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RESUMO
Introducdo: A impressdo tridimensional vem ganhando protagonismo na
Odontologia, oferecendo uma variedade de beneficios. Atualmente, para confeccao
de proteses totais removiveis, o material de escolha € o polimetiimetacrilato
(PMMA). Mas, com o advento do fluxo digital, um polimero leve e
termopolimerizdvel é processado por estratificacdo e cura, apresentando
vantagens na pratica clinica. Desta forma, € indispensavel o conhecimento das
propriedades fisico-mecanicas e biologicas desses materiais para uma maior
previsibilidade e aplicabilidade. Objetivo: Avaliar resisténcia a flexdo, topografia,
rugosidade superficial, dureza Vickers, porosidade e adesdo microbiologica de
resina para impress@o 3D de bases e dentes de préteses totais. Método: Foram
confeccionadas barras (25 x 2 x 2 mm) e blocos (8 x 8 x 2 mm), e divididos em
guatro grupos: resina acrilica convencional para base de protese (CR), resina para
impressdo 3D de base (PR), dente impresso em 3D (PT) e dente pré-fabricado
(CT). As barras foram submetidas ao teste de mini resisténcia a flexao, e os blocos
foram analisados quanto a rugosidade (Ra/Rg/Rz), microdureza, porosidade e
adesao microbiolégica. Foi realizada a analise descritiva e o teste de normalidade
Shapiro-Wilk, seguido do teste de Mann-Whitney U (p>0,05) ou Teste t de Student
(p<0,05). Resultados: Os grupos RI (0,91%) e DI (0,24%) apresentaram menor
porosidade, com diferenca significativa em relacdo aos grupos convencionais com
p=0,047 e p=0,004, respectivamente. A adesdo microbiolégica mostrou menor
namero de colbnias para o grupo PR (UFC/mL: 6,8) com p=0,01. Ndo houve
diferenca estatisticamente significativa entre CR e PR para rugosidade, resisténcia
a mini flexdo e microdureza, nem entre os grupos CT e PT para microdureza e
adesdo microbiologica. Conclusao: A resina impressa utilizada para a base da
prétese apresentou propriedades superficiais e mecanicas semelhante aos
materiais convencionais para rugosidade, resisténcia a flexao e dureza, um menor
percentual de porosidade e menor formacéo de biofilme de Candida albicans. Para
0s grupos de dentes a resina impressa apresentou propriedades semelhantes para

dureza e adesdo microbioldgica e um menor percentual de porosidade.

Palavras-chave: Prétese Total; Impresséo Tridimensional; Resinas Acrilicas;

Propriedades de Superficie; Testes Mecanicos.



SUMMARY
Introduction: Three-dimensional printing has been gaining prominence in
dentistry, offering a variety of benefits. Currently, for the manufacture of removable
total dentures, the material of choice is polymethylmethacrylate (PMMA). But with
the advent of digital flow, a lightweight, thermopolymerizable polymer is processed
by stratification and curing, presenting advantages in clinical practice. Thus, it is
essential to know the physical, mechanical and biological properties of these
materials for greater predictability and applicability. Objective: To evaluate flexural
strength, topography, surface roughness, Vickers hardness, porosity and
microbiological adhesion. Method: A total of 34 specimens were made in bars (25
X 2 x 2 mm) and blocks (8 x 8 x 2 mm), divided into four groups: conventional acrylic
resin for prosthesis base (RC), resin for base 3D printing (IR), 3D printed tooth (DI)
and prefabricated tooth (DP). The bars were submitted to the mini flexural strength
test, and the blocks were analyzed for roughness (Ra/Rg/Rz), microhardness,
porosity and microbiological adhesion. Descriptive analysis and the Shapiro-Wilk
normality test were performed, followed by the Mann-Whitney U test or Student's
t-test. Results: The IR (0.91%) and DI (0.24%) groups showed lower porosity,
with a significant difference in relation to the conventional groups (p=0.047 and
p=0.004, respectively). Microbiological adhesion showed a lower number of
colonies for the IR group (CFU/mL: 6.8) with p=0.01. There was no statistically
significant difference between CR and IR for roughness, mini flexural strength and
microhardness, nor between DP and DI for microhardness and microbiological
adhesion. Conclusion: The printed resin used for the base of the prosthesis
showed surface and mechanical properties similar to conventional materials for
roughness, flexural strength and hardness, a lower percentage of porosity and
lower biofilm formation of Candida Albicans. For the groups of teeth, the printed
resin showed similar properties for hardness and microbiological adhesion and a

lower percentage of porosity.

Keywords: Denture, Complete; Printing, Three-Dimensional; Acrylic Resins;

Surface Properties; Mechanical Tests.
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1. INTRODUCAO

A impressédo tridimensional (impressdo 3D), também conhecida como
manufatura aditiva ou prototipagem rapida, tem mostrado vantagens nha
Engenharia, Medicina e Odontologia. Trata-se de uma técnica aditiva que fabrica
determinado objeto, camada por camada, em trés dimensdes (ZHOU; SUN; WANG,
2021). Atualmente, essa tecnologia apresenta varias aplicacdes na Odontologia, e
vem se desenvolvendo de forma emergente, apresentando uma variedade de
equipamentos, técnicas e materiais (REYMUS; FABRITIUS; KERLER; HICKEL et
al., 2020).

Convencionalmente, ao longo do ultimo século, o material de escolha para
fabricacéo de bases de prétese total € o polimetiimetacrilato (PMMA). Este material
apresenta facil manipulacéo, baixo custo, propriedades mecanicas favoraveis e boa
aparéncia estética (MERT; KAMNOEDBOON; HUSAIN; OZCAN et al., 2023). No
entanto, apesar do PMMA ser um material usado por bastante tempo, alguns
fatores como a susceptibilidade a fratura, alteracdes dimensionais, presenca de
mondmeros residuais e rugosidade na superficie, ainda limitam a longevidade das
proteses (CHAROENPHOL; PEAMPRING, 2022).

Procurando superar estas limitacdes da técnica convencional, surgiram os
métodos digitais. Com o advento do fluxo digital, a confeccdo de préteses
impressas vem ganhando popularidade na Odontologia com uma mudanca notavel
no protocolo de fabricacdo. O PMMA tradicionalmente € moldado sob presséo e
polimerizado, mas com o0 uso da impressora 3D um polimero leve e
termopolimerizavel é processado por estratificacdo e cura (ALFOUZAN; TUWAY M;
ALDAGHRI;  ALOJAYMI et al, 2023; SRINIVASAN; KALBERER;
KAMNOEDBOON; MEKKI et al., 2021). A confec¢éo de préteses digitais é realizada
através de um software de design (CAD, computer aided design) usado para
projetar para projetar a base da prétese com os dentes em oclusdo. Em seguida, o
arquivo digital (STL, Standard Tessellation Language) é processado em uma
impressora 3D, com a tecnologia SLA (estereolitografia) ou DLP (Digital Light
Processing). Estas sé@o as duas técnicas mais utilizadas na Odontologia, ocorrendo
através de um feixe de laser ou no processamento de luz digital, respectivamente
(ANADIOTI; MUSHARBASH; BLATZ; PAPAVASILIOU et al., 2020; FOUDA; GAD;
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ABUALSAUD; ELLAKANY et al, 2023; GAD; FOUDA; ABUALSAUD;
ALSHAHRANI et al., 2022; REYMUS; FABRITIUS; KERLER; HICKEL et al., 2020).

Essa tecnologia acarreta varias mudancas nos processos clinicos e
laboratoriais das proteses totais, oferecendo beneficios para o dentista e paciente,
uma vez que diminui o numero e duracdo das consultas clinicas e as etapas
laboratoriais. Além disso, obtém-se maior precisdo na confeccdo da protese e
permite armazenamento dos dados dos pacientes para serem utilizados a qualquer
momento, sem a necessidade de fazer novos registros caso o paciente perca ou
frature a prétese (ANADIOTI; MUSHARBASH; BLATZ; PAPAVASILIOU et al.,
2020; HELAL; ABDELRAHIM; ZEIDAN, 2023; ZHOU; SUN; WANG, 2021). Neste
sentido, a procura por resina para impressao 3D de préteses totais tem aumentado
constantemente, devido a algumas vantagens que, segundo os fabricantes, as
tornam superiores as resinas acrilicas convencionais. Porém, os tipos de resina, a
tecnologia e os parametros de impressdo sdo fatores que contribuem para o
sucesso ou falha das préteses impressas, sendo indispensavel compreender os
aspectos que colaboram para o seu insucesso (AL-DULAIJAN; ALSULAIMI;
ALOTAIBI; ALBOAINAIN et al., 2022).

O comportamento clinico de proteses totais possui algumas limitacdes
devido a tensfes de flexdo ocasionadas durante a mastigacdo, criando forcas
internas e afetando as propriedades mecanicas dos materiais, podendo levar a
deformacfes ou fraturas com o passar do tempo. O valor minimo recomendado
pela ISO 20795-1:2013 para resisténcia a flexdo desses materiais € de 65 MPa
(ANADIOTI; MUSHARBASH; BLATZ; PAPAVASILIOU et al., 2020; FOUDA,; GAD;
ABUALSAUD; ELLAKANY et al., 2023). A falha flexural é o principal motivo de
alteragdes prejudiciais clinicas em prétese total (AYAZ; BAGIS; TURGUT, 2015).

Acredita-se que um dos fatores limitantes para a resisténcia flexural é a
porosidade, a qual pode ser avaliada por microtomografia computadorizada (micro-
CT). Acredita-se que um maior grau de porosidade contribui para maior retencao
de micro-organismos, aléem de influenciar nas propriedades mecéanicas (RIBEIRO;
FREITAS; CARVALHO; MIRANDA et al., 2023). Adicionalmente, a topografia e
rugosidade da superficie também influenciam na colonizacdo e adeséo fungica,
pois essas irregularidades aumentam o acumulo de micro-organismos, sendo um
fator contribuinte para o desenvolvimento da estomatite protética. A baixa

resisténcia das resinas pode, ainda, aumentar a rugosidade da superficie,
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contribuindo para o surgimento de trincas, alteracdes dimensionais e descoloracao
das préteses (AL-DULAIJAN; ALSULAIMI; ALOTAIBI; ALBOAINAIN et al., 2022;
ALFOUZAN; TUWAYM; ALDAGHRI; ALOJAYMI et al., 2023). Uma baixa dureza
superficial pode afetar a resisténcia a alterac6es dimensionais além de danificar a
prétese através da escovacdo mecanica ocasionando arranhdes e causando
retencdo de placa e pigmentacdes (PRPIC; SCHAUPERL; CATIC; DULCIC et al.,
2020). Todos estes fatores, naturalmente, causam diminui¢do da longevidade das
préteses totais.

Com o aprimoramento na relacdo custo-beneficio das impressoras 3D
disponiveis no mercado, assim como o0 desenvolvimento e disponibilizacdo de
softwares de codigo aberto, laboratérios odontolégicos e cirurgiGes-dentistas
podem imprimir préteses totais de forma cémoda e rapida. Porém, pesquisas sobre
as propriedades dos materiais a base de PMMA para impressdo 3D ainda séo
necessarias a fim de compreender a composicdo, comportamento mecanico,
estético e biolégico das diferentes resinas disponiveis no mercado. Estas etapas
tem como objetivo a obtencdo de maior previsibilidade e aplicabilidade clinica,
como também conhecer diferentes marcas e equipamentos utilizados para
impressédo 3D (ANADIOTI; MUSHARBASH; BLATZ; PAPAVASILIOU et al., 2020;
RIBEIRO; FREITAS; CARVALHO; MIRANDA et al., 2023).

11



2. REVISAO DA LITERATURA

Prétese Total

Nos idosos, a perda dentaria ainda € um problema de saude bucal. A
auséncia de dentes influencia de forma negativa na saude geral, uma vez que a
capacidade mastigatdria estara comprometida, levando ao individuo desenvolver
um déficit na sua alimentacéo e a ndo substituicdo de dentes com uso de proteses
dentarias afeta a qualidade de vida dessa populacao (JANG; KIM; KIM, 2021).

A reabilitagdo oral apresenta melhora significativa na qualidade de vida

relacionada a saude bucal de pacientes edéntulos, uma vez que o edentulismo
pode tornar o paciente fisicamente e psicologicamente deficientes e incapacitados
(RUSSO; ZHURAKIVSKA; GUIDA; CHOCHLIDAKIS et al., 2024).
As proteses totais tém sido utilizadas a bastante tempo e sao consideradas padrédo
ouro para reabilitacdo de pacientes edéntulos, sua fabricagcdo iniciou com a
introducéo da resina acrilica que foi desenvolvida em 1936 (ALTARAZI; HAIDER;
ALHOTAN; SILIKAS et al., 2022).

Diante do avanco da tecnologia, a protese total convencional ainda € uma
opcéao de tratamento adequada (GAD; FOUDA; ABUALSAUD; ALSHAHRANI et al.,
2022). Porém, a introducdo do fluxo de trabalhos digitais tem simplificado esse
processo, trazendo beneficios tanto para o profissional quanto para o paciente. A
introducéo desta tecnologia é desafiadora devido barreiras, como custos de capital,
conhecimento e pratica podem impedir, atrasar ou complicar a implementacéo de
fluxo de trabalhos digitais (RUSSO; ZHURAKIVSKA; GUIDA; CHOCHLIDAKIS et
al., 2024).

Resina Acrilica Termopolimerizavel

Por muito tempo na odontologia a resina acrilica € amplamente usada, esse
polimero forma-se através da polimerizacdo do metacrilato de metila (MMA) em
ambiente aquoso, resultando na formacao de poli (metacrilato de metila) muito
pequeno (PMMA). A resina acrilica € considerada o material mais utilizado

atualmente em préteses dentarias, apresentando um histérico bem fundamentado
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na odontologia (RASZEWSKI, NOWAKOWSKA-TOPOROWSKA,;
NOWAKOWSKA; WIECKIEWICZ, 2021).

O sucesso do PMMA estd relacionado ao seu baixo custo,
biocompatibilidade, estética aceitavel, facil manipulacéo, reparagédo e polimento e
alta disponibilidade no mercado, além de possuir bons resultados na producéo de
proteses dentarias, possuindo uma variedade no processo de fabricacdo
(ALTARAZI; HAIDER; ALHOTAN; SILIKAS et al., 2022; MARGARIDA MARTINS
QUEZADA, 2022). O PMMA possui uma alta transmitancia de luz branca, de
aproximadamente 92%, o que permite uma aparéncia nhatural da prétese
(RASZEWSKI, NOWAKOWSKA-TOPOROWSKA,; NOWAKOWSKA;
WIECKIEWICZ, 2021).

A auséncia de pressao suficiente durante a polimerizagcéo da prétese pode
acarretar em espacos vazios dentro do material (RASZEWSKI; NOWAKOWSKA-
TOPOROWSKA; NOWAKOWSKA; WIECKIEWICZ, 2021) e desta forma limitando
sua propriedade fisica e mecéanica, tendo como desvantagem suscetibilidade a
fraturas, presenca de porosidade, distor¢do da caracteristica devido a alteracdes
dimensionais e aumento do desenvolvimento de infec¢cdes associadas a base da
protese (MARGARIDA MARTINS QUEZADA, 2022).

Apesar do PMMA ser um material seguro e biocompativel com os tecidos
bucais, ap6s a polimerizacdo o MMA permanece no material como um mondémero
residual de 0,2% em proteses polimerizada termicamente, onde esse MMA néo
curado pode causar reacdes alérgicas entre usuarios de proteses dentarias e
também em Técnicos de prétese dentaria e dentistas que manipula 0 MMA na sua
forma pura (RASZEWSKI;, NOWAKOWSKA-TOPOROWSKA; NOWAKOWSKA;
WIECKIEWICZ, 2021).

Além disso, devido a fadiga ou mastigacdo excessiva pode-se observar
falhas nas préteses totais devido as propriedades mecéanicas insuficientes como a
resisténcia a flexdo e ao impacto e assim dificultando sua longevidade, a adi¢cao de
cargas no PMMA melhora a resisténcia ao impacto, mas a carga aumenta a
viscosidade do PMMA dificultando a fluidez do material e dificultando sua
preparacdo (CRESSWELL-BOYES; DAVIS; KRISHNAMOORTHY; MILLS et al.,
2022).

13



Resina para Impresséo 3D

A implementacdo na odontologia do sistema CAD/CAM (Computer-aided
design/computer-aided manufacturing) no auxilio da confeccdo de proteses
dentarias podem ser fabricadas por manufatura aditiva (impressdo 3D) ou
manufatura subtrativas (fresagem). A manufatura aditiva apresenta-se de forma
mais econdmica, pois nao envolve a necessidade de trocas de ferramentas
rotativas e ndo ha desperdicio de matéria prima (SHIM; KIM; JEONG; CHOI et al.,
2020).

Nos ultimos anos é possivel observar melhorias na ciéncia e na tecnologia
para fabricacdo de proteses totais, onde o trabalho técnico manual que
normalmente séo fabricados por polimerizacéo, por calor, micro-ondas e luz esta
sendo substituido por tecnologias de impresséao tridimensional por meio de designs
CAD (AL-QARNI; GAD, 2022), esse desenvolvimento tecnoldgico apresenta varios
beneficios na area da odontologia para a fabricacdo de préteses removiveis,
reabilitacdes protéticas provisorias e proteses implantossuportadas apresentando
um grande potencial para superar as limitacbes da técnicas convencionais
(MARGARIDA MARTINS QUEZADA, 2022).

Na impressdo 3D, uma resina na sua forma liquida é colocado em um
recipiente com fundo transparente, no qual é iluminado seletivamente por um laser
ou feixe de luz que passa por uma imagem com elementos claros e escuros. Esta
imagem é criada dividindo a forma, que serd impressa em varias camadas
horizontais. O material adere a plataforma com a ajuda de suportes auxiliares, que
séo adicionados na fase de projeto. Durante a confeccdo na impressora a
plataforma € elevada e todo processo de iluminacdo e cortes séo repetidos até a
finalizacdo do material previamente desenhado. Apos a retirada do material da
impressora ele ainda ndo se encontra totalmente endurecido e é necessario passar
por uma polimerizacéo final em uma camera de luz ultravioleta, posteriormente o
material € lavado em alcool isopropilico para remover possiveis pequenas camadas
nao polimerizadas (RASZEWSKI, NOWAKOWSKA-TOPOROWSKA,;
NOWAKOWSKA; WIECKIEWICZ, 2021).

O campo da impresséao 3D ja € uma realidade na odontologia apresentando

varios fabricantes de resinas para impressdo 3D, com valores acessiveis, 0 que
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possibilita um publico vasto de profissionais a aderirem esse tipo de tecnologia nos
seus atendimentos (TAHAYERI; MORGAN; FUGOLIN; BOMPOLAKI et al., 2018).
Além disso a impresséo 3D possui uma natureza mais precisa e versatil com menos
desperdicio de material (AL-QARNI; GAD, 2022).

Na literatura pode-se observar que a impressdo 3D esta em processo de
melhoria continua e espera-se que nos proximos anos um aumento da sua
utilizacdo (ALZAHRANI; HAJJAJ; AZHARI; AHMED et al., 2023), uma vez que a
impressdo 3D de proteses dentarias apresenta como vantagem uma confecgéo
mais rapida, um menor niamero de etapas no processamento de trabalho, reducéo
das possibilidades de erros (PRPIC; SCHAUPERL; CATIC; DULCIC et al., 2020),
uma melhor adaptacdo dos tecidos e facilidade caso necessario a duplicacdo de
proteses existentes (SHIM; KIM; JEONG; CHOI et al., 2020). Além de apresentar
alta resolucéo de impresséo, rapida taxa de producao e baixos custos.

Na Odontologia para fabricacédo aditiva existe varios métodos de impressao
3D que sao: estereolitografia (SLA), sinterizacao seletiva a laser (SLS), modelagem
por deposicao fundida (FDM), processamento digital de luz (DLP), polyjet e
bioimpressédo, porém os mais citados na literatura sdo DLP e SLA. Para as
impressoras SLA o material a base de liquido é depositado em uma cuba e é usado
lasers para criar objetos, para as impressoras DLP também é utilizado um material
de base liquida, mas a cura é realizada por meio de um feixe de luz (ALZAHRANI;
HAJJAJ; AZHARI; AHMED et al., 2023).

Diversos fatores influenciam na eficacia dos resultados da impresséao 3D,
como a espessura da camada de impressao, a fonte e intensidade da luz e a
orientagdo de impressdo, tornando indispensavel a definicdo correta dos
parametros da impressora. Para resultados satisfatorio, os fabricantes especificam
parametros de impressao para o tipo de impressora e o tipo de resina para
impresséao 3D, além de recomendag¢fes sobre a temperatura e o tempo de pds-cura
em camera UV (AL-QARNI; GAD, 2022).

Na odontologia a impresséo 3D € uma tecnologia que tem ganhado espaco
rapidamente no meio clinico e atualmente as informagfes estdo limitadas em
relacdo as propriedades mecanicas e de superficie desses materiais impressos. E
de suma importancia o clinico conhecer propriedades fundamentais que podem

impactar o desempenho clinico dessa técnica de fabricacéo de proteses totais, que
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pode influenciar na longevidade dessas proteses e na saude do paciente (AL-
QARNI; GAD, 2022).

A impressdo 3D é capaz de produzir modelos simples e complexo com
precisdo, atraveés do principio de constru¢cdo camada por camada (ALTARAZI;
HAIDER; ALHOTAN; SILIKAS et al., 2022), além disso proteses fabricadas
digitalmente néo sofrem o processo de contracdo de polimerizacdo e desta forma
diminuindo a necessidade de ajustes ap0s o processamento e assim melhorando
a eficacia mastigatoria (TIEH; WADDELL; CHOI, 2022). E de suma importancia que
o0 processo de fabricacdo seja avaliado cuidadosamente (ALIFUI-SEGBAYA;
BOWMAN; BRANCO; JORGE et al., 2019).

A resina liquida para impressdo 3D possui uma viscosidade baixa,
permitindo uma polimerizacdo rapida, produzindo polimeros reticulados e desta
forma podendo apresentar propriedades adequadas as demandas impostas pela
aplicacao alvo (ALIFUI-SEGBAYA; BOWMAN; BRANCO; JORGE et al., 2019).

Propriedades fisico-mecanicas e de superficie de prétese totais

A manipulacdo manual do pé e do mondémero da resina acrilica convencional
requer cuidados, podendo ocorrer o aprisionamento de bolhas de ar tornando o
material sujeito a sorcdo de &gua e falha mecénica (ELLAKANY; FOUDA;
MAHROUS; ALGHAMDI et al., 2022).

Vérios fatores podem influenciam as propriedades fisico-mecéanicas e de
superficie de protese totais que estdo relacionados a fatores controlaveis
(orientacdo de impressédo, tempo e temperatura de pds-cura) e incontrolaveis
(composicéo do material, comprimento de onda da luz e poténcia da luz). Diferente
do PMMA convencional empregado na producao de proteses totais, a resina para
impressao 3D é um material fotopolimerizavel. A fase de cura e pés cura do material
é crucial para seu desempenho clinico. Durante a impressao, a resina é curada por
meio do laser ou projetor de luz da impressora. Posteriormente, € necessario por
uma pos-cura em uma unidade de fotopolimerizagéo para completar o processo de
polimerizacado (ALTARAZI; HAIDER; ALHOTAN; SILIKAS et al., 2022).

As resinas fotopolimericas liquidas para impressao tridimensional sofrem um
processo de conversdo de mondmeros através da polimerizagéao induzida por luz,

esse processo influencia nas propriedades fisico-mecanicas dos materiais, uma

16



vez que ligacdes duplas carbono-carbono (—C=C-) sdo convertidas em ligacdes
simples (- C-C-), quando maior a conversao de ligacdo dupla, maior sera a
resisténcia mecéanica do polimero, de modo contrario os monémeros que nao
sofreram essa reagcdo podera resultar em monémeros livres, causando efeitos
citotoxicos aos tecidos moles (FREITAS; DUARTE; FEITOSA; DUTRA et al., 2023).
As resinas para impressao 3D possuem uma conversdo de dupla ligacdo baixa
comparada com as resinas acrilicas convencionais, que de certa forma pode afetar
as propriedades mecanicas (PRPIC; SCHAUPERL; CATIC; DULCIC et al., 2020).

Os parametros de impressao das resinas sdo geralmente definidos pelo
fabricante e ndo podem ser modificados, exceto a orientacdo de impressdo e a
espessura da camada, esses parametros de construcdo podem afetar as
propriedades mecénicas dessas resinas. Camadas de impressdo mais finas
apresentam uma melhor polimerizacdo, reduz as alteracdes dimensionais e 0s
detalhes geométricos sdo capturados com mais precisdo, mas o tempo de
processamento sera maior e uma maior possibilidade de falha na impressdo. A
orientacdo da camada também precisa ser avaliada, uma vez que contribui de
forma significante na resisténcia do material e no acabamento superficial (GAD;
FOUDA; ABUALSAUD; ALSHAHRANI et al., 2022).

A dureza esti associada a resisténcia aos estimulos abrasivos vindos do
arco oposto (ZINELIS; PANAYI; POLYCHRONIS; PAPAGEORGIOU et al., 2022).
E considerada uma medida de resisténcia a deformacdo plastica localizada
induzida por indentacdo mecanica ou abrasdo. A vida util das préteses pode ser
influenciada devido ao material com baixa dureza superficial e assim podendo
afetar a resisténcia a alteracdes dimensionais além de danificar a protese através
da escovacdo mecanica ocasionando arranhdes e causando retencéo de placa e
pigmentagdes (PRPIC; SCHAUPERL; CATIC; DULCIC et al., 2020). A dureza
também pode estar relacionada ao nivel de monémero residual, com o método de
fabricacéo convencional o PMMA apresenta um aquecimento uniforme e com isso
uma maior convencdo de monémeros, menor efeito plastificante de monémero e
com isso podendo apresentar uma maior dureza ( PRPIC; SCHAUPERL; CATIC;
DULCIC et al., 2020; TIEH; WADDELL; CHOI, 2022).

A rugosidade média (Ra) € a mais utilizada para caracterizar a superficie de
materiais odontolégicos. O parametro de rugosidade Ra representa a média do

desvio de um perfil de medicdo em relagdo a uma linha central ao longo do
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comprimento da medicdo, determinando a qualidade da superficie (QUEZADA;
SALGADO; CORREIA; FERNANDES et al, 2022; RIBEIRO; FREITAS;
CARVALHO; MIRANDA et al., 2023). J& a rugosidade Rq (rugosidade quadrética
média da raiz) e a rugosidade Rz (altura maxima do perfil de rugosidade com base
em picos e vales), uma vez que quando os valores de Ra sao iguais podera ser
avaliado esses parametros, para uma melhor precisédo, visto que um material com
menores valores de Rg e Rz tem uma menor rugosidade superficial. Isso sugere
que o material pode ser mais eficaz clinicamente (RIBEIRO; FREITAS;
CARVALHO; MIRANDA et al., 2023).

A rugosidade da superficie influencia de forma direta e indiretamente no
acumulo de placa bacteriana, apresentando um grande fator de relevancia clinica,
uma vez que distarbios patogénicos, como a estomatite protética e a candidiase
oral, podem ocorrer devido ao acumulo microbiano em decorréncia da ma
higienizacdo, desta forma polimentos mecéanicos e quimicos da superficie de bases
de préteses é de grande importancia na reducdo da adesdo microbiana
(MARGARIDA MARTINS QUEZADA, 2022; ZINELIS; PANAYI; POLYCHRONIS;
PAPAGEORGIOU et al., 2022). Segundo alguns estudos, uma faixa de 15% até
70% de usuarios de proétese total estdo propensos a desenvolverem estomatite
protética, disturbio inflamatério geralmente associado a infeccdo por Candida
Albicans, um dos patégenos intraorais oportunistas mais comuns (FREITAS;
DUARTE; FEITOSA; DUTRA et al.,, 2023; RIBEIRO; FREITAS; CARVALHO;
MIRANDA et al., 2023).

A resisténcia a flexdo, também conhecida como modulo de ruptura ou
resisténcia a ruptura transversal é uma propriedade mecanica do material definida
como a forga de tensdo de um material antes da sua ruptura, determina a flexao
maxima de um material e onde ele pode resistir a deformacao plastica sobre a carga
aplicada. E indispensavel que o material para base de préteses totais tenha alta
resisténcia a flexdo, uma vez que bases de proteses totais podem fraturar na vida
real por varias razdes (PRPIC; SCHAUPERL; CATIC; DULCIC et al., 2020).

A porosidade superficial muitas vezes pode ser identificada por inspecao
visual, diferente da porosidade interna que n&o pode ser detectada visualmente,
podendo ser uma ameaca oculta ao sucesso da longevidade das proteses devido
a ndo homogeneidade e assim enfraquecendo as propriedades das proteses e sua
capacidade de manutencdo (SWELEM; ABDELNABI; AL-DHARRAB,;
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ABDELMAGUID, 2014). A porosidade pode ser influenciada por diversos fatores,
como a contracdo de mondémero durante a polimerizacdo, aprisionamento do ar
durante a manipulagdo do material e vaporizagdo do monémero. O micro-CT é
capaz de quantificar a porosidade em uma abordagem 3D sem danificar o material
avaliado (RIBEIRO; FREITAS; CARVALHO; MIRANDA et al., 2023).

Uma limitacdo de proteses dentarias fabricadas digitalmente € a translucidez
dos materiais, visto que € realizada a partir de uma resina com uma tonalidade de
escolha e as impressoras disponiveis ainda possuem algumas limitacdes técnicas
e desta forma tornando os materiais monocromaticos (TIEH; WADDELL; CHOI,
2022).
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3. OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar as propriedades fisico-mecéanicas e adesé@o microbiologica de resina para

impressao 3D de bases e dentes de proteses totais.
3.2 OBJETIVOS ESPECIFICOS

- Avaliar a resisténcia a flexdo de uma resina acrilica para impressao 3D em

comparacao com a resina acrilica convencional;

- Avaliar a topografia e rugosidade superficial de uma resina acrilica para impressao

3D em comparacao com a resina acrilica convencional;

- Avaliar a porosidade de uma resina acrilica para impressao 3D em comparacao

com a resina acrilica convencional;

- Avaliar a microdureza Vickers de uma resina acrilica para impressdo 3D em

comparacao com a resina acrilica convencional;

- Verificar a aderéncia microbiol6gica de uma resina acrilica para impresséo 3D em

comparacao com a resina acrilica convencional.
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4. ARTIGO

O manuscrito a seguir foi submetido para publicagdo no periddico “The Journal of

Prosthetic Dentistry” e encontra-se em analise.

Physico-mechanical properties and microbiological adhesion of 3D printing resin for

complete denture base and teeth.

SUMMARY

PROBLEM STATEMENT. 3D printing materials and techniques have shown good
performance in dentistry, offering clinical benefits. However, due to the diversity of
techniques, equipment and materials, the results in the literature are still conflicting.
OBJECTIVE. To evaluate the flexural strength, surface topography and roughness,
Vickers hardness, porosity, and microbial adhesion of 3D printing resin used for denture
bases and teeth. METHOD. A total of 34 specimens were made in bars (25%x2x2 mm) and
blocks (8x8x2 mm), divided into four groups: conventional denture (CD), printed denture
(PD), conventional teeth (CT), printed teeth (PT). The bars were submitted to the mini
flexural strength test, and the blocks were analyzed for roughness (Ra/Rg/Rz),
microhardness, porosity and microbiological adhesion. Descriptive analysis and the Shapiro-
Wilk normality test were performed, followed by the Mann-Whitney U test or Student's t-
test. RESULTS. The PD (0.91%) and PT (0.24%) groups showed lower porosity, with a
significant difference in relation to the conventional groups (p=0.047 and p=0.004,
respectively). Microbiological adhesion showed a lower number of colonies for the PD
group (CFU/mL.: 6.79) with p=0.01. There was no statistically significant difference between

CD and PD for roughness, mini flexural strength and microhardness, nor between CT and
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PT for microhardness and microbiological adhesion. CONCLUSION. The resins for 3D
printing showed favorable performance, with properties similar to and superior to those of

the conventional resin used clinically.

CLINICAL RELEVANCE

The use of resins for 3D printing is a viable alternative for the manufacture of total dentures
since it presents a low porosity for the base and teeth, reducing the retention of
microorganisms. This implies a beneficial potential for a lower incidence of pathogens in

the oral cavity, such as denture stomatitis.

INTRODUCTION

3D (three-dimensional) printing is an additive technique that manufactures an object,
layer by layer, in three dimensions *. This technology has several applications in Dentistry
and has been developing rapidly, presenting a variety of equipment, techniques, and
materials .

Conventionally, polymethylmethacrylate (PMMA) is the material of choice for the
manufacture of full denture bases 8. This material features easy handling, low cost, favorable
mechanical properties, and good aesthetic appearance °. However, some factors, such as
susceptibility to fractures, dimensional changes, presence of residual monomers, and surface
roughness, still limit the longevity of the prostheses 1% 11,

Digital methods emerged to overcome the limitations of conventional techniques. With
the advent of this digital flow, the manufacture of printed prostheses has been gaining

popularity in Dentistry, with a notable change in the manufacturing protocol 2 3, PMMA is
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traditionally pressure molded and polymerized, but with the use of the 3D printer, a
lightweight, thermopolymerizable polymer is processed by layering and curing 4%,

Studies show that complete dentures have limitations due to the bending stresses
generated during chewing, which create internal forces and affect the mechanical properties
of the materials, which can cause deformations or fractures over time ¢ 1’ Porosity is a
factor that reduces flexural strength and increases the retention of microorganisms,
impacting mechanical properties 2. In addition, the topography and roughness of the surface
influence fungal colonization and adhesion, increasing the accumulation of microorganisms
and contributing to the development of prosthetic stomatitis & 1°,

Low resistance of the resins can also increase the roughness of the surface, contributing
to the appearance of cracks, dimensional changes, and discoloration of the prostheses 4 &
20 also, a low surface hardness can affect the resistance to dimensional changes in addition
to damaging the prosthesis through mechanical brushing, causing scratches and causing
plague retention and pigmentation 2. All these factors naturally cause a decrease in the
longevity of total dentures.

Therefore, the objective of this study was to evaluate the flexural strength, topography
and surface roughness, Vickers hardness, porosity and microbiological adhesion of a resin
for making total denture bases and teeth by 3D printing. The null hypothesis tested was that
there is no difference in the physical-mechanical properties and microbiological adhesion of

resins for 3D printing of teeth and total denture base, comparing with conventional material.

MATERIAL AND METHODS
Sample size was calculated using the Gpower software (v. 3.1.9.3, Disseldorf, Germany)
based on the means and standard deviations of previous studies 2> 2. It was necessary to

have 4 specimens for each test group for flexural strength and hardness (effect
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dz=4.8457064; dz=3.3941856, respectively) and 12 specimens per group of roughness and

fungal adhesion, (effect dz=1.2917100; dz=1.2727922, respectively), considering o = 0.05

and a power of 0.80. The sample size for porosity evaluation was based on a pilot study,

considering the values obtained, requiring 5 specimens.

Preparation of the specimens

Bars and blocks were made in the dimensions 25x2x2 mm and 8x8x2 mm, respectively.

Table 1 contains information about the materials used in the preparation of the samples.

Table 1: Composition and materials used to make the specimens and teeth.

Material Trademark Manufacturer Composition
Acrylic resin VIPI WAVE VIPI — Brazil -Powder:
for denture Polymethylmethacrylate,
base and teeth polypropylene and
pigments
- Liquid:
Methylmethacrylate,
EDMA (Crosslink),
inhibitor and terpinolene
Resin for 3D COSMOS Yller Oligomers, monomers,
printing DENTURE Biomateriais photoinitiators, stabilizer
S/A- Brazil and pigment
Prefabricated TRILUX VIPI — Brazil Polymethylmethacrylate,

tooth

dimethacrylate,
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fluorescent,
biocompatible pigments
and organically

modified ceramics

Samples were prepared according to the manufacturer's recommendations, as described
below:

Acrylic resin: Replicas in laboratory silicone (Reflex -Yller Biomaterials S/A, Pelotas,
RS, Brazil), with dimensions 27x2.5x2.5 mm for bars and 10x10x2.5 mm for blocks, were
included in fiberglass muffles (Vipi-STG; Vipi), added over the plaster and awaited the
setting time, on top of the replicas, a silicone wall was made. The Vaseline counter-muffle
was coupled and filled with lll-type plaster; after two hours, the silicone replicas were
removed, and the microwave thermopolymerizable acrylic resin in medium pink color (Vipi
Wave; Vipi) in the proportion according to the manufacturer's recommendations, was
applied in the spaces created. The muffle was subjected to hydraulic pressure and the
microwave polymerization cycle. After demuflage, the excess was removed with a drill
mounted on an electric motor.

Base 3D printing resin: Specimens printed in the formats of bars (27x2.5%x2.5 mm) and
blocks (10x10%2.5 mm) were made through a standard triangular language file (STL)
obtained through CAD software (Autodesk Fusion 360). The file was imported into CAM
software connected to an ANYCUBIC Photon 3D printer (Anycubic; Shenzhen). It used a
light-curing liquid resin (Cosmo Denture; Yller Biomaterials S/A). The printing was done at
low speed, layer by layer, with digital light processing. After printing, the bodies were
immersed in isopropyl alcohol for 3 minutes to remove excess resin and then post-cured for

10 minutes in UV light.
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Resin for tooth 3D printing: Printed teeth were scanned from a prefabricated upper
central incisor. The scanned image (STL) was imported into CAM software connected to
an ANYCUBIC Photon 3D printer (Anycubic; Shenzhen). The impression of the teeth
followed the same protocol used for printing the test specimens for the base.

All specimens (bars and blocks) were polished with abrasive papers n° 600, 1200, and
1500 (3M™ 401Q) on a polishing machine until the final dimensions of 25x2x2 mm and
8x8x2 mm for the bars and blocks, respectively, were obtained. Finally, they underwent an
ultrasonic bath (BioWash STD; Bio Art) with distilled water for 15 minutes to remove

possible debris from the finish.

SAMPLE GROUPS

Figure 1 contains information about the sample groups and the tests performed.

Figure 1: Description of the sample groups
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Roughness

Topography and surface roughness parameters were analyzed in a non-contact Optical
Profilometry device (CCI MP; Taylor Hobson) connected to a computerized unit containing
the Talysurf CCI software (Taylor Hobson) to obtain data. A 0.008mm cutoff with a 20x
lens and 3x scanning speed in XY mode was used. The analysis was performed based on the
roughness values Ra, Rq, and Rz. Three different areas of the surface of each specimen were
evaluated, and then the arithmetic mean was calculated to determine the average roughness

value 2.

Mini-flexural strength

Three-point mini-flexural strength test was performed on a universal testing machine
(ODEME OM-100; SC, Brazil). The bar specimens (25%2x2 mm) were positioned in the
device attached to the equipment, which has a distance of 20 mm between the supports. The
tip of the device remained in the center of the specimen until the material fractured, the data

was recorded, and the flexural strength was calculated using the formula:

B 3IF
°= 2wh?

Where, o is the flexural strength (Mpa), | is the distance (20 mm) between the bottom pins,
F= critical load (N) applied at the time of specimen failure, h is the thickness (2) of the

specimen, and w is the width of the specimen (2) 2.

Microhardness
In a microhardness tester (HMV Micro Hadness Test, Shimadzu Corporation, Kyoto,
Japan), the Vickers hardness was analyzed. Each specimen was subjected to a load of 25¢f

for 30 seconds 2%, After indentation, the diagonals of the marking were measured, and the
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value of the Vickers hardness was obtained. Three areas were analyzed in each specimen,
and the final hardness value was calculated arithmetically by obtaining the average of the

three readings.

Porosity

Evaluation of porosity (%) was done using microtomographic images obtained by the
SkyScan 1172 X-ray microtomographic (Bruker, Kontich, Belgium). For image acquisition,
80 kV, 124uA, voxel with a size of 9.88um (at a resolution of 1332x2000 pixels), 0.5mm
aluminum filter, 0.4 rotation step, frame 3, and 180° rotation were used. The porosity
analysis of the samples was performed from the images reconstructed using the CTAnalyzer
software (Bruker, Kontich, Belgium). A standard Region of Interest (ROI) was defined in a
fixed circular format of 2 mm in diameter. The images were binarized and segmented in
black and white in a standardized way. White areas are identified as solid objects, and black
areas are considered pores. The quantification of porosity, according to the vertical range of
the volume of interest (VOI), was performed from the delimitation of the samples

corresponding to all the sections with the image of the complete specimen.

Microbiological adhesion

Microbiological adhesion analysis followed the method described by CARVALHO,;
SILVA; VILA-NOVA; ALMEIDA et al. (2023) %. The specimens were fixed in a 24-well
microdilution plate, sterilized with ethylene oxide, and kept at room temperature. Reference
strains of Candida albicans ATCC 90.028, grown in RPMI 1640 medium containing about
106 CFU/mlI plus 1% glucose, were added and maintained for 48 hours at 37 °C in an aerobic
environment. The suspension was centrifuged at 1200 rpm for 5 min, and the pellet was

resuspended in 5 mL of sterile saline solution (0.9% NaCl). Cell density was established at
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an absorbance of 0.1, equivalent to a concentration of 1x10° cells/mL. The samples were
immersed in artificial saliva (2 mL/specimen) for biofilm formation and incubated at 37 °C
for 60 min. They then received 500 pL of the cell suspension and were incubated at 37 °C
for another 48 hours under aerobic conditions. The specimens were then transferred to
Falcon tubes with 1 mL of sterile saline and vortexed for 60 seconds to collect the biofilm.
Serial dilutions (10° to 10*) of the samples were seeded on dextrose agar plates and incubated
at 37 °C for 24 h. Viable cells were counted, multiplied by dilution, and converted to a

logarithmic scale.

Statistical analysis

The data were exported to the Jamovi software (version 2.3) for descriptive analysis and
the Shapiro-Wilk normality test application. For roughness (Ra and Rq) and porosity (bars),
which presented a non-normal distribution (Shapiro-Wilk = p<0.05), the non-parametric
Mann-Whitney U test was used. For roughness (Rz), mini-flexural strength, Vickers
microhardness, porosity (tooth), and microbiological adhesion, which showed normal
distribution (Shapiro-Wilk = p>0.05), the parametric Student's t-test was applied to compare

the groups.

RESULTS

Roughness

Table 2 shows the values of the mean, median, standard deviation, and percentiles of
roughness (Ra, Rq, and Rz). No significant difference was found between the three

roughness patterns studied with p>0.05.
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Table 2: Descriptive statistics of all groups for roughness (Ra, Rq, and Rz).

Groups Mean Median Standard Interquartile P-value
(nm) deviation  Distance

Ra CD 0.87 0.43 0.89 0.94 p=0.724
PD 0.78 0.56 0.66 0.98

Rq CD 1.81 0.97 1.75 2.38 p=1.00
PD 1.58 1.38 1.22 1.29

Rz CD 25.66 18.59 21.32 31.7 p=0.740
PD 23.29 22.24 13.98 17.04

The qualitative results of 3D profilometry showed that the CD group showed a slightly

less rough surface (Figure 2).

3 B

5 8 &8 &8 5 8

Figure 2: Visual aspect through 3D profilometry showing surface aspect. A) Conventional denture (CD); B)

printed denture (PD).
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Mini-flexural strength
Results of the resistance to mini flexion test showed no statistically significant difference

(p=0.264) between the CD and PD groups (Table 3).

Table 3: Descriptive statistics of all groups for mini flexion resistance.

Groups Mean (MPa) Standard deviation P-value
CD 193 22.2 p=0.264
PD 209 13.2

Microhardness

No statistically significant difference was found between the groups of teeth (CT and PT)
and the base groups of total dentures (CD and PD), with p=0.252 for the group of teeth and

p=0.897 for the base group (Table 4).

Table 4: Descriptive statistics of all groups for Vickers hardness (VHN).

Groups Mean (HVN) Standard deviation  P-value
CD 21.9 242 p=0.897
PD 21.7 0.90
CT 26.4 4.89 p=0.252
PT 22.5 3.91
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Porosity

Total porosity (%) was taken into account to evaluate porosity. The porosity analysis

showed that there was a statistically significant difference between the base groups of total

dentures; the PD group (0.916%) had a lower porosity value compared to the CD group

(11.827%) with p=0.047, the materials for teeth also showed a statistically significant

difference in porosity, the PT group (0.24%) had lower values compared to the CT group

(2.382%) with p= 0.004 (Table 5).

Table 5: Descriptive statistics of all groups for porosity

Groups Mean (%) Median Standard Interquartile P-value
deviation Distance

CD 11.83 8.26 11.81 20.48 p=0.047

PD 0.92 0.95 0.57 0.39

CT 2.38 2.44 1.32 1.22 p=0.004

PT 0.24 0.09 0.39 0.09

Microbiological adhesion

Results for adhesion of Candida albicans biofilm on the surface of the specimens showed

a statistically significant difference (p=0.010) between the base groups of total dentures,

with a lower number than colony in the PD group (Log CFU/mL.: 6,79 £0.124) compared to
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the CD group (Log CFU/mL: 6.95 £0.0729), while for the groups of teeth, there was no

statistically significant difference between the groups tested (p=0.400) (Table 6).

Table 6: Descriptive statistics of all groups for microbiological adherence.

Groups Mean (CFU/mL) Standard deviation P-value
CD 6.95 0.07 p=0.010
PD 6.79 0.12
CT 6.57 0.31 p=0.400
PT 6.76 0.69

DISCUSSION

This study revealed that resins for 3D printing bases and teeth of full dentures presented
favorable results. Compared to a conventional material widely used in clinical practice, the
resin for 3D printing presented some similar properties and others even superior. Thus, the
null hypothesis was partially rejected. It is worth mentioning that the printed tooth showed
a lower porosity, and there was no difference about microbiological adhesion compared to
industrially produced teeth, which shows us great potential for clinical use.

Accuracy of 3D printing is influenced by layer thickness, laser intensity, speed, print
angle, and orientation, and proper equipment calibration is essential to ensure a good
adaptation of the prostheses to the underlying edentulous tissues ® 2% ?’. In this study, the
printed specimens presented exact dimensions to those planned virtually. They followed the

printing parameters recommended by the manufacturer. Accuracy in the specimens'
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dimensions is essential for clinical practice, avoiding maladaptations and under or over-
contouring.

Specimens printed in 90° orientation require less media addition, reducing post-
processing adjustments 8. In this study, we opted for the 90° orientation, where the load is
applied parallel to the orientation of the layer, since in one study, the authors reported that
the impression orientation can affect the mechanical properties, and at 90° they observed a
lower reproducibility error rate, low roughness and lower fixation of Candida Albicans.
However, the 90° orientation showed lower flexural strength than the 0° and 45° orientations
due to the inferior adhesion between layers 2°. Another study, however, showed greater
flexural strength at 90°, highlighting the need for more research on the topic 2°.

Although the direction of the load applied in the flexural strength test is parallel to the
printing layers of the specimens, according to the results of the present study, there was no
significant difference between the groups tested for flexural strength, which differs from
studies previously published in the literature. Some studies have found that conventional
acrylic resin has a higher flexural strength than printing resin 223, In contrast, other studies
have shown that printed resins were more flexural resistant than conventional resins %32,
which reinforces the potential of the digital flow in the total prosthesis, obtaining the gains
from 3D printing without loss of resistance compared to the conventional method.

This study used a post-cure time of 10 minutes according to the manufacturer's
recommendations for the resin type and printer. In one study, the authors report that the
optimal post-cure time to achieve the highest properties is 30 minutes 2°, which may have
offered even higher mechanical properties than the printed material used in our study.

In a study, the authors observed that the printed teeth group exhibited lower hardness
compared to the conventional group *. In another study '8, the printed denture base group

also showed lower hardness compared to the conventional acrylic resin group, which differs
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from the results of this study. In our results, there was no significant difference in hardness
between the groups of teeth and base, conventional or printed, showing that the resin for 3D
printing can offer a clinical performance similar to the conventional one, having significant
implications for the wear resistance, stability, and durability of the total dentures 2.

Materials with lower porosity have better mechanical properties, and porosity is
influenced by factors such as monomer vaporization, air trapping, and monomer contraction
2. In this study, the printed groups showed lower porosity, possibly due to the manual
preparation of the conventional group, despite following the recommended protocol by the
manufacturer. However, it is interesting to note that the material for tooth printing showed
lower porosity than industrially manufactured stock teeth. The literature indicates that
printed materials have the advantage of the absence of the polymerization contraction
process *3, which is an excellent benefit in clinical practice.

Some studies indicate that resin for 3D printing has higher surface roughness than
conventional acrylic resins 2%, On the other hand, another study showed that acrylic resin
had higher surface roughness than resin for 3D printing *°. In a study conducted in 2022, the
authors observed that conventional teeth also exhibited greater roughness compared to
printed teeth 3. However, in agreement with our results, another study found no statistically
significant difference in roughness between the two groups. ! found no statistically
significant difference for roughness between the two groups. In this way, we can observe
that there is still no consensus between the material that offers more excellent surface
smoothness.

A rough surface, in addition to causing discomfort to the patient, is a significant factor in
adhesion and fungal colonization since infection by Candida albicans is related to its
adhesion on the surface of the material 2 1° 22, In a recent study, the authors noted that there

was no significant difference in microbiological adhesion between printed and conventional
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groups for total denture tooth base *°, partially agreeing with the result of this study, where
the groups of teeth did not present a statistically significant difference. However, the printed
group with the base of the total denture showed less colonization by Candida Albicans
compared to the conventional group. Thus, more studies are needed to investigate this theme
since It may be related to the higher degree of porosity in the conventional group; it is
believed that a higher degree of porosity contributes to a greater retention of microorganisms
and influences the mechanical properties 2.

Limitations of this study include analyzing only one base resin and tooth for 3D printing,
a single impression angle, and the lack of reproducibility in the clinical environment of the
specimens; few studies were found in the literature on the properties and microbiological
adhesion of teeth in the original shape. We can observe studies and clinical case reports that
show promising results for 3D-printed total dentures; more in vitro research and randomized
controlled trials are needed to define better printing parameters and technologies, expanding

knowledge and clinical access.

Conclusion

Based on the results of this in vitro study, it was concluded that the resin for 3D printing
of bases and teeth of total dentures tested showed lower porosity in the base and printed teeth
groups and lower colonization by Candida Albicans for the printed base group. On the other
hand, the results for roughness, flexural strength, and hardness presented results similar to
those of conventional materials, thus showing that resins for 3D printing of total dentures

have great potential for clinical use as an effective alternative for prosthetic rehabilitation.
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5. CONCLUSAO

Dentro das limitagbes deste estudo in vitro, a resina para impressao 3D de
bases e dentes de préteses totais apresentou menor formacdo de biofilme de
Candida albicans para o grupo de base impressa e um menor percentual de
porosidade para os grupos de base e dentes impressos. Por outro lado, os
resultados para rugosidade, resisténcia a flexdo e dureza apresentou resultados
semelhantes aos materiais convencionais, desta forma evidenciando que as
resinas para impressao 3D de préteses totais possuem um grande potencial para
uso clinico como uma alternativa eficaz para reabilitacao protética. No entanto, os
resultados ainda sao conflitantes na literatura. Os resultados deste estudo serviram
para identificar virtudes e fatores limitantes relacionados a impresséo 3D de bases

e dentes de proéteses totais.
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