados durante o tratamento, pacientes nao colaboradores,
portadores de sindromes ou anomalias cranio faciais e/ou com sinais ou
sintomas de inflamacgéo nos tecidos periodontais. Trés casos foram descartados:

um por apresentar restauragées com resina composta em dentes movimentados,
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na qual alterou a proporcéo dentéria e dois casos por apresentarem distor¢ao na
malha STL no momento de exportacdo para o software, em nenhum destes o
protocolo G8 foi ativado. Restando desta forma 44 modelos STL 22 maxilares e
22 mandibulares. Em 12 modelos STL ( 6 pares de modelos sobrepostos 3
maxilares e 3 mandibulares) o protocolo G8 foi ativado.

3.4. Sobreposi¢cédo dos modelos

Material detalhado com guia contendo passo a passo sobre a
sobreposicao utilizando os softwares e medicdes dos movimentos estédo
inseridos no material suplementar do artigo 1. A abordagem abaixo sao
consideracdes gerais

Para marcacdo dos pontos de sobreposicdo os modelos STL foram
exportados para o programa Slicer® CMF (Versédo 4.11; http://slicer.org). A
demarcacao de um ponto foi realizada utilizando a ferramenta “Fiducial Image
Guided Therapy “(IGT) no modelo TO e 0 mesmo ponto no modelo T1. Este ponto
foi localizado na regiao central e mais superior na linha muco gengival entre os
incisivos centrais inferiores na porcao lingual na mandibula (FIGURA 1) e, na
regido medial da segunda ruga palatina na maxila. A marcacdo de cada ponto
gerou coordenadas espaciais UCS que foram transferidas para os modelos no
Autodesk Inventor® (FIGURA 2).

Figura 1: Identificacdo pontos na mandibula, linha muco gengival, modelos TO
(imagem da esquerda) e T1 (imagem da direita)
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Fonte: Préprio autor, 2022

Os valores das coordenadas, representando os 3 eixos espaciais, X, Y e
Z foram transferidos para o Autodesk® Inventor® 2022 e demarcados em cada



22
modelo (TO e T1) usando a ferramenta UCS (Sistema de Coordenadas
Universais) (FIGURA 2).

Figura 2: Insercdo das coordenadas através da ferramenta UCS
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Fonte: Préprio autor, 2022

A sobreposicdo dos modelos TO e T1 foram realizadas através da
ferramenta “Cosntrain” utilizando como referéncia os pontos demarcados em
cada modelo na etapa anterior. Desta forma a sobreposicéo ocorre através dos
eixos (X, Y e Z) com infinitos pontos ao longo destes. O resultado da
sobreposi¢cao da mandibula € mostrado na Figura 3 onde a cor cinza representa

o modelo TO e o vermelho o modelo T1.

Figura 3: Resultado sobreposicdo mandibular

s 0 s 0 8 0

Apea ances

Fonte: Préprio autor, 2022
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3.5 Medidas dos movimentos dentarios

Foram realizadas as medicdes das distancias entre as cuspides
vestibulares dos caninos molares e pré-molares nos modelos TO e T1 da maxila
e mandibula representando a translacdo buco-lingual (GRUNHEID, et al.,2017;
VIDAL-BERNARDEZ,et al.,2021; MORALES-BURRUEZO et al.,2020). Estes
movimentos foram representados pelo eixo X.

O movimento vertical dos caninos e incisivos mandibulares foram
medidos através da distancia na ponta das cuspides dos caninos de TO e Tl e
no meio das bordas incisais dos incisivos de TO e T1 (CHARALAMPAKIS et al.,
2018) (FIGURA 4). Deslocamentos no sentido gengival, ou seja, movimento de
intrusdo, foram considerados com sinal positivo (+). Deslocamentos no sentido
oclusal/incisal, ou seja, movimento de extrusdo, foram considerados com sinal
negativo (-) (De Oliveira et al., 2019), e assim observado a quantidade de

movimento no eixo Z em milimetros (mm).

Figura 4: Exemplo de medicdo de movimento de intrusdo do incisivo lateral
esquerdo
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Fonte: Préprio autor, 2022

A rotacao mesio-distal dos caninos e incisivos mandibulares foi calculada
através do angulo formado pelas linhas tracadas nas bordas incisais ligando
ponto na mesial e distal dos incisivos ou ponta das cuspides dos caninos. A
rotacdo € expressa em graus referente a inclinacédo formada pela linha tracada

em TO com T1.

3.6 Calibracéo inter e entraexaminador
A calibragdo inter e intra examinadores foi realizada através da andlise

das medidas, apds a sobreposi¢do, dos movimentos dentarios descritos acima,
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totalizando 22 medi¢bes (5 medidas de translagdo buco lingual dos caninos e
molares mandibulares e 5 de caninos e molares maxilares, 6 de
intrusdo/extrusdo de caninos e incisivos inferiores e 6 rotacdo mesio distal de
caninos e incisivos inferiores) , dos 26 dentes de cada modelo totalizando 242
medidas em 286 dentes. O examinador 1 (RS) repetiu as medidas 2 vezes com
um intervalo entre elas de 15 dias (intra examinador) e o examinador 2 (GS)

realizou estas medi¢cdes uma vez (inter examinador).

3.7 Analise estatistica

O Coeficiente de Correlacao Intraclasse (ICC) foi utilizado para verificar a
concordancia intra- e inter- examinadores. O erro sistematico foi avaliado através
da férmula de Dahlberg. Os resultados foram expressos como média + desvio
padréao (DP). A analise da distribuicdo normal dos dados foi verificada pelo teste
de normalidade Omnibus de D'Agostino & Pearson. Para acuracia dos
movimentos foi utilizada a equacdo: porcentagem de acuracia= 100% -
([(previsto —alcangado) /previsto] X100%). O movimento previsto foi considerado
o resultado expresso na tabela de movimentos do ClinCheck®. O movimento
alcancado foi o movimento real conseguido analisado pelo método das
superposicdes dentérias. Teste T-student foi utilizado para comparacao entre

dois grupos experimentais.
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4 RESULTADOS

Os resultados e discussdo serdo apresentados na forma de dois artigos

cientificos

4.1 Artigos
4.1.1 Artigo 1- Resposta ao objetivo geral e especificos 1, 2 e 3.

Artigo submetido ao: periédico “The Angle Orthodontist’ Qualis A1. Elaborado

nas normas da revista

.. Dear Dr. Macari:

On September 12, 2022, | received your manuscript entitled "Step-by-step
guidelines for mandibular and maxillary arches superimposition
by Autodesk Inventor® using a single point in 3D models" by authors:

Your manuscript has been assigned the Paper #: 090822-632.

The paper will be sent out to experts who will be asked to assist with the
peer review of your manuscript. Please note that the average time for
this review is about 8 weeks.

I will contact you as soon as this process is complete. In the interim,
you may check on the status of this manuscript by selecting the
"Check Manuscript Status" link under the following URL:

https://angle.msubmit.net/cgi-
bin/main.plex?el=A6P0O6JjB4A7LUW5F7A9ftd889d8IKro7z9zf1Q8E3kQZ

(Press/Click on the above link to be automatically sent to the web page.)
Thank you for submitting your best work to The Angle Orthodontist.
Sincerely,

Steven J Lindauer

Editor, The Angle Orthodontist.
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Step-by-step guidelines for mandibular and maxillary arches
superimposition using the Cartesian coordinate system and a single point

in 3D models

Objective: To develop a method for superimposing 3D models of the maxilla and
mandibular arches using Autodesk Inventor® engineering software using the

Cartesian coordinate system (CCS).

Methods: A total of 44 STL models of the maxilla and mandibular arches
exported from ClinCheck® were retrospectively selected, where TO was initial and
T1 refinement periods (n = 11 per group). The X, Y and Z coordinates associated
to a single point in each arch were inserted into the models with Autodesk
Inventor® software for model orientation. The arch models with CCS registration
were transferred to SlicerCMF® for superimposition and to measure the
movements performed during the Invisalign® treatment. The 3D movements of
bucco-lingual translation of maxillary and mandibular canines, pre-molars and
molars were analyzed and, the intrusion and rotation movements of the
mandibular incisors and canines were measured by two examiners. The Intra-
and interrater agreements were evaluated using intraclass correlation coefficients
(ICC). The error of the method was performed by the Dahlberg's formula, and t-
test was used to compare the differences between the movements achieved and
predicted by ClinCheck® (p < 0.05).

Results: ICC showed excellent intra- and interrater correlation (ICC > 0.90).
Systematic error was not found in relation to linear and angular measurements
(< 1mm and < 1.5°, respectively), and the achieved movements did not exhibited

statistical differences in comparison to ClinCheck®.

Conclusion: The developed method was proven reliable and reproducible for
superimposing of 3D models of the maxillary and mandibular arches by using
CCS registration and demarcating a unique point using Autodesk Inventor®

software.

Key words: Dental models, Superimposition, reproducibility of results
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INTRODUCTION

The digital models superimposition are mainly used for observation of
occlusal changes caused by craniofacial growth,* 2 analysis of the accuracy and
predictability of orthodontic treatment with aligners®® and, evaluation of
orthodontic tooth movement. 1!, The use of three-dimensional (3D) digital
models for orthodontic outcome analysis has advantages over other methods,
such as less exposure to radiation, quality of image visualization and, lower cost.2

Several methods seek reliability for overlapping 3D models by
demarcating points in the maxilla and mandible, that are stable and do not move
during orthodontic treatment.”- 1214 Studies that looked for superimposition points
in the maxilla observed that the most stable are located in the posterior part of
the incisor papilla and the palatal rugae'® > 16, Regarding the mandible, solid
points that can be used for superimposition in 3D models are scarce & %14 Thus,
more studies are needed to establish stable points for better accuracy of
mandibular superimposition.’

Dental software programs have been developed to assist orthodontists in
treatment planning, but all have shown limitations and difficulties to be used in
research.'®20 Autodesk Inventor®is an engineering software program that uses
the Computer-Aided Design/Computer-Aided Manufacturing (CAD/CAM) system
to build products and items, and to help understand how a product or body
behaves under certain conditions. It uses the Universal Coordinate System
(UCS) that defines orientation of the Cartesian axes X, Y and Z in three-
dimensional space, associated with a single point mark on the part/model with
high accuracy. Due to its advantages, the use of Autodesk Inventor® in the
superimposition of 3D models in Dentistry might bring reliability to the studies of
three-dimensional movements in the maxilla and mandible arches.?*

Understanding of 3D models superimposition steps is of paramount
importance for its conduction. It is not simple to be done as there are difficulties
that could face the researcher. To decipher those obstacles, this methodology
study aimed to provide a step-by-step approach mainly for beginners and junior
researchers, in the field of orthodontics and other specialties in the use of 3D

models, on how to properly conduct a superimposition, in which all the steps here
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depicts our experience and expertise combined with free software with no
additional cost for the researcher.

The objective of this study was to create a step-by-step guide to
superimpose 3D models of the maxillary and mandibular arches, using the UCS
coordinates and a single point mark on the model with Autodesk Inventor®
Professional 2022 software 21 22 to make the analysis easier and accurate.

MATERIAL AND METHODS

This retrospective observational study was approved by the Ethics and
Research Committee of the Federal University of Minas Gerais (CAAE:
48546321.4.0000.5149) and in the Brazilian Clinical Trials Registry (ReBEC, #
RBR-7df547h). The inclusion and exclusion criteria were determined. The sample
was composed of 44 stl models STL (Stereo-lithographic or Standard Triangle
Language) models, treated with the Invisalign® system (Align Technology, Santa
Clara, CA, USA) and exported from the ClinCheck® software
(https://ClinCheck®.invisalign.com Align Technology, Santa Clara, CA, USA). The
maxillary and mandibular arches (n = 22 per group) were scanned using an iTero®
scanner (model Element, S/N: RTC2018 W06A228) by a single operator, under
the same conditions (same room, same chair), at two points in time: TO (start of
treatment) and T1 (refinement phase). The 3D movements of bucco-lingual
translation of maxillary and mandibular canines, pre-molars and molars were
analyzed and, the intrusion and rotation movements of the mandibular incisors
and canines were measured by two examiners. The inter- and intra-examiner
calibration was performed through the analysis of measurements of tooth
movements. Thirty-two measurements were made on 26 teeth of each model,
totaling 242 measurements on 286 teeth. Examiner 1 (RS) repeated the
measurements twice with a 15-day interval (intra-examiner) and examiner 2 (GS)
performed these measurements once (inter-examiner).

Briefly, the superimposition steps were:

1. Marking of points for superimposition (Fig. 1): The program SlicerCMF®
(Version 4.11; http://slicer.org) was used to define a point on each model (TO and
T1)
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2. On Autodesk Inventor® software: using the UCS tool, the X, Y and Z
coordinates were inserted into the models (Fig. 2)
3. The model points were superimposed using the "Constrain" tool (Fig. 3) and
then linear (Fig. 4) and angular (Fig. 5) movements were measured
4. Inter- and intra-examiner calibration was performed.

A full step-by-step guide was developed to superimpose 3D models of the

maxillary and mandibular arches to help researches.

STATISTICAL ANALYSIS

The inter- and intra-examiner calibration was checked by the Intraclass
Correlation Coefficient (ICC) (2-way random, single measurement, absolute
agreement), using the SPSS program (IBM SPSS Statistics version 19.0, Inc.,
New Armonk, NJ, EUA). For assessment of systematic error, the Dahlberg
formula was used. For systematic error evaluation, linear measurements should
not exceed 1 mm and angular measurements should not exceed 1.5°. The steps
for model analysis were performed by two examiners (RS and GS, inter-
examiner). The first examiner performed the steps twice, with a 15-day interval
between examinations (intra-examiner). ICC values of 0.9 to 1 were considered
excellent, 0.6 to 0.7 were good, 0.4 to 0.5 were considered reasonable, and less
than 0.4 were categorized as poor 22. Student's t-test was used to analyze the
differences between the groups, where P < 0.05 was considered statistically
significant. Statistical analysis was performed using the program GraphPad
Prism (Version 8.0 for Mac, La Jolla, California, USA).

RESULTS

The step-by-step guide to superimposing 3D digital models in STL using
Slicer® CMF® and the Autodesk Inventor® software was prepared
(Supplementary Material).

For the inter-examiner analysis, the mean ICC for maxillary and
mandibular buccal-lingual translation movements was 0.98 and 0.97 (Table 1),
respectively. The mean ICC for rotation and intrusion movements was 0.99 and
0.99, respectively. Values above 0.9 were considered excellent (Table 2). Similar
values were found for the intra-examiner evaluation with a mean ICC for maxillary

and mandibular buccal-lingual translation movements of 0.99 and 0.989 (Table
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3). The mean ICC for rotation and intrusion movements were 0.995 and 0.991,
respectively, being considered excellent (Table 4).

Dahlberg values were always smaller than 1, demonstrating that no
systematic error was found for inter- (Tables 1 and 2) and intra-examiners (Tables
3 and 4). Statistical significance between measurements for inter- (Tables 1 and

2) and intra-examiners (Tables 3 and 4) was considered P < 0.05.

DISCUSSION

Our work was the first to use the association between the SlicerCMF®
software and the Autodesk Inventor® engineering program, using the basic
principle of the Universal Coordinate System (UCS). This technique allowed to
determinate a single point in the region of the palatine rugae, in the maxilla, and
a point in the lingual region of the mandible, at the mucous-gingival junction. The
results proved to be reliable and reproducible for superimposing 3D orthodontic
models of the maxilla and mandible in STL format.

In the literature several methods of superimposition have been
proposed.t0 15 24-26 The search for stable structures that are not influenced by
orthodontic movement has been the main prerogative of current studies.8 Even in
cases of orthodontic aligners, where no movement of posterior teeth is planned,
making them assumedly immobile, the tooth movement is observed.3

Studies have pointed out that both the palatal rugae region and the
mucous gingival region are stable for model superimposition, using a wide area
of the maxilla and mandible, respectively 1 8 10. 12-15, 25, 26, 27, 28 The greatest
difficulties in superimposing STL models have been in the mandible.? 16 26 One
of the points used that proved stable for mandibular superimposition is the Torus
located on the lingual alveolar surface, however, this is a structure that is not
present in all patients,** thus its use was discarded in our research. The region
of the mucous-gingival junction has been chosen for 3D overlays in the mandible
because it is easy to locate and because it is stable and does not change?®, even
during intrusion and extrusion movements of the teeth and with mandibular
growth.1 25 26.27 Usually, in the literature, these points are demarcated along the
mucous-gingival junction from the first molar on the right side to the first molar on

the left side, totaling 13 marks on average? 2> 26, The enhanced number of marks
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might increase the chance of errors and possibly decreasing the reliability of the
method. The solution to this impasse in our study was the use of the Cartesian
axes associated with a single point at the mucogingival junction in the mandibular
region. Through the demarcation of a single point, in each model, the three
Cartesian axes (X, Y and Z) were generated and the program, through the
software, aligns these axes in models TO and T1, creating infinite points of spatial
superposition, as it is a stable structure present in all cases, with ease location,
stability and reproducibility®: 8 25 26,

In the maxillae, studies have shown that the rugae regions, especially the
second and third rugae, are stable regions for superimposition.t 14 25 27 |n the
current study the Cartesian axes with a single point in the medial region of the
second rugae was used for superimposition of the maxillary models. This area is
considered safe because it is not affected by tooth movement,0 13 26 thus
decreasing the chance of errors during the marking of similar points.

Several studies seek to increase the reliability of the overlay by searching
for the spatial reference planes using manual tools for the elaboration of the
coordinates.” 14 15 19, 26, 30 The yse of only one point in each 3D model was
possible due to the use of the UCS coordinate system. Through UCS in Autodesk
Inventor® it was possible to automatically match the Cartesian axes by reading
the coordinates of the points in the two models, TO and T1, and thereby evaluate
the displacements of the X (bucco-lingual displacement), Y (mesio-distal
displacement) and Z (vertical displacement) coordinates. Thus, it was possible to
observe each variation individually, without an approximation mechanisms or
manual interference. This method is an essential tool for many precision
operations in engineering and can be used in Dentistry, reducing the amount of
work required for the superimposition of 3D models.?°

Autodesk Inventor® is commonly used in bioengineering for stress and
strain assessment that requires accurate positioning of the models prior to
mechanical analyses.3: 32 In our research, this software was fundamental to
ensure the correct positioning of the models, which is essential in studies for 3D
models overlap. Autodesk Inventor®, as well as other CAD/CAM software, is
compatible with several 2D and 3D file extensions, especially the so-called
"neutral formats", such as Standard Triangle Language (.STL), parasolid (.x_t)%.

The use of this software proved to be very useful in this study, since the maxilla
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and mandible scans performed in Invisalign® orthodontic treatments use the STL
format. Thus, it was possible to easily manipulate the models using Autodesk
Inventor® 2D and 3D design tools.

The software used in our research was the freely available SlicerCMF®
that is commonly used in Dentistry and has demonstrated its accuracy and
reliability 2. It has been used for superimposing 3D models of the maxilla, despite
using several points on the palatal rugae,?® 32 and for superimposing points on
the mucous gingival region of the mandible, using 13 points as a reference for
superimposition.t: 26 We used the SlicerCMF® for single point demarcation on
both TO and T1 models. The superimposition was not performed by this software
as it requires more than one point for this purpose.?® In this study, the marks in
the lingual mucosa gingival region were easily visualized and demarcated, and
registered through the association with the X, Y and Z coordinates generated by
the software itself, having as an advantage their easy use.

In the present research, the treatment was focused in mild to moderate
malocclusions with duration of eight-month period. After the treatment with the
aligners there were few changes in the adjacent gingival tissues, however none
of them could hinder the identification of similar points or structures in the TO and
T1, allowing the 3D models proper superimposition. The same anatomical
structures used in this research can be visualized in more severe malocclusions,
showing that there are no limitations to the use of the new superimposition
method proposed in this study.6 25

Considering the ICC of each movement, high values in the linear
movements expressed in millimeters were obtained. The lowest value for ICC
was for the rotation, expressed in degrees. The reason was the high sensitivity
of Autodesk Inventor® for angular measurements, especially for values smaller
than 5°. During insertion of the points on the incisal edges, minimal displacements
in the bucco-lingual direction within the incisal edge could alter the reading of the
angle formed by the two lines (TO and T1), especially when the models were
approached to enlarge the STL mesh. A different situation was found in the linear
measurements, as small horizontal displacements did not affect the result so
significantly, due to the size of the measurements. Regarding the systematic

error, some authors state that less than 1 mm and 1.5° for linear and angular,
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respectively, are acceptable3 but in our study the magnitude of these values may
mean clinically relevant movements.

The STL models were obtained retrospectively by scanning exclusively
with iTero®, as carried out in other studies.3>3” The spatial position of the models
was established by this program automatically. In future studies another scanner
brand may be used in order to evaluate if this is a factor that influences the spatial
positioning of the models, so as to increase accuracy. Another suggestion for
future studies would be an analysis of accuracy and predictability with the use of
aligners using the movements predicted by ClinCheck® as the gold standard,
which would be very useful to compare the actual movement with the planned
virtual one. Additionally, more complex movements need to be tested since our
study only included samples with mild to moderate malocclusions

Inexperience with engineering software can become a real challenge and
limitation for dental researchers. However, in this study, a very detailed step-by-
step procedure was developed allowing complex and, unfamiliar commands, that
may become easy and intuitive after professional training. After the high
agreement and reproducibility results achieved with this program, it may become
a new and useful diagnostic tool for outcome assessment and orthodontic

treatment predictability within all clinicians’ reach.

CONCLUSION

The model superimposition method for measuring tooth movement by means of
Autodesk Inventor® software using the Cartesian axes and a single point for
superimposing 3D models of the maxilla and mandible proved to be reliable and

reproducible.
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FIGURES

Figurel. Demarcation points on the maxilla and mandible in Slicer 3D® software

Mandible

Figure 2. By entering the coordinates in the mandible using the UCS tool in
Autodesk Inventor® software.
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Figure 3. Superposition result




Figure 4. Using tools to measure the vertical movement of incisor and canines
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TABLES

Table 1: Results of the buccal-lingual translation interrater agreement
of the mandibular and maxillary canines, premolars and molars

Buccal-lingual translation

Tooth

ICC Cl 95% D p n
13 0,991 (0,915-0,998 0,046 0,745 11
14 0,986 0,612-0,997 0,069 0,636 11
15 0,989 0,773-0,998 0,072 0,689 11
16 0,985 0,510-0,997 0,041 0,606 11
17 0,987 0,957-0,996 0,044 0,935 11
23 0,976 0,917-0,993 0,047 0,969 11
24 0,988 0,958-0,99% 0,101 0,938 11
25 0,986 0,952-0,996 0,124 0,989 11
26 0,985 0,948-0,9956 0,063 0,986 11
27 0,985 0,948-0,996 0,037 1,000 11
33 0,992 0,992-0,998 0,031 0,781 11
34 0,971 0,969-0,893 0,097 0,987 11
35 0,994 0,992-0,999 0,076 0,792 11
36 0,984 0,798-0,997 0,067 0,670 11
37 0,915 0,688-0,997 0,098 0,827 11
43 0,95 0,818-0987 0,102 0,874 11
44 0,98 0,9280,995 0,101 0,798 11
45 0,986 0,95-0,996 0,103 0,987 11
46 0,937 0,773-0,983 0,151 0,634 11
47 0,993 0,973-0,998 0,023 0,952 11

ICC: Intraclass Correlation Coefficient;Cl: Confidence Interval; D:Dahlberg; p < 0,05

Table 2:Results of the rotation and intrusion/extrusion

movements interrater agreement mandibular

39

Tooth Rotation Intrusion- extrusion
ICC Cl 95% D p n ICC Cl 95% D p n
43 0,992 0,972-0,998 0,762 0,872 11 0,993 0,976-0,998 0,056 0,976 11
42 0,992 0,972-0,999 0,635 0,903 11 0,993 0,976-0,998 0,031 0,860 11
41 0,989 0,945-0,997 0,635 0,776 11 0,995 0,988-0,999 0,030 0,983 11
31 0,988 0,957-0,996 0,638 0,963 11 0,994 0,962-0,999 0,039 0,811 11
32 0,993 0,997-0,998 0,507 0,953 11 0,992 0,607-0,999 0,041 0,723 11
33 0,893 0,997-0,998 0,664 0,854 11 0,985 0,948-0,996 0,103 0,819 11

66

ICC: Intraclass Correlation Coefficient;Cl: Confidence Interval; D:Dahlberg; p<<0,05

66



Table 3: Results of the bucco-lingual translation intraerrater a
agreement movement of the mandibular and maxillary canines, premolars
and molars

Buccal-lingual translation
Tooth
ICC Cl195% D p n

13 0,994 0,981-C,998 0,299 0,506 11
14 0S¢  0,968-0,997 0,425 0,800 11
15 0se 0,96-0,897 0,475 0,858 11
16 0,981 0,%8-0,887 0,323 0,889 11
17 0,588 0,95-0,987 0,258 0,718 11
23 0,882 0,922-0,995 0,247 0,819 11
24 0,283 0,9%7-0,9%8 0,542 0,833 11
25 0,221 0,954-0,9%8 0,567 0,841 11
26 051 0,958-0,8%8 0,350 0,844 1
27 0,886 0,%1-0,857 0,155 0,844 11
33 0,586 0,9214-0,887 0,036 0,715 11
34 0,221 0,955-0,8%8 0,036 0,788 11
35 0,220 0,9%4-0,887 0,065 0,815 11
36 0,886 0,945-0,85¢ 0,037 0,831 11
37 C,988 0,958-0,997 0,015 0,875 11
43 0,986 0,935-C,99€ 0,278 0,770 11
4 0,80 0,%6-0,997 0,318 0,852 1
45 6,890 0,95-0,857 0,461 G,780 11
46 0,892 0,941-0,968 0,364 0,768 11
47 0,891 0,958-0,857 0,027 0,806 11

220

ICC: Intraclass Carrelation Coefficient;Cl: Confidence Interval; D:Dahlberg; p<0,05

Table 4:Results of the rotation and intrusion/ extrusion intrarrater agreement mandibular.

Rotation Intrusion- extrusion
Tooth
ICC Cl 95% D p n ICC Cl 95% D p

43 0,930 0,582-0,983 0,399 0,827 11 0,993 0,972-0,998 0,037 0,875
42 0,948 0,785-0,986 0,440 0,681 11 0,996 0,984 - 0,999 0,029 0,961 11
41 0,985 0,838-0,997 0,749 0,823 11 0,993 0,972- 0,998 0,036 0,975 11
31 0,984 0,829-0,997 0,833 0,795 11 0,995 0,978- 0,999 0,038 0,824 11
32 0,896 0,353-0,976 0,517 0,663 11 0,975 0,78-0,994 0,036 0,839 11
33 0,970 0,876-0,993 0,920 0,979 11 0,994 0,973-0,999 0,053 0,923 11

66 66

ICC: Intraclass Correlation Coefficient;Cl: Confidence Interval; D:Dahlberg; p< 0,05



Supplemental Table 1. Supplemental Material and Methods: Inclusion and
exclusion criteria and inter- e intra- examiner’s calibration

Inclusion criteria: patients who had Class I, Il and Il malocclusion with moderate
inferior crowding of up to 4 mm, change in overbite (from 3 to -5 mm), permanent
dentition, presence of all teeth up to the second molars, aged 18 to 45 years.

Exclusion criteria: patients who had restorations in the teeth moved during
treatment, non-cooperating patients-with craniofacial syndromes or anomalies, and
those with signs or symptoms of inflammation in the periodontal tissues. Three
cases were discarded, two because the mesh was distorted for unknown reasons
and one because a composite resin restoration was inserted in a tooth after
movement altering the dental proportion, resulting 11 pairs of STL models. All
participants were treated by the same professional in a private clinic in Belo
Horizonte, Minas Gerais, Brazil and the cases were selected retrospectively.

Inter e intra examiner’s calibration: To evaluate the calibration of the main
examiner (RS) with the software, a total of 22 measurements were taken, after
superimposition 10 on posterior teeth in the bucco-lingual direction of canines, first
and second premolars, first and second molars mandibular and maxillary represented
by the X axis, in millimeters; 6 measurements in the vertical direction on anterior teeth
of canines and mandibular incisors, movement represented by the Z axis in
millimeters; and, 6 measurements on anterior teeth for the mesio-distal rotation,
carried out by mandibular and maxillary incisors and canines, analyzed in degrees.
The superimposition of 11 STL models were performed, totaling 242 measurements
in 286 teeth, in both phases TO (initial) and T1 (refinement), and repeated 2 times with
a 15-day interval between them. To evaluate the accuracy and reliability, the same
measurements were repeated by two examiners (RS- and GS) of the 11 cases. The
two examiners did not participate in the orthodontic treatment.
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Supplementary Material and Methods
Briefly step-by-step guide:

A step-by-step guide has been developed for researchers to easily replicate
(Suppl. Material 2). Briefly, the method for superimposing maxillary and

mandibular STL models using Autodesk Inventor® software followed these steps:

1. Marking the points for overlay (Fig 1): STL models were exported to the Slicer®
CMF program (Version 4.11; http://slicer.org). The demarcation of a point was
performed using the IGT tool (Image Guided Therapy) in Fiducial Registration
Wizard on the TO model and the same point on the T1 model. This point was
located in the lingual mucosa gingival region, in the region of the mandibular
central incisors, and in the medial region of the second or third rugae palatine in
the maxilla. The marking of each point generated spatial coordinates that were
transferred to the models in Autodesk Inventor®.

2. The values of the X, Y and Z coordinates were noted or saved in the TO and
T1 models.

3. The demarcated points were transferred to the Autodesk Inventor® 2022
program (free student license; https://www.autodesk.com.br/education/edu-

software/overview. Inventor Professional product). (Fig 2)

2). The STL models were imported into Autodesk Inventor® 2022 Using the UCS
(User Coordinate System) tool, the X, Y, and Z coordinates were entered one at

a time into the TO model and saved. The same operation was repeated for the T1
model.

4. Superposition the models: Using the "Assembly” (place) tool, the TO and T1
models were imported with the points demarcated. The UCS axes X, Y and Z
were opened in the navigation tree and with the "Constrain” tool each axis was

selected individually to be superimposed.

5. Visualize the superimposed models: Using the tool "View"-"Visual Style"-
'Realistic”. The models were colored individually to identify TO and T1 in "Adjust
posed” (Fig 3)



43

6. Tooth movement analysis between TO and T1: The bucco-lingual translation
movement was measured using the "Tools" tool by measuring the distances
between the buccal cusps of the canines, premolars and mesio buccal molars on
the X axis in mm ©.24.28) The vertical movement of the mandibular canines and
incisors were measured from the tip of the canine cusps and the middle of the
incisal edges © (Fig 4). Displacements in the gingiva (intrusion) direction were
considered with a positive sign (+). Displacement in the incisal occlusal
(extrusion)direction was considered with a negative sign (-)(1) . Thus, they

observed the amount of movement in the Z-axis in millimeters (mm).

7. The mesio-distal rotation was calculated through the angle formed by the lines
drawn on the incisal edges, connecting the mesial and distal points of the incisors
or the tip of the cusps of the canine.(Fig 5) The rotation is expressed in degrees

referring to the inclination formed by the line drawn at TO with line T1(2)

1. De Oliveira NS, Rossouw E, Lages EMB, Macari S, Pretti H. Influence of
clinical experience on accuracy of virtual orthodontic attachment bonding in
comparison with the direct procedure. Angle Orthod 2019;89(5):734-
41.10.2319/100618-724.1

2. Charalampakis O, lliadi A, Ueno H, Oliver DR, Kim KB. Accuracy of clear
aligners: A retrospective study of patients who needed refinement. Am J Orthod
Dentofacial Orthop 2018;154(1):47-54.10.1016/j.ajodo.2017.

Supplementary material 2:Step-by-step guide:

Slicer's version4.11 http:/slicer.org).

Before you start you need to install IGT extension

click on thisicon

Welcome

G Lesd DICOM Dota D Lot ota
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Get “Slicer IGT”(black arrow) and install (red arrow)

C O i venmoeexrsons )

Categories

SlicerIGSIO SIicerIGT

PathReconstruction SlicerlGSIO SlicerlGT

IGT IGT IGT

This extension contains a This is a utility extension that is This extension contains
module for reconstructing developed as part of the Image modules that enable rapid
catheter paths from spatial Guided Surgery InterOperability prototyping of applications for
tracking information. Intended (IGSIO) organization (see image-guided interventions.
users should have reattime t hitp./igsio.gi Intended users should hayiffea

¥ INSTALL [ & INSTALL J [ & INSTALL
- & 2

On the home page select date or load data ( rede arrows)

© 10 Sicer 41120000226
Te L yew b

— R s A Doensy - "0 EPO @ L 4 wE-t- Baha +- 0

e 30Slicer

Welcome

Gl Lovd ORCON Dota D o
[+ P — © Dowsiord Symke cota
& Costomze Shoer 1 Cxphore Lawded Data
* Pesdiact
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Choose the STL models

Cloose File and Add
& 30 Slicer 4.11.20210226 - a
Ble Edt Yew Heb

adhda v L Duonosr (™ QO EPO @ L 4 RE-t- B +- @A

“3DS1H
e RP&licer 7] Add data into the scene

Choose Dirctory to Add || Choase Fiefs) to Add

Welcome |=
G osd DicON Data.

B3 testan sicer Extensions [

# Customize Slicer

- Feedback

=
Share your stories with us on the Slcer forum
enabled your research.

We are abvays interested in improving 30 Siicer, to tellus abol
open Help -> Report a Bug.

* About

* Documentation & Tutorials
| = DataProbe

Show Zoomed Sice

Choose the STL models

After selectionclick "OK”( red arrows)

et yew o
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& e
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eatiad you researth
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Choose the STL models

@ 10 5w 41122
e DR Yew D

a8 rao A Dowmuse

‘ J0Slicer
Welcome

) Losd 0O Dats
163 stat shcer Extermions

& Customize Shcer

T yeur strms it e e s
eatiad you researth

e e s vt v oy T S, 1 tel s sbey
0% Welp > Regert 3 Bp.

» Aot

* Conrmntein & Tutorus
~ DomPrabe.

After selection click "OK”( red arrows)

=00 EQ9O 6 -

1 g data ines the scene

Ovore Dvechry 1o S Checes Fieds) o 4t

4 Ri|-t-

Select the initial and final STL models ( black arrows)

? X

000 HEE

i
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Ewn +- @3

o
 Imported Components 2
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Choose the STL models

Oh b yew o

After selection click "OK”( red arrows)

a8 rao A Dowmuse

‘ I0Slicer

Welcome
) Losd 0O Dats

163 stat shcer Extermions
& Costomize Sices
* Peadiut
e o torwn o o 2 Sy
P ey
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0% Welp > Regert 3 Bp.
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~ DomPrabe.
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L
"
e

& 10 Sew 4112000006
th LR yew B

8 il fa was « Dweonewsor

‘ 30Slicer

=00 E9O &

Welcome
GRS Losd OKCOM Dot D tetoea
[ EEr— © Domriosd Ssrote ot
& Customze Shoer [ Caplors Losded Duta

-=00 EQ9O &

. & RpE-t-
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Ovore Dvechry 1o S Checes Fieds) o 4t

Both models appear on the screen, change the color of one of them to make it easier to
see

. A @t

Exsn +- @

Next stage color change for
easy viewing
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Color change for easy viewing

Click “Welcome to Slicer”( red arrow) and
select “Data”( black arrow).

L

Yo 1o
BBl s A Puomae " OO EPO @4 B R/F-t- Bwi +- @S
| & Arvctatees
£ Cutatizes
30Slicer Wi
Matage
© Moses
Welco -
A Seyven Edter
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) OO Bt 4 Tiuturs oota
| [ tn Conroers
Instal Skces Extensiont wole Dty
a | @ ke By
& Costomize Shoer | @ vk b Duta
B wekcore v Sy
* Pesdict | o »
1 s ’
P * Yrow 10 3car bua
il your et | Sayveniasn 0
Quanticaten 0
e e e iwrmstsd gz 3 DM » et a g resert,
0 Help > Regport  Bug | ’ |
L Ay .
rface Models »
* Cocuseriaton & Tutorwss »
= Covabe Cothesuet
Erdoscapy .
Thon Joored Ao Unites. ’
N Cwvwioper Tooks .
r Legacy »
® Mrckeve Sppert »
Sequmves »

Color change for easier viewing

After clicking on "data" select the model that you want to change the color ( black arrow)

o ven o

BB wue s [Eom ™00 EPO04 4 B wE-t- Ban +- @2
e)bsncu

[y eerewe— /

W Scer
‘ Prevets toe
[ere ] =
1 Tone
. [ S ——- | By
Select the desired color —  ewnewey o pomsten ‘s
(black cicle )and s
* VRN node informaton
| * Databrote
row 2oomed Sice

to finish click on "Select" (red circle) and the color will
change




Position the models

Positioning the models: icon (redrectangulum) or left button and drag on
the mouse. Place the models in the position that makes it easy to see the

Bk e o Vom

e sosticer

QRS-

Sty | Tt tewy | M

e .
.msmlm o u &

¥ Pt Soe s Dy
+ St b tem et

o e bt
- Crame

=00 FOO& 4 B WP-t-
@

point

Bwim +- @&

The model moves when you press and hold the center or left
mouse button

Identify initial and final models:

Click on "data,“( red circle) search IGT (Image Guided Therapy) ( red arrows)

© 10 Sicwr 4112009026

O DR yew D
ggg....,.

8§ Cuaters

e oSlicer S
Markage

QT e — © s

o N g
O ey octumen | & Trators
R R B - v
@ b bdevy

Ragurasn

V Boevuat PN o
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s
» MAY rece temton
= O

P Teowad Bex

.
*
s

Select Fiducial Registration Wizard ( black arrow)

oA LE-t- @A +- @S

- D Warrwgy
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Naming the models:

Click “none”(red arrow)and “Create new markups fiducial as”(black arrow).

Identify the models click ok ( red arrow)

Repeat for the other model
© 105ke
O DR pew D

BBl ~e o s " Q0 EQO @

e I0Sticer

* reb b Adrenudorert =

4 Rt B +- @@

~ Owtey
e ] -
* P fekds

et 1K S BES



Marking the point is done on each model separat ely

51
To make it easier, you can remove the visibility of one of the models by clicking on
thisicon ( red arrow).
© 10 Sicw 41120000026
L
BBty wes s Eom =00 E904e
e sosticer

e 8 Adremeciurart

A -t~

o
Baim +- @
e

gt rwrchy | Tetm by Mnoses

o~ |8 &
.m)ﬁmun - i

V Soetastms  Swe DY

+ Suectheswdy et
e

+ MO rede it

~ Cotavabe
e

v

’
.

Landmarks

To mark the point select "Place markup point“(red arrow)

Position the cursor on the point and "click“(black arrow)
rossrmpmmenme - = QO EQPO @

LE-t B - @A
s

If you want to remake it, click on the "trash can" symbol on the
right side and repeat the operation (blue circle)




Landmarks

Retry the operation in the pos model

View of the two models with the point for superimposition
labeled:

Landmarks
llustration of the points demarcated on the maxillary models:
Medial to the second rugae
BB e - =00 EQOG 4 @ WPt Bma +- @A
:"“‘ clelsing-]
- o
:‘_ et 0
- =
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Universal Coordinate System

These are the coordinates(x,y,? that will be used to demarcate
the pointin the autodesk program
& 30 Shicer 4.11.20210226 - o X
Be Edt Vew Heb

Bt e 4 Craciregmanwnd - ™ Q) ©  E

e 3DSlicer
»

PO&L« B wpFE-t- B +- @&

Save this operation in the folder where the models are

& 30 Slicer 4.11.20210226
fle Edt Vew Ueb

Ba M L vk 4 rdrgsratowd - (™ QO E PO @ L 4 TE-t- B -

@ [
‘ I
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P
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A |ple|w| - ERES
b Help & Admordedgement

it Saves and Unsaved Data ? X

— {EE s
FiducaRegstratonWizard ﬁ Shiow
~ From fiducials o Fie Name Fie Format Drrectory =
—r e B | MR Scene () =) programData Na-MIC/Sicer 4.11.20210226 _,\
— {1 34860623 shel occhuson | (1) | STL (1) ~ bAfcASO Ly a(mvs»e.ncamml;[
1 46524684 shel_ocdusion st | STL (st) ~ 04w okTaves il
V! PRE inf.mrk.json | Mariaps J5ON (mcson)  ~ ProgramData/NAMIC/Skcer 4,11.20210226 | ... \
 To fiducals ¥ PoSDE.mkson | Markups 350N (nvksson)  ~ ProgramData NAMIC/Sicer 4.11.20210226 | .. |
POS IV = VI From_snvkson | Martaps 350N (vkjsor)  + ProgramData/NAMICSicer 4,11.20210226 | ... |

| Change drectory for selected fles

b Placn fikiriale 1isin trancforme
~ Data Probe
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Use the "position".Theseare the X,Y Z coordinates of the points marked on the "POS" and
"PRE" model Slicer.

“@schema“: "https://raw,
“markups”: [

com/slicer/slicer/i / /Loac

“type"”: "Fiducial”,
“coordinateSystem”: "LPS",
"locked": false,
“labelFormat™: "XN-%d",
“controlPoints™: [

{
“id": "p
“description >

po -1.1 -18.31223487854004, 8.6747570¢

.9, 0.9, 0.9, 35

on

"selected”: true,

"locked": false,
"visibility": true,
“positionStatus”: “"defined”

¥

»
“measurements”: [],
“display”: {
"visibility": false,
"opacity": 1.0,
“color": [0.0, ©.0, 1.0],
o.

"activeColor”: 4,13
“propertiesLabelVisibility": false,
“pointLabelsVisibility": true,
“textScale": 3.0,

“glyphType”: “Sphere3D",

“glyphSca
“glyphSize’
“useGlvohScale”: true. e

Autodesck Inventor®

All commands start with "File“( red arrow)

"@schema”: “"https://raw.githubusercontent.com/slicer/slicer/master/Modules/Loa
“markups”: [

“type": "Fiducial”,
“coordinateSystem”: “LPS",
“locked": false,
"labelFormat™: "%N-%d",
"controlPoints”: [

: .9,
"selected": true,

"locked": false,
“visibility": true,
“positionStatus”: “defined"

}
1
“measurements”: [],
"display": {
"visibility": false,
"opacity”: 1.0,
"color": [1.0, 0.0, 0.0],
“selectedColor”: [1.0, 0.8, 0.0],
“activeColor”: [0.4, 1.0, 0.0],
"propertiesLabelVisibility": false,
“pointLabelsVisibility": true,
"textScale": 3.0,
“glyphType”: "Sphere3D",
"glyphScale”: 1.0,
"glyphSize":

5 Semchip 8 Commants. | mdvgennens < B2 | @ -

| Top navigation tree are the commands

ID-BPHS <5 Astodesk bvarbor Drofesmomal 10
Got Started Took  Collsborsts (Do
DEBHRae@®@F¢ @ @°
Mew  Open Projects Open  Home Team Web Tutorial T00  What's Highlight | Help.
Sarrgien Galery. Mow  Hew

Lavarnch Hofne Mew Festures Hep
Vodel X & =
Left side navig

are the results

commands

AUTODESK
INVENTOR PROFESSIONAL

oo it et
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Search STL file

Click on "File“( red arrow) “Open”( black arrow) to select the "Pre” model
that the point should be marked...

[P ———y b tern g Comrmrn. L rigonen +
& @
Hughight | Help
O | By Fvemnmemas | o
—p
g“ N R .
= :
= ———
[~ PR ot o e e s o
[Jom | BRI e v

Fhe ks 3t et e

Qo+ Ay
B S iia
Rl o

L) e +
: e
Ei e Coun autcaue sargie e
=T
[hom
—
AUTODESK
INVENTOR PROFESSIONAL
Search STL file

and select the first model(stl files) that will be used to mark point( Blue
arrow)

AUTO K
INVENTOR PROFESSIONAL




The model image can be transformed into a more realisticimage, making it easier to see

Click on view( red arrow) and “ visual style”( black arrow) and “ Realistic”( black circle)

© Tesmon - s
Aegainacs 3 New
L e e 3 Reset U1 Layout
Wndows

oy
Sereocen shased mode wen wsitée adges
Shaded with Hdkdem Edger

SO0 shased made wih Nidden edges

Use these commands to start inserting the points for the model superimposition:

Click "3D "model" ( red circle) and "UCS*( black circle).

llocclusion | (1. ¥ Search Help & Commands.. S, rodrigoxssorto + e
-l * AT
9 Sweep D) Emboss By Deaal (8

> @ @) Chamfer = Thread 1 split d i] 12 Ais -
Wit 5N Deive F) import proviiy—st () Sheit ¥ Combine (B Direct rad i
20 Sketch ™ FCol [ Rib &l Unweap * (B Dnft &P Thicken/ Offset ' DeleteFace Generator
Create Modify + Explore

UCS (User C i
(three workplanes, three axes, and a center point). You can

You can place UCS relative to the Origin o, in a part file,
relative to the existing geometry. You can use UCS work
~ Use

. cs.
Constrain a UCS of a component to another UCS, and include
UCS work geometry in drawings.
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Fillin the UCS
Copy the coordinates ( one by one )into the UCS. in the order X,Y Z. To change from X to Y and from Y to

Z do not press enter but "Tab". At the end click “Enter” twice and save the model.

Insert the signs (negative if any) for each coordinate

. B
@ '| a@mhmtw B Chamtes 55 Twess -}
ot Eurede Reveive DU 83 Deve ) mpan i)t g Combine [ Dwect
i

o= B\ Daft @ Tickew/ Ot o Difete Face 13.'—
Bphe

Tab key
and

Enter key

Save

Repeat operation ‘post” model and save again

A e Pcomane (B Ona oo
* BP0an O MukevOmea of Odeetace Gomwer 2
oty « e Wod Femes Name the file:

9 ucs inf refin 11.ipt %
@ uCS INF REFIN 12.ipt 1

L]
5
g
33
L
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Seeking the models to be superimposed

To superimpose the coordinates select "File”(red arrow), "new” (black arrow) and

"Assembly“( blue arrow).

Click on "Place“( red arrow) and "Place ( black arrow)




Select the two ( Pre o Post) models using the CTRL key

D than i | T REANANENTO
L1 Content Cents Fies

- X

1 Assontivy

Cotars. ) Carest

The result of this command will be appear in the navigation tree on the left( red arrows)

Use enter key and to delete quadruplicate esc key

H D sy @ - L P vt v Search i A g - W @ » X

-mX%

*, Asscniivt
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Differentiate models by changing color to create contrast

First select the model that you want to select the color

by clicking on it( black arrow)

’ Second Click em “Ajust” (red arrow)

10 H o - @ cven - @ Qowsr LY + Acvemity | A mérgmuens - W @

Click again on the model with the "adjust" tool activated and it will change

the color
The color can be chosen by changing the position of the
cursor within the color scale( blue arrow)

I O-OH D5 -5 @ o @ Lo -[@]G S * R ¥ Search Hep & Command 2

Click on this icon to

finalize( black circle)

.,



Repeat the operation with the other model

The color can be chosen by changing the position of the cursor within the

color scale( black arrow) .

Rla e L)
* Wiwrenn:

Sobreposition through the contrain tool

Open the navigation tree to display the UCS (red arrow)

click on this icon to

finalize( black circle)
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Click on the “contrain”( black circle)

Select the axes in pairs to be superimposed (red arrow)

Between one selection and another click "Appy“( black arrow) to continue
until the 3 axes (X, Y Z) are overlapped

Hep & Commands.

x

Apply

To move the model click on middle mouse button
and drag positioning cube (red circle)

4 £3 Pattem

P T
el 030 )
§ Hdear Copy  Matenah Sttiem

Componert »  Poskion » Retatiorahips ~ Manage ~ Productivty Work Features Smpitication »

* W s et 1ot



Buccal-lingual translation

To analyze the buccal-lingual translation movement (xaxis), position the

model in the 'front' position in the positioning cube( Black circle)

To facilitate point markup on each model, make one of the models

invisible.

Make a model invisibly,
* Right click on the model ( Blue circle)

« disablevisibility( red circle)
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Enlarges the view by scrolling the middle mouse button

Select the model -2 clicks (black arrow)

On the upper navigation tree click “Work Points”( red circle)

EDH oives Gt o et e M Vow i ld Clrte e R =
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Modty - e

vestibular cuspid tip and

"Click ( Black circle)

Repeats the operation on the “post" model

The marked point on the "Pre" model (gray color) and on the

"post" model (red color)




To measure the distance between the two points(bucal-lingual translation):

Click
: ‘:1;':;55 szfgéﬁﬁ)n ; Selectsfr:m both points Read deltaresult
g (red arrows) (Black rectangle)
= Oesign 10 Model M Annotate View  Emuonments  GetStated  Collsborste  Bectromechanical (D
@ R T e 0% B @
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Buccal-lingual translation

Deltaresult( black arrow)

Arramhb&I1D D inm ¥

To measure the amount of intrusion or extrusion ( axis Z):

‘Bottom” position model ( red circle)

Referencies:canine tip and middle of the incisal edge of the incisors

& WO -ax

IO OHS SO E- S0 e -G - WWESE L
DN sveniis Dogn  0Model S Amceme Iwpet  Tock Matage  View  (oaemests G ftaed  Colabonte  Uncsmechisl D+
= & @ 2 O« g S X B @
Messve Mol dpernce ® U 1o pocument Migote  Mtoten Wy e )
Opoms  Sumrgs Settnge App Manager > 20045 W
Mexue = Matenss and Agpesronce v Ogoons =
et x [# a=
St | vecies
T Assembiy I O s

* fown
* B i D SN
* G D DO 2

66



* click Tools(red arrow)
* click Measure( black arrow)
* click incisor edge (upper point)

* clickincisive edge (lower point)
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’ | Read delta Z (black rectangle) |

Difficulty in visualizing some movement use “transparente” tool:

Select model in the navigation tree( red arrow) left click mouse button

select "transparent click (black arrow)
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Measure in the same way
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Mesial-distal rotation

Position the model in the "front" position (navigation cube black circle)
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Mesial-distal rotation

Choose one of the models( red arrows) to invisible click visibility (black arrows)
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Mesial-distal rotation

Double-click on the model( black arrow) A upper navigation tree appears, click on the
"Work axis“( black circle).
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= (Click on selected point distal to the incisal edge and another click on the distal portion of the incisal edge

= Click "Return" to register the command ( black circle)

= The result of this command will be appear in the navigation
tree(black arrow)
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Measuring the angle formed
Click on "mesure”( black arrow) and Click on "Work axis" 1 and 2( black circle)
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Repeat on the other

model
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4.1.2 Artigo 2 Resposta ao objetivo especifico 4

Artigo a ser submetido ao periodico “The Angle Orthodontist’ Qualis A1, apos

correcdes e sugestdes da banca.

Accuracy of the Invisalig® G8 protocol: a pilot study

ABSTRACT

Introduction; The objective of this study was to evaluate the accuracy of the
Invisalign® G8 protocol compared to previous protocols in the posterior expansion
and intrusion movements of anterior mandibular teeth.

Materials and Methods: 11 pairs of STL models of the maxilla and mandible
were obtained from My Itero® (3 cases with the G8 protocol activated and 7 cases
were no G8 protocol). The patients showed malocclusion of Class I, Il or Ill,
moderate crowding requiring intrusion of the canines, mandibular incisors and
posterior expansion of both arches. The initial (TO) and refinement (T1) models
were superimposed using Slicer® software version 4.1 and Autodesk Inventor®.
The 3D movements of bucco-lingual translation of the canines, pre-molars and
molars, and intrusion of the canines and mandibular incisors were analyzed. The
movements achieved and predicted by ClinCheck® were analyzed and, the G8
and no-G8 protocols were compared. D'Agostino & Pearson's omnibus normality
test were used and student t-test (P<0.05).

Results. No statistical difference were exhibited between the achieved and
movements predicted by ClinCheck®. The comparison of the 3D movements
performed by G8 and no-G8 were statistically similar. Although not significant, a
small improvement of the accuracy was observed when the G8 protocol was
activated. The mean accuracy for the expansion movement of the maxillary teeth
in the G8 and no-G8 protocols was 75.3% and 66.5%, respectively. In the
mandible it was found 68% for G8 and 67% for no-G8, and the intrusion
movement accuracy for G8 was 62.3% and no-G8 54.6%. Conclusion: The
movements performed with the activation of the Invisalign® G8 protocol did not
show improvement in the treatment accuracy. This was a pilot study and more

sets of aligners in a refinement phase still have to be considered in future studies.

Key words: Invisalign, Tooth movement, Clinical efficacy.
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INTRODUCTION

Since the creation by Kesling in 1945 of the "Tooth-positioning appliance”,
the bracket less aligner system has achieved great developments and changes
), It was with the creation of the Invisalign® system in 1999 by the company Align
Technology (Santa Clara, California, USA), with the same treatment principle,
that there was a major boost in the field of orthodontic aligners® % and, is
currently estimated that more than 18 million people have been treated with
Invisalign ®®©).

Invisalign® aligners are made of flexible polyurethane plastic material. The
system uses totally digital set up technology, in which a sequence of stages
produces successive and precise movements of the teeth through computerized
programs that manipulate the images virtually allowing the visualization of the
treatment. Even with computerized planning, the predictability of the treatment
result is relative and varies according to the type of movement desired ©: 7-12),

Some authors have reported that up to 70%-80% of Invisalign® treatments
required correction or refinement 13 and, the average accuracy found for all tooth
movements using Invisalign® is approximately 50%®. The movements with the
lowest accuracy are the mesial rotation of the mandibular first molar followed by
upper and lower incisor intrusion. Greater accuracy is found in buccal-lingual
tipping movements-©: 14,

When a transverse dento-alveolar expansion movement is planned, the
average accuracy achieved is up to 72.8%. The accuracy reduces from the
anterior to the posterior region. In ClinCheck® prediction (Align Technology,
Santa Clara, Calif) of posterior expansion tooth tipping is more common (517
than tooth body movement. The accuracy of the intrusion movement of the
mandibular canines and incisors is considered low, around 40% and 47%
respectively © 14, Even with the adoption of a new protocol, G5, to improve
intrusion control, the results remained the same ©).

Invisalign® has made constant modifications to its software system to
achieve better accuracy of the Clinchek®. The latest modification was the release
of G8 protocol in February 2021 to achieve greater predictability. This system
aims to improve the clinical accuracy of anterior intrusion movements and arch
expansion in the posterior region by reducing tooth tipping and preventing bite
opening. The system is called SmartForce Aligner Activation® and is activated
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automatically when the need for intrusion or buccal expansion is greater than 0.5
mm. There is also automatic insertion of a device called the Precision bite ramp
for cases of moderate and severe deep bite with an overbite of at least 4 mm and
requiring intrusion of at least 1.5 mm of the lower incisors®®. Since the G8
protocol is the great novelty in Invisalign®, there are no studies that evaluated the
accuracy of the treatment when G8 is automatically activated by the ClinCheck®.
Previous awareness of the accuracy and predictability of the treatment
result in the initial ClinCheck® can help orthodontists modify their planning by
overcorrecting to achieve a more predictable result, improving the final quality
and gaining more confidence in the communication with the patient @ 13.14)
The objective of this pilot study was to evaluate whether the new Invisalign® G8
protocol, when activated, provides more accuracy for expansion and intrusion

movements than the previous protocols.

MATERIAL AND METHODS

This study was approved by the Ethics and Research Committee of the
Federal University of Minas Gerais (CAAE: 48546321.4.0000.5149) and in the
Brazilian Registry of Clinical Trials (ReBEC) under the number RBR-7df547h.

The sample, of this study was composed of 44 pairs of STL (Stereo-
lithographic) models exported from the My iTero®
(https://bff.cloud.myitero.com/doctors/home Align Technology, Santa Clara, CA,
USA). Maxilla and mandible 3D models of patients were retrospectively selected
from a private practice in the city of Belo Horizonte MG, Brazil, and treated with
the Invisalign® system (Align Technology, Santa Clara, CA, USA) by a single
Invisalign® Doctor in the period of 2020-2022,. The experimental phases were:
initial and refinement. All patients were scanned using the iTero® scanner
(Element model (S/N: RTC2018 WO06A228) by a single operator, at two moments:
TO (initial), and T1 (refinement phase). Eight cases were treated exclusively with
no-G8 protocols and in three cases the G8 protocol was activated for bucco-
lingual translation movements of the first molars, pre-molars and canines of both
arches and intrusion of the mandibular incisors and canines.

The patients included in this study had Class I, Il and Il malocclusion with
moderate crowding of up to 4 mm, overbite change (from 3 to -5 mm), permanent
dentition, presence of all teeth up to the second molars, without the use of any
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auxiliary appliance or orthodontic elastics during treatment, and aged 18 to 45
year-old. The exclusion criteria were: patients who had restorations in the teeth
moved during treatment, non-cooperating patients, and patients with craniofacial
syndromes or anomalies, patients with signs or symptoms of inflammation in the
periodontal tissues.

The STL 3D models were superimposed using Autodesk Inventor®
software with following the steps:

1. Marking the points for overlay STL models were exported to the
SlicerCMF® program (Version 4.11; http://slicer.org). The demarcation of
a point was registration on the TO model and the same point on the T1
model. This point was located in the lingual mucosa of the gingival region
between the mandibular central incisors, and in the medial region of the
second or third rugae patina in the maxilla. The marking of each point
generated spatial Cartesian coordinates that were transferred to the
models in Autodesk Inventor®.

2. The values of the X, Y and Z coordinates were transferred to the Autodesk
Inventor® 2022 program (free student license;
https://www.autodesk.com.br/education/edu-software/overview. Inventor
Professional product) using the UCS (Universal Coordinate System)
entered one at a time into the TO model and T1 model

3. The STL 3D models were superimposed using the "Assembly (place)
tool, the TO and T1 models were imported with the points demarcated.

4. The tooth movement analysis was the difference between TO and T1 after
superimposition. The bucco-lingual translation movement was measured
using the "Tools" tool by measuring the distances between the buccal tip
cusps of the canines, pre-molars and mesi- buccal molars on the X axis in
millimeters (mm) (4 19 20) The vertical movement of the mandibular
canines and incisors were measured from the tip of the canine cusps and
the middle of the incisal edges ©). Displacements in the gingiva direction
(intrusion movement) were considered with a positive sign (+).
Displacements in the incisal occlusal direction (extrusion movement) were
considered with a negative sign (-)@9. The amount of the vertical

movement was observed in the Z-axis in millimeters.
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The accuracy was evaluated by comparing the results obtained with the
superimposition of the models at TO and T1 (actual achieved movement) with the
findings verified in Clincheck® (predicted movement). The effectiveness of the
G8 protocol was analyzed by comparing the G8 and no-G8 groups. The percent
accuracy was determined by the following equation: percentage of accuracy=
100% - ([(predicted —achieved)/predicted] X100%).

STATISTICAL ANALYSIS

The results are show as mean + standart deviation (SD). The program
GraphPad Prism 8.0 GraphPad Prism Version 8.0 for Mac, La Jolla, California,
USA) was used for statistical analysis. Student t-test was used to analyze the
differences among G8 and no-G8 groups in bucco-lingual translation movements
of molars and pre-molars and intrusion movements of mandibular canines and
incisors. P < 0.05 was considered statistically significant. D'Agostino & Pearson's

omnibus normality test was performed.

RESULTS

Table 1 shows the results of the teeth were the G8 protocol was activated
in the bucco-lingual translation movement. There was no statistical difference
between the predicted and achieved bucco-lingual translation movements of the
teeth using G8 protocol. The maximum desired expansion movement was 1.5
mm for the left mandibular second premolar with an achieved buccal
displacement of 1 mm, however with no statistical difference. The G8 protocol
was not activated in the canines 13, 23 and 43.

The mean and + SD of the ClinCheck® and actual intrusion movements of
the G8 protocol are presented in Table 2. No statistical difference was observed
between the movements.

The amount of movement and the percentage of the accuracy of the
bucco-lingual translation shift of the group G8 in comparison to no-G8 are shown
in Tables 3 and 4, respectively. Greater accuracy was observed when protocol
G8 was activated; however, no statistical difference was observed between the
groups.

The amount of intrusion tooth displacements obtained by the use of

protocol G8 in comparison to no-G8 group and its accuracy are show in Tables 5
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and 6, respectively. Although no statistical significant, the accuracy percentage
of the intrusion movement of the inferior incisors and canines were highest in G8

protocol in comparison to no-G8.

DISCUSSION

To know which tooth movement will be the easiest and the more difficult
using Invisalign® technique is essential from the initial planning stage to achieve
the desired result, since the expectations generated by the virtual set-up and the
result achieved in clinical practice can be quite different. The goal of this study
was to verify the accuracy and predictability of the translation movements of the
posterior teeth and intrusion of the canines and mandibular incisors when the
Invisalign® G8 treatment protocol was activated.

In 2009, Kravitz et al.(°) claimed that in cases where there is severe
crowding in the mandible, treatment should be directed to Interproximal reduction
(IPR) instead of archwire expansion. This prerogative has changed over the years
with the adoption of new technologies, especially SmartTrack® material adopted
by Invisalign® in 2013, which would allow better control of movement, enabling
the expansion of arches to assist in the correction of crowding.(*¢ 21 22). In our
study, when the new G8 protocol was activated using the SmartForce Aligner
Activation® technology for arch expansion, the accuracy of the movements
achieved was 77.3% in the G8 protocol compared to 65.5% in the non-G8
protocol, on average 11.5% greater in the mandible, and the maxilla showed
8.8% greater accuracy in the G8 protocol compared to the non-G8, with values
of 75.3% and 66.5%, respectively, both being considered reasonable accuracy.
This result corroborates other studies that demonstrate that the predictability and
accuracy of dentoalveolar expansion in the mandible is better than in the maxilla
due to the lower need for expansion of the lower arch. (15 22)

Results with lower accuracy than in the present study were found by Houli
et al. ® where the accuracy for the expansion movement in the mandible was
29.9% and in the maxilla 36%. Other studies showed a result more similar to our
study where the accuracy obtained for maxillary expansion was 72.8% and for
mandibular expansion 87.7%. (1% 19, Accuracy close to 100% was found in G.
Bilello's study (%) pointed to the translation movement of the mandibular

premolars. An important observation to be made is that in this work a set of



77

additional aligners, from the refinement phase, was offered to the patients who
needed some correction. In our study all cases were evaluated before the start
of the second or refinement phase Among all the teeth that obtained the highest
accuracy of buccal expansion movement were the mandibular premolars with
93% followed by the maxillary premolars with 86% when the G8 protocol was
activated and an accuracy of 70% and 60% for these same teeth when the
previous protocol was used (table 3), which corroborates other studies 517 The
tooth that presented the lowest accuracy in our study was the left mandibular
canine with 67%. This result should be interpreted with moderation because a
single tooth obtained a difference between the movement predicted and achieved
of 0.78 mm which negatively impacted the accuracy of this movement. In our
study, the accuracy of buccal-lingual translation of the second molars was not
evaluated because these teeth do not cause activation of the G8 protocol®8).

Intrusion is considered a low accuracy movement and remains a challenge
for Invisalign® treatment ©)- Our result for the accuracy of this movement in the
six mandibular anterior teeth was 62.3% when the G8 protocol was activated and
54.6% when this protocol was not used. This result presents values with better
accuracy than those presented by other authors, such as Kravitz et al.l.(*) the
intrusion accuracy was 41.3 %, closely followed by that found by Haouili et al- ®)
and Grunheid et al 19 2017de 35 % of accuracy.

In our study the mean value of the highest intrusion projected on set up by
ClinCheck® was 1.18 mm (table 2) with a maximum of 1.6 mm, with a mean
attempted intrusion of 0.96 mm in the group of patients where the G8 protocol
was activated, and 0.6 mm was achieved. No teeth were intruded more than 2
mm. The mean accuracy for the incisors and canines was 52.3% and 58.5%
respectively. Results are closer to the ones of Al-Balaa et al- % who found an
average intrusion of 0.9 mm with 51.9 % accuracy, where canines and
mandibular incisors obtained 52.3 % and 44.7 % respectively. In only one study
the intrusion accuracy was higher than what we found, achieving 86.7% and
98.0% for canines and mandibular central incisors. these results are probably
leveraged by the use of additional aligners, which did not occur in our study 3

Since Kravitz in .2009( conducted one of the first studies to evaluate the
efficacy of Invisaling® aligners, several other @ 9 14.21-23) has been trying to test
the new protocols claimed by Align in search of improved predictability, and this
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Is what has been happening. Tables 2 and 3 show that the p-values < 0.05 show
no statistical differences between the groups examined. This shows that the
accuracy of the predicted and achieved movements is getting closer. It was
observed that when the G8 protocol was activated, all the movements evaluated
showed a slight improvement in accuracy compared to the previous protocol.
Even with improved predictability the ClinCheck®, which is the main tool
for comparison between predicted and achieved movements, overestimates the
result. It should be interpreted with moderation. Overcorrection and a phase with
new aligners are still necessary to achieve the desired final result € 14 23)
One limitation of this study is the small sample of cases in which the G8 protocol
was activated. Movements of greater amplitude, which are desired when using

this new protocol, could not be widely evaluated.

CONCLUSIONS

No improvement in accuracy was observed for the posterior expansion
and intrusion movements of the mandibular canines and incisors when the G8
Invisalign ® protocol was activated. The predicted and achieved movements using
G8 protocol were similar.
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Tooth
33 (G8)
34 (G8)
35 (G8)
36 (G8)
46 (G8)
45(G8)
44(G8)
14 (G8)
15 (G8)
16 (G8)
24 (G8)
25 (G8)
26 G8

*SD - Standard deviation.

Table 1: Descriptive statistics of the buccal-lingual translation

movements mandibular and maxillary teeth
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Table 2: Descriptive statistics of the intrusion

Tooth
31 (G8)
32 (G8)
33 (G8)
41 (G8)
42 (G8)
43 (G8)

*SD - Standard deviation.

mandible

w wwwwsS

3

Predicted (clincheck)G8 Actual,G8
Mean SD Mean SD P
0,63 0,23 0,21 0,19 0,07
0,98 0,33 0,76 0,27 0,35
1,50 0,30 1,10 031 0,17
0,96 0,48 0,77 0,47 0,53
1,03 0,38 0,70 036 0,33
1,20 0,29 0,94 0,38 0,22
0,89 0,31 0,66 031 0,30
0,97 0,31 0,74 0,30 0,53
0,74 0,18 0,85 0,07 0,51
0,90 0,10 0,74 0,09 0,11
0,70 0,26 0,57 0,22 0,54
1,13 0,08 0,84 0,08 0,09
0,95 0,07 0,56 0,28 0,19
P <0,05.
Predicted (clincheck)G8 Actual G8
Mean SD Mean SD P
1,03 0,42 0,70 0,50 0,42
1,13 0,35 0,63 0,45 0,20
0,60 0,20 0,33 0,06 0,56
1,15 0,44 0,64 0,43 0,14
1,18 0,40 0,73 0,36 0,83
0,68 0,21 0,53 0,16 0,31

P<0,05.

81



82

Table 3. Amount of movement of the bucco-lingual translation movement of the no-G8
and G8 groups.

Tooth
33
34
35
36
44
45
46
14
15
16
24
25
26

00 00 00 00 W 00 0 OO0 0 00 0 0 W I

NoG&8 G8
Mean SD n Mean SD
0,39 024 3 0,21 0,19
0,43 0,36 3 0,76 0,27
0,39 0,24 3 1,10 0,31
0,38 0,22 3 0,77 047
0,37 0,21 3 0,66 0,31
0,33 0,22 3 0,94 0,80
0,39 0,24 3 0,70 0,80
0,76 041 3 074 0,31
0,37 0,30 3 0,8 085
0,52 0,40 3 0,74 0,73
0,72 0,35 3 0,54 0,52
0,68 0,40 3 0,84 0,89
049 0,40 3 0,56 0,56

P< 0,05. SD : standard deviation

0,24
0,11
0,35
0,51
0,20
0,46
0,23

0,99

0,52
0,08
0,38
0,79
0,44

Table 4:Descriptive statistics acurracy of the buccal-lingual translation

movements mandibular and maxillary teeth

Tooth
33
34
35
36
46
45
44
14
15
16
24
25
26

W W wwwwwwwwwws

3

G8 No G8
Mean Median SD n Mean  Median SD
63,38 67,00 23,86 8 66,67 63,00 17,79
78,50 79,50 12,29 8 67,00 63,00 21,10
77,33 71,00 23,16 8 63,75 72,50 26,85
74,00 78,00 17,66 8 64,29 66,00 11,25
75,00 72,50 11,52 8 70,22 82,00 34,02
92,00 93,00 8,54 8 70,57 75,00 26,78
93,33 93,00 1,53 8 69,82 78,00 25,21
64,67 56,00 15,01 8 68,50 72,00 10,33
86,33 83,00 9,45 8 60,36 80,00 32,86
77,33 77,00 2,52 8 75,00 80,00 18,12
81,33 81,00 5,51 8 68,09 91,00 38,75
80,67 79,00 4,73 8 71,43 77,00 14,55
58,33 60,00 17,56 8 63,00 76,00 25,50

*SD - Standard deviation. p< 0,05

0,83
0,35
0,46
0,27
0,79
0,22
0,14
0,62
0,21
0,83
0,58
0,33
0,78



Table 5. Amount of intrusion movement, the no-G8 and G8 groups

Tooth

*DP - Desvio Padrdo, *p< 0,05

31
32
33
41
42
43

00 00 00 00 00 00 3

No G8 G8
Mean SD Mean SD
0,70 0,50 1,30 0,42
0,63 0,45 1,13 0,75
0,53 0,94 0,68 0,21
0,64 0,16 1,15 044
0,73 0,36 1,18 0,40
0,53 0,16 0,68 0,21

0,42
0,20
0,09
0,15
0,10
0,31
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Table 6. Percentage of the accuracy of the intrusion movement of no-G8 and G8 groups

Tooth
43
42
41
31
32
33

w w w w wsS

3

G8 No G8
Mean Median SD n Mean  Median SD
79,25 78,50 5,38 8 60,43 68,00 34,96
64,50 62,00 12,48 8 44,43 45,00 36,66
57,33 62,00 11,72 8 49,25 57,50 22,52
65,00 77,00 23,43 8 62,50 74,50 31,39
57,00 73,00 30,35 8 57,30 60,00 30,00
57,67 50,00 15,04 8 54,11 64,00 22,77

*SD - Standard deviation. p< 0,05

0,32
0,33
0,58
0,90
0,99
0,81
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5. CONSIDERACOES FINAIS

A sobreposicédo de modelos 3D € um método de avaliacdo do tratamento
ortodontico bastante interessante, pois ndo expde o paciente a radiacdo e
fornece informac6es com acuracia O método de sobreposi¢do utilizando o
software Autodesk Inventor® utilizando o sistema Cartesiano associado a um
ponto se mostrou reprodutivel e confiavel na maxila e mandibula. Este método,
além de inédito na Odontologia, permite avaliar o resultado do tratamento
ortoddntico especialmente com os alinhadores e esta ao alcance do clinico e se
mostrou confiavel e reprodutivel.

Ultimo investimento feito pela empresa Align®, o protocolo G8, com o
objetivo de melhorar a previsibilidade dos tratamentos com Invisalign® parece ter
surtido pouco efeito. Para o ortodontista continua sendo necessario
planejamento com sobrecorrecdes e uma nova fase de alinhadores chamada de

refinamento para se obter resultado mais acurado
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