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RESUMO

O presente estudo teve como objetivo caracterizar compositos € nanocompoésitos baseados em
uma resina acrilica liquida fotocuravel para impressao 3D (RES) destinada a confeccdo de
placas oclusais, dispositivos inertes, utilizados no manejo do bruxismo e das disfuncdes
temporomandibulares (DTM). Tais resinas foram modificadas com 6xido de grafeno (OG),
oxido de grafeno funcionalizado (OGF) com acido fluoridrico (HF), com posterior
incorporagdo de fluoreto de s6dio (NaF). As andlises de caracterizagdo confirmaram a efetiva
modificagdo quimica das nanocargas sendo a amostra tratada com 7,5 mL de HF (OGF 7,5)
selecionada para a formacao dos nanocompdsitos por apresentar o melhor comportamento nos
testes conduzidos. As cargas de OG, OGF e NaF foram incorporadas a resina por sonicagao, €
as amostras foram obtidas com sucesso via impressdo 3D. Quanto as analises mecanicas, o
ensaio de dureza Shore D revelou a manuten¢do dessa propriedade apds a adi¢do das cargas
(p > 0,05). Observou-se, ainda, maior resisténcia ao desgaste em todos os nanocompoésitos
(p<0,001), sendo os menores valores atribuidos as amostras RES+OG (33%),
RES+OG+NaF (37,9%), RES+NaF (41,7%) e RES+OGF (42,7%), enquanto a RES
apresentou 52,4%. A adi¢@o das cargas ndo impactou a resisténcia a compressao das amostras
(p < 0,05), entretanto reduziu o moédulo de elasticidade a compressao delas em relagdo a RES.
Nas analises térmicas, observou-se maior resiliéncia e flexibilidade das amostras contendo as
nanocargas, com reducdo dos valores do modulo de armazenamento, do moédulo de perda e da
temperatura de transi¢do vitrea dessas amostras (RES= 94,967 °C + 0,404 °C;
RES+0G=80,667 °C £ 1,704 °C; RES+OGF=80,3 °C + 1,229 °C; RES+NaF=80,033 °C +
2,003 °C e RES+OG+NaF= 80,033 °C £ 2,003 °C). A analise termomecanica revelou a
manuten¢do da estabilidade dimensional das amostras ap6s a adi¢do das cargas na faixa de
temperatura de uso clinico (25 °C a 50 °C), com o menor valor observado para a amostra
RES+OGF (0,08704% + 0,01498%) em relacio a RES (0,10219% =+ 0,03337%). O
comportamento de degradagado térmica verificado na anélise de TGA demonstrou que a adi¢ao
das cargas ndo alterou essa propriedade de forma significativa. A avaliacdo da liberacdo de
ions fluoreto em saliva artificial indicou a presenca desses ions apos todos os periodos
avaliados (24 h, 48 h, 7 d, 14 d e 30 d), embora a concentragdo de cargas fluoradas utilizada
(0,05%) nao tenha sido suficiente para atingir quantitativamente o efeito anticarie desejado,
conforme descrito pela literatura. As andlises de sor¢do e solubilidade evidenciaram um
comportamento adequado para todas as formulagdes, assim como os ensaios de viabilidade
celular que demonstraram biocompatibilidade e baixa citotoxicidade dos nanocompositos,
sugerindo seu potencial para aplicagdo clinica. Diante dos resultados obtidos, conclui-se que a
incorporacdo de 0,05% de OGF em resinas acrilicas para impressdo 3D consiste na estratégia
mais promissora e¢ inovadora deste estudo, aliando propriedades adequadas e potencial
aplicacdo para futuras otimizagdes funcionais de materiais poliméricos voltadas a diferentes
areas da odontologia.

PALAVRAS-CHAVE: impressao 3D; 6xido de grafeno fluorado; fluoreto de sodio; placas
oclusais; odontologia.



ABSTRACT

The present study aimed to characterize composites and nanocomposites based on a
photocurable liquid acrylic resin for 3D printing (RES), intended for the fabrication of
occlusal splints, which are inert devices used in the management of bruxism and
temporomandibular disorders (TMD). These resins were modified with graphene oxide (GO),
graphene oxide functionalized (OGF) with hydrofluoric acid (HF), followed by the
incorporation of sodium fluoride (NaF). Characterization analyses confirmed the effective
chemical modification of the nanofillers, and the sample treated with 7.5 mL of HF
(FGO_7.5) was selected for nanocomposite formulation due to its superior performance in the
conducted tests. The GO, OGF, and NaF fillers were incorporated into the resin by sonication,
and the samples were successfully obtained via 3D printing. Regarding mechanical properties,
the Shore D hardness test revealed the maintenance of this property after the addition of the
fillers (p > 0.05). Additionally, increased wear resistance was observed in all nanocomposites
(p < 0.001), with the lowest values attributed to RES+GO (33%), RES+GO+NaF (37.9%),
RES+NaF (41.7%), and RES+OGF (42.7%), whereas RES presented 52.4%. The addition of
fillers did not affect the compressive strength of the samples (p < 0.05); however, it reduced
their compressive elastic modulus compared to RES. Thermal analyses indicated greater
resilience and flexibility in the samples containing nanofillers, with a reduction in storage
modulus values, as well as in loss modulus and glass transition temperature (RES = 94.967 °C
+ 0.404 °C; RES+GO = 80.667 °C £ 1.704 °C; RES+OGF = 80.3 °C £ 1.229 °C; RES+NaF =
80.033 °C + 2.003 °C; and RES+GO+NaF = 80.033 °C + 2.003 °C). Thermomechanical
analysis demonstrated the maintenance of dimensional stability after filler addition within the
clinical temperature range (25 °C to 50 °C), with the lowest value observed for RES+OGF
(0.08704% = 0.01498%) compared to RES (0.10219% = 0.03337%). Thermogravimetric
analysis (TGA) showed that the incorporation of fillers did not significantly alter the thermal
degradation behavior. The evaluation of fluoride ion release in artificial saliva confirmed the
presence of fluoride ions at all evaluated time points (24 h, 48 h, 7 d, 14 d, and 30 d),
although the concentration of fluorinated fillers used (0.05%) was not sufficient to achieve the
desired anticaries effect, as reported in the literature. Sorption and solubility analyses
demonstrated adequate behavior for all formulations, and cell viability assays indicated
biocompatibility and low cytotoxicity of the nanocomposites, suggesting their potential for
clinical application. Based on the obtained results, it can be concluded that the incorporation
of 0.05% FGO into acrylic resins for 3D printing represents the most promising and
innovative strategy of this study, combining suitable properties with potential application for
future functional optimization of polymeric materials in different fields of dentistry.

Keywords: 3D printing; fluorinated graphene oxide; sodium fluoride; occlusal splints;
dentistry.



