Rodrigo Freitas da Silva

Acuriacia de diferentes métodos para obtencio de modelos digitais de arco

completo: Um estudo in vivo

Accuracy of different methods for obtaining full-arch digital models: A in vivo study

Dissertacdo apresentada a Faculdade de
Odontologia da Universidade Federal de
Uberlandia, para a obtengdo do Titulo de
Mestre em Odontologia na Area de Clinica

Odontologica Integrada.

Uberlandia, 2022



Rodrigo Freitas da Silva

Acuriacia de diferentes métodos para obtencio de modelos digitais de arco

completo: Um estudo in vivo

Accuracy of different methods for obtaining full-arch digital models: A in vivo study

Dissertagdo apresentada a Faculdade de
Odontologia da Universidade Federal de
Uberlandia, para a obteng¢do do Titulo de
Mestre em Odontologia na Area de Clinica

Odontoldgica Integrada.

Orientador: Prof. Dr. Luis Henrique Aratjo Raposo
Banca examinadora:

Prof. Dr. Luis Henrique Araujo Raposo

Prof. Dr. Flavio Domingues das Neves

Prof. Dr. Jodo Paulo da Silva Neto

Uberlandia, 2022



HYHEE 114G FERFL - XTI - N (b Dulpd - Fip-Cpdupoio

LINIVERSIDADE FEDERAL DE LISERLANDIA
Coardenacio da Pragrama da Pés-Graduagiia am Odomslogia }

A Fard, 1720, Bloco 4L, Anako B, Sals 9 - BRiTO Umuanans, Ubartindie-MG, C2F SO00-002
Talefone: (4} 22258115058 - www.ppgoulu com - copodiiumemmufs b

ATA DE DEFESA - POS-SRADUALRD

Programe de
Ps-Sraduncio | Ddontologla
-m:
Dupfecea che: Dissartacio da Mestrado Acaddmice, 356, PPGODANTD

. Trinta w Um du Jansino de . Hora de
Data: Bals Mil 8 Vints & Dol Hewaa de nkio: 0830 encerrament [11:05]
Muiricubs do
Discante: 11913000018
Nome do
Discente: Rodrigo Frettes da Sk

Acuricis de difsrentss mitndos para obtenpliao de modaios digitals de o complato: Umn astuda

Thulo do -
Trabalha:
Area de
conoantrach (nica Sdanbaligica Intagrada
Unha de Priopeiedades Pl ¢ Bloldghss dod rwborial Odorrtod digeos & diat esbruturas dewhils
pestubia:
Projeto de
Pesquika da Propriedades Fisicas e Bloldgicss dos materials Odormal daleos € das estruturas dentals
winculwglic:

Anuniu-38 am Wab Confarinds pala pltsforma Zoam, am conformideds com a PORTARIA N® 36, DE 13
DE MARCO DE 2020 da COORDENACAD DE APERFEICOAMENTO DE PESS0AL DE NIVEL SUPERIOR - CAPES,
pela Universkinde Federal de Uberiindie, o Banca BEaminadera, desiynada pele Coleglads do Programa
du Pds-gradusca um Odortalagie, ustlm oompeste: Profsssors Dautorss: Flivio Damirgoes: dies Nawe:
{UFL); Jolic Paule da Siva Neto [UEPB); Wik Henrique Aradje Rapasa [UFU) ordertior{a) dofa]
cardidatoda).

Inklendo os trabalhos ofa} presicente de rmesa, Drial Lub Henrque Aradle Raposo, apresentou g
Combsfo Baminedors & o andidainde), sgradeceuy a3 prasenge da piiblles, & mnoadsy a0 DEcente &

pakrra para a exposicio do seu trabalhe. A duraglo ca apresemtacio do Mscente 2 o tempo de aguicio
& resposta forarn conforme as normas do Programa.

A Saguir o sanhors) prasderis cownadeu 8 palivra, pala ordem  socessivaments, aasfis)
aaminsdores{as), que pazsaram a arguir o{a) candidatoa). UHmarda a arguiia, que sa dessnvabmu
demro dos termos regimentals, a Banca, em saszka secreta, atribulu o resultado final, considerando ofa)

candidatafa):
[Alpravadois).

Esta defesa faz parte dos requishos necessirios & obtengsio do thule de Mestre,

O compatanta diplome sard aguedida apeds cumprimaents das demals requisiios, sonforme & ormae do
Programa, a lngisleclin partinante @ 2 mygulsmantagka Interna da UFLL



IS 124G BERFU - TH T - M chp Chlias - PGyl
Nada mak havends a tratar foram encermados ©5 trabakhos. Fol lavrada a presente 3ta que apds lida e
achada conformm fod assinada pele Banca Examinadora.

Documento assinsdo alstranfcamanrts por Luls Hanriqus Araujo Raposs, Frolsssor{s] do Magichirin
Suparior, em 3LDLA202, i 11:06, conforme hordrio oficlal d= Breslie, com fundamente no art. &8,

¥ 1%, do Decratn 0" 8.530. cie B de cutubro e 3015

1
Sel
apsinsum
wletidnicg

1=
-

'i.‘_.‘i' Documenio asinado alstranfcamante por Favie Domisguas das Meves, Profssasria) do Magitinis
;_fm s :__;}| Supasfior, em 3170172027, & 11:07, conforme horiro oficlal de Breslia, com fundamento ne art. &8,
cleirics | 18, do Decrato n® 539, de 8 de sutubro di 2015,

,'Ei' Documento asdnadn slstronfcamsarte por Jola Paulo de Siive Nako, Usudrio Exteanme, am
e Be | u 31/01/2023, i 1107, confurme hordiro ofickl de Brasllie, com fundamentc ne ark. 54, § 18, do

arslasiue -
¢letréniea

Pafeinchs Frocsmo ne 2H117.0CR16NR22-BE 3£l nF B 70



Ficha Catalografica Online do Sistema de Bibliotecas da UFU
com dados informados pelofa) proprioja) autor(a).

5586  Silva, Rodrigo Freitas da, 1983-

2022 Acuracia de diferentes métodos para obtengao de
modelos digitais de arco completo: Um estudo in-vivo
[recurso eletrdnico] / Rodrigo Freitas da Silva. - 2022,

Orientador: Luis Henrigue Aradjo Raposo.

Dissertagio (Mestradao) - Universidade Federal de
Uberldndia, Pos-graduagdo em Odontologia.

Medo de acesso: Internet.

Disponivel em: httpidoi.org/10. 14303 /ufu_di 2022 43

Inclui bibliografia.

Inclui ilustragies.

1. Odontologia. |. Raposo, Luis Henrique Aradjo, 1985-,

(Orient). |l. Universidade Federal de Uberandia. Pos-
graduagio em Odontologia. 1. Tiulo.

CDU: 616314

Biblictecarios responsaveis pela estrutura de acordo com o AACR2:

Gizele Cristine Nunes do Couto - CRBER2051




AGRADECIMENTOS

A Deus, por me conceder tantas gracas e béngaos na minha vida. Por ndo me
desemparar nos momentos dificeis e conturbados, sempre me mostrando que o

“caminho da vitéria € logo ali”. Obrigado Senhor!!

Aos meus pais, que sempre foram minha base e alicerce. Meus exemplos de
honestidade, carater, respeito ao proximo e amor a Deus. Obrigado, meus amores! Nao

seria 0 homem que me tornei sem a presenga de vocés!

A minha esposa Cristina e meu filho amado Davi, para eles peco desculpas pelos
momentos de auséncias. Meus agradecimentos pela compreensdo e paciéncia. E digo

que: minha luta diaria é por VOCES! Amo-os INCONDICIONALMENTE!

Ao meu irmao Renato, minha cunhada Luciane e meus afilhados amados Isabeli e

Enzo, vocés sao minha familia amada.
Aos meus amigos, que sempre me apoiaram em todos os momentos. Gratidao!

Ao meu orientador Prof. Luis Raposo, gratidao pela contribui¢do como orientador.
Pelo ‘sim’ ao meu projeto 14 em meados de 2019, que me fez crescer como pessoa e

profissional. Gratidao!

Aos meus amigos e parceiros de pesquisa Lucas, Guilherme e Christian. Sem vocés

nada disso seria possivel! Levo nossa parceria para a vida! Gratidao!

A Universidade Federal de Uberlandia e ao Programa de Pos-graduacéo em
Odontologia. Sou um filho desta instituicao e digo com prazer: OBRIGADO POR ME
ACOLHER E POR FAZER PARTE DE CADA MOMENTO DA MINHA
FORMACAO PROFISSIONAL.

A Visage Odontologia, que me abriu as portas e fez com que esse estudo saisse de um
simples rascunho e se transformasse em uma pesquisa clinica de relevancia nacional. A

Monalisa, nosso brago direito. Gratidao!

Aos participantes da pesquisa, gratiddo pela disponibilidade (mesmo em finais de
semana) estavam l& para contribuir com o desenvolvimento do estudo. Sem vocés nada

disso seria possivel!



A todos os meus Professores do Programa de Mestrado. Cada um contribuindo com

o que faz de melhor. Fazendo com maestria a arte de ENSINAR. Gratidao!

Aos meus colegas de mestrado. Obrigado pela experiéncia! Agradecimento especial a
todos que colaboraram, direta ou indiretamente, neste processo. Especialmente a Dani

Davi e Nilson Neto que me auxiliaram quando mais precisei. Gratidao!

VI



Preocupas-te se a arvore de tua vida tem galhos apodrecidos? Nao percas

tempo; cuida bem da raiz e ndo teras de andar pelos galhos.

Santo Agostinho

Vil



SUMARIO

RESUMO 9
ABSTRACT 11
1. INTRUDUCAO E REFERENCIAL TEORICO 12
2. PROPOSICAO 14
3. CAPITULO 1 - Accuracy of different methods for obtaining full-arch digital models:

A in vivo study 15
4. CONCLUSAO 39
REFERENCIAS

Vil



RESUMO

Escaneres intraorais (Els) sao usados rotineiramente e sua acuracia tem sido
testada principalmente por estudos laboratoriais. No entanto, investigagdes in vivo sao
necessarias para avaliar a acuracia de diferentes equipamentos digitais usados para
escaneamentos de arco completo. Este estudo teve como objetivo investigar a acuracia de
diferentes Els, usados por operadores experientes para escaneamento de arco completo.
Escaneamentos de arco completo foram realizados em 15 individuos empregando dois
Els (Trios 3 e iTero 5D); em seguida, as impressdes em PVS e modelos de gesso foram
obtidos e digitalizados em escaner de bancada (inEos X5). Os escaneamentos intraorais
foram realizadas nos periodos TO e T1, para ambos os Els. Ja as impressdes PVS foram
realizadas em TO0. A precisao entre os sistemas de escaneamento foi calculada pelo desvio
médio entre as sobreposi¢des das 4 varreduras de cada grupo, em ambos os periodos
(n=12). A veracidade entre os grupos foi avaliada pela sobreposi¢do dos 8 escaneamentos
intraorais de cada participante, sendo os modelos de referéncia obtidos do escaner de
bancada (n=10). Os modelos foram analisados em um software 3D para extracdo dos
dados. ANOVA em parcelas subdivididas no tempo foi usada para analise da veracidade
e um delineamento inteiramente casualizado para analise da precisdo. A precisdo média
do Trios 3 foi de 7,0 e 8,6 um para os modelos maxilar e mandibular, respectivamente.
Para o iTero 5D, a precisdo média foi de 9,0 e 8,8 um para os modelos maxilar e
mandibular, respectivamente. Nao foram observadas diferencas significativas para a
precisdo dos sistemas de Els (P>0,05). O escaner de bancada, apresentou diferencas
significativas para precisdo, demonstrando variagdes reduzidas (melhor precisdo) em
relacdo aos Els, com precisdo de 1,0 e 0,9 um para os modelos maxilar e mandibular,
respectivamente (P<0,05). O sistema Trios 3 apresentou melhor veracidade para os
modelos mandibulares, no parametro inferior maximo (P<0,05). Os valores numéricos de
veracidade foram melhorados do periodo TO a T1, para ambos os sistemas de Els
(P>0,05). Analisando a veracidade em funcdo do tempo, observou-se uma melhora em
T1 para os modelos maxilares (pardmetros maximos e minimos superiores), independente
dos Els (P<0,05). O escaner de bancada mostrou melhor precisdo para varredura de arco
completo em comparacdo com os dois sistemas de Els. Precisdo semelhante foi alcangada

por operadores experientes em escaneamento de arco completo, independentemente do



sistema de Els. A veracidade dos modelos maxilares melhorou com a experiéncia repetida

de escaneamento, independentemente dos sistemas de Els.

PALAVRAS-CHAVE: Acuracia; escaneres; escaneamentos de arco completo
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ABSTRACT

Intraoral scanner systems (IOSs) are routinely used, and their accuracy has
been primarily tested by laboratory studies. However, in vivo investigations are required
to assess the accuracy of different digital equipment used for full-arch scans. This study
aimed to investigate the accuracy of different IOSs used by experienced operators for full-
arch scanning. Full-arch scans were taken from 15 subjects using two IOSs (Trios 3 and
iTero 5D); after, PVS impressions and stone casts were obtained and digitized in a
desktop scanner (inEos X5). Intraoral scans were performed at TO and T1 periods for both
I0Ss; PVS impressions were taken at TO. The precision between the scanner systems was
calculated by the mean deviation among the overlaps of the 4 scans from each group, at
both periods (n=12). The trueness between the groups was assessed by superimposing the
8 intraoral scans of each participant on their reference models obtained from the desktop
scanner (n=10). The models were analyzed in a proper 3D software to extract the data.
ANOVA in split-plots in time was used for test trueness and in a completely randomized
design for test precision. The mean precision for Trios 3 was 7.0 and 8.6 um for maxillary
and mandibular models, respectively. For iTero 5D, the mean precision was 9.0 and 8.8
um for maxillary and mandibular models, respectively. No significant differences were
observed for the precision of the IOS systems (P>0.05). The desktop scanner, showed
significant differences for precision, presenting reduced variations (better precision)
compared to the 10Ss, with 1.0 and 0.9 um precision for maxillary and mandibular
models, respectively (P<0.05). The Trios 3 system presented better trueness for the lower
models, in the maximum inferior parameter (P<0.05). The numeric values of trueness
were improved from the TO to T1 period, for the both IOS systems (P>0.05). Analyzing
the trueness as a function of time, an improvement was observed in T1 for the maxillary
models (maximum and minimum superior parameters), irrespective of the IOSs (P<0.05).
The desktop scanner showed better precision for full-arch scanning comparing to the both
IOS systems. Similar precision was achieved by experienced operators in full-arch
scanning, regardless of the IOS system. The trueness of the maxillary models improved

with the repeated scanning experience, irrespective of the IOS systems.

KEYWORDS: Accuracy; scanners; full arch scan.

11



1. INTRODUCAO E REFERENCIAL TEORICO

O fluxo digital na odontologia ¢ uma realidade e apesar de muitos
profissionais ainda ndo terem acesso a todas as etapas dessas tecnologias, a transi¢dao do
nao-digital (analdgico) para o digital ocorrera gradualmente ao longo dos proximos anos.
Possivelmente ndo serd uma substituicao total, mas sim uma nova ferramenta a disposi¢ao
dos cirurgides-dentistas, sempre com o intuito de aprimorar os planejamentos, aumentar
a previsibilidade, reduzir tempo, facilitar a comunicagao entre profissional-paciente e, se
aplicadas adequadamente, entregar melhores resultados (Akyalcin et al., 2013; Nedelcu
et al., 2014; Mizumoto et al., 2018).

Como toda nova tecnologia, para a aplicagdio nos consultdrios faz-se
necessario passar por uma curva de aprendizado, tanto com os equipamentos quantos com
os softwares que integram o “pacote digital” (Lim ef a/., 2018). Para isso, os profissionais
terdo que entender que ndo basta somente investir no equipamento mais tecnologico.
Entender a relagdo custo-efetividade ¢ essencial para se fazer uma boa escolha, seja
pensando no investimento financeiro, mas também no retorno € na acuracia que tais
equipamentos garantirdo (DeLong ef al., 2003; Nedelcu et al., 2014).

Os modelos digitais de arco completo podem ser obtidos por escaneamentos
com escaneres intraorais (técnica direta) ou por escaneamentos de modelos de gesso com
escaneres de bancada (técnica indireta), que foram obtidos de moldagens prévias.
Conhecer a acurécia de cada equipamento ¢ fundamental! A literatura ja nos mostra que
os escaneres de bancada possuem maior precisdo que os escaneres intraorais para este
tipo de escaneamento e que os escaneres intraorais perdem em acuracia quanto maior for
a area a ser escaneada (Fligge ef al., 2013; Su et al., 2015). J4 em relacdo a veracidade
dos modelos obtidos por escaneres intraorais ¢ varidvel, sendo influenciada pelo tipo de
escaner utilizado, a experiéncia do operador e o tamanho da area a ser escaneada (César
etal., 2021).

Estudos laboratoriais (in vitro) demonstram a acurécia entre os diferentes
equipamentos e sistemas, mas ¢ importante ressaltar que os desenhos de tais modelos
experimentais sdo diferentes quando aplicados em modelos humanos, fazendo com que
tais resultados possam ser aplicados com ressalva na pratica clinica (Renne et al.,2017;

César et al., 2021). Os modelos experimentais laboratoriais possuem a sua importancia,
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mas a producdo de estudos clinicos in vivo, faz com que pardmetros mais proximos do
que ¢ aplicado na pratica clinica sejam disponibilizados.

Desta forma, esta pesquisa clinica foi proposta para colaborar com os
profissionais, trazendo mais dados e informagdes de diferentes sistemas de escaneres
digitais. Tais equipamentos sdo utilizados para a obtencdo de modelos digitais
tridimensionais. Sejam obtidos pela técnica direta ou indireta, os modelos digitais
precisam reproduzir com fidelidade todos os componentes intraorais, pois os diagnosticos
e planos de tratamentos que serdo aplicados na rotina clinica didria serdao realizados a

partir dos mesmos (Sun et al., 2017).
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2. PROPOSICAO

Em decorréncia da limitada quantidade de estudos in vivo disponiveis na
literatura, esta pesquisa clinica prop0s uma investigacdo cujo objetivo foi comparar a
acuracia (precisdo e veracidade) de modelos digitais obtidos por diferentes escaneres
intraorais (Trios 3 Color; 3 Shape/ iTero 5D; Align Technology) quando comparados com
modelos obtidos por escaner de bancada (inEos X5; Dentsply Sirona) a partir de modelos
de gesso, em diferentes tempos (TO e T1 — 15 dias apds o primeiro escaneamento). A
hipotese nula do estudo foi que nenhuma diferenga significante seria encontrada para o

fator acuracia (precisdo e veracidade) entre os diferentes equipamentos e sistemas.
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3. CAPITULO 1

ARTIGO

Accuracy of different methods for obtaining full-arch digital models: A in vivo study

e Artigo a ser enviado para o periddico (The Journal of Prosthetic Dentistry)
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ABSTRACT

Intraoral scanner systems (IOSs) are now routinely used, and their accuracy
has been primarily tested by laboratory studies. However, in vivo investigations are
required to assess the accuracy of different digital equipment used for full-arch scans.
This study aimed to investigate the accuracy of different IOSs used by experienced
operators for full-arch scanning. Full-arch scans were taken from 15 subjects using two
I0Ss (Trios 3 and iTero 5D); after, PVS impressions and stone casts were obtained and
digitized in a desktop scanner (inEos X5). Intraoral scans were performed at TO and T1
periods for both IOSs; PVS impressions were taken at TO. The precision between the
scanner systems was calculated by the mean deviation among the overlaps of the 4 scans
from each group, at both periods (n=12). The trueness between the groups was assessed
by superimposing the 8 intraoral scans of each participant on their reference models
obtained from the desktop scanner (n=10). The models were analyzed in a proper 3D
software to extract the data. ANOVA in split-plots in time was used for test trueness and
in a completely randomized design for test precision. The mean precision for Trios 3 was
7.0 and 8.6 um for maxillary and mandibular models, respectively. For iTero 5D, the
mean precision was 9.0 and 8.8 um for maxillary and mandibular models, respectively.
No significant differences were observed for the precision of the I0S systems (P>0.05).
The desktop scanner, showed significant differences for precision, presenting reduced
variations (better precision) compared to the IOSs, with 1.0 and 0.9 um precision for
maxillary and mandibular models, respectively (P<0.05). The Trios 3 system presented
better trueness for the lower models, in the maximum inferior parameter (P<0.05). The
numeric values of trueness were improved from the TO to T1 period, for the both IOS
systems (P>0.05). Analyzing the trueness as a function of time, an improvement was
observed in T1 for the maxillary models (maximum and minimum superior parameters),
irrespective of the IOSs (P<0.05). The desktop scanner showed better precision for full-
arch scanning comparing to the both IOS systems. Similar precision was achieved by
experienced operators in full-arch scanning, regardless of the IOS system. The trueness
of the maxillary models improved with the repeated scanning experience, irrespective of

the IOS systems.
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CLINICAL IMPLICATIONS

Variations in the accuracy of 10S systems are still critical when performing
in vivo full-arch scanning, even when used by experienced operators, as the repeated
scanning experience with these systems results in improved trueness. This is an important
clinical aspect to be considered since adequate accuracy for in vivo full-arch scanning
may depend as much on the experience of the operator as on the IOS system itself.
Digitizing stone casts in desktop scanners is still a reliable and precise option for

obtaining full-arch digital models.
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INTRODUCTION

Full digital flow is a reality in contemporary dentistry, consisting in obtaining
three-dimensional (3D) digital models through intraoral scanning (direct technique) or by
scanning impressions/ (indirect technique) using a desktop scanner. Both the physical and
the digital models are used, by different dental specialties, for the diagnosis, planning and
execution of the treatment plan.' The use of digital models mitigates several obstacles
and challenges inherent to the conventional impression procedures, including the
possibility of distortion of the materials, following biosafety standards for disinfection,
the burden of physical space for storing the models, the risks of damage, and the difficulty
in sharing data with other professionals. In addition, digital files allow the workflow to
be performed in fewer laboratory steps, reducing time, and improving the quality of dental

treatments.* ¢

The analysis of accuracy is composed by the evaluation of precision and
trueness parameters (ISO 5725-1)”. Trueness is, by definition, an indication of how
similar a measurement is to a known measured value. In the present study, trueness
describes the deviation of the measurements in the data set compared to the actual
dimensions of the scanned object. Therefore, high trueness indicates that the intraoral
scanners (IOSs) deliver a result that is very close to the actual dimensions of the digitized
plaster model. Precision expresses the degree of reproducibility or agreement between
repeated measurements. In the present study, precision describes how close each

measurement in the data set is to the other measurements taken by the same scanner.®’

The accuracy of intraoral scans is an important parameter to be considered,
since diagnosis and planning, in different areas of dentistry, are now performed using
digital models.!*®2> These aspects have been evaluated by several studies, which
demonstrated that factors such as operator experience, type of scanner and the size of the

area to be scanned can influence the accuracy of digital models obtained by I0Ss.!%:13:19:20

A study comparing the accuracy of digital models obtained by different
methods found that models obtained using a desktop scanner presented better accuracy
(indirect technique) when compared to those obtained with 10S systems (direct
technique).!>** However, one of these studies presents a methodological deficiency since

its sample consisted of only 1 individual.'® Similarly, other studies reported that the
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accuracy of models obtained by IOS systems decreases when performing full-arch
scanning. The digital models obtained by extraoral scanning (desktop scanner), on the
other hand, showed good accuracy results under these same conditions. As these are in
vitro studies, such results must be carefully interpreted for clinical applications.!”! A
previous investigation reported that it is possible to compare the reproducibility between
digital models obtained using direct or indirect techniques, at different times. According
to this study, a small difference (0.02mm) was found between digital in vivo and ex-vivo
models." For this study, stone casts were digitized using intraoral and desktop scanners,
and the resulting digital models compared, which is not the most accurate approach to

perform this evaluation.

An in vitro study comparing the accuracy of scans performed by 3 different
operators with different levels of experience (low, medium and high) using 2 distinct IOS
systems, found that the greater the experience of the operator and the smaller the areas to
be canned, the greater is the accuracy of the digital models.!® There are few clinical
studies in the literature comparing the accuracy of IOS systems, given the difficulties in
data collection when compared to laboratory studies, which in turn, are more predictable.
This fact restricts the application and standardization of clinical procedures using 10Ss,

as the results may differ when applied from in vitro investigations to in vivo situations.

Therefore, the aim of this in vivo study was to evaluate the accuracy (precision
and trueness) of digital models obtained by different IOS systems (Trios 3; 3Shape/iTero
5D;Align Technology) when compared with cast stone models obtained by poly (vinyl
siloxane)(PVS) impression and digitized in a desktop scanner (inEos X5; Dentsply
Sirona), at different periods (TO — initial; and T1 — 15 days after TO). The null hypothesis
of the study was that no differences would be found for the accuracy among the distinct

scanning techniques and equipment.
MATERIALS AND METHODS

This prospective clinical study was approved by the Human Research Ethics
Committee of the Federal University of Uberlandia (CAAE 28378519.5.0000.5152). The
sample size was determined using the G-Power software (v. 3.1.9.4; Franz Faul,
Universitat Kiel, Germany), with a 0.05 significance level and 0.8 power. The initial

sample selected for this study consisted of 19 subjects (6 men, 13 women - mean age 28.5
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+ 0.6 years), who underwent orthodontic treatment (completed). Four individuals did not
attend the subsequent phases to data collection, as were considered as dropouts. All
individuals signed an informed consent form. Inclusion criteria were: (1) individuals aged
between 18 and 45 years of both sexes; (2) complete and fully erupted permanent
dentition (except for cases with tooth extraction for orthodontic purposes); (3) Angle class
I occlusion; (4) no amalgam restorations or metal crowns; (5) no signs of
temporomandibular disorders; (6) absence of trismus and/or mouth opening limitations;
(7) orthodontic treatment completed at least 6 months prior to the first evaluation.
Subjects were excluded from participation from the sample if they met the following
exclusion criteria: (1) subjects who reported exacerbated painful symptoms in the
temporomandibular joint, which prevented any attempt at mandibular repositioning,
necessary for diagnosis and subsequent assembly, in semi-adjustable articulator (SAA);
and (2) individuals who did not have the external auditory meatus completely formed in

order to allow the adaptation of the facial bow.

All subjects underwent clinical, non-invasive procedures. Each of them
received an identification number, which was used in order to store the files and during
the statistical analysis. Each individual was allocated into the 3 study groups (n=15):
Desktop scanner (DS) — PVS impressions of the maxillary and mandibular arches were
taken, stone cast models obtained and set up in a SAA and digitized using a desktop
scanner; Trios scanner (TS) — intraoral scanning using Trios 3 IOS system; iTero scanner

(IS) — intraoral scanning using iTero 5D IOS system.

For the DS group, impressions of the maxillary and the mandibular arches
were taken using PVS (Panasil Putty Soft + Panasil Initial Contact Light; Kettenbach
GmbH & Co. KG), with putty and light components used in a single-step technique. The
impressions were poured under vibration using special low-expansion stone plaster Type
IV Gypsum (Esthetic base gold; Dentona) mixed in a vacuum-mixer. The stone casts were
then scanned and digitized, using a desktop scanner (inEos X5; Dentsply Sirona) at
distinct periods, TO (initial) and T1 (15 days after T0). The scanning was performed using
of the software (inLab CAM SW v.18.1, Dentsply Sirona), in which, a maximum length
for the video capture was taken per arch to avoid any possible file corruption (Table 1).
The digital models were exported using *.STL (Stereolithography) file format for

subsequent analysis and superimposition in a specific software.
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For the TS group, full-arch scanning of the mandibular and maxillary arches
was performed using Trios (Trios 3 Color; 3Shape) 10S system, at TO (initial) and T1 (15
days after TO). The scanning was performed using the “Insane mode” of the software
(Dental Desktop v1.6.4.1, 3Shape), in which, a maximum number of 2,000 images were
taken per arch to avoid any possible file corruption (Table 1). After scanning the both
arches, occlusal records were taken in two distinct relationships, maximum intercuspation
(MIC) and centric relation (CR) using a Lucia’s JIG for stabilization. The digital models
were post-processed and the resulting files exported in *.STL file format for posterior

analysis.

For IS group, full-arch scanning of the mandibular and maxillary arches was
performed using Itero (iTero 5D; Align Technologies) IOS system, at TO (initial) and T1
(15 days after TO). The scanning was performed using the “iRecord mode” of the software
(iTero Element 5D v5.9.1.20, Align Technologies), in which, a maximum length for the
video capture was taken per arch to avoid any possible file corruption (Tablel). After
scanning the both arches, occlusal records were taken in two distinct relationships, MIC
and CR as described. The digital models were post-processed and the resulting files

exported in *.STL file format for later analysis.

All data collected as well as the clinical and laboratory procedures were
performed by 3 operators, each responsible for one of the experimental groups. The
operators have high clinical experience in dentistry (> 10 years of clinical experience)
and handling of intraoral and desktop scanners (>5 years of experience). All the digital
systems were used according to the manufacturer's instructions, standardizing the
scanning sequences for all participants. Before starting the scanning procedures for each
group, the IOS systems were calibrated and pre-warmed. For the intraoral scanning, all
teeth were dried with an air syringe and sterile gauzes, and any accessory lighting source
from the dental chair was turned off to avoid interferences. The native digital image files

produced for each system were also stored directly in the respective company's software.

To verify the precision between the models from each group, all the 12 files
acquired from each participant (scanner system x dental arch x period), were
superimposed and the mean, maximum and minimum deviations of these pairings were

calculated (n=12). Intragroup analyses were performed (DS-TO x DS-T1; TS-TO x TS-
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T1; IS-TO x IS-T1), for upper and lower models. To assess the trueness between the
experimental groups, all the 12 files acquired from each participant (scanner system x
dental arch x period) were superimposed and the mean, maximum and minimum
deviations of these pairings were calculated (n=10). Intergroup analyses were performed
(DS x TS-TO and DS x TS-T1; DS x IS-T0 and DS x IS-T1), for upper and lower models.
For all analyses, the individual digital model of each arch (upper or lower) from the
groups was imported into the Geomatic software (Geomatic Control;3D Systems, Inc).
The model obtained in TO was considered as a reference for precision analysis, and the
models obtained from DS group were considered as a reference for trueness. After the
two models were inserted in the software for comparison, initial alignment of the models
was performed. Following this step, excess marginal tissue was removed, both buccally
and palatal/lingually, leaving only the teeth and gingival margin of approximately 2 to 3
mm (horseshoe shape). Next, fine adjustment of the models was carried, seeking the best
alignment possible. Using the 3D comparison tool for each overlay, the differences
between the surfaces (reference model and comparison model) were calculated along the
models, resulting in mean, maximum and minimal values (mm). Furthermore, the

differences were also represented by a color map scale (Fig. 1).

One-way analysis of variance (1-way ANOVA) test was used in a completely
randomized design to determine the differences in deviations between the scanner
systems considering the precision factor. To compare the groups in terms of differences
in deviations to trueness according to the scanner systems, 2-way ANOVA was used in a
split-plot in time scheme. The Kolmogorov-Smirnov test was used to test the normality
of deviations. As the data presented non-normal distribution, root transformation (x + 1)
was performed to allow ANOVA test to be performed. To assess the differences between
the means, Tukey HSD test was used. All tests were performed with 5% significance

level, using a statistical software package SISVAR, v.5.6, UFLA).

RESULTS

The 1-way ANOVA test showed significant differences for the precision
between the different scanner systems (P<0.05) (Table 2). The DS group (inEos X5)

showed significant lower means for model precision (better precision) than the TS (Trios
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3) and IS (iTero 5D) intraoral scanning systems (P<0.05), which presented similar results

between them.

The results for trueness between the groups, disregarding time factor, are
presented in Table 3. The 2-way ANOVA showed significant differences for the trueness
of the mandibular maximum parameter for the IS group (iTero 5D), disregarding the
period factor, which showed higher mean values than the TS group (improved trueness
for Trios 3) (P<0.05). No significant differences were detected for the other trueness
parameters comparing the both 10S systems with the DS group (inEos X5). The mean
values for the maxillary and mandibular parameters for trueness showed no significant

differences between the both I0S systems.

The results for trueness between the groups, considering the period factor, are
shown in Table 4. There was a numeric improvement in the trueness values for all
parameters tested for the both IOS groups at T1, except for the isolated maxillary and
mandibular average DS x IS parameter. However, no significant differences were

detected among the scanners systems evaluated (P>0.05).

The split-plot ANOVA results over time also demonstrate that, regardless of
the scanner system, significant differences were found for the trueness between the first
(TO) and second (T1) scans for the maxillary arch in the maximum and minimum
maxillary parameters (P<0.05). No significant differences were detected for the other

trueness parameters evaluated (Table 5).
DISCUSSION

The null hypothesis was rejected as significant differences were detected for
the precision between the IOS systems and the desktop scanner. For the trueness,
significant differences were also detected in the upper arch scans, from TO to TI,
regardless of IOS system. This in vivo study presents different methodological design for
accuracy analysis between different 10S systems, when compared to other
investigations.'>!>!® Questions may arise regarding the number of times each participant
should be scanned to analyze the deviations among scans, but it is worth emphasizing the
inherent difficulties in carrying out a in vivo study, a factor that made it difficult for

participants to return for repeated collections.
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On the present investigation, the mean precision results for the TS group were
7.0 and 8.6 um, for the maxillary and mandibular models, respectively. For the IS group,
9.0 and 8.8 um, for the maxillary and mandibular models, respectively. No significant
differences were found when analyzing the precision factor between the IOS systems
(P>0.05). In the DS group, the mean precision was 1.0 um and 0.9 pm, for the maxillary
and mandibular arches, respectively, being significantly lower (better precision) when

compared to the values verified for the IOS systems (P<0.05).

In this study, the desktop scanner (inEos X5) showed greater precision when
compared to the both 10Ss, with results very similar to those obtained by a previous in
vitro study.?! This high precision may be related to the presence of a wider field of view
when compared to intraoral scanners. We also relate these results to the absence of some
inhibiting or limiting factors, such as: lens wetting, saliva, soft tissue, tongue, reflective
surfaces (enamel), variation in tone between tooth structures and tissues and muscle
movements that can prevent suitable full arch scanning.?!*? Another factor that may have
contributed to an improved accuracy for this equipment is the blue light used on the
camera. Desktop scanners that use this type of light are shown to perform better full arch
scanning compared to scanners that have laser or white light.?® It is also important to
mention that the inEos X5 system uses the projection of a measuring light grid onto dental
structures under a definite angle causing a depth-dependent phase shift of the grid, which
the camera registers on its digital sensor. This factor also contributes to an improvement
in the accuracy of the scans, because regardless of the scanned model, it will always
follow a movement pattern, different from what is obtained with IOSs, since even
experienced operators following the movement protocols recommended by

manufacturers may lead to some differences during scanning.>*

Both intraoral scans, Trios 3 and iTero 5D, demonstrated similar precision in
this study. Mean values for reproducibility can be considered excellent. This was possible
probably because they present a confocal-type image acquisition technology. In addition,
to offering faster scans, they also allow for better accuracy and less distortion.!>?!?°
Another factor that may have contributed to the good results observed was the fact that
the operators had a high level of experience with scans.'® Despite the difficulties inherent
in the process for full arch scanning in an in vivo study, the operators were able to

reproduce the scans with good accuracy.
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When analyzing the trueness in this study, Trios 3 I0S system presented
significant different results compared to iTero 5D IOS system only for the mandibular
maximum parameter, disregarding the time factor (P<0.05) (Table 3). Even with this
difference, it is noted that the both IOS systems presented excellent trueness when
compared to the reference models (desktop scanner). The trueness between the groups
was numerically better at T1 for almost all the parameters evaluated (except in the
maxillary and mandibular parameters for DS x IS - T1). Even tough, no statistical
differences were found between the intraoral scanners. In addition, regardless of the IOS
system, a numeric improvement for the trueness of the models obtained by intraoral
scanning was detected at T1 for all analyzed parameters when compared to the initial
period (TO) (Table 4); however, only the maximum and minimum maxillary parameters

showed significant differences (P<0.05) (Table 5).

It is important to emphasize that the clinical relevance of this study relies on
the clinical evaluation of different IOS systems, using well-established equipment such
as Trios 3 and iTero 5D. The later was launched in mid-2019, marketed with a proposal
of producing high-precision images. Stone casts were considered as a reference for the
analysis of the trueness factor, even though the possibility of their distortion.'!* Despite
the limitation of evidence, a study showed that the intra and inter arch measurements
using stone cast models can be equivalent to those of the digital models obtained from
IOS systems.!'* In order to obtain better accuracy of the stone cast models, in vivo VPS
impressions were taken in this study to avoid, or at least reduce distortions. As already
shown by a previous investigation, this is a more precise procedure.'® An important factor
to be considered for the analysis of trueness is the use of a desktop scanner to scan the
plaster models that will be considered as a reference for the analysis, given that this type
of equipment usually presents better accuracy when compared to IOS systems, especially
for full-arch scanning.'>!>!7 In this clinical study, the results for precision made it clear
that desktop scanners have better accuracy when compared to intraoral scanners, making

the decision of using this type of equipment for scanning plaster casts adequate.

The excellent trueness demonstrated by the scanning systems in this study,
regardless of the IOSs used, makes it clear that experienced operators can improve the
accuracy of full arch scans, with repeated experience.!” The greater the experience, the

better the operator will adapt to the difficulties imposed by the patient throughout the
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process. In addition, repeated training generates positioning and movement
standardization, allowing to maintain a smaller distance between the scanner tip and the
structure to be scanned, a situation considered ideal for better accuracy. Even during
diagonal scanning, considered as a factor for decreasing accuracy in full arch scans, such
operators manage to maintain caution and the correct positioning pattern, so good veracity
results can be obtained.? This fact is in accordance with the findings of the present study
for the trueness in the different periods. In addition to the experience, a better adaptation
of the patient in relation to the scanner was also noticed, and this fact can also affect data
acquisition, particularly when performing full-arch scanning. None of the subjects
participating in this study had undergone any previous intraoral scanning experience prior
to the initial evaluation (T0), which may have contributed to an increased difficulty to

perform the initial scanning, even for experienced operators.

With the results presented by this investigation, it is clear that experienced
IOS operators are able to obtain full-arch scans with good accuracy and trueness,
regardless of the intraoral scanner system used. Besides, it is possible to improve the
trueness of the images obtained through repeated experience. Even acknowledging that
the digital images of the reference cast model may suffer distortions and variations
(distortion of the impression/plaster materials and/or in the acquisition/digitizing process
of the desktop scanner), variations tend to be minimal and often without statistical
significance. Despite the disparities on the economic costs involved in the acquisition of
each equipment, any of the scanners used in this in vivo investigation, whether one of the
IOS systems or the desktop scanner, produced accurate full-arch digital models when

used by experienced operators.

This in vivo clinical study presents intrinsic limitations such as the fact that a
reduced number of participants were scanned at two periods and only two IOS systems
were compared to a desktop scanner. Further studies are still required to compare the
precision and trueness of desktop scanners in relation to different IOS systems, as well as
repeating the tests by switching equipment and system operators or, even using a single

operator for distinct equipment and systems, in order to reduce the selection bias.
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CONCLUSION

Supported by the results of this in vivo study, the following conclusions were

drawn:

1. The desktop scanner (inEos X5) showed better precision for full-arch
scanning as compared to the both IOS systems (Trios 3 and Itero 5D). The precision of
Trios 3 and Itero 5D intraoral scanners was similar for full-arch scans in both periods of

analysis.

2. Both Trios 3 and iTero 5D produced full-arch scan images with similar
accuracy. A numeric improvement of trueness was observed for full-arch scans as a

function of time in the both intraoral scanning systems.

3. Operators with good experience with intraoral scanners favored the
trueness of full-arch scans with repeated scanning experience, irrespective of the intraoral

scanning systems.
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Table 1. Scanners evaluated

Scanners Manufacturer

TRIOS 3 3Shape A/S

Color

iTero 5D Align
Technology,

Inc
inEos X5 Dentsply
Sirona

Scanner
Technology
Confocal microscopy
and ultrafast optical
scanning

Laser light beams based
on parallel confocal
principles

Optical blue structured
light
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Light Source/
Color
LED/Blue

Laser/Red

LED/Blue

System
Dental
Desktop
v1.6.4.1

iTero
Element 5D
v5.9.1.20

inLab CAM
SW v.18.1



Table 2. Mean difference values (um) and standard deviation (+) for precision among

the models obtained with DS (inEos X5), TS (Trios 3) and IS (Itero 5D).

Groups/

DS (n=15) TS (n=15) IS (n=15)
Parameters
Maxillary Average 1.0 +0.9° 7.0 +5.2¢8 9.0 +7.9%

Maxillary Maximum 83.0 +54.6° 3282 +86.2* 3132 +61.2°
Maxillary Minimum 83.3 +55.8° 3217 +86.1* 3094  £+56.1°
Mandibular Average 09 +08° 8.6 +7.0° 8.8 +6.1°
Mandibular Maximum ~ 98.5 +£432° 3809 +1182% 396.0 +110.0°

Mandibular Minimum 98.6 +£43.5° 3808 +118.1* 393.8 +£110.9°

*Different letters indicate statistical difference in line (horizontal); Tukey test (p<0.05).

Precision measured by polygon deviation between 2 of 12 images, which totals 6 pairs

for each participant.
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Table 3. Mean values (um) and standard deviation (%) for trueness among the models

obtained with DS (inEos X5), TS (Trios 3) and IS (Itero 5D), disregarding time factor.

Groups/ DS x TS DS x IS

Parameters (n=15) (n=15)

Maxillary Average 12.0 +9.3? 8.6 +7.2°
Maxillary Maximum 474.0 + 138.7% 461.3 +118.3%
Maxillary Minimum 472.3 +139.4% 460.4 +117.22
Mandibular Average 17.0 +11.0°% 22.2 +13.1%
Mandibular Maximum 610.3 + 149.8° 758.0 +239.4%
Mandibular Minimum 580.3 +171.3% 724.3 +260.12

*Different letters indicate statistical difference in line (horizontal); Tukey test (p<0.05).
Trueness measured by the difference in polygons between the reference model and the

intraoral scan images.
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Table 4. Mean values (um) and standard deviation (£) for trueness among the models
obtained with DS (inEos X5), TS (Trios 3) and IS (Itero 5D) evaluated at the different
periods (TO and T1)

Initial (TO) Final (T1)
Groups
(n=15) (n=15)
DS x TS — Average 14.6 + 8.8 9.5 +9.2%
DS x IS — Average 8.6 + 6.6° 8.7 + 8.0?

Maxillary DS x TS — Maximum 491.3  £157.5% 456.8 + 120.0%
parameters DS x IS - Maximum 4804  +£137.7% 4422 +96.1%
DS x TS - Minimum 4879  +£159.2¢ 456.8 + 120.0?
DS x IS - Minimum 480.1 +£137.12 440.7 + 94.0°

DS x TS — Average 19.2 + 9.6 14.9 +12.12
DS x IS — Average 21.5 +12.7° 22.9 +13.9°
Mandibular DS x TS - Maximum 6364 +171.6* 584.2 + 124.8%
parameters DS x IS - Maximum 776.6  +£290.0° 739.5 + 184.2¢
DS x TS - Minimum 603.2  +202.3* 557.5 +136.9%
DS x IS - Minimum 7282  +£317.5° 720.4 + 198.2%
*Different letters indicate statistical difference in line (horizontal); Tukey test (p<0.05).
Trueness measured by the difference in polygons between the reference model and the

intraoral scan images.
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Table 5. Mean values (um) and standard deviation (+) for trueness according to the
parameters of the models obtained at the different periods (TO and T1), disregarding the

systems (scanners).

Parameters Initial (TO) Final (T1)
(n=15) (n=15)

Maxillary Average 11.6 + 8.3% 9.1 + 8.5%
Maxillary Maximum 485.9 + 145.5% 449.5 +107.1°
Maxillary Minimum 484.0 + 146.0° 448.7 +106.2°
Mandibular Average 20.3 +11.2° 18.9 + 13.4°
Mandibular Maximum 706.5 + 24472 661.8 +173.6%
Mandibular Minimum 665.7 +269.22 638.9 + 186.7%

*Different letters indicate statistical difference in line (horizontal); Tukey test (p<<0.05).
Trueness measured by the difference in polygons between the reference model and the

intraoral scan images.
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FIGURES

IS TOxIS T1 Maxillary TS TOXTS T1 Maxillary DS TOxDS T1 Maxillary

IS TOxIS T1 Mandibular TS TOXTS T1 Mandibular DS TOxDS T1 Mandibular
Figure 1. Color map example comparing the precision of different scanners (-1000 to

+1000 mm). Towards red color, a tendency to increased deviation is shown (+); on the

other hand, towards blue color, decreased trend of deviation is depicted (-).
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4. CONCLUSAO

Baseado nos resultados deste estudo in vivo, as seguintes conclusdes foram
tiradas:

1. O escaner de bancada (inEos X5) apresentou melhor precisdo para
escaneamentos de arco completo, em comparacao com os dois sistemas de Els (Trios 3 e
Itero 5D). A precisdo dos escaneres intraorais Trios 3 e Itero 5D foi semelhante para
escaneamentos de arco completo em ambos os periodos de andlise.

2. Tanto o Trios 3 quanto o iTero 5D produziram imagens de escaneamentos
de arco completo com acuracia semelhante. Uma melhora numérica na veracidade foi
observada nos escaneamentos de arco completo, em fun¢do do tempo, em ambos os
sistemas de escaneamento intraoral.

3. Operadores com alta experiéncia em escaneres intraorais conseguem
melhorar a veracidade dos escaneamentos de arco completo, com experiéncia repetida,

independentemente dos sistemas de escaneamento intraoral.
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