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RESUMO

O objetivo deste estudo foi avaliar longitudinalmente as oclusdes estatica e dinamica
em pacientes portadores de sobredentaduras mandibulares implanto-retidas (IODs).
Materiais e Métodos: Pacientes edéntulos totais foram tratados com IODs retidas por
2 ou 4 implantes. A distribuicdo dos contatos oclusais foi analisada pelos métodos
digital (T-Scan® Ill) e analdgico (papel articulado) imediatamente apds a entrega das
préteses (baseline, T1) e apos 4 anos (T2), e classificada por um examinador
independente como escores 0, 1 e 2 para inadequado, satisfatério e adequado,
respectivamente. Os resultados foram comparados usando teste de homogeneidade
marginal (P < 0,05). Os métodos de analise oclusal (digital vs. analdgico) foram
analisados utilizando o coeficiente de correlagdo kappa de Cohen (p < 0,05) e V de
Cramer. Resultados: Sete (n = 7) pacientes com I0Ds mandibulares (2 implantes: n
= 3; 4 implantes: n = 4), contabilizando 52 analises da oclus&o, foram avaliados.
Embora apés 4 anos ndo tenham sido encontradas diferengas estatisticamente
significativas em nenhum dos movimentos mandibulares analisados por ambos os
métodos de analise oclusal, na oclusdo céntrica os dois métodos mostraram um
padrdo oclusal inferior comparado ao baseline. Na oclusdo dinamica, o método
analégico mostrou uma tendéncia a superestimar o padrdo oclusal, enquanto o
meétodo digital mostrou um diagndstico mais realista. Os métodos digital e analogico
mostraram uma forte correlagdo na analise da oclusdo em 4 anos (p< 0,001).
Conclusoées: Dentro das limitagdes deste estudo, sugere-se que a ocluséo
balanceada bilateral alcangcada no momento da instalacdo da sobredentadura nio se
mantém ao longo do tempo, e que os métodos digital e analdgico de analise oclusal

mostraram-se consistentes apds 4 anos.

Palavras-chave: Oclusdo; Forca da oclusdo; Protese dentaria; Protese total

removivel.



ABSTRACT

The aim of this study was to longitudinally evaluate static and dynamic occlusions in
patients with implant-retained mandibular overdentures (IODs). Materials and
Methods: Fully edentulous patients were treated with mandibular IODs retained by 2
or 4 implants. The distribution of occlusal contacts was analyzed by the digital (T-Scan®
lll) and analog (articulating paper) methods immediately after prostheses delivery
(baseline, T1) and after 4 years (T2), and scored by an independent examiner as 0, 1
and 2 for inadequate, satisfactory and adequate, respectively. Results were compared
using marginal homogeneity test (p < 0.05). Occlusal analysis methods (digital vs.
analog) were analyzed using Cohen's kappa correlation coefficient (p < 0.05) and
Cramer's V. Results: Seven (n = 7) patients with mandibular I0Ds (2 implants: n = 3;
4 implants: n = 4), accounting for 52 occlusion analyses, were evaluated. Although
after 4 years no statistically significant differences were found in any of the mandibular
movements analyzed by both occlusal analysis methods, in centric occlusion both
methods showed an inferior occlusal pattern compared to baseline. In dynamic
occlusion, the analog method showed a tendency to overestimate the occlusal pattern,
while the digital method showed a more realistic diagnosis. The digital and analog
methods showed a strong correlation in the analysis of occlusion at 4 years (p< 0.001).
Conclusions: Within the limitations of this study, it is suggested that the bilateral
balanced occlusion achieved at the time of overdenture installation is not maintained
over time, and that digital and analog occlusal analysis methods proved to be

consistent after 4 years.

Keywords: occlusion; occlusion force; dental prosthesis; implant overdenture.
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INTRODUCAO

A expectativa de vida da populagdo tem aumentado significativamente em
decorréncia de avancos e maior acesso a tratamentos de saude. Em paralelo, a
prevaléncia de edentulismo total ainda se mantém alta. Um levantamento
epidemioldgico nacional mostrou que 53,7% da populagao brasileira com idade acima
de 65 anos é totalmente desdentada (SB Brasil, 2020). O edentulismo provoca
impactos negativos na nutricdo, no bem-estar fisico e mental, na auto-estima, na
convivéncia em sociedade e, como resultado, diminuicdo na qualidade de vida do
individuo. A protese total removivel, convencional ou retida por dentes e/ou implantes,
€ um tratamento que vem sendo empregado com sucesso ha anos para o tratamento
do edentulismo (Cooper, 2009; Gupta et al. 2019). Para tal, exerce papel central a
obtengao de um padrédo oclusal aceitavel, capaz de devolver a fungdo mastigatoria, a
estética e a sociabilidade ao paciente (Peres et al. 2013).

O registro da oclusdo dentaria consiste em uma etapa importante que dita o
sucesso e longevidade dos tratamentos restauradores em pacientes dentados e
desdentados totais. A localizagdo, numero e intensidade de for¢a dos contatos
oclusais podem ser influenciados por diversos fatores, impactando diretamente nas
oclusdes estatica e dindmica. A correta orientagcdo dos planos oclusais e dimensao
vertical de oclus&o guia o restabelecimento das fungbes mastigatérias perdidas por
esses pacientes (Kattadiyil, 2021). Em Protese Total, a oclusdo lingualizada é
caracterizada pela oclusdo das cuspides linguais superiores com as cuspides linguais
mandibulares, resultando em uma relagé&o central e ndo céntrica (Abduo, 2013). A
oclusédo guiada por caninos, analoga a oclusdo de pacientes dentados, consiste em
um padrao oclusal em que os dentes posteriores ndo se tocam nos movimentos
excursivos da mandibula, podendo resultar em um piora da retengcdo de préteses
mandibulares, reduzindo a eficiéncia mastigatéria (Peroz et al. 2003). A oclusao
balanceada bilateralmente (Christensen 1905), por sua vez, caracteriza-se por
distribuir contatos bilaterais nos dentes anteriores e posteriores tanto nos movimentos
céntrico e excursivos da mandibula, prevenindo a reabsorgdo éssea que pode ocorrer
diante de eventuais instabilidades da prétese, implicando em maior qualidade de vida

ao paciente (Farias Neto et al. 2010; Rehmann et al. 2008; Lemos et al. 2018).
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A mensuracao do equilibrio oclusal tem sido historicamente realizada pelo
meétodo analdgico, com auxilio do papel articular de diferentes espessuras e
composi¢des. Este método apresenta vantagens, por ser de facil acesso e de facil
utilizagdo, tornando-o o mais utilizado. Por outro lado, pode ndo ser confiavel em
decorréncia da subjetividade, da dificuldade na avaliagdo da carga aplicada durante o
contato entre os dentes, do tempo no qual eles permanecem em contato e da
presenca de saliva (Kerstein, 2014; Wang et al. 2022). O sistema T-Scan® (TekScan,
EUA) consiste em uma ferramenta de diagndstico oclusal baseada em um sensor
capaz de avaliar qualitativa e quantitativamente a oclusdo (Manees ef al. 1987). Em
2023, Wiechens e cols. avaliaram em um estudo clinico controlado a funcéo oclusal
de 41 pacientes submetidos a cirurgia ortognatica com o T-Scan® Novus. Os pacientes
classe Il e lll apresentaram oclusdo menos eficiente que os pacientes controles ndo
tratados em relacdo ao tempo de oclusédo, assimetria oclusal e antagonismo
total/anterior/posterior. O método digital para diagndstico oclusal mostrou-se util e
preciso no ajuste oclusal, melhorando o desempenho mastigatério dos pacientes.

Uma publicacdo recente do presente estudo (Floriani et al. 2022) identificou
diferencas significativas entre proteses totais convencionais e sobredentaduras
implanto-retidas nos movimentos mandibulares laterais esquerdo e direito pelo
meétodo digital de analise da oclusdo. Os métodos de analise oclusal digital e analogica
apresentaram correlagdo e concordancia moderadas, mostrando-se métodos
confiaveis e reprodutiveis para analise da oclusao em pacientes edéntulos. Entretanto,
ainda ha em Prétese Total escassez de estudos clinicos que avaliem a estabilidade
oclusal em longo prazo. Portanto, o objetivo deste trabalho foi avaliar
longitudinalmente a estabilidade oclusal nos diferentes movimentos mandibulares em
pacientes desdentados totais reabilitados com sobredentaduras mandibulares
implanto-retidas pelos métodos digital e analdgico.
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2 REVISAO DE LITERATURA

2.1 EDENTULISMO TOTAL

O envelhecimento € um processo biologico que resulta em mudangas na esfera
fisica, mental e social de um individuo e esta associado com aspectos
sociodemograficos, fatores econdmicos, culturais, comportamentais e fatores
genéticos. O edentulismo é o resultado de um processo multifatorial associado a
fatores biolégicos (doencga periodontal, carie, trauma, cancer) e fatores n&o biolégicos
relacionados a procedimentos odontologicos (acesso ao tratamento, opgdes de
tratamentos) (Academy of Prosthodontics, 2023). Alteracgdes fisiologicas como perdas
dos dentes e diminui¢cao da dimensao vertical da face estdo comumente presentes em
pacientes edéntulos. A compreensdo do perfil psicolégico de pacientes geriatricos
pode auxiliar o clinico na conducéao eficaz do tratamento, colaborando na aceitagéo
da terapia de proéteses totais pelo paciente (Felton, 2009; Mysoore, Aras 2012)

2.2 TRATAMENTO DO EDENTULISMO TOTAL

O tratamento do edentulismo total consiste na confecgdo de proteses totais
convencionais removiveis mucossuportadas ou préteses retidas por dentes e/ou
implantes osseointegrados. A evolugéo das proteses implantosuportadas transformou
as possibilidades de tratamento para pacientes edéntulos, entretanto alguns fatores
sao limitantes para aquisi¢ao do tratamento como desordens sistémicas, disfuncoes
anatbmicas e problemas financeiros (Mericske-Stern, 2000; Carlsson, Omar, 2010;
Lee, Saponaro, 2019). A expectativa dos pacientes em relagdo ao tratamento e sua
experiéncia anterior com préteses sao alicerces no sucesso do tratamento. Além
disso, mesmo com a reabilitacdo do paciente, a reabsorcgao residual da crista alveolar
mostra-se como um dos fatores mais previsiveis e desafiadores. Esta condigdo pode
ser progressiva, cronica e irreversivel e podem estar associadas a fatores sistémicos
do paciente como osteoporose, deficiéncias hormonais e vitaminicas, idade e sexo
(Critchlow, Ellis, 2010; Huumonen et al., 2012; Lee, Saponaro, 2019).
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2.3 OCLUSAO EM PROTESE TOTAL

O equilibrio oclusal € fundamental para a estabilidade, suporte e retencdo das
proteses totais além de preservar os tecidos duros e moles de suporte,
proporcionando conforto ao paciente. Forgcas mastigatérias podem influenciar
diretamente na instabilidade das préteses totais, porém esse cenario pode ser evitado
estabelecendo contatos equilibrados entre os dentes durante os movimentos
mandibulares (Engelmeier, 2005; Abduo, 2013; Goldstein, 2021).

A oclusdo guiada pelo canino assemelha-se a oclusédo de pacientes dentados
e consiste na desoclusdo dos dentes posteriores durante os movimentos excursivos
da mandibula por movimentos verticais e pela sobreposi¢do horizontal dos caninos.
Devido a menor atividade muscular, quando comparada a oclusao balanceada
bilateral, a oclusdo guiada pelos caninos pode ser capaz de proteger a ocluséo diante
de forgas excéntricas (Peroz et al., 2003).

A oclusdo balanceada bilateralmente, proposta por Christensen (1905), tem
sido descrita como a oclusdo ideal a ser reproduzida em pacientes usuarios de
préteses totais, pois desempenha uma distribui¢do uniforme das cargas que atuam na
area de suporte da protese, apresenta estabilidade favoravel e taxas de reabsorgao
baixas, contribuindo assim na diminuicdo da impaccado alimentar entre a protese a
base da mucosa. No entanto, reproduzir essa oclusdo clinicamente torna-se um
desafio ao clinico, ndo somente pelo nivel de dificuldade, mas também pelo tempo
dispendido para dominio da técnica (Peroz et al., 2003; Rehmann et al., 2008).

Farias-Neto et al. (2010) avaliaram a eficiéncia mastigatoria de pacientes com
préteses totais em oclusdo balanceada bilateralmente e guiada pelos caninos. Um
ensaio clinico cruzado, duplo cego e controlado foi feito com uma amostra com vinte
e quatro pacientes edéntulos usuarios de préteses totais, os quais possuiam as
mesmas configuragdes oclusais nos trés primeiros meses. Dados objetivos foram
obtidos por meio de um teste colorimétrico para avaliar a eficiéncia mastigatoria e
dados subjetivos foram gerados pela avaliagdo do paciente em relagdo a sua fungéo
mastigatoria. Nao houve diferengas significativas nos quesitos de satisfagdo geral do
paciente e eficiéncia mastigatéria entre os conceitos oclusais avaliados. Além disso,
ao final do estudo, nenhum paciente solicitou a mudanca de oclusdo durante o uso
das proteses. O estudo concluiu que a oclusao balanceada bilateral ndo melhora a

eficiéncia mastigatoria em usuarios de protese total.
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A ocluséo lingualizada, proposta em 1941 pelo Dr. Charles L. Pincus, consiste
na oclusao das cuspides linguais superiores com as cuspides linguais mandibulares,
resultando em uma relagéo central e ndo céntrica. Este arranjo oclusal foi criado com
o objetivo de melhorar a funcionalidade e estética das préteses. Em virtude desta
configurag&o, a obtengao da ocluséo lingualizada é facilitada pela posi¢do dentaria e
esquema oclusal, além de ser eficaz em pacientes com rebordo alveolar muito
reabsorvido (<20 mm), pois resulta em melhor retencao de préteses totais inferiores e
menores chances de dor, por acédo da dissipagao de forgas oclusais (Abduo, 2013;
Lemos et al., 2018).

Zhao et al. (2013), em uma revisao sistematica, avaliaram resultados clinicos
de diferentes esquemas de oclusdo em préteses totais. Foram selecionados estudos
que apresentavam os seguintes critérios: satisfagcado geral, habilidade mastigatoria,
retencdo e estabilidade. Dos sete estudos que foram incluidos, avaliaram oclusao
anatbmica, oclusdo balanceada, oclusdo pela guia canina, oclusdo lingualizada,
oclusdo monoplano e oclusdo balanceada bilateralmente. Trés estudos apontaram
que a oclusdo lingualizada obteve indices de maior satisfagdo entre os pacientes
comparada com os outros esquemas oclusais. Ja as proteses com ocluséo guiada por
caninos mostraram desempenho clinico igual ou melhor que as préteses com ocluséo
balanceada bilateralmente. Concluiu-se que a oclusédo lingualizada e a oclusao guiada
por caninos podem ser aplicadas em préteses totais. Entretanto, € preciso mais
estudos randomizados controlados que indiguem a relacdo da oclusdo e seus
impactos com a reabsor¢cao do rebordo alveolar, diferentes esquemas oclusais e a
satisfagao do paciente.

Kawai et al. (2017), em um estudo clinico randomizado duplo cego, comparou
a oclusado balanceada bilateralmente com a oclusdo posterior lingualizada em
pacientes edéntulos usuarios de préteses totais convencionais com cristas alveolares
comprometidas. N&o houve diferengas significativas entre oclusdo posterior
lingualizada e oclusdo balanceada bilateralmente para todas as Vvariaveis,
relacionadas a satisfacdo e qualidade de vida (retengdo, estética, conforto,
capacidade de fala, capacidade de mastigar, facilidade de limpeza). Apos 6 meses,
pacientes com mandibulas seriamente atrofiadas avaliaram a oclusao balanceada
bilateralmente, considerando o grau de satisfagdo com a retencdo de proteses

mandibulares menor em comparagdo com aqueles com a oclusdo posterior
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lingualizada. Concluiu-se que pacientes com proteses totais em oclusao lingualizada
apresentaram maior eficiéncia mastigatéria em rebordos severamente reabsorvidos.
Lemos et al. (2018), em uma revisdo sistematica, compararam a ocluséo
balanceada bilateral com diferentes esquemas oclusais (guia canina, oclusao
lingualizada e grau zero) em proteses totais, quanto a qualidade de vida/satisfagdo e
desempenho mastigatorio. O objetivo do estudo foi avaliar se a oclusdo balanceada
bilateral € melhor que a oclusao lingualizada, guia canina e grau zero. Foram incluidos
dezessete estudos para analise por dois revisores independentes, sendo que onze
estudos abordaram a influéncia dos desenhos dos esquemas oclusais na qualidade
de vida e satisfagdo do paciente, e 8 estudos avaliaram a atividade muscular e o
desempenho mastigatorio entre a oclusédo balanceada bilateral e os demais esquemas
oclusais. A revisdo apontou que a oclusao balanceada bilateral ndo resulta em melhor
qualidade de vida/satisfagdo ou desempenho mastigatério e atividade muscular.
Concluiu-se que a orientagao pelos caninos por ser reproduzida para diminuir a
atividade muscular, ao mesmo tempo que a oclusao lingualizada pode desempenhar
melhor satisfacdo e qualidade de vida aos pacientes usuarios de préteses totais.
Borges et al. (2023), em uma overview, avaliaram a qualidade metodoldgica e
evidéncias cientificas de revisdes sistematicas acerca da influéncia dos diferentes
esquemas oclusais no desempenho clinico e na satisfagado de pacientes usuarios de
proteses totais convencionais bimaxilares. O efeito de cada esquema oclusal
comparado uns aos outros foi classificado como: positivo, neutro, negativo ou
inconclusivo, fundamentado nas conclusbes das revisdes sistematicas sobre o
desempenho clinico e nivel de satisfacdo do paciente. Foram incluidas dez revisdes
sistematicas nas quais: sete foram classificadas como qualidade metodoldgica
criticamente baixa, duas classificadas como baixa e uma como moderada. Incluiu-se
na analise dos esquemas oclusais a oclusdo balanceada bilateral, a ocluséo
lingualizada, a oclusao guiada pelos caninos, fungdo em grupo e oclusdo monoplano.
A oclusao lingualizada evidenciou uma tendéncia a melhores resultados para cristas
normais e reabsorvidas. A oclusdo balanceada bilateral e a oclusao lingualizada
manifestaram resultados satisfatérios em ambos desfechos. Ja a oclusdo baseada na
funcdo em grupo apresentou resultados inconclusivos e a oclusdo monoplano nao
demonstrou resultados satisfatorios. Foi concluido que os diferentes esquemas
oclusais podem interferir significativamente no que diz respeito a satisfacdo e
desempenho clinico de pacientes usuarios de proteses totais convencionais. A
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oclusao lingualizada, balanceada bilateral e oclus&o guiada por caninos destacam-se
quando comparadas com a oclusdo monoplano, entretanto a oclusao lingualizada
apresentou resultados melhores em algumas revisdes. Ainda assim, os resultados
devem ser analisados com cautela devido a baixa qualidade das revisdes sistematicas
analisadas.

2.4 ANALISE DIGITAL DA OCLUSAO

O T-Scan® é uma ferramenta digital de diagnostico capaz de mensurar
dinamicamente a oclus&o dental. Criado em 1984 pela empresa Tekscan Inc. (Boston,
EUA), esse dispositivo utiliza uma tecnologia envolvendo um sensor de medigao de
pressdo que se conecta com um programa de computador correspondente, gerando
a andlise oclusal. Até o presente momento atingiu-se a versdo T-Scan® 5

(www.tekscan.com.br).

Ao ocluir em um sensor, os dentes antagonistas fazem contato, comprimindo
as superficies superior e inferior do sensor, implicando em uma modificagdo na sua
resisténcia. As mudangas geradas na resisténcia sdo medidas pelo programa do
sistema T-Scan®, e os dados oclusais sdo projetados na tela do computador a partir
do momento em que o paciente morde o sensor oclusal, caracterizando imagens
bidimensionais e tridimensionais indicando colunas multicoloridas que sinalizam a
intensidade da forga: azul (intensidade ideal) e vermelho (intensidade alta)

(www.tekscan.com.br).

A analise oclusal digital registra parametros como a distribuigdo dos contatos
oclusais, a forca do contato oclusal, o comprimento da mordida e tempo, a
identificacdo de contatos prematuros, além do calculo do tempo de desocluséo e
identificacdo de areas com concentragao de forcas em desequilibrio, armazenando os
dados em um disco rigido que pode ser reproduzido em formato de video,
possibilitando que os ajustes oclusais sejam executados com maior precisdo e
fidelidade, e permitindo assim a documentagao e monitoramento da condigéo oclusal
do paciente (Qadeer et al. 2021). Este equipamento auxilia o clinico direcionando-o a
executar ajustes oclusais de forma mais precisa e previsivel apos procedimentos
como proteses, implantes, aparelhos ortodénticos e restauragbdes (Pyakurel et al.
2013; Nalini et al. 2018).
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Em 2020, Alkayyal e cols. analisaram o tempo de oclusédo, o equilibrio oclusal
e a dindmica oclusal lateral em 132 pacientes dentados com variadas caracteristicas
dentarias e esqueléticas. O tempo de oclusdo foi significativamente menor em
individuos com oclusao balanceada (0,18 segundos, P < 0,001), oclusdo normal de
Classe 1 (0,35 segundos, P = 0,028) e perfil esquelético de Classe | (0,37 segundos,
P =0,002). O tempo de oclusao foi significativamente maior em individuos com overjet
diminuido (0,60 segundos, P = 0,003). Houve associagdes significativas entre a
distribuicao do equilibrio oclusal e as classes de oclusao, relacdo esquelética, overjet,
overbite e analise espacial de Angle (P < 0,05). Os esquemas oclusais laterais foram
associados apenas as classes de oclusdo e relacado esquelética de Angle (P < 0,05).
O estudo concluiu que pacientes com oclusao do tipo Classe | apresentaram menor
tempo de oclusao, maior equilibrio e guia canina com maior incidéncia. Entretanto, a
oclusdo balanceada e a fungdo em grupo foi prevalente em todos os grupos
analisados. Uma oclusdo estavel deve ser considerada a condi¢cdo ideal a ser
reproduzida, porém néo deve ser considerada um fator indispensavel para o sucesso

de tratamentos odontoldgicos.

Ayuso-Montero et al. (2020), investigaram em um estudo transversal a
confiabilidade de técnicas de escaneamento 3D e uso do dispositivo T-Scan® para
avaliacdo da area de contato oclusal em comparagdo com a técnica de registro
oclusal. Foram selecionados 31 adultos dentados para medi¢cdo da area de contato
oclusal na forca maxima de mordida e em 50% da forga maxima avaliada por meio de
uma ferramenta de selegdo de mordida do programa do T-Scan® (v.9; Tekscan Inc.,
Boston, MA). O segundo método mediu a area de contato por meio 2 modelos virtuais
escaneados intraoralmente (Trios® 3; 3Shape A/S, Dinamarca) considerando
distancias oclusais de 0-100 e 0-200 ym. Por ultimo, a for¢ca oclusal moderada e
maxima, considerando o contato também em duas distancias interoclusais (0-100 e O-
200 pum). O programa ImageJ® (ImagedJ; EUA) foi usado para analisar as imagens
obtidas nos trés métodos. Em forga maxima, a confiabilidade do T-Scan® foi boa (0,79;
p < 0,0005) quando comparada com a baixa confiabilidade (0,37) do escaneamento
3D, independente da distancia interoclusal. O método que apresentou os maiores
valores foi 0 método de registro oclusal, ndo sendo influenciado pela for¢a aplicada
pelo paciente ou a distancia interoclusal considerada na analise do contato oclusal.
Os maiores valores da area de contato oclusal foram obtidos pelo T-Scan® em forga
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maxima; o mais baixo utilizando a técnica de escaneamento 3D considerando uma
distancia de 0-100 ym. Concluiu-se que o método T-Scan® mostrou-se confiavel na
medicio da area de contato oclusal em forca maxima, ao passo que a confiabilidade
do escaneamento 3D foi baixa. O método de registro oclusal confirmou sua
confiabilidade e validade como o método mais adequado na avaliacdo oclusal.

Bozhkova et al. (2021), em um estudo in vitro, avaliaram métodos quantitativos
e qualitativos para registro da oclusdo estatica. Projetou-se um aparelho para
simulagdo dos contatos oclusais em oclusdo estatica com o objetivo de simular
situagdes clinicas. Foram incluidos nesse estudo indicadores oclusais como papel
articulador 100 um, folha articulada de 12 uym e o sistema T-Scan® Novus com um
sensor de espessura de 100 um. Com auxilio de indicadores oclusais, € possivel
avaliar o tamanho, quantidade e intensidade da marcagao dos contatos oclusais. A
forca maxima relatada durante o estudo com o sistema T-Scan® foi de 93,72% e as
forcas na metade direita da denticdo foram de 51,7% e na esquerda de 48,9%.
Verificou-se uma diferenga significativa em determinados dentes, estes registrados
com papel articulado e pelicula articulada. Para uma correta visualizagdo dos contatos
oclusais registrados com o sistema T-Scan, € necessario o uso de um indicador
intraoral de qualidade como peliculas articuladas. Concluiu-se que o tipo de indicador
oclusal de qualidade é imprescindivel para o registro dos contatos. Foi proposto pelos
autores que o método de selegdo para atingir uma oclusdo equilibrada deveria aliar
na pratica clinica um método convencional e um método quantitativo.

Qadeer et al. (2021), em uma reviséo de literatura, avaliaram as propriedades,
vantagens, limitagcbes e implicagbes clinicas comparando indicadores oclusais
estaticos e indicadores digitais quantificaveis durante ajustes oclusais. O numero de
artigos no grupo estatico foi extremamente baixo (apenas 20 artigos) em comparagéo
com o grupo dindmico (T-Scan®: 89; Dental Prescale®: 28; Escaners Intraorais: 17).
Os autores identificaram poucas evidéncias a respeito de indicadores oclusais
estaticos devido a alta subjetividade durante a execugado desse método. Entretanto,
muitos estudos defendem o uso do T-Scan®, pois a exequibilidade e repetibilidade
desta ferramenta mostra-se ser precisa e objetiva ao mensurar forgas oclusais
relativas e seu tempo de acdo. Com isso, o profissional deve ter ciéncia que o
desenvolvimento de ferramentas de medi¢cdes oclusais embasadas pela tecnologia
fornecera dados precisos e objetivos por meio da analise oclusal computadorizada.
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Em uma publicagdo anterior do presente estudo (Floriani et al. 2022), avaliou-
se transversalmente a oclusdo estatica e dindmica de pacientes portadores de
proteses totais removiveis convencionais e implanto-retidas (overdentures),
comparando-as através de diferentes métodos de analise oclusal. Os contatos
oclusais foram comparadas pelo método analdgico (papel articulado) e pelo método
digital (T-Scan® Ill). Os resultados preliminares mostraram diferengas significativas no
movimento de lateralidade direita (DM, P = .024; AM, P = .008) e esquerda (DM, P =
.035). Em ocluséo estatica foram observadas diferengas em ambas as proteses, em
qualquer método de analise oclusal. Os métodos analdgico e digital mostraram
concordancia significativa e moderada correlagdo em ambos os tipos de proteses
totais. O estudo concluiu que a ferramenta de diagnostico T-Scan® Il configura um
meétodo coerente e reproduzivel para analise da oclusao.

Fraile et al. (2022), em um estudo transversal, compararam a confiabilidade de
métodos convencionais para obtengao dos registros de contatos interoclusais com
métodos digitais utilizando escéaners intra- e extraorais e o sistema T-Scan® Ill e pelo
meétodo convencional diretamente nos pacientes com uso de papel articulado de 8 ym.
Foram selecionados 25 pacientes saudaveis dos quais o grupo controle consistiu no
registro dos contatos oclusais em maxima intercuspidagdo com papel articulado 8 ym
e registro fotografico. Para o grupo 1, foram realizadas moldagens com elastémero e
os modelos de gesso correspondentes de cada paciente foram digitalizados com o
escaner extraoral Zfx Evolution® (Zimmer Biomet Dental, Inc., USA). No grupo 2, foram
realizadas moldagens digitais com o escaner intraoral (Trios® 3 Color POD, 3Shape,
Dinamarca) e os contatos oclusais registrados. No grupo 3, os registros foram feitos
com o T-Scan® Ill e armazenados para posterior analise. Foram constatadas
diferencgas estatisticamente significativas entre os grupos avaliados, sendo o escaner
intraoral o grupo o qual obteve os melhores resultados quando comparado com o
padrao ouro (grupo controle). Os piores resultados foram encontrados no grupo 3, e
isto pode ser explicado pelo fato da espessura do papel articulado (8 pm) ser
significativamente menor em comparagao com os sensores T-Scan® (100 um), o que
pode gerar resultados falsos positivos e erros no registro oclusal. Estes dados
sugerem que mais estudos sejam executados para avaliar a confiabilidade e
reprodutibilidade de métodos digitais.

Em 2022, Wiechen et al., em um estudo clinico prospectivo, avaliaram as
técnicas de registro oclusal convencional e digital para identificar variagdes
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dependentes do tempo na oclusio estatica e dinamica. Avaliou-se a oclusao estatica
e dindmica em 19 pacientes, as quais foram mensuradas trés vezes ao dia por meio
de um meétodo analdgico (papel articular de 12 ym) e método digital utilizando um
sensor (T-Scan® Ill). Este procedimento foi repetido quatorze dias apds a primeira
medicdo. Foi concluido que a oclusdo nao deve ser considerada constante, pois ha
variacdo na topografia e intensidade dos pontos de contato. A variagdo da oclus&o
pode ocorrer em periodos aleatorios ao decorrer do dia. Esta pode ser uma justificativa
tanto para o profissional, como para o paciente em relacdo a oclusdo ser
compreendida como um sistema mutavel.

Wiechen et al. (2022B) avaliaram em um ensaio clinico prospectivo um método
de registro digital associado a um tratamento ortognatico multidisciplinar,
quantificando os efeitos induzidos na fungéo oclusal. Foram incluidos no estudo 41
pacientes ortognaticos (27 mulheres e 17 homens) e 10 pacientes controle (5
mulheres e 5 homens), os quais foram divididos em classe |, Il e Ill de acordo com a
cefalometria. O dispositivo T-Scan® Novus (Tekscan, EUA) foi usado para documentar
os registros oclusais digitais em oclus&o habitual na posic&o ereta sentada antes (T1)
e depois (T2) da terapia. Os pacientes classe Il e lll apresentaram um padrdo oclusal
significativamente menos eficiente que os pacientes do grupo controle ndo tratados
(Classe ). Apos a terapia, o padrao oclusal aumentou em ambos grupos da terapia,
sendo que os pacientes classe Il tornaram-se indistinguiveis dos pacientes do grupo
controle. Ja os pacientes classe Il diferiram somente no antagonismo posterior. Foi
concluido que o método para analise oclusal digital mostrou-se ser uma ferramenta
de diagnostico util, fornecendo dados vantajosos para pacientes ortognaticos, uma
vez que a fungdo oclusal é ajustada, a eficiéncia mastigatéria tende a melhorar
significativamente.

Rovira-Lastra et al. (2023), em um estudo clinico, avaliaram a reprodutibilidade
e o critério de validacdo de métodos para identificar contatos oclusais. Foram
selecionados trinta e dois adultos com a dentigdo natural. Foram utilizados quinze
meétodos para registrar os contatos oclusais em maxima intercuspidagdo habitual:
transiluminagéo de silicone com Occlufast Rock (40, 50, 100 e 200 um) e Occlufast
CAD (40 e 50 um); oclusao virtual (100, 200, 300 e 400 um); filme articulado (12, 40,
100 e 200 ym de espessura); e T-Scan® lll. O programa FIJI® (ImageJ®, National
Institutes of Health, EUA) foi utilizado para demarcar os contatos oclusais dos dentes
posteriores inferiores direitos. Os métodos com melhor exequibilidade foram Occlufast
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CAD e papel articulado de 200 pm, virtual de 400 um, filme articulado de 100 ym e o
T-Scan®. Métodos convencionais para analise oclusal como o uso de papel articulado
entre 100 e 200 um e métodos digitais como 400um e o T-Scan® demonstraram
precisao ao localizar os contatos oclusais, entretanto alguns parametros precisam ser

desenvolvidos para a execucao técnica.



29

3 OBJETIVO

3.1 Objetivo Geral

Avaliar longitudinalmente a estabilidade oclusal nos diferentes movimentos
mandibulares em pacientes desdentados totais reabilitados com sobredentaduras

mandibulares implanto-retidas.
3.2 Objetivos Especificos

e Avaliar a oclusdo estatica (relagado de oclusao céntrica) e a oclusdo dinamica
(movimentos excursivos mandibulares) em sobredentaduras mandibulares
implanto-retidas pelo método digital,

e Avaliar a oclusdo estatica (relagado de oclusao céntrica) e a oclusdo dinamica
(movimentos excursivos mandibulares) em sobredentaduras mandibulares
implanto-retidas pelo método analdgico;

e Correlacionar as analises digital e analdgica (papel articular) em um tempo de

acompanhamento de 4 anos.
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4 ARTIGO

O presente artigo foi redigido de acordo com as normas do periédico Journal of
Dentistry (Fator de Impacto: 4.4; Qualis A1), para o qual sera submetido.
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Abstract

The aim of this study was to longitudinally evaluate static and dynamic occlusions in
patients with implant-retained mandibular overdentures (IODs). Materials and
Methods: Fully edentulous patients were treated with mandibular IODs retained by 2
or 4 implants. The distribution of occlusal contacts was analyzed by the digital (T-Scan®
lll) and analog (articulating paper) methods immediately after prostheses delivery
(baseline, T1) and after 4 years (T2), and scored by an independent examiner as 0, 1

and 2 for inadequate, satisfactory and adequate, respectively. Results were compared
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using marginal homogeneity test (p < 0.05). Occlusal analysis methods (digital vs.
analog) were analyzed using Cohen's kappa correlation coefficient (p < 0.05) and
Cramer's V. Results: Seven (n = 7) patients with mandibular I0ODs (2 implants: n = 3;
4 implants: n = 4), accounting for 52 occlusion analyses, were evaluated. Although
after 4 years no statistically significant differences were found in any of the mandibular
movements analyzed by both occlusal analysis methods, in centric occlusion both
methods showed an inferior occlusal pattern compared to baseline. In dynamic
occlusion, the analog method showed a tendency to overestimate the occlusal pattern,
while the digital method showed a more realistic diagnosis. The digital and analog
methods showed a strong correlation in the analysis of occlusion at 4 years (p< 0.001).
Conclusions: Within the limitations of this study, it is suggested that the bilateral
balanced occlusion achieved at the time of overdenture installation is not maintained
over time, and that digital and analog occlusal analysis methods proved to be

consistent after 4 years.

Keywords: occlusion; occlusion force; dental prosthesis; T-Scan; implant overdenture.

Introduction

Dental occlusion is a pivotal aspect that will dictate the success and longevity of
restorative treatments in dentate and completely edentulous patients [1-5]. The
location, number and intensity of force of occlusal contacts can be influenced by
several factors inherent to the oral cavity, directly impacting the individual's static and
dynamic occlusion [6,7]. The correct orientation of the plane of occlusion and vertical
dimension of occlusion will guide the reestablishment of the masticatory functions lost
by these patients [7-9]. Fully edentulous patients undergoing prosthetic treatment
might benefit from different occlusal schemes, such as bilateral balanced occlusion,
lingualized occlusion and canine-guided disocclusion [3,9,10]. The bilateral balanced
occlusion (BBO) (Christensen 1905) plays an important physiological role, preventing
bone resorption that can occur in the event of possible prosthesis instabilities, resulting
in a greater quality of life for the patient. It occurs from the contact of the anterior and
posterior teeth during centric movement of the mandible, while in eccentric movements
the anterior teeth perform the guides whereas contacts on posterior teeth also occur,
both on the working- and on the balancing side [11,12].
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The measurement of occlusal balance has historically been carried out using the
analog method, with the aid of articulating papers of varying thicknesses. This method
has advantages, such as ease to use and accessibility, making it the most popular one
among clinicians. On the other hand, it may not be reliable due to its subjectivity, the
difficulty in accurately assessing the load applied during contact between teeth, the
time of the contact and the presence of saliva [13,14].

The T-Scan® system (TekScan, USA) consists of an occlusal diagnostic tool based on
a sensor capable of qualitatively and quantitatively evaluating occlusion [8 15]. The
dynamic visualization of occlusion is obtained by analyzing the force during contact
positions, identifying premature contacts, calculating the disocclusion time and
identifying areas with unbalanced concentration of forces. This mapping is carried out
in video format (film), enabling occlusal adjustments to be performed with greater
precision and fidelity, allowing documentation and monitoring of the patient's occlusal
condition [16]. In 2023, Wiechens et al. [17] evaluated the occlusal function of 41
patients undergoing orthognathic surgery with the T-Scan® Novus in a controlled
clinical study. Class Il and Ill patients presented less efficient occlusion than untreated
control patients in relation to occlusion time, occlusal asymmetry and
total/anterior/posterior antagonism. The digital method proved to be useful and
accurate in occlusal adjustment, improving patients' chewing performance NALINI
2018 [18].

A recent publication of the present study (Floriani et al. 2022) [19] found significant
differences between conventional complete dentures (CCDs) and |ODs in left and right
lateral mandibular movements using the digital occlusion analysis method. The digital
and analog occlusal analysis methods showed moderate correlation and agreement,
proving to be reliable and reproducible methods for analyzing occlusion in edentulous
patients. However, there is still a lack of clinical studies assessing the long-term
occlusal stability in Complete Dentures. Therefore, the aim of this study was to
longitudinally evaluate occlusal stability in different mandibular movements in
completely edentulous patients treated with implant-retained mandibular overdentures
using digital and analog methods. The null hypothesis is that there is no difference of

the occlusal scheme obtained at baseline and at 4 years.
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Materials and Methods

The study was carried out as a randomized, controlled, double-blind clinical trial,
approved by the Institutional Human Research Ethics Committee in February 2016
(protocol 1.452.492). The study was conducted in accordance with the principles
outlined in the Declaration of Helsinki (1964, revised in 2013) (World Medical
Association, 2013). Study results were reported in accordance with the CONSORT
Transparent Reporting of Trials 2010 statement (SCHULZ et al. 2010) [20]. The
primary outcome of the study was the longitudinal maintenance of the occlusal scheme

obtained for mandibular implant overdentures.

The sample size calculation was based on the results of a pilot study (n=42) for lateral
digital occlusions (x?=9.66; df=2; a= 0.05). To achieve a 80% test power, 42 samples
and 21 participants were required (Lenth, 2006-9).

Eligibility Criteria

Patient’s recruitment has been thoroughly described in previous publications from this
same study (Sabatini et al. 2021, Floriani et al. 2022, Lidani et al. 2022) [19,21,22]. It
was carried out between 2016-2019 at the University’s clinics based on spontaneous
demand of edentulous patients meeting the following eligibility criteria: male and
female patients with fully edentulous jaws, from 40 to 75 years old, ASA Classification
| and Il (American Society of Anesthesiologists, 2019) [23], who were not satisfied with
their old conventional complete dentures (CCDs), were included. The exclusion criteria
were: previous events of failure of osseointegration in the region of interest for implant
placement, bone augmentation sites, reduced inter-arches distance (<15mm) (Misch,
2005) [24], severe resorption of the mandible (classes V-VI according to the Cawood
classification, skeletal malocclusion Class Il (2-, 3- and 4) or lll (2-, 3- and 4) (Joshi et
al. 2014) [25], heavy smoking (>10 cigarettes/day), decompensated type Il diabetes,
use of bisphosphonates, head and neck radiotherapy, immunodeficiency, presence of
cyst or neoplasia in the region of interest for implant placement, and presence of
bruxism, as detected by means of the American Academy of Sleep Medicine
questionnaire (AASM 2014) [26].

Patients who met the first stage screening were asked to undergo a digital panoramic

radiography (second stage screening). For enrollment, patients should have at least 6-
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mm of bone above the mandibular canal and should not wish to undergo vertical
augmentation procedures. Those who met the eligibility criteria were given information
about interventions, risks and benefits and signed a written Consent Form (CF).

Fabrication of Implant-Retained Overdentures (IODs)

The surgical procedures for implant placement as well as the steps for the fabrication
of the maxillary conventional complete dentures (CCDs) and the mandibular IODs
have been described in details in a previous publication of this same study (Floriani et
al. 2022) [19]. A balanced bilateral occlusion scheme was obtained for all study
patients. The mandibular conventional complete dentures (CCD) were duplicated in
acrylic resin for the fabrication of a multifunctional radiographic and surgical stent. Four
months after the randomized placement of either two or four implants in the mandible,
mandibular CCDs were replaced by implant bar-clip overdentures. The maxillary CCD
was kept in place, and a facebow registration was made directly over it for the purpose
of subsequent articulation of the stone casts in the semi-adjustable articulator. The
occlusal plane, static occlusion, and the vertical dimension of occlusion references
were all obtained with the same techniques as previously used for the CCDs, and the
artificial teeth model and setup strictly adhered to the same pattern adopted for the
CCDs [19].

The prosthetic abutments (synOcta, Straumann), in both groups, were tightened with
35-Ncm torque to the im- plants. An egg-shaped, distal extension—free Dolder bar
fabricated in chromium-cobalt was tightened with a 15- Ncm torque, splinting either the
two- or the four-implant I0Ds. One single clip, regardless of the number of implants
placed, was attached to the intaglio surface of the overdenture at the midline, and the
implants were finally loaded. This step was carried out after a period of mucosal
adaptation to the new dentures. Likewise, I0Ds were given basal and occlusal
adjustments up to the point of achieving the CO and a balanced articulation scheme
by performing the same techniques as previously used for the CCDs [19].

Occlusion Analysis of Implant-Retained Overdentures (IODs)

The occlusion analysis of the mandibular IODs was carried out at 2 months (T1) and 4
years (T2) after picking up the clip over the bar by means of both the T-Scan® Novus
Digital Occlusal Analysis System (TekScan, USA) and the articulating paper
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(Contacto®, Angelus, Brazil). The tests were performed with the patient seated in an
upright position in the dental chair. Every precaution was taken to avoid functional
movement of the head and neck region.

The distribution of the occlusal contacts was categorized for both the digital and analog
methods using the same criteria, thus allowing a plausible comparison between the
two methods. Scores 0, 1, and 2 standed for “Inadequate”, “Satisfactory” and
“‘Adequate” distribution of occlusal contacts, respectively, as shown in Table 1 for static

(centric) occlusion, left- and right lateral, and protrusive mandibular movements.

Table 1. Classification of the occlusion according to the distribution of the occlusal contacts in centric

occlusion, left- and right lateral, and protrusive mandibular movement.

Description
Ranking | Score - - .
Centric Occlusion Lateral movements Protrusion
Simultaneous bilateral . . .
contacts in the posterior D'SOPCIUS'On guide for
: . posterior teeth next to the Absence of
teeth, without contact in the i . ith di Usi
Inadequate 0 anterior teeth and with a Working side, with or Isocciusion
; o without contact on the guide for
discrepancy > 30% . ) .
canine, without contact on anterior teeth
between the two . :
i the balancing side
hemiarches
Disocclusion
Simultaneous bilateral guide through
contacts in the posterior Disocclusion guide for the anterior
teeth, with simultaneous posterior teeth on the teeth, but
Satisfactory 1 contact in the anterior working side (group), with without
teeth, with a discrepancy at least one contact on the simultaneous
from 10% to 30% between balancing side bilateral
the two hemiarches contacts in the
posterior teeth
Simultaneous bilateral Disocclusion
contacts in the posterior Canine disocclusion guide guide for
teeth, with simultaneous and posterior teeth anterior teeth
Adequate 2 contact in the anterior contacts on the working with
q teeth, and with a side, with at least one simultaneous
discrepancy < 10% contact on the balancing bilateral
between the two side contacts on
hemiarches posterior teeth

Digital Occlusion Analysis Method (DM) in static and dynamic occlusions

Disposable horseshoe-shaped sensors, 130mm wide and 100um thick (Novus

Sensor®, TekScan, USA) were positioned between the patients’ dental arches.
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Patients were asked to bite 3 times in Centric Occlusion (CO) (static occlusion) at
maximum force for 4 seconds, with 2-second intervals between each bite. Thereafter,
patients were asked to perform each mandibular excursion movement 3 times: left
lateral mandibular movement, right lateral mandibular movement, and protrusive
movement, with the same sensor still in place. The videos generated from the
distribution of occlusal contacts in the TekScan 9.0 software (TekScan, USA) (Figure
1) ranged from the first dental contact obtained to the maximum of the distributed
contacts. A-B was the time of occlusion and C-D, the time of no (dis)occlusion. Point
B was selected, which symbolized the largest contact area for each mandibular
movement. Two independent examiners (F.F. and later B.C.) analyzed and scored the
distribution of occlusal contacts in 0, 1 and 2 for “Inadequate”, “Satisfactory” and

“‘Adequate”, respectively (Table 1).
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Figure 1. Analysis of occlusion using the digital method (T-Scan®) in centric occlusion (A), right lateral

(B), left lateral (C) and protrusive occlusion (D).

Analog Occlusion Analysis Method (AM) in static and dynamic occlusions

Analog occlusion analysis (AM) (Figure 2) was performed with conventional carbon-
stained, 100 um thick horseshoe-shaped articulating papers (Contacto®, Angelus,
Brazil) held with the aid of a Miller's tweezer between the opposing arches. Patients
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were instructed to occlude in Centric Occlusion Relation (COR), at maximum force, for
4 seconds. Thereafter, the occlusal contacts marks in centric relation were erased, and
a new articulating paper was held between the patients' arches, who were asked to
perform the left/right lateral and protrusive mandibular movements. The upper and
lower complete dentures were photographed following each occlusal movement with
a digital DSLR camera (Nikon® D7200, 100mm Macro objective lens and twin flash) in
a studio box, with the plane of occlusion perpendicular to the ground. The images were
saved in “.JPEG” format and coded, so as to not to allow patient identification and a
possible analogy with the results of the digital occlusion analysis method (DM). Two
independent examiners (J.S.F. and later J.M.M.) analyzed and scored the distribution

of occlusal contacts in 0, 1 and 2 for “/Inadequate”, “Satisfactory” and “Adequate”,
respectively (Table 1), in the same way as in classification adopted for DM.

2A 2B

2C 2D

Figure 2. Analysis of occlusion using the analog method in centric occlusion (A), right lateral (B), left
lateral (C) and protrusive occlusion (D).

Statistical Analysis

The intraindividual data (baseline and 4 years assessments), for the occlusal analysis
(digital and analog), and the mandibular movements (CO relation, right lateral, left
lateral, and) were compared using marginal homogeneity test (asymp. sig. 2-tailed;
(P<0.05). The methods of occlusal analysis (digital vs. analog) were compared
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considering all evaluations, using Cohen’s kappa (P < .05) and Cramer’s V correlation
coefficient. The classification of Kappa’s coefficient was based on Landis and Koch
(1977) paper [27], considering values higher than 0.20 as reasonable agreement. A
value of coefficient bigger than 0.25 was considered very strong for the Cramer’'s V
[28]. The statistical analysis was performed using IBM SPSS Statistics v.26 (Armonk,
NY: IBM Corp).

RESULTS

Four patients from the previous publication of the present study were not available for
the reassessments. Thus, seven (n = 7) patients (6 females: 67 + 8.5 years; 1 male:
75 years) with seven mandibular 10Ds (two-implant-retained: n = 3; four-implant-
retained: n = 4), accounting for 56 analysis of the occlusion (CO: n = 14; right laterality:
n = 14; left laterality: n = 14; protrusive: n = 14), were evaluated after 4 years of follow-
up. Data (n = 4) of the analog method of analysis of occlusion of one patient with a 4-
implants IOD were lost for reasons out of the study, ending up with 52 scores.

Table 2 shows the intraindividual comparisons in static and dynamic occlusion over
time. Overall, the “inadequate” score was more frequent after 4 years of follow-up as
seen with the digital method. A higher frequency of score “adequate” was seen with
the analog method in all excentric mandibular movements. However, there was no
statistically significant difference between baseline and 4-year data in both occlusal
methods (p = > 0,05). Due to the small sample, it was not possible to stratifying the

analysis of occlusal schemes of I0Ds retained by 2- or 4-implants.



Table 2. Interindividual comparisons for both methods of occlusion analysis in static and
dynamic occlusion.

Implant Overdenture (IOD)

Baseline 4 years p-value?
n (%) n (%)
Centric occlusion
Digital (n=7) 0.083
Inadequate 0 (0) 1(14)
Satisfactory 2 (29) 3 (43)
Adequate 5(71) 3 (43)
Analog (n=6) 0.059
Inadequate 0 (0) 2 (33)
Satisfactory 2 (33) 3 (50)
Adequate 4 (67) 1(17)
Right lateral
Digital (n=7) 0.527
Inadequate 0 (0) 2 (29)
Satisfactory 3 (43) 1(14)
Adequate 4 (57) 4 (57)
Analog (n=6) 0.083
Inadequate 0 (0) 0 (0)
Satisfactory 4 (67) 1(17)
Adequate 2 (33) 5(83)
Left lateral
Digital (n=7) 0.705
Inadequate 0 (0) 2 (29)
Satisfactory 4 (57) 1(14)
Adequate 3 (43) 4 (57)
Analog (n=6) 0.317
Inadequate 0 (0) 0 (0)
Satisfactory 2 (33) 1(17)
Adequate 4 (67) 5 (83)
Protrusive
Digital (n=7) 0.480
Inadequate 0 (0) 1(14)
Satisfactory 3 (43) 3 (43)
Adequate 4 (57) 3 (43)
Analog (n=6) -
Inadequate 0 (0) 0 (0)
Satisfactory 2 (33) 0 (0)
Adequate 4 (67) 6 (100)

ap value for comparison between baseline versus 4 years (Marginal Homogeneity test).
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A strong correlation between digital and analog methods of occlusal analysis (Cramer’s
V =0.429; p = 0.001) was found, considering all data (n = 52). In the same direction,
the agreement between digital and analog methods presented fair agreement
coefficient with statistical significance (k = 0.402; p < 0.001; Table 3). Analog and digital
methods agreed in 67% (2/3) of the cases (classifications).

Table 3. Agreement between digital and analog methods within all evaluations (n = 52),
regardless of time and mandibular movement.

Analog Kappa Cramer’s V
coefficient  coefficient
Digital Inadequate Satisfactory Adequate  Total (p value) (p value)
0.402

(<0.001) 0.429 (0.001)
Inadequate 0(0) 0(0) 6 (11) 6 (11)
Satisfactory 1(2) 13 (25) 5(10) 19 (37)
Adequate 1(2) 4 (8) 22 (42) 27 (52)
Total 2(4) 17 (33) 33 (63) 52(100)

Descriptive data are reported as n (%).

DISCUSSION

This 4-years follow-up clinical study compared intraindividual (baseline vs 4 years)
results of both digital and analog methods of occlusion analysis in static and dynamic
occlusion of mandibular implant overdentures. Although no statistically significant
differences were found in any of the mandibular movements analyzed by both occlusal
analysis methods, in centric occlusion both digital and analog methods showed a
worsening in the occlusal pattern. In dynamic occlusion, the analog method showed a
tendency to overestimate the (adequate) occlusal pattern, while the digital method
showed a slightly more realistic tendency.

The bilateral balanced occlusion (BBO) (Christensen 1905) is the most popular
occlusal scheme for complete dentures worldwide. It has been claimed at increasing
the retention and stability of the denture and thus preventing the bone resorption. A
recent systematic review by Borges et al. 2023 evaluated the methodological quality
in order to summarize scientific evidence from secondary studies on the influence of
occlusal schemes on the clinical performance of patients with complete dentures. The
reviews evaluated the clinical performance and satisfaction of edentulous patients

rehabilitated with complete dentures made from different occlusal schemes. Regarding
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bilateral balanced occlusion, it demonstrated benefits related to the stability and
comfort of the prostheses, which may be associated with bilateral balance contacts
during eccentric movements. Therefore, occlusal schemes can interfere with clinical
performance and patient satisfaction with complete dentures. However, the authors
justify that the results should be considered with caution due to the low quality of the

systematic reviews included [29,30].

Nevertheless, to the authors' knowledge, no studies have been identified in the
literature evaluating the short- and long-term behavior of the occlusal scheme of
mandibular implant overdentures worn by edentulous patients obtained at the
prosthesis delivery. These dentures are usually fabricated with acrylic resin
(polymethylmethacrylate) artificial teeth, which according to the ISO 20795-1-2013 [31]
should present high mechanical, chemical and abrasion resistance. However, even the
best possible artificial teeth might present with a certain degree of wear over time, as
a result of either physiological masticatory function of parafunctional activities such as
grinding (bruxism). Therefore, is it expected that the distribution of the occlusal
contacts and the occlusal scheme obtained at the time of prosthesis delivery will not
be maintained [32,33].

In addition to being a diagnostic tool used before, during and after treatments, the T-
Scan can also help the clinician in the assessment and progression of
temporomandibular disorders that may result from occlusal changes over time, as in
Lila's-Krasniqi et al. 2017 study [34]. This tool has been extensively employed at
assessing patient’s occlusion after orthodontic treatment and orthognatic surgeries, for
instance [17,18,35]. However, the evidences of its usage in Removable Prosthodontics

is still scarce.

In centric occlusion of mandibular IODs, after 4 years both digital analog methods
showed a worsening in the occlusal pattern. In dynamic occlusion of mandibular IODs,
the analog method showed a tendency to overestimate the occlusal pattern, while the
digital method showed a more realistic diagnosis. This result is in agreement with the
study by Abutayyem et al., since the T-Scan proved to be an objective tool when
measuring accurate and repeated occlusal forces. In addition to being useful during
the planning phases, the device can be useful in the patient monitoring stages, such
as this study, which is a 4-year evaluation [36]. This can be explained due to the fact
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that the analog method appears to be a more subjective method, depending on the
examiner's interpretation. It is worth mentioning that the initial assessment and the 4-
year assessment were carried out with different examiners, which could be considered

a bias.

In the right laterality after 4 years, the frequency of the inadequate score increased,
the frequency of the satisfactory score decreased, while the frequency of the adequate
score remained stable, using the digital method (0%, 43% e 57% vs 29%, 14% e 57%)
(p= 0,527).

For the analog method in right laterality 4 years, the frequency of the inadequate score
remained stable, the frequency of the satisfactory score decreased, while the
frequency of the adequate score increased (0%, 67% e 33% vs 0%, 17% e 83%) for
p=0,083. The increase in the inadequate score, as well as the decrease in the
satisfactory and adequate scores for the digital method, may explain the change in
occlusion over the 4-year period evaluated, which may be related to the abrasion of
the teeth and wear of the prostheses. The evaluation of the analog method in which
the inadequate score remained stable contrasts with the evaluation of the digital
method, considering that the device accurately records the number and distribution of
occlusal contacts, which could be justified by the examiner's analysis often being
considered as subjective.

In the protrusion analysis after 4 years, the frequency of the inadequate score
increased, the frequency of the satisfactory score remained stable while the frequency
of the adequate score decreased (0%, 43% e 57% vs 14%, 43% e 43%), using the
digital method (p=0,480).

In the protrusion analog method after 4 years, the frequency of the inadequate score
remained stable, the frequency of the satisfactory score decreased while the frequency
of the adequate score increased (0%, 33% e 67% vs 0%, 0% e 100%). The analysis
of dynamic occlusion for protrusive movement in the digital method (increased
inadequate score) contrasts with the analog method (stable inadequate score). The
same happens for the adequate score, which for the digital method was reduced and
for the analog method it increased. This variance can again be explained by the

examiner's subjective analysis, mainly in the appropriate score.
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The agreement identified between the data from the analogue and digital analyzes
agreed in 67% of the cases, that is, 2/3 of the sample of analyzes carried out. The
coefficient found showed reasonable agreement and statistical significance (k = 0.402;
P<0.001, according to table 3).

In the evaluation after 4 years, there was an increase in the frequency of inadequate
and satisfactory scores and a decrease in the frequency of adequate scores using
digital and analog methods.

In the present study, in agreement with the initial analysis carried out by Floriani et al.
2022 [19], the agreement between the digital and analog methods according to the
type of removable prosthesis presented statistically significant results (p>0.05).

Thus, the diagnostic potential of the alliance between current technological tools and
the concepts of rehabilitation of the edentulous population perpetuated for decades
stands out [37-41]. The correct diagnosis of structural changes in the teeth, in the
longitudinal monitoring of these patients, is an important foundation in prosthetic
maintenance, so that nutritional losses do not occur that would negatively impact the
quality of life and general health of the elderly population [42-44].

Despite being a follow-up study that carefully followed all the standards followed in the
initial assessment, such as bilateral balanced articulation in either 2- or 4-implants
overdentures, the patient's position in the chair at the time of carrying out the
assessments, the thickness of the digital sensor and articular paper (100 pm)
coincident, same distribution time of occlusal contacts, among others, one would
expect limitations in the results. As the sample is still too small, it was only possible to
evaluate the agreement between the digital and analog methods due to the low number
of occlusal analysis. The clinical evaluations of the present study were severely
hampered by the covid-19 pandemics. Since most of the patients were elderly, which
was for a timeframe considered at high risk of getting infected with coronavirus, clinical
consultations were cancelled. In addition, two patients moved in to other locations,
discontinuing thus their treatment with our team. Last but not least, two other patients

did not respond to our calls any longer after the resumption of the clinical consultations.
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It is hoped that, in future studies, larger samples can be evaluated in the long term,
greater standardization of the examiner and future studies that explore more features
present in the T-scan.

CONCLUSIONS

Within the limitations of this 4-year follow-up clinical study, it can be concluded that:

- The bilateral balanced occlusion scheme achieved at the time of overdenture
installation is not maintained over time;
- Digital and analog occlusal analysis methods proved to be consistent after 4

years.
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5 CONSIDERAGOES FINAIS

Dentro das limitagdes deste estudo clinico de acompanhamento de 4 anos,

pode-se concluir que:

- O esquema de oclusdo bilateral balanceada obtido no momento da instalagéo da

sobredentadura ndo se mantém ao longo do tempo;

- Os métodos de analise oclusal digital e analégico mostraram-se consistentes apos 4

anos.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Prezado paciente,

As informagdes contidas nesse termo foram fornecidas pelo pesquisador responsavel -
Professor Dr. Luis André Mendonga Mezzomo (Departamento de Odontologia, Centro de
Ciéncias da Salude, UFSC). O objetivo desse documento é informar o Sr.(a) sobre a pesquisa a
ser realizada, visando obter uma autorizagao esponténea por escrito de sua participagéo, e
sem fazer nada contra a sua vontade.

O titulo deste trabalho é “FATORES DE RISCO PARA PROTESES TOTAIS RETIDAS
POR IMPLANTES EXTRA-CURTOS EM MANDIBULAS SEVERAMENTE REABSORVIDAS -
UM ENSAIO CLIiNICO RANDOMIZADO". Esta pesquisa pretende tratar, com préotese dentaria
(dentadura) sobre implantes, pacientes com auséncia de todos os dentes na arcada inferior
(mandibula), que tenham dificuldades de adaptagdo ao uso de sua prétese total (dentadura)
inferior por falta de retengdo, e que ndo apresentem quantidade de osso minima na regido
posterior para a colocagdo implantes de tamanha convencicnal (>8mm). No estudo, serdo
oferecidos dois diferentes tipos de tratamento: a) prétese total removivel (dentadura) retida por
dois implantes convencionais (>8mm) na regiao anterior e dois implantes extra-curtos (4-mm)
na regido posterior da mandibula (teste); b) protese total removivel retida por dois implantes
convencionais somente na regido anterior da mandibula (controle). Inicialmente, o Sr.(a)
recebera uma dentadura convencional nova para fins de readequagéo funcional (adaptagéo). A
sua distribuigdo entre as duas opgdes de tratamento do estudo sera feita por sorteio, e uma
protese definitiva nova sera instalada 12 semanas ap6s a cirurgia de colocagao dos implantes.
O Sr.(a) sera submetido a aplicagéo de questionarios, avaliagbes clinicas e radiograficas em 9
consultas — 2 antes da cirurgia, no dia da cirurgia do implante e nos periodos de 6, 12, 24, 36,
48 e 60 meses apos a instalagdo das proteses. O exame de raio-x previsto (8 consultas) esta
de acordo com os cuidados de rotina para os pacientes submetidos a tratamento com
implantes nesta universidade, a excegdo das tomografias computadorizadas (realizada em
apenas 4 consultas). Todas as despesas do tratamento serdo cobertas pela pesquisa, e o
Sr.(a) tera custos apenas com o deslocamento até a universidade para as consultas.

Assim, o objetivo & avaliar eventuais falhas e complicagdes que possam ocorrer com a
protese ou com os implantes apds a sua instalagao, a perda de osso ao redor dos implantes,
custos e tempo consumidos, além da satisfagdo do paciente e do clinico. Isto permitira
identificar a duracdo em longo prazo dos tratamentos realizados e colaborar para o
desenvolvimento de um protocolo mais seguro e confortavel para ¢ tratamento de pacientes
gue apresentem dificuldades de adaptagdo ao uso de prétese total (dentadura) convencional
inferior e pouca altura 6ssea do osso mandibular, com préteses totais removiveis retidas por
implantes extra-curtos na regiao posterior da mandibula.

As medidas e técnicas previstas no presente estudo procuram minimizar todos os tipos
de complicagdes. Para o exame da tomografia, uma técnica e aparelho de ultima geragao, com
uma dose minima de radiagdo, serdo utilizadas para garantir aoc Sr.(a) uma protecéo contra a
exposi¢ao excessiva a radiagdo. No entanto, alguns prejuizos podem vir a ser causados pela
pesquisa. Dentre eles, alguns que podem ocorrer imediatamente apds a cirurgia de colocagao
do implante incluem aumento de volume e hematomas (manchas na pele) proximo a area
operada, sangramento, parestesia (perda da sensibilidade do nervo), dor e desconforto. Para
esta ultima, estdo previstas medicagdo analgésica antes e depois da colocagdo do implante.
Em caso de perda da sensibilidade do nervo, o tratamento para recuperar a sensibilidade sera
oferecido. Além disso, outras complicagdes podem ocorrer tardiamente, como por exemplo a
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doencga da gengiva ao redor do implante, trauma ou sensibilidade na gengiva, e dor e perda de
sensibilidade em algumas regides da face. Além disso, pode ocorrer até mesmo a perda do(s)
implante(s) e perda do osso ao redor do implante. O Sr.(a) sera acompanhado regularmente e
recebera assisténcia e tratamento para qualquer tipo de complicagao citada acima que vier a
ocorrer. Inclusive, no caso de falha no implante, o Sr.(a) tera direito a colocagdo de um novo
implante 3 meses ap6s a sua remogao, sem nenhum custo. Pode também ocorrer
complicagbes relacionadas a protese, tais como: fratura da prétese, fratura ou desgaste de
dente da prétese, aderéncia de residuos na prétese, perda ou fratura de parafuso e pegas
relacionadas ao implante. Para todas essas situagdes, serd providenciado o reparo ou até
mesmo a substituicio da prétese efou pega(s) do(s) implante(s), sem custo para o Sr.(a).

Suas duvidas serdo esclarecidas antes de qualquer procedimento e em qualquer
momento no decorrer da pesquisa através do contato com o investigador responsavel, de
segunda a sexta-feira, via telefone (48) 3721-9520 ou pelo e-mail |.mezzomo@ufsc.br. Ou,
ainda, pode ser feito contato com o Comité de Etica em Pesquisa com Seres Humanos
(CEPSH- UFSC) pelo telefone (48) 3721-6094 ou pelo e-mail: cep.propesq.@contato.ufsc.br.

O pesquisador declara o cumprimento das exigéncias contidas nos itens V.3 e IV.4
(item 1V.5 (a) da Resolugao vigente para Pesquisas com Seres Humanos 466/2012) e assume
o compromisso de disponibilizar informagdes atualizadas obtidas durante o estudo. O(a) Sr.(a)
tem a liberdade de retirar seu consentimento a qualquer momento, deixando de participar do
estudo, sem qualquer represalia ou prejuizo, através do contato acima.

Ao assinar as duas vias do termo, sendo que uma delas ficara em sua posse, o Sr.(a)
concorda em participar desse trabalho permitindo o acesso ao material (questionarios, dados e
material fotografico) referente ao(a) Sr.(a) que serdo obtidos neste estudo para fins
académicos, como aulas e artigos, sob total sigilo da sua identidade. Em nenhum momento o
seu nome sera vinculado a qualquer parte do trabalho.

CONSENTIMENTO POS-INFORMADO

Eu, .
Responsavel pelo (a) , portador do
RG e CPF , apés ter recebido

verbalmente esclarecimentos sobre o estudo, concordo em participar do trabalho “FATORES
DE RISCO PARA PROTESES TOTAIS RETIDAS POR IMPLANTES EXTRA-CURTOS EM
MANDIBULAS SEVERAMENTE REABSORVIDAS - UM ENSAIO CLINICO
RANDOMIZADO", que sera executado pelo Professor Dr. Luis André Mendonga Mezzomo,
pela equipe de Professores da Disciplina e Prétese e pelos alunos de pds graduagédo do
Mestrado em Implantodontia da UFSC e autorizo também a utilizagdo das informagdes
contidas em meu prontuario (fisica e/ou digital) e dos dados coletados durante a consulta,
desde que seja mantido o sigilo da minha identificagdo, conforme as normas do Comité de
Etica em Pesquisa com Seres Humanos desta Universidade. A minha participagdo é voluntaria
podendo ser cancelada a qualquer momento.

Floriandpoalis, de de 20 .

Assinatura do paciente ou responsavel

RG:

Assinatura do Pesquisador Responsavel (Luis André Mendonga Mezzomo)

RG: 8062505171/RS

Elaborado com base na Resolugdo CNS 466/12.
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Longevidade e Previsibilidade das Proteses Odontologicas da UFSC
Pesquisador: LUIS ANDRE MENDONGA MEZZOMO

Area Tematica:

Versdo: 2

CAAE: 35231314.8.0000.5361

Instituicdo Proponente: Departamento de Odontologia
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Apresentacao do Projeto:

A Protese Odontologica ou Dentéria é a ciéncia de prover substitutos convenientes para a porgao coronaria
dos dentes ou para dente(s) perdido(s) e suas partes associadas, de maneira a restaurar as funcbes
perdidas, a aparéncia estética, o conforto e a saide do paciente. No entanto, mesmo quando os cuidados
recomendados durante seu planejamento e confeccao sao respeitados, ocorrem falhas e complicagbes que
comprometem a longevidade, diminuem o grau de satisfagdo e a qualidade de vida dos pacientes e
aumentam os custos envolvidos no tratamento. Até o momento, existem poucos estudos clinicos que
quantificam as falhas e complicagbes das proteses odontologicas, as classificam de acordo com a sua
natureza e avaliam o grau de satisfagdo dos pacientes e o impacto econémico com as mesmas. Além disso,
a Universidade Federal de Santa Catarina (UFSC) néao dispde de dados sobre o perfil s6cio-econdmico, as
condigbes de saude bucal e geral, os habitos alimentares, a prevaléncia de falhas e complicagdes, o grau de
satisfagéo, o impacto na qualidade de vida e o impacto econédmico dos pacientes que recebem tratamento
com protese

dentaria. Portanto, o objetivo deste estudo clinico retrospectivo observacional é avaliar a prevaléncia e a
natureza de falhas e complicagées nos trabalhos com préteses dentarias realizadas na Disciplina de Clinica
Ill do Curso de Odontologia da UFSC, além de avaliar o impacto econémico e o grau de satisfagao e
gualidade de vida dos pacientes. A amostra (n) sera composta por
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pacientes que tiveram suas préteses confeccionadas no periodo entre 2010-2014. Estes pacientes serdo
agendados para uma consulta de revisédo, que sera composta por um exame clinico e radiografico para
identificar as falhas e complicagdes (desfechos) que ocorreram nas proteses e o0 momento em que estas
ocorreram apés a instalagéo. As possiveis variaveis que podem ter exercido influéncia nos resultados serédo
coletadas no prontuario do paciente. Questionarios especificos serdo aplicados para avaliar o impacto
econdmico, o grau de satisfagéo e o impacto na qualidade de vida dos pacientes. A analise estatistica sera
calculada por uma fracdo simples do nimero de proteses afetadas pelas falhas e complicagbes pelo nimero
total de proteses dentéarias e expressa em forma de porcentagem. Os dados quantitativos serdo comparados
utilizando o teste Kruskal-Wallis, complementado por regresséo logistica para apontar os fatores de risco
(variaveis) para os desfechos clinicos, enquanto o teste Mann-Whitney U sera utilizado para comparacéo de
dados nao-paramétricos. Os dados gualitativos serao avaliados por meio dos testes exato de Fisher, Kruskal
Wallis e coeficiente de correlagéo de Spearman.

Objetivo da Pesquisa:

Objetivo Primério:

Avaliar a qualidade e a previsibilidade dos tratamentos de Protese Dentaria executados na Clinica Il do
Curso de Odontologia da Universidade Federal de Santa Catarina.

Objetivo Secundario:

» Realizar um levantamento epidemiolégico do perfil sécio-econémico, das condigbes de salde geral, dos
habitos alimentares e de higiene bucal e do uso e necessidade de uso de Protese Dentéaria entre os
pacientes atendidos na Clinica IlI;

* identificar a prevaléncia de assimetrias faciais, malocluséo, de habitos parafuncionais e desgaste oclusal
nas pacientes atendidos na Clinica lll;

- identificar a prevaléncia de desordens da articulagao temporomandibular (ATM) e dor a palpagao muscular
nos pacientes atendidos na Clinica lll;

» identificar a prevaléncia e a natureza das falhas e complicagbes clinicas associadas aos tratamentos com
Protese Parcial Fixa executados na Clinica Il;

« identificar a prevaléncia e a natureza das falhas e complicagdes clinicas associadas aos tratamentos com
Protese Parcial Removivel executados na Clinica lll;

* identificar qual a prevaléncia e a natureza das falhas e complicagdes clinicas associadas aos tratamentos
com Protese Total executados na Clinica lll;

* classificar cronologicamente as falhas e complicagées clinicas associadas aos tratamentos com Protese
Dentaria;
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« identificar quais os principais fatores de risco para cada uma das modalidades de reabilitagao protética
avaliadas;

« levantar informagdes sobre o grau de satisfagdo e impacto na qualidade de vida dos pacientes com os
tratamentos com Protese Dentaria executados na Clinica lll;

« analisar o impacto econdmico dos tipos de reabilitagao protética executados na Clinica Il e os custos
envolvidos com eventuais repeticbes dos trabalhos;

+ levantar informagdes para a montagem de um banco de dados do atendimento a pacientes de Protese
Dentaria da Universidade Federal de Santa Catarina;

- estabelecer diretrizes para a implantagdo de medidas que visem a redugéo dos custos dos tratamentos
com Protese Dentaria;

- estabelecer diretrizes para a implantagéo de projetos de educacgao e prevengdo em

Protese Dentaria;+ levantar evidéncias e fornecer subsidios para o delineamento de futuros projetos de
pesquisa experimentais in vitro e ensaios clinicos (prospectivos) de longo prazo;

« possibilitar o desenvolvimento de estagios aos alunos de graduacgao e pés-graduacéo; « produzir material
didatico fotografico para as atividades de ensino;

« estimular o desenvolvimento tecnolégico e validagdo de instrumentos de aquisi¢do e de

armazenamento de dados;

« aperfeicoar as condi¢bes de ensino, formagao e desenvolvimento profissional de alunos e professores.

Avaliacao dos Riscos e Beneficios:

Riscos:

1) Os pacientes serdo submetidos a radiagao ionizante; porém em dose insuficiente para causar qualquer
tipo de efeito colateral.

2) Os dados contidos nos prontuarios dos pacientes serdo acessados. A pesquisa garante a
confidencialidade destes dados.

Beneficios:

1) Os pacientes receberao uma consulta de acompanhamento e reviséo das proteses dentarias
confeccionadas na universidade, o que permitira o diagnostico de eventuais falhas e complicagbes que
poderdo ser solucionadas em tempo.

2) Os pacientes serao incluidos em um programa permanente de manutengéo das proteses, de maneira a
aumentar a longevidade destas.

3) Os pacientes receberdo instrugdo de higiene oral, escovas dentais e serdo submetidos a um

procedimento néo-invasivo de remocao de calculo supra-gengival com ultrassom.

Endereco: Rui Barbosa, n® 152

Bairro: Agrondmica CEP: 88.025-301
UF: SC Municipio: FLORIANOPOLIS
Telefone: (48)3251-9092 Fax: (48)32561-9092 E-mail: cephijg@saude.sc.gov.br

Pagina 03 de 04

63



HOSPITAL INFANTIL JOANA Platoforma
DE GUSMAO/ SES -SC %wﬂ

Continuagao do Parecer: 800.553

4) Os pacientes serdo incluidos em um programa de educagéo e prevencao em protese dentaria, a ser
implantado na UFSC.

Comentarios e Consideracdes sobre a Pesquisa:
Pesquisa pertinente que levantara dados epidemiologicos com relagéo aos pacientes atendidos bem como
oferecer acompanhamento aos mesmos.

Consideragoes sobre os Termos de apresentacao obrigatoria:
Os termos de apresentagdo obrigatoria foram adequadamente apresentados.

Recomendagées:
Nada a recomendar.

Conclusdes ou Pendéncias e Lista de Inadequacoes:
Nao ha.

Situacao do Parecer:

Aprovado

Necessita Apreciacdao da CONEP:

Nao

Consideragoes Finais a critério do CEP:

FLORIANOPOLIS, 22 de Setembro de 2014

Assinado por:
Jucélia Maria Guedert

(Coordenador)
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Digital and Analog Analysis of Occlusion in
Conventional and Implant-Retained
Complete Dentures: Preliminary Results of a
Prospective Clinical Trial
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Purpose: To digitally evaluate the static and dynamic occlusion of patients treated with both removable
conventional complete dentures (CCDs) and implant-retained removable overdentures (I0Ds) and to correlate
two different methods of occlusal analysis. Materials and Methods: Eleven totally edentulous patients were
treated with bimaxillary CCDs. Later, mandibular CCDs were replaced by 10Ds retained by either two or four
implants. The distribution of the occlusal contacts in static and dynamic occlusion was compared by means
of the digital method (DM; T-Scan Ill) and the analog method (AM; articulating paper). Scores O, 1, and 2
were assigned for inadequate, satisfactory, and adequate distribution of the occlusal contacts, respectively.
The frequencies of scores were compared in relation to the types of denture by means of Fisher exact test
(P < .05). The correlation between methods was assessed by means of the kappa agreement coefficient (k)
and the correlation coefficient phi (g) (P < .05). Results: Significant differences between CCDs and 10Ds
were found in the right lateral mandibular movement (DM, P = .024; AM, P = .008), as well as in the left
lateral mandibular movement (DM, P = .035). The methods of analysis of the occlusion showed a moderate
agreement (k = 0.604; P < .001) and a moderate correlation (¢ = 0.605; P < .001). Conclusion: The digital
and analog methods showed a significant agreement and moderate correlation, irrespective of the type of
complete denture. The T-Scan Il digital system seems to be a consistent and reproducible method to analyze
occlusion. Int J Prosthodont 2022,35:27-36. doi: 10.11607/jjp.7562

bilitate edentulous patients and to provide improved masticatory function,
esthetics, and phonetics, improving the patient's quality of life.” Nevertheless,
many complete denture wearers suffer from masticatory dysfunction, gastrointestinal
problems, and nutritional deficiencies due to instability, lack of retention, or inadequate
support affecting the mandibular CCD.%* Implant-retained overdentures have been
recommended to overcome these deficiencies, as they offer a reliable and predict-
able solution for restoring esthetic, functional, nutritional, and social parameters in
these patients.>6
Occlusion is one of the many factors influencing denture stability and plays an

C onventional complete dentures (CCDs) have been used for decades to reha-
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important role in the dynamic interplay of the stabilizing and destabilizing forces that
keep the denture in place. Proper occlusion results in a balanced load distribution
and adequate seating of a denture.” Some occlusion patterns have been suggested in
order to achieve this, such as bilateral balanced occlusion,®-'° lingualized occlusion,
and canine-guided disocclusion.'?'? Tools such as wax, articulating papers,' films, silk
strips, and, more recently, digital tools such as the T-Scan (Tekscan),'>'® are available
to locate interferences and equalize the distribution of occlusal contacts.

University of Federal de Santa
Catarina

Santa Catarina, Brazil 88040-370
Email: analucia.p@ufsc.br

Submitted December 18, 2020;
accepted April 22, 2021.
©®2022 by Quintessence

Publishing Co Inc.

Volume 35, Number 1, 2022

27

65



66

Personal PDF for Franciele Floriani, Account ID 4887441, created at 25.01.2024

Copyright 2022, Quintessence Publishing Company, Inc.

Clinical Research

The T-Scan system has been claimed to overcome
many limitations of articulating papers. This device quan-
tifies occlusal contact information and displays it on the
computer screen through topographic images and deter-
mines the pattern and quality of the occlusion, as well
as the magnitude of time and relative force. This digital
system has been used in the analysis of occlusion in den-
tate patients undergoing orthodontic treatment with or
without orthognathic surgery.” Another study compared
the occlusal contacts obtained with either carbon paper
strips or with the T-Scan Il system in maximum intercus-
pation in Angle Class | dentate patients without signs
and symptoms of temporomandibular disorders (TMDs).
The number and location of the occlusal contacts were
found to be equal with both methods in all subjects.'®

However, there is a lack of evidence on the use of the
digital device in patients treated with removable com-
plete dentures, either conventional or implant-retained.
Furthermore, no clinical study in prosthodontics has
correlated the digital (T-Scan) and analog (articulating
paper) methods of analysis of occlusion. Therefore, this
study aimed to correlate the findings of occlusion records
obtained with a digital method to those of the analog
method and to compare the occlusion in patients treated
with CCDs and subsequently with implant-retained re-
movable overdentures (I0Ds). The null hypothesis was
that there would be no difference between the occlusal
analysis of the conventional and implant-retained remov-
able complete dentures as assessed by means of the
digital method in lateral mandibular movement.

MATERIALS AND METHODS

This study was developed from a major clinical study that
compared the performance of CCDs and mandibular
|ODs supported by either two conventional (= 8-mm) in-
terforaminal implants or four (two conventional (= 8-mm)
interforaminal implants and two extra-short [4-mm)
implants] in the posterior region. The present clinical
trial was approved by the Institutional Human Research
Ethics Commiittee in February 2016 (protocol 1.452.492).

Sample size calculation was based on the results of a
pilot study comparing the two types of prosthetic res-
toration (CCDs vs |ODs) during lateral mandibular move-
ment assessed using the digital method in 13 patients
(x’ = 9.66; df = 2; probability alpha error a = .05). To
achieve an 80% test power, the minimum sample size
required was 21 participants (21 participants and 42
removable complete dentures). The methodology for the
pilot study was the same as that used for the patients
included in the statistical analysis.

Eligibility Criteria
The inclusion criteria were male and female patients
with fully edentulous arches, from 40 to 75 years of age,

28 The International Journal of Prosthodontics

American Society of Anesthesiologists (ASA) Classifica-
tion | or II,'® intermaxillary relationship Class 1,’" who
were not satisfied with their old CCDs.

The exclusion criteria were previous episodes of failure
of osseointegration in the region of interest for implant
placement, bone augmentation sites, reduced interarch
distance (< 15 mm),?' severe resorption of the mandible
(classes V-VI1),22 skeletal malocclusion Class Il or 11120
patients, heavy smoking (> 10 cigarettes/day), decom-
pensated type Il diabetes mellitus, use of bisphospho-
nates, head and neck radiotherapy, immunodeficiency,
presence of a cyst or neoplasia in the region of interest
for implant placement, and presence of bruxism, as as-
sessed with the American Academy of Sleep Medicine
(AASM) questionnaire.”?

Fabrication of CCDs

Treatment of the patients included in the study began
with the replacement of their old CCDs with new CCDs.
Functional impressions were taken with customized trays
and monophase polyvinyl siloxane (Examix NDS, GC
Europe). The occlusal plane was reestablished based on
extraoral references, including the Camper plane and
bipupillary line. Stone casts were articulated in a semi-
adjustable articulator (Bio-Art). The prosthetic treatment
was performed in centric occlusion (CQ). This has been
defined as the occlusion of oppasing teeth when the
mandible is in centric relation (CR).? CR, in turn, is defined
as the condyle disc joint articulating in the mast anterior
position against the posterior wall of the temporal joint
eminence.® CR was obtained by using the physiologic
swallowing method: when the saliva is swallowed, the
tongue is raised, and the mandible is retracted to the
position of CR (method of autonomous retrusion).”
Based on this position, the vertical dimension of oc-
clusion (VDO) was determined, and it was confirmed
by the Willis method.”® The artificial acrylic resin ana-
tomical teeth (33-degree cuspal inclination; Trilux, Vipi)
were assembled up to the first molar on each side (six
anterior and six posterior teeth) and in a Class | tooth
arrangement.

After fabrication and prior to deflasking, the dentures
were remounted in the articulator and adjusted in order
to remove possible occlusal interferences resulting from
processing and to achieve CO and balanced articulation.
CO was considered adequate when there were simul-
taneous bilateral contacts in the posterior teeth with
simultaneous contact in the anterior teeth (ie, canines).
A balanced articulation scheme was achieved when there
was bilateral and simultaneous occlusal contact of the
anterior and posterior teeth in excursive movements.?

At placement, CCDs underwent all of the necessary
basal and occlusal adjustments. First, basal adjustments
were made to ensure that the prosthesis was correctly
seated in order to provide satisfactory retention and
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stability. This adjustment was made by applying a ho-
mogenous layer of pressure-indicating paste (zinc ox-
ide—eugenol paste, Lysanda) on the intaglio surface of
the prosthesis and placing the prosthesis in the patient’s
mouth. The patient was given a piece of cotton to chew.
After chewing, the prosthesis was removed, and the
areas of excess compression were relieved. After confir-
mation of an adequate seating, the intraoral occlusal as-
sessment was performed. The occlusion was considered
acceptable for adjustment only if a minor interference
(less than 0.5 mm of a deflective occlusal contact) was
found. The subsequent adjustments were made with the
use of digital and analog tools in order to achieve CO and
balanced articulation. The final quality of the dentures
was assessed by the modified Kapur criteria.? Patients
were followed up on a weekly basis for a period of up
to 1 month to check comfort, handling, chewing, and
oral hygiene instructions.26-29

Occlusion Analysis
Patients were left to adapt to the new CCDs for 1 month.
After this period, their occlusion was analyzed by two
independent and experienced examiners (F.F. and J.5.F)
by means of the T-Scan Novus digital occlusal analysis
system (Fig 1a) and the articulating paper (Contacto,
Angelus; Fig 2), both with the same thickness. The tests
were performed with the patient seated in an upright po-
sition in the dental chair. Every precaution was taken to
avoid functional movement of the head and neck area.
The distribution of the occlusal contacts was catego-
rized for both the digital and analog methods using
the same criteria to allow for a plausible comparison
between the two methods.'*13

Digital Occlusal Analysis Method
For the digital method (DM), horseshoe-shaped sen-
sors 130 mm wide and 100 um thick (Novus Sensor,
TekScan, Fig 3) were positioned between the patient’s
dental arches. Then the patients were asked to occlude
three times in CO (static occlusion) at maximum biting
force for 4 seconds with 2-second intervals between
each clench. The video generated from the distribution
of occlusal contacts in the TekScan 9.0 software ranged
from the first dental contact obtained to the maximum
of the distributed contacts. A-B was the time of occlu-
sion, and C-D was the time of no occlusion (ie, disocclu-
sion).’® Point B was selected to symbolize the maximum
contact (Fig 4). After selecting a specific point B, the
distribution of occlusal contacts was classified by an
independent examiner (F.F.) attributing a score of 0, 1,
or 2 for inadequate, satisfactory, and adequate contacts,
respectively (Table 1).

In addition, patients were asked to perform each
mandibular excursive movement (dynamic occlusion)
three times, with the sensor in the same position: left

Floriani et al

lateral mandibular movement, right lateral mandibular
movement, and protrusive movement. Then, the dis-
tribution of occlusal contacts was analyzed using the
T-Scan Novus digital device and TekScan 9.0 software
(Fig 1b). For the three measurements of each mandibular
movement, the point selected for data extraction was
the point with the largest contact area, the same as
that used for CO. Scores were attributed by examiner 1
(F.F.) as score 0, 1, or 2 for inadequate, satisfactory, or
adequate distribution of occlusal contacts, respectively,
for the movements (Table 1).

Analog Occlusion Analysis Method

For the analog method (AM), conventional carbon-
stained, horseshoe-shaped articulating papers (Con-
tacto, Fig 2) 100 pym thick were placed between the
patient’s dental arches with the aid of Miller tweezers.
Patients were asked to occlude in a CO position and to
perform right lateral mandibular movement, left lateral
mandibular movement, and protrusive movement with
maximum force for 4 seconds. After each mandibular
movement, the maxillary and mandibular stained den-
tures were photographed with a digital single-lens re-
flex camera (D7200, 105-mm macro objective lens and
“twin-type"” flashes, Nikon), in a small studio box, with
a standardized focal distance and the occlusal plane
perpendicular to the ground (Fig 1c).

Images were then saved in .jpeg format and coded
to maintain patient’s data confidentiality and to be
analogous with the results of the digital analysis. An
independent and blinded examiner (J.S.F.) classified
the distribution of occlusal contacts for all mandibular
movements, attributing scores 0, 1, or 2 for inadequate,
satisfactory, or adequate contacts, respectively, in the
same way as adopted for the digital method (Table 1).

Fabrication of I0Ds

Mandibular CCDs were duplicated in acrylic resin for the
fabrication of a multifunctional radiographic and surgical
stent. Four months after the randomized placement of
either two or four implants in the mandible, mandibular
CCDs were replaced by implant bar-clip overdentures.
The maxillary CCD was kept in place, and a facebow
registration was made directly over it for the purpose of
subsequent articulation of the stone casts in the semi-
adjustable articulator. The occlusal plane, CO, and VDO
references were all obtained with the same techniques
as previously used for the CCDs, and the artificial teeth
model and setup strictly adhered to the same pattern
adopted for the CCDs.

In both groups, prosthetic abutments (synOcta, Strau-
mann) were tightened with 35-Ncm torque to the im-
plants. An egg-shaped, distal extension—free Dolder bar
fabricated in chromium-cobalt was tightened with a 15-
Ncm torque, splinting either the two- or the four-implant
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Fig1 (3 Digital occlusion analysis (T-Scan). (b Distribution of occlusal contacts in lateral and protrusive movements with the digital method.
(c) Occlusal photography of the distribution of occlusal contacts in centric occlusion and lateral and protrusive movements (left to right, re-
spectively) with the analog method.
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Fig 2 Articulating paper used for the analog method.

10Ds. After a period of mucosal adaptation to the new
denture, one single clip, regardless of the number of
implants placed, was attached to the intaglio surface of
the overdenture at the midline, and the implants were
finally loaded. Likewise, IODs were given basal and oc-
clusal adjustments up to the point of achieving the CO
and a balanced articulation scheme by performing the
same techniques as previously used for the CCDs.®

Digital and Analog Occlusal Analysis Methods

for 10Ds

For the I0Ds, the same digital and analog methods used
for CCDs were used for the registration of occlusal con-
tacts in CO in right lateral mandibular movement, left
lateral mandibular movement, and pratrusive movement.
Thus, intersubject comparisons between the two types
of removable complete dentures were possible.

Statistical Analysis

The statistical analysis was performed using SPSS soft-
ware (IBM) to examine the intraindividual (type of den-
ture) and interindividual (two vs four implants retaining
the mandibular overdenture) variables, the occlusal
analysis (digital and analog), and the occlusal move-
ments (CO relation, right lateral mandibular movement,
left lateral mandibular movement, and protrusive move-
ment). Comparisons were performed using Fisher exact
test (exact sig. 2-tailed; P < .05). The methods of occlusal
analysis (digital vs analog) were analyzed in two separate

Fig 3 T-Scan Novus Sensor.

Fig 4 Distribution of occlusal contacts in centric occlusion.

ways for the type of prosthesis and the different occlusal
movements, considering all evaluations, using Cohen's
kappa (P < .05) and correlation coefficient (g).
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Table 1 Classification of Occlusion According to the Distribution of Occlusal Contacts in Centric Occlusion and
Lateral (Left/Right) and Protrusive Mandibular Movements

Description

Ranking Score Centric occlusion

Lateral movements Protrusive movements

Simultaneous bilateral contacts in the
posterior teeth without contact in the
anterior teeth and with a discrepancy
> 30% between the two hemiarches

Inadequate 0

Simultaneous bilateral contacts in the
posterior teeth, with simultaneous contact
in the anterior teeth, with a discrepancy

Satisfactory 1

Absence of disocclusion
guide for anterior teeth

Disocclusion guide for posterior
teeth next to the working side,
with or without contact on the
canine, without contact on the
balancing side

Disocclusion guide for posterior Disocclusion guide through
teeth on the working side, with at  the anterior teeth, but
least one contact on the balancing  without simultaneous

from 10% to 30% between the two side bilateral contacts in the
hemiarches posterior teeth

Adeguate 2 Simultaneous bilateral contacts in the Canine disocclusion guide and Disocclusion guide for
posterior teeth, with simultaneous posterior teeth contacts on the anterior teeth with
contact in the anterior teeth, and with working side, with at least one simultaneous bilateral
a discrepancy < 10% between the two contact on the balancing side contacts on posterior teeth
hemiarches

RESULTS I0Ds (P = .201). For left lateral mandibular movement,

Eleven (n = 11) patients, 9 women (mean age: 67 + 8.5
years) and 2 men (mean age: 64.3 £ 8.8 years), met the
eligibility criteria and were included in the study. A total
of 11 bimaxillary CCDs and 11 mandibular 10Ds (two-
implant-supported: n = 7; four-implant-supported: n =
4), accounting for 85 analysis of the occlusion (CO: n =
22; right lateral: n = 21; left lateral: n = 21; protrusive:
n = 21), were available for comparison purposes. Overall,
30 implants were placed (conventional: n = 22; extra-
short: n = 8), with a survival rate of 100%.

Table 2 shows the results of analyses of both static
and dynamic occlusion performed with CCDs vs |ODs
as assessed by digital and analog methods in the same
patient.

In CO and protrusive movements, there was no sta-
tistically significant difference between CCDs and 10Ds
between the occlusal analysis methods. There was also
no statistically significant difference in the left lateral
movement scores between CCD and IOD scores for
the analog method; however, a significant difference
was found for the digital method (P = .035; Table 2).
A significant difference was found between CCDs and
10Ds in the right lateral movement scores for both the
digital (P = .024) and analog (P = .008) methods. There
was no statistically significant difference in any of the
occlusal positions for two-implant vs four-implant IODs
(Table 2), and for this reason, they were considered as
a single group.

No significant correlations between the two methods
of occlusal analysis were found for CCDs or IODs in CO.
For right lateral movement, the correlation between
methods was significant for CCDs (P = .002), but not for
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the correlation was significant for both CCDs (P = .000)
and 10Ds (P = .006). Finally, for the protrusive man-
dibular movement, the correlation between methods
was significant for both CCDs (P = .002) and I0Ds (P =
.026) (Table 2). Considering all data for occlusion analy-
ses (n = 85), the digital and analog methods presented
substantial agreement and significance (x = 0.604; P <
.001; Table 3).

DISCUSSION

In this investigation, both types of occlusal analysis and
both types of complete dentures showed a substantial
correlation. This consistency was expected, given that
measures were taken to standardize the occlusal scheme
and the method of analysis; ie, bilaterally balanced ar-
ticulation in both types of dentures, the same thickness
of the sensor and the articulating paper (100 pym), the
patient’s position in the chair, the time of registration of
the occlusion, the scores for occlusal contact distribu-
tion, and the acquisition of photographs for the analog
method.

This correlation has important clinical implications. The
digital device accurately records the number of teeth,
the distribution of contacts in the arches, intensity as a
percentage of pressure (for the most up-to-date version,
in Ncm), and duration of the occlusal contacts. It records
a video of the entire movement, from beginning to end,
outside the mandible. This video can be paused, and the
contacts can be analyzed in percentage for each tooth.
It is also possible to analyze the quality of the man-
dibular movement. Last, the sensor can be used for 15
sets of occlusal analyses. Thus, it may be assumed that
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Table 2 Intraindividual (CCDs vs 10Ds) and Interindividual (2- vs 4-implant 10Ds) Comparisons for Both
Methods of Occlusion Analysis in Static and Dynamic Occlusion
IoDs h -
I0Ds, 2 implants, 4 implants, P
CCD, n (%) n (%) Pvalue? n (%) n (%) value®
Centric occlusion (n = 22)
Digital 1.000 1.000
Satisfactory 2(18) 2(18) 1(14) 1(25)
Adequate 9(82) 9(82) 6(86) 3(75)
Analog .659 1.000
Satisfactory 5 (46) 3(27) 2(29) 1(25)
Adequate 6 (54) 8(73) 5(71) 2 (50)
« (P value) 0.035 (.887) 0.233 (.425)
® 0.043 0.241
Right lateral (n = 21)
Digital .024 576
Satisfactory 1(10) 7 (64) 5(71) 2 (50)
Adequate 9 (90) 4 (36) 2(29) 2 (50)
Analog .0o8 1.000
Satisfactory 1(10) 8(73) 5(71) 3(75)
Adequate 9(90) 3(27) 2 (29) 1(25)
« (P value) 1.000 (.002) 0377 (201)
® 1.000 0.386
Left lateral (n = 21)
Digital .035 .545
Satisfactory 0(0) 5 (45) 4(57) 1(25)
Adequate 10 (100) 6 (55) 3{43) 3(75)
Analog .080 1.000
Satisfactary 0 4(36) 3(43) 1(25)
Adequate 10 (100) 7 (64) 4(57) 3(75)
& (P value) - (.000) 0.814 (.006)
. - 0.828
Protrusive (n=21)
Digital 361 242
Satisfactory 2 (20) 5 (45) 2(29) 3(75)
Adequate 8(80) 6 (55) 5(1) 1(25)
Analog 1.000 491
Satisfactory 2 (20) 3(27) 1(14) 2 (50)
Adequate 8 (80) 8(73) 6 (86) 2 (500
« (P value) 1.000 (.002) 0.621(.026)
® 1.000 0.671

" CCDs = conventional complete dentures. F10Ds = implant overdentures

#F value for comparison between CCDs and I0ODs. Fisher exact test.

P value for comparisons between 2-implant (control) and 4-implant (test) implant groups.

Bolded values are statistically significant (P < .05}

Agreement (k) and phi correlation (¢) between the digital and analog methods according to the type of removable denture (n = 10) were calculated for
earh mandibular movernent.
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Table 3 Agreement Between Digital and Analog Methods Within All Evaluations (N = 85) Regardless of Type
of Complete Denture and Mandibular Movement

Analog Kappa coefficient Phi coefficient
Digital Satisfactory Adequate Total (P value) (P value)
0.604 (< .001) 0.605 (< .001)
Satisfactory 18(21) 6(7) 24 (28)
Adequate 8(9) 53 (63) 61(72)

Data are reported as n (%) unless otherwise indicated. Bolded values are statistically significant (F < .05).

the T-Scan has confirmed many findings of the analog
method, increasing its reliability in daily practice.

These results agree with a clinical study by Cabral
et al*Y regarding the reliability and reproducibility of
the T-Scan device and the number of occlusal contacts,
which were equal for both the articulating paper and
the T-Scan. However, in that study, the authors did not
clearly describe the methodology used with the T-Scan
device, such as the time for occlusion and disocclusion,
how the data were interpreted, and the time used for
data collection, thus impairing any type of comparison
between the methods used.*®

Despite the efforts to guarantee acceptable retention
and stability during fabrication of the new CCDs, it was
easier to assess the occlusal contacts with 10Ds due
to the greater retention and stability provided by the
implants,3>6 regardless of their number. No statistical
difference was found between CCDs and 10Ds with
either occlusal analysis method (AM and DM) in CO.
This result was expected, since little centrifugal force is
involved in CO. On the other hand, in dynamic occlusion,
a significant difference was observed between the two
types of dentures during right and left lateral move-
ments with the digital method, showing more adequate
contacts for CCDs. This type of denture is more likely
to be subjected to centrifugal forces from the muscles
involved in both mastication and speech during excursive
mandibular movements. The little dislodgement caused
by the lack of retention of the CCDs resulted in a greater
number of contacts in excursive movements and in a
significant difference observed between the two types
of dentures during right and left lateral movements with
the digital method.

In this study, two comparisons were made: first, the
type of complete denture, and second, the number of
implants retaining the I0Ds, in an attempt to minimize
any likely difference in terms of dynamics. In this regard,
the mucosal-supported mandibular overdenture itself
retained by a single midline clip attached to a Dolder
bar splinting all implants, regardless of their number,
was considered as the unit of analysis for statistical pur-
poses. Due to the intra-individual comparison (CCD vs
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|OD), it is acceptable that a lower number of |ODs were
available for comparison in this ongoing clinical inves-
tigation. Therefore, the actual role of the distal addi-
tion of implants in retaining an overdenture and of the
widening of the anteroposterior spread within the arch
on the long-term stability of the occlusion, on the fur-
ther prevention of bone resorption, and on the reduced
need for prosthesis relinings is still to be answered. This
is corroborated by the proof-of-concept study by Van
Assche et al,*" in which additional extra-short implants
were placed in the posterior region of the maxilla. These
issues are expected to be better addressed with a larger
sample size and a longer follow-up period.

In the present study, although the agreement between
digital and analog methods was significant, there was a
slight tendency toward a higher frequency of satisfactory
occlusal contact distribution score for the analog method.
This could be explained by the subjective nature of this
method, which may be prone to different environmental
conditions and different interpretations by the examiner.
Moreover, this trend could also be explained by the fact
that the T-Scan Novus systemn provides more information
than the analog contact registration system and eliminates
possible patient- and examiner-related biases.

Another advantage of the digital method is the pos-
sibility of easily accessing previous data of the same
patient. Filter*? observed that two occlusal registrations
from the same dentate patient performed at different
times had different contact areas; that is, the occlusal
registration performed with the T-Scan is likely to show
changes when performed at different times. This result
is particularly relevant for edentulous patients, especially
in this ongoing prospective study, as it is well docu-
mented that artificial acrylic resin teeth suffer abrasion
as a result of friction of occlusal surfaces and the ac-
tion of toothbrushes. That may result in change in the
occlusal balance achieved at the time of placement of
the denture.

The methods of occlusal analysis showed a positive
and strong agreement; however, it should be highlighted
that this agreement occurred only in that information
in which the tools repeat themselves. The T-Scan shows
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more information and offers more clinical solutions than
the analog method, and these were not necessarily ad-
dressed in the present study. These include, but are not
limited to, the location of the first point of premature
contact and the sequence with which occlusal contacts
occur, in addition to allowing easy access of previous in-
formation of the patient’s occlusion for comparative pur-
poses. Perhaps the encouraging clinical results achieved
in the present study with the T-Scan will, in addition to
the scientific validation, shorten the current distance that
still exists to the clinician, expanding the knowledge and
reducing the cost of the digital device.

One of the limitations of this study was how to prop-
erly describe, repraduce, and score the achieved occlu-
sion. To the best of the authors’ knowledge, there is
no study in the literature that categorizes occlusion in
prosthodontics and assesses occlusal quality.?# There-
fore, the authors had to develop a thorough descriptive
and reproducible score system that has not yet been vali-
dated to compare the data from this ongoing study. The
categorization of inadequate, satisfactory, and adequate
contacts was proposed based on scientific evidence of
the ideal occlusion in complete dentures?-811.14.27-29 gang
balanced articulation.® This is particularly relevant as this
is a prospective study, where more data will be collected.

To the authors’ knowledge, there is no previous study
assessing this digital tool in edentulous patients with
CCDs and |0Ds. Furthermore, the experimental design
used in the present study had the main advantage of
eliminating possible confounding factors at patient en-
rollment and reducing the risk of selection bias. In an-
other study design, these analyses could have yielded
divergent results. Majar shortcomings include that the
intrarater and interrater variability (k values) between the
two independent examiners were not calculated, and
neither were the preliminary or cross-sectional charac-
teristics of the data, as well as the fact that no meth-
odologic parameters were found to enable a plausible
comparison to be drawn with previous studies using the
T-Scan device. #3-3

This paper describes the preliminary results of a pro-
spective clinical trial. Since the minimum sample size
was not reached, the conclusions must be interpreted
with caution. Therefore, a longitudinal follow-up with a
larger sample size is necessary in order to confirm these
findings and to assess the long-term maintenance of
bilateral balanced contacts. Furthermore, the impact of
these possible occlusal changes on the balance of the
restorative system, showing clinical complications such
as chewing deficiency, overload of the prosthetic compo-
nents, fracture of artificial teeth and/or the acrylic saddle,
marginal bone loss of implants, and volumetric changes
in the mandibular bone, are still under investigation.

Floriani et al

CONCLUSIONS

Within the limitations of this ongoing experimental clini-
cal study, it could be concluded that:

1. The digital (T-Scan) and analog (articulating paper)
methods of occlusal analysis in CCDs and in |ODs
showed a substantial correlation.

2. CO showed no difference between CCDs and I0Ds
with either the analog or the digital occlusal analysis
method.

3. In dynamic occlusion, CCDs showed a significantly
higher number of adequate scores during right and
left lateral movements with the digital method.
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CAD-CAM Complete Denture Resins: An Evaluation of Biocompatibility, Mechanical Properties, and Surface Characteristics

The objective of this study was to evaluate the biocompatibility, mechanical properties, and surface roughness of CAD/CAM-milled and
rapidly prototyped/3D-printed resins used for manufacturing complete dentures. Six groups of resin specimens were prepared: milled base
(MB); milled tooth shade (MT); printed tooth shade (PT); printed base with manufacturer-recommended 3D-printer (PB1); printed base

with third-party 3D printer (PB2); and printed base in a vertical orientation (PB2V). Human epithelial (A-431) and gingival (HGF-1) cells

were cultured and tested for biocompatibility using resazurin assays. Three-point bending and nanoindentation tests were carried out

to measure the mechanical properties of the resin groups. Surface roughness was evaluated using a high-resolution laser profilometer.
ANOVA and post hoc tests were used for statistical analyses (« = .05). There were no significant differences in biocompatibility between

any of the investigated groups. MB revealed a higher ultimate strength (P = .008), elastic modulus (P = .002), and toughness (P = .014)
than PB1. MT had a significantly higher elastic modulus than PT (P < .001). Rapidly prototyped resin samples with a manufacturer-
recommended 3D printer (PB1) demonstrated higher ultimate strength (P = .008), elastic modulus (P < .001), hardness (P < .001), and a
reduced surface roughness (P < .05) when compared to rapidly prototyped groups using a third-party 3D printer (PB2). Rapidly prototyped
samples manufactured with a vertical printing orientation (PB2V) revealed a significantly lower elastic modulus than samples from the group
manufactured using a horizontal printing orientation (PB2; P = .011). Within the limits of the present study, CAD/CAM-milled and rapidly
prototyped complete denture resins performed similarly in terms of biocompatibility and surface roughness. However, the milled denture
resins were superior to the rapidly prototyped denture resins with regard to their mechanical properties. Printing orientation and type of 3D
printer can affect the resin strength and surface roughness.

Srinivasan M, Kalberer N, Kamnoedboon P, et al. J Dent 2021;114:103785. References: 41. Reprints: M Srinivasan, m.srinivasan@uzh.ch — Carlo
Marinello, Switzerland
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