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RESUMO

Os materiais restauradores, como a resina composta, sdo amplamente utilizados devido a
sua estética, funcionalidade e preservacdo do remanescente dental. Suas propriedades
incluem resisténcia, homogeneidade e facil manipulacdo, mas suas propriedades podem
ser comprometidas por contaminagdes durante a manipulagdo. O manuseio varia
conforme as caracteristicas do material, € o uso de adesivos como lubrificantes e/ou a
manipulacdo digital podem impactar negativamente a longevidade das restauragdes
devido a formagdo de defeitos na interface adesiva. Este trabalho tem como objetivo
avaliar a influéncia das propriedades fisico-mecanicas de resinas compostas manipuladas
com luvas de latex e sem latex e depois da modelagem com dois diferentes sistemas
adesivos. Nove grupos foram avaliados: (Gl) Grupo controle, (G2) Grupo adesivo
convencional, (G3) Grupo adesivo universal, (G4) Grupo com luvas de latex, (G5) Grupo
com luvas de latex + adesivo convencional, (G6) Grupo com luvas de latex + adesivo
universal, (G7) Grupo com luvas nitrilicas, (G8) Grupo com luvas nitrilicas + adesivo
convencional e (G9) Grupo com luvas nitrilicas + adesivo universal. Foram avaliados o
Modulo de Elasticidade e Resisténcia a Flexdo, Sorcdo em agua e Microdureza. Os
resultados revelaram que a manipulagdo com adesivos alterou significativamente as
propriedades fisico-quimicas dos compodsitos, com exce¢do dos testes de sorcdo e
solubilidade, que ndo apresentaram variagdes estatisticas entre os grupos (). No teste de
resisténcia a flexdo, o grupo G9 (Nitrila + Adesivo Universal) apresentou o melhor
desempenho mediano, enquanto o G3 (Adesivo Universal isolado) exibiu os menores
valores. Quanto ao mddulo de elasticidade, os grupos G6, G7 ¢ G9 demonstraram maior
rigidez, ao passo que o G2 apresentou a menor estabilidade. A microdureza Vickers foi
severamente impactada negativamente nos grupos G2 e G3, evidenciando que o uso de
adesivos como modeladores, independentemente da luva, reduz a dureza superficial.
Conclui-se que a manipulacdo digital com luvas nitrilicas, especialmente quando
associada ao adesivo universal, apresenta desempenho superior a manipulagdo com latex,
cujos residuos e sulfetos tendem a comprometer a polimerizagao e a resisténcia mecanica
final da resina.

Palavras-chave: Resina composta. Propriedades mecéanicas. Luvas. Adesivos

dentinarios.



ABSTRACT

Restorative materials, such as composite resins, are widely used due to their esthetics,
functionality, and preservation of dental structure. Their properties include strength,
homogeneity, and ease of handling; however, these characteristics can be compromised
by contamination during manipulation. Handling techniques vary according to the
material's features, and the use of adhesives as lubricants and/or digital modeling can
negatively impact the longevity of restorations due to the formation of defects at the
adhesive interface. This study aimed to evaluate the influence of physical-mechanical
properties of composite resins manipulated with latex and latex-free gloves, followed by
modeling with two different adhesive systems. Nine groups were evaluated: (G1) Control
group, (G2) Conventional adhesive group, (G3) Universal adhesive group, (G4) Latex
gloves group, (G5) Latex gloves + conventional adhesive group, (G6) Latex gloves +
universal adhesive group, (G7) Nitrile gloves group, (G8) Nitrile gloves + conventional
adhesive group, and (G9) Nitrile gloves + universal adhesive group. Flexural strength,
elastic modulus, water sorption, and Vickers microhardness were assessed. The results
revealed that manipulation with adhesives significantly altered the physicochemical
properties of the composites, except for water sorption and solubility tests, which showed
no statistical variations among groups (). In the flexural strength test, group G9 (Nitrile +
Universal Adhesive) showed the best median performance, while G3 (Universal
Adhesive alone) exhibited the lowest values. Regarding the elastic modulus, groups G6,
G7 and GY9 demonstrated higher stiffness, whereas G2 presented the lowest stability.
Vickers microhardness was severely negatively impacted in groups G2 and G3,
evidencing that the use of adhesives as modelers, regardless of the glove type, reduces
surface hardness. It is concluded that digital manipulation with nitrile gloves, especially
when associated with universal adhesive, presents superior performance compared to
latex manipulation, whose residues and sulfides tend to compromise the polymerization
and the final mechanical strength of the resin.

Keywords: Composite resin. Mechanical properties. Gloves. Dental adhesives.
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1 INTRODUCAO

Materiais restauradores, como a resina composta, sdo frequentemente aplicados
na pratica clinica dos cirurgides-dentistas. Isso se deve a sua capacidade de proporcionar
resultados estéticos e funcionais satisfatorios, além de garantir boa longevidade e
preservar o remanescente dental saudavel, uma vez que adere tanto ao esmalte quanto a
dentina por meio de sistemas adesivos, em dentes anteriores e posteriores (Damasceno et
al., 2020; Rabelo et al., 2020).

Esses compositos apresentam diversas propriedades desejaveis, incluindo
resisténcia a compressdo, dureza, resisténcia a abrasdo, homogeneidade, translucidez,
coeficiente de expansdo térmica linear semelhante ao da estrutura dental, e facilidade de
manipulagdo e insercdo (Burity ef al., 2023).

Os testes in vitro desempenham um papel essencial na avaliagdo da qualidade e
durabilidade das resinas compostas empregadas na odontologia, orientando a escolha de
materiais capazes de proporcionar restauragdes estéticas e funcionais ao longo do tempo
(Mesquita, 2024).

O teste de flex@o avalia a resisténcia do material a deformag¢do quando submetido
a uma forga perpendicular, sendo crucial para determinar o desempenho das resinas frente
as tensoes geradas durante a mastigacdo. Complementarmente, o modulo de elasticidade
mede a rigidez e a capacidade do material de retornar a forma original apds a deformagao
(Rabelo et al., 2020; Souza et al., 2024).

O teste de sorcdo em agua examina a absor¢ao de dgua pelas resinas compostas,
fator determinante para prever alteracdes dimensionais que podem comprometer tanto a
funcionalidade quanto a estética das restauragdes. Esse teste ¢ realizado por meio da
imersdo das amostras em um meio aquoso, com valores menores de absor¢ao indicando
maior estabilidade do material (Santos et al., 2022; Hernandes et al., 2023).

Por fim, o teste de microdureza avalia a qualidade da fotoativagdo das resinas,
determinando sua dureza superficial e resisténcia a deformagao plastica. Métodos como
os testes de Vickers e Knoop permitem mensurar a dureza em diferentes condigdes,
fornecendo dados importantes para a analise do desempenho do material (Rombaldo et
al., 2021; Mesquita, 2024).

No entanto, ao realizar restauragdes com resina composta, o cirurgido-dentista

deve estar atento as diferentes formas de contaminag¢ao do material durante a insercao na
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cavidade, uma vez que essas contaminagdes podem comprometer seu desempenho a
longo prazo (Schroeder ef al., 2019).

O manuseio da resina composta varia ndo apenas conforme a preferéncia pessoal
do cirurgido-dentista, mas também em fun¢do das caracteristicas fisico-quimicas do
material. Resinas compostas com baixa fluidez sdo frequentemente manipuladas com
luvas antes da inser¢do na cavidade, ou com espatula ou microaplicador descartavel
embebido em adesivo, a fim de reduzir a tensdo superficial (Araujo et al., 2018; Bauer et
al., 2022).

Adicionalmente, a utilizagdo de sistemas adesivos como lubrificantes para
melhorar a fluidez das resinas pode comprometer a longevidade das restauracdes, ao
reduzir as propriedades fisicas e mecénicas da interface adesiva. Isso ocorre devido a
criagdo de pequenos defeitos e a propagacdo de rachaduras pré-existentes entre os
incrementos aplicados (Naupari-Villasante et al., 2019; Bauer et al., 2022).

Diante do exposto, nota-se a necessidade de estudos que comparem os efeitos do
manuseio com luvas de latex e com luvas sem latex nas propriedades dos compositos,
assim como os efeitos de diferentes métodos de modelagem desses materiais. Portanto, o
objetivo deste trabalho foi avaliar as propriedades fisico-mecanicas de uma resina
composta manipulada com e sem o uso de luvas, e com ou sem a utilizagdo de sistema

adesivo.
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2 FUNDAMENTACAO TEORICA

2.1 Resinas compostas

Os compositos odontoldgicos, como a resina composta, sdo constituidos por uma
matriz polimérica formada por mondmeros mono, di ou tri-funcionais, além de particulas
de carga inorganicas (vidros radiopacos que aumentam as propriedades mecanicas),
agentes de unido (silano), pigmentos, aditivos, radiopacificadores, estabilizadores de cor
e agentes fotoiniciadores, como a canforoquinona (Souza et al., 2018; Lorenzo et al.,
2020; Lemos, 2022; Burity et al., 2023; Lopes et al., 2023).

Entre os mondmeros mais utilizados nas resinas compostas fotoativadas,
destacam-se o Bis-GMA e o TEGDMA, ou combinagdes de Bis-GMA, UEDMA e
TEGDMA na matriz organica (Lopes et al., 2023). No que tange a matriz inorganica, sua
presenga ¢ determinante para as propriedades fisicas e mecanicas do compdsito, pois
quanto maior a quantidade de particulas de carga, menor ¢ o coeficiente de expansao
térmica e a contragdo de polimerizagdo (Lemos, 2022).

As resinas compostas sdo classificadas conforme as caracteristicas das particulas
de carga, como composic¢ao, formato, quantidade e, especialmente, tamanho, uma vez que
este parametro influencia diretamente a lisura superficial e, consequentemente, a estética
final da restauragdo (Damasceno et al., 2020). De forma decrescente, elas podem ser
categorizadas em: (1) macroparticulas, (2) microparticuladas, (3) hibridas, (4)
nanoparticuladas e (5) nanohibridas (Lopes et al., 2023).

Os primeiros compositos desenvolvidos foram os de macroparticulas, que
apresentavam particulas de aproximadamente 50 um de didmetro. Apesar de oferecerem
boa resisténcia as tensdes, apresentavam dificuldades quanto ao polimento e a
manutencdo do brilho. Para mitigar esses problemas, as resinas microparticuladas foram
desenvolvidas, com particulas de carga menores (cerca de 40 nm), permitindo melhor
polimento, porém com resisténcia mecanica inferior (Damasceno et al., 2020).

As resinas microhibridas, por sua vez, sdo compostas por particulas de vidro de
bario, litio ou zirconia, com tamanho igual ou inferior a 1,0 um, oferecendo boas
propriedades mecanicas e polimento satisfatorio (Rabelo et al., 2020). J4 as nanohibridas
sd30 uma combinagdo de microparticulas e nanoparticulas, variando entre 0,04 a 3,0 pm.
Essas resinas ndo s6 proporcionam excelente polimento e manutencdo do brilho, mas

também alta resisténcia a flexdo, tragdo e compressdo, devido a elevada concentragdo
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volumétrica de particulas de carga e pré-polimeros de menor tamanho (Damasceno et al.,

2020; Schroeder et al., 2019).

2.1.1 Manipulagao digital de resinas compostas com luvas com e sem po

O estudo de Martins et al. (2015) revelou que a manipulacdo digital de resinas
compostas com luvas contaminadas por p6 afeta diretamente o desempenho mecanico e
a resisténcia de unido das camadas incrementais, devido a presenga de detritos organicos
e inorganicos, bem como a formagao de porosidades no composito. Contudo, os autores
sugerem que a limpeza das luvas com etanol pode ser suficiente para mitigar esses efeitos
negativos.

Naupari-Villasante et al. (2019) conduziram outro estudo in vitro para avaliar a
microdureza das resinas compostas Filtek™ Z350XT (3M ESPE) e Herculite Précis®
(Kerr) quando manipuladas com luvas de latex contaminadas com pd, saliva humana e
alcool. Os resultados indicaram que a manipulacdo digital diminui significativamente a
microdureza, principalmente quando as luvas de latex com p6 foram usadas no caso da
Filtek™ Z350XT, e quando as luvas de latex sem p6 foram contaminadas com saliva no
caso da Herculite Précis®.

Os autores reforgam que a manipulacdo digital de resinas compostas deve ser
evitada, sendo ainda mais prejudicial quando feita com luvas de latex com pd. No entanto,
ndo ha consenso na literatura sobre se os sulfetos liberados pelas luvas de latex podem
reagir quimicamente com a resina composta da mesma forma que inibem a polimerizagao

em materiais a base de polivinil siloxanos (Naupari-Villasante et al., 2019).

2.2 Sistemas adesivos
Os sistemas adesivos tém a func¢do de promover a adesdo entre a resina composta
e o esmalte/dentina (Gaviolli et al., 2021), sendo classificados em: (1) convencionais, (2)

autocondicionantes e (3) universais (Froehlich et al., 2021).

2.2.1 Sistemas adesivos convencionais

Os adesivos convencionais, ou “etch-and-rinse”, requerem preparo prévio da
interface dental com 4cido, para desmineralizar o esmalte e a dentina antes da aplicagao
do adesivo. Esses sistemas podem ser de dois ou trés passos clinicos: acido seguido de
primer e adesivo no mesmo frasco, ou acido, primer e adesivo em frascos separados,

respectivamente (Duarte; Paes, 2020; Froehlich et al., 2021).
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O primer modifica a superficie dentinaria, tornando-a hidrofébica e mais rugosa,
0 que aumenta a energia superficial e, consequentemente, facilita a adesdo ao garantir que
o adesivo consiga aderir a superficie ao aumentar a molhabilidade, escoamento superficial
e penetragdo do mesmo (Garcilazo-Goémez et al., 2019). O adesivo, por sua vez, ¢ um
flaido denso que penetra na rede de coladgeno exposta, formando uma camada hibrida e
criando ligagdes quimicas e mecanicas que favorecem a polimerizagdo da resina
composta (Duarte; Paes, 2020).

O condicionamento acido no esmalte gera microporosidades preenchidas pelos
mondmeros resinosos presentes no adesivo, formando fags resinosos. Ja na dentina, a
adesdo ¢ mais desafiadora, devido a sua composi¢do organica e a umidade nos tibulos
dentindrios, além da smear layer (camada formada por bactérias, sangue e saliva durante
o preparo cavitario) (Froehlich et al., 2021).

O sistema adesivo convencional de trés passos ¢ considerado o padrdo-ouro para
adesdo. No entanto, ha desafios técnicos, como o excesso de tempo durante o
condicionamento 4cido, o colapso de coldgeno durante a secagem e o controle da
umidade, o que faz com que sua aplicacdo clinica seja menos difundida, pois muitos
cirurgides-dentistas relatam dificuldades técnicas (Duarte; Paes, 2020; Froehlich et al.,

2021).

2.2.2 Sistemas adesivos autocondicionantes

Os sistemas adesivos autocondicionantes, ou "self-efching", ndo necessitam de
condicionamento 4cido prévio, pois o primer ja contém monomeros acidos que
desmineralizam e infiltram o adesivo simultaneamente, formando a camada hibrida de
imediato (Duarte; Paes, 2020; Froehlich ez al., 2021).

Esse tipo de adesivo pode ser aplicado em um ou dois passos. No sistema de dois
passos, o agente condicionador e o primer estdo no mesmo frasco, enquanto o adesivo ¢
aplicado separadamente. No sistema de um passo (all-in-one), todos os componentes
estdo no mesmo frasco (Duarte; Paes, 2020; Froehlich et al., 2021).

A adesdo na dentina depende da acidez do primer, que pode ser classificada como
ultraleve (pH > 2,5), leve (pH = 2,0) ou moderada (pH = 1,5). Primers com baixo pH
tendem a gerar ligacdes de melhor qualidade, enquanto primers ultraleves, de pH mais
elevado, apresentam baixa capacidade de desmineralizagdo e adesao (Duarte; Paes, 2020;

Froehlich et al., 2021).
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2.2.3 Sistemas adesivos universais

Os adesivos conhecidos como “universais” ou “multimodo” podem ser aplicados
através de 3 técnicas: (1) condicionamento acido e enxague, (2) condicionamento acido
seletivo do esmalte ou (3) autocondicionamento; o que da ao cirurgido-dentista o poder
de escolha a depender da situacdo clinica que encontrar (Gaviolli ef al., 2021).

Sua composi¢do ¢ mais complexa que os demais sistemas adesivos, pois mistura
mondmeros hidroéfilos e hidrofébicos. Em dentina, apresenta resultados satisfatérios de
resisténcia de unido em dentina previamente condicionada ou ndo; enquanto em esmalte,
devido ao seu pH ser maior ou igual a 2, o condicionamento ¢ insatisfatorio (Lorenzetti

et al., 2019, Duarte; Paes, 2020)

2.2.4 Manipulacao de resinas compostas com adesivos

Araujo et al. (2018), em seu estudo in vitro, demonstraram que a modelagem de
uma resina composta de baixa viscosidade com adesivo universal reduziu a
suscetibilidade da mesma a coloracdo por bebidas quando expostas a termociclagem. A
explicacdo para este desfecho, de acordo com as hipdteses dos autores, seria que tal
modelagem reduz a presenca de defeitos (como bolsas de ar e/ou zonas ndo compactadas)
na maior parte do compdsito.

Bauer et al. (2022) obtiveram resultados similares em seu estudo com luvas de
latex com pd, sistema adesivo convencional de trés etapas (3M/ESPE) e resina composta
microhibrida (Filtek Z250 XT, sugerindo que a modelagem do composito com adesivo
favorece suas propriedades fisico-quimicas e que a utilizagdo dos adesivos entre as
camadas incrementais ndo afete na translucidez e estabilidade de cor (propriedades
estéticas) da resina composta. Os autores encontraram, ainda, os piores resultados no

grupo em que a resina composta foi manipulada com luvas de latex com po.

2.3 Analise das caracteristicas dos materiais

Os testes realizados in vitro sdo essenciais para avaliar a qualidade e a
durabilidade estética das resinas compostas empregadas na odontologia. Por meio dessas
andlises, ¢ possivel fornecer subsidios tanto para fabricantes quanto para dentistas na
selecdo das resinas compostas mais adequadas a cada situagdo clinica, visando a obtenc¢ao
de restauracdes que se integrem de forma harmoniosa aos dentes naturais € mantenham

suas caracteristicas estéticas e funcionais ao longo do tempo (Mesquita, 2024).
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2.3.1 Teste de Flexdao e Mddulo de Elasticidade

A flex@o ¢ uma propriedade mecanica que reflete a capacidade do material de
resistir a deformagdo ou curvatura quando submetido a uma forga ou carga aplicada de
maneira perpendicular. No contexto das resinas compostas utilizadas em odontologia,
essa propriedade ¢ crucial para avaliar a resisténcia do material as forgas mastigatorias e
outras tensdes aplicadas durante a funcdo normal dos dentes (Rabelo et al., 2020,
Suarez et al., 2021, Vermudt, 2022).

Sua mensuracgdo ¢ realizada por meio de testes que aplicam uma carga sobre uma
amostra do material em um ponto determinado. Os resultados sdo expressos em unidades
de pressdo, geralmente em megapascais (MPa), fornecendo subsidios importantes para
que os dentistas selecionem o tipo mais adequado de resina composta para diferentes
situagoes clinicas (Souza et al., 2024).

O modulo de elasticidade, por sua vez, descreve a rigidez do material e sua
capacidade de retornar a forma original apds a aplicagdo de uma forca externa. Trata-se
de uma medida da relacdo entre tensdo e deformagao eldstica de um material. No caso das
resinas compostas, 0 modulo de elasticidade ¢ essencial para determinar o grau de rigidez
e a capacidade do material de resistir a deformacdo sob tensdo. Essa propriedade ¢é
expressa em unidades de pressdo, geralmente em gigapascais (GPa) (Nascimento, 2021,

Souza et al., 2024).

2.3.2 Teste de Sor¢ao em agua

A sor¢do em agua ¢ um teste realizado em resinas compostas para avaliar sua
capacidade de absorver 4gua ao longo do tempo, um fator critico no desempenho clinico
desses materiais. A exposicdo continua a saliva e a outros fluidos bucais pode
comprometer as propriedades mecanicas e estéticas das restauragdes dentarias
confeccionadas com resinas compostas, tornando esse teste essencial na analise de sua
durabilidade (Santos et al., 2022, Alves; Vasconcelos; Vasconcelos, 2023, Hernandes et
al., 2023).

A absor¢do de dgua pelas resinas compostas resulta em alteracdes nas
caracteristicas fisicas do material, incluindo aumento de volume e expansdo. Essas
mudangas dimensionais podem gerar problemas clinicos indesejaveis, como infiltragao
marginal — caracterizada pela formacdo de espacos entre a restauracao e o dente — e
manchamento da superficie restaurada (Alves; Vasconcelos; Vasconcelos, 2023,

Hernandes et al., 2023).
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O teste de sor¢do em agua ¢ realizado por meio da imersdo de amostras da resina
composta em um meio aquoso, geralmente agua destilada, durante um periodo
determinado. As amostras sdo periodicamente retiradas, secas superficialmente e pesadas
para monitorar o ganho de peso causado pela absorcdo de 4gua. Os resultados sdo
expressos em microgramas de dgua absorvida por milimetro ctibico de resina (ng/mm?),
sendo que valores mais baixos indicam maior estabilidade dimensional do material ao

longo do tempo (Santos et al., 2022, Vermudt, 2022).

2.3.3 Teste de Microdureza

O teste de microdureza avalia a qualidade da fotoativagdo do compdsito através
da dureza da superficie, verificando sua capacidade de resistir a deformagao plastica por
penetracdo (Rombaldo et al., 2021, Mesquita, 2024).

A dureza pode ser mensurada através dos testes de Vickers e Knoop. A
microdureza de Vickers € utilizada para medir dreas pequenas e materiais duros, através
de um indentador de diamante em forma de piramide de base quadrada, com um angulo
de 136 graus entre as faces opostas, para indentar a amostra. A média ¢ calculada a partir
da medidas tiradas das diagonais da identacdo deixada na superficie do material, e esse
valor ¢ calculado juntamente com a area da superficie inclinada (Mesquista, 2024). Ja a
microdureza de Knoop ¢ utilizada para medir areas pequenas e materiais frageis

(Rombaldo et al., 2021)
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3 CAPITULO 1

Impacto da modelagem adesiva e do tipo de luva nas propriedades mecanicas de

uma resina composta: Um Estudo In Vitro

Luana Barbieri Trinta!, Jardel dos Santos Silva?, Maria Luizae Moraes Rego Moreira?,

Isidorio Alexandre do Nascimento Neto?, Andréa Dias Neves Lago*

1 Universidade Federal do Maranhao, Programa de Pos Graduagdo em Odontologia, Mestrado,
2 Universidade Federal do Maranhdo, Programa de Pos Graduagdo em Odontologia, Doutorado,
3 — Universidade Federal do Maranhao, Graduagao, 4 — Universidade Federal do Maranhao,
Departamento de Odontologia I

(A ser submetido na revista Materials)

The aim of this study was to evaluate the physicochemical properties of a composite resin
manipulated with and without gloves, and with or without the use of an adhesive system.
experimental study comprising nine groups was conducted to verify the influence of
different adhesives and glove types on the mechanical properties of a composite resin.
The properties evaluated included flexural strength, elastic modulus, water sorption, and
microhardness. Data were compared across groups using Bartlett’s test, one-way
ANOVA, or Kruskal-Wallis. Regarding flexural strength, groups manipulated with
gloves (latex/nitrile) and universal adhesive showed the best results, while the
conventional adhesive exhibited inferior performance. For the elastic modulus,
significant differences were found between groups, highlighting the stability of the
universal adhesive. Water sorption and solubility showed no significant differences;
however, the low statistical power suggests the need for further studies. Concerning
translucency and color stability, groups showed minimal variation at 24 hours, with more
pronounced differences at 7 days. Finally, for microhardness, groups using universal
adhesive stood out, whereas the conventional adhesive showed lower performance. The
study concluded that the manipulation of composites with adhesives, especially
conventional ones, and powdered gloves resulted in significant alterations to their
physicochemical properties; therefore, this practice should be avoided.

Keywords: Composite resin; Mechanical properties; Gloves; Dentin adhesives.

1. Introduction
Restorative materials, such as composite resins, are frequently used in clinical
dental practice due to their ability to provide satisfactory aesthetic and functional

outcomes, ensuring longevity while preserving healthy tooth structure. These materials
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achieve adhesion to both enamel and dentin through adhesive systems in both anterior
and posterior teeth [1,2]. Such resin composites consist of a polymeric matrix formed by
mono-, di-, or tri-functional monomers, inorganic filler particles (radiopaque glasses that
enhance mechanical properties), coupling agents (silane), pigments, additives,
radiopacifiers, color stabilizers, and photoinitiating agents, such as camphoroquinone [3-
71.

Among the monomers most used in light-cured composite resins are Bis-GMA
and TEGDMA, or combinations of Bis-GMA, UDMA, and TEGDMA within the organic
matrix [7]. Regarding the inorganic matrix, its presence is decisive for the physical and
mechanical properties of the composite; a higher filler loading results in a lower
coefficient of thermal expansion and reduced polymerization shrinkage [6]. These
composites exhibit several desirable properties, including compressive strength,
hardness, abrasion resistance, homogeneity, translucency, a linear coefficient of thermal
expansion similar to that of the tooth structure, and ease of handling and insertion [4].
However, when performing composite restorations, the clinician must be alert to various
forms of material contamination during insertion into the cavity, as such contaminants
can compromise long-term performance [8].

The handling of composite resin varies not only according to the clinician's
personal preference but also depending on the material's physicochemical characteristics.
Low-flowability composites are often manipulated with gloves before insertion into the
cavity, or with a spatula or disposable micro-applicator dipped in adhesive to reduce
surface tension [9,10]. Furthermore, using adhesive systems as lubricants to improve resin
flowability may compromise restoration longevity by impairing the physical and
mechanical properties of the adhesive interface. This occurs due to the creation of micro-
defects and the propagation of pre-existing cracks between the applied increments
[10,11].

Given the above, there is a clear need for studies comparing the effects of handling
with latex and latex-free gloves on composite properties, as well as the effects of different
modeling methods. The experimental hypothesis tested in this study was that digital
manipulation of composites using different types of gloves results in differences in
properties, regardless of the adhesive used. The null hypothesis proposes that there is no
change in the physicochemical properties of the composites after manipulation with
adhesives (universal or conventional) and/or gloves (latex or nitrile). Therefore, the

objective of this study was to evaluate the physicochemical properties of a composite
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resin manipulated with and without the use of gloves, and with or without the use of an

adhesive system.

2. Materials and Methods
2.1. Study Design

The present work is an experimental in vitro study.

Specimen preparation was based on the methodology by Bauer et al. (2022),

consisting of three composite resin increments (Filtek Z250, 3M ESPE, St. Paul, MN,

USA) inserted into metallic molds for each test. The experimental groups were divided

(Flowchart 1) based on the handling technique used to manipulate the material within the

stainless steel molds. These groups were subdivided into two categories: latex gloves and

nitrile gloves, both for dental procedures. The analysis groups were organized as follows:

Control Group (CG): Each composite resin increment was inserted into the mold
using a metallic spatula (#3201, Millenium, Indaiatuba, SP, Brazil) without the
use of adhesives or contact with gloved hands. Between each specimen
preparation, the spatula was cleaned with 70% alcohol and dried with absorbent
paper.

Conventional Adhesive Group (G2): Each increment was inserted with a clean
metallic spatula and modeled using a microbrush (Aplik, Angelus, Londrina, PR,
Brazil) soaked in a conventional adhesive (OptiBond FL, Kerr, Orange, CA,
USA), using a new microbrush for each preparation.

Universal Adhesive Group (G3): Each increment was inserted with a clean
metallic spatula and modeled using a microbrush soaked in a universal adhesive
(Ambar Universal, FGM, Joinville, SC, Brazil), using a new microbrush for each
preparation.

Latex Glove Group (G4): Each increment was manually modeled for 10 seconds
using latex gloves (Supermax Premium Quality, Supermax Glove Manufacturing,
Selangor, Malaysia) and inserted into the mold with a metallic spatula, using a
new pair of gloves for each specimen.

Latex Glove + Conventional Adhesive Group (G5): A combination of Groups
2 and 4; each increment was manually modeled with latex gloves for 10 seconds,
inserted into the mold, and further modeled with a microbrush soaked in

conventional adhesive.
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Latex Glove + Universal Adhesive Group (G6): A combination of Groups 3
and 4; each increment was manually modeled with latex gloves for 10 seconds,
inserted into the mold, and modeled with a microbrush soaked in universal
adhesive.

Nitrile Glove Group (G7): Each increment was manually modeled for 10
seconds using nitrile gloves (Medix, Curitiba, PR, Brazil) and inserted into the
mold with a metallic spatula, using a new pair of gloves for each specimen.
Nitrile Glove + Conventional Adhesive Group (G8): A combination of Groups
2 and 7; each increment was manually modeled with nitrile gloves for 10 seconds,
inserted into the mold, and modeled with a microbrush soaked in conventional
adhesive.

Nitrile Glove + Universal Adhesive Group (G9): A combination of Groups 3
and 7; each increment was manually modeled with nitrile gloves for 10 seconds,
inserted into the mold, and modeled with a microbrush soaked in universal

adhesive.

2.2. Flexural Strength and Elastic Modulus

The methodology was based on the study by Bauer et al. (2022).

A total of 90 bar-shaped specimens (n=10) were prepared with dimensions of

25 mmx2 mmx*2 mm. The specimens were light-cured at three points with a 10 mm

distance between the light source and the sample, totaling 120 s of light exposure per

specimen. The bars were stored in distilled water at 37°C for 24 hours and subsequently

subjected to a three-point bending test.

The specimens were tested using a universal testing machine (Instron 4411,

Instron Inc., Canton, MA, USA) at a crosshead speed of 1 mm/min with a 50 N load cell.

The flexural strength (o) and elastic modulus (E), expressed in MPa, were calculated

using the following formulas:

o = 3FL/2bh?
E =FL?/ 4hb’d



23

Where: F is the maximum load recorded at the point of fracture (N); L is the span
between the supports (mm); b is the width of the specimen (mm); h is the height

(thickness) of the specimen (mm); d is the deflection of the beam (mm).

2.3. Water Sorption and Solubility

The methodology was based on the study by Bauer et al. (2022).

To evaluate the water sorption and solubility of the adhesive systems, a total of
45 disc-shaped specimens (n=5) were prepared using a light-body polyvinyl siloxane
mold (Honigum-Mono, DMG Chemisch-Pharmazeutische Fabrik GmbH, Hamburg,
Germany) with dimensions of 5 mm in diameter and 1 mm in height. The materials were
dispensed into the molds and light-cured (Radii-cal, SDI, Bayswater, Victoria, Australia)
for 1 minute (1200 mW/cm2 +10%) on both the top and bottom surfaces. Immediately
after light-curing, the specimens were stored in a desiccator containing silica gel.

The specimens were weighed every 24 hours using a calibrated analytical balance
until the mass variation was less than 0.2 mg (m1). The thickness and diameter of the
samples were measured with an electronic digital caliper (Promat, [City, State, Brazil])
to determine their volume (V) in mm?. The specimens were then placed individually in
I mL of deionized water and weighed daily for 7 consecutive days (m2). Subsequently,
the samples were dried in a desiccator containing silica gel and weighed daily until a new
constant mass was obtained (m3). The values for water sorption (Wspy) and solubility

(Ws1), expressed in pg/mm3, were calculated using the following formulas:

Wq) = (ml- m3)/V

2.4. Vickers Microhardness (VHN)

The methodology was based on the study by Bayraktar et al. (2022).

Prior to the microhardness analysis, 90 specimens (n=10) were immersed in
distilled water for 24 hours. The test was performed using a microhardness tester (Wilson
Wolpert Micro-Vickers 401MVD, Wilson Wolpert Instruments, Aachen, Germany). A
load 0f 200 g (1.96 N) was applied for 10 seconds. Each specimen was placed in the tester
individually, and three diamond pyramid-shaped indentations were performed.

The Vickers microhardness was calculated using the following formula:
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VHN = 1,854 P/ &2 (5)

Where P is the applied load (kgf); d is the mean diagonal length of the indentation
(mm).

The final microhardness value for each specimen was recorded as the average of
the three indentations. The intra-observer and inter-observer correlation coefficient values
ranged from 0.951 to 0.982 and 0.950 to 0.982, respectively; both 95% confidence

intervals were statistically significant (p<0.001).

2.5. Statistical Analysis

Statistical analysis was conducted using GraphPad Prism software, version 10.4.2
(GraphPad Software Inc., San Diego, CA, USA). Descriptive measures included the
median, 25th percentile, and 75th percentile. Box plots and line graphs were used to
present the results. The normality of the distribution of continuous variables was assessed
using the Shapiro-Wilk test, while the homogeneity of variances was evaluated using
Bartlett’s test. For group comparisons, one-way ANOVA followed by Tukey’s post hoc
test, or the Kruskal-Wallis test followed by Dunn’s post hoc test, was applied, depending
on whether statistical assumptions were met. The significance level adopted for all

analyses was 5% (p < 0.05).

3. Results
3.1. Flexural strength and elastic modulus

Figure 1 presents the comparative analysis among the experimental groups
regarding flexural strength and elastic modulus. For flexural strength, statistically
significant differences were observed between the groups (P = 0.007). Group G9 showed
the highest median value (10.440 MPa), followed by G5 (8.031 MPa) and G8 (7.337
MPa). In contrast, Group G3 exhibited the lowest median value (4.358 MPa). Multiple
comparison analysis indicated that G3 differed significantly from G5 and G9.

Regarding the elastic modulus, statistically significant differences were also found
among the groups (P <0.001). Groups G6, G7, and G9 showed the highest median values,
close to 980 GPa, whereas Group G2 had the lowest median (510 GPa). The multiple
comparison test revealed that Group G2 had significantly lower elastic modulus values
compared to Groups G1, G4, G6, G7, and G9, suggesting lower stiffness in G2.

Descriptive details are provided in Table S1.
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3.2. Moisture Sorption and Solubility

Figure 2 shows the comparative analysis of water sorption and solubility among
the groups. For water sorption, no statistically significant differences were found between
the groups (P = 0.429). Similarly, solubility did not present statistically significant
differences among the groups (P = 0.978). Descriptive statistics are provided in Table S2.

3.3. Microhardness

Figure 3 presents the comparative analysis of Vickers microhardness values
among the study groups. A statistically significant difference in microhardness was
observed between groups (P < 0.001). G4 exhibited the highest median microhardness
value (80.37), followed closely by G9, G6, and G1, these groups generally showed the
greatest resistance to indentation. In contrast, G3 recorded the lowest median value
(15.93), indicating the least hardness among all groups. According to the multiple
comparison test, G4 had significantly higher value than G2, G3, G5, and G8. G2 and G3
were significantly lower than most other groups. These findings suggest that

microhardness varied notably among the materials tested (Table S3).
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values for the comparative analysis of flexural strength (A) and elastic modulus (B)
among the study groups. Different lowercase letters indicate statistically significant

differences between groups based on the multiple comparison test (P < 0.05).
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4. Discussion

The null hypothesis was rejected, as different methods of composite resin
manipulation significantly influenced specific mechanical properties. The findings of this
study indicate that manipulating composites with adhesives resulted in significant
alterations to their physicochemical properties. A comparison between groups treated
with universal adhesive and those treated with conventional adhesive revealed that the
former showed superior results in most tests; however, water sorption and solubility tests
showed no significant differences, even considering the contamination from latex gloves.

The chemical composition of universal adhesives includes hydrophilic and
hydrophobic monomers, such as 10-MDP (10-methacryloyloxydecyl dihydrogen
phosphate), which is responsible for promoting a strong bond between the composite and
the resin [12,13]. Flexural analysis demonstrated that G3 presented the worst results
compared to the Control Group. This finding suggests that the universal adhesive could
induce deformation in the composite resin.

The handling of resin composites with gloves may alter the photopolymerization

process, as they come into contact with cornstarch powder or sulfides released by latex
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gloves [14]. An in vitro study evaluating the manipulation of Filtek™ Z350XT (3M
ESPE) and Herculite Précis® (Kerr) resins with powder-contaminated gloves [11]
demonstrated that sulfides alter the surface microhardness of resin composites. In
contrast, nitrile gloves are composed of a synthetic polymer (nitrile) formed by combining
acrylonitrile, butadiene, carboxylic acid, and aluminum sulfate [15].

Regarding flexural strength, significant differences were observed between
groups (p=0.007), notably for group G9, which presented the highest median, and group
G3, which exhibited the lowest value. The inferiority of G3 compared to G5 and G9
suggests that the isolated application of universal adhesive as a modeling agent may
negatively interfere with the mechanical behavior of the composite. Previous studies
indicate that using adhesives as modeling liquids can modify the superficial organic
matrix of the composite, promoting changes at the incremental interface and potentially
influencing the structural integrity of the material after polymerization [9,10]. Although
universal adhesives contain functional monomers like 10-MDP associated with chemical
stability and interaction with dental substrates [13], their direct application onto the
composite may alter the ratio between the organic matrix and inorganic filler in the
surface layer, justifying the observed reduction in certain mechanical properties. Further
studies are required to correlate the composition of universal adhesives with nitrile
gloves.

In bulk-fill resins (Filtek One Bulk Fill and Opus Bulk Fill) manipulated with
latex and nitrile gloves prior to light-curing, microhardness tests demonstrated that resins
handled only with a spatula showed significantly higher surface microhardness compared
to those manipulated with gloves [16]. Another study on bulk-fill resins [17] presented
similar findings. According to the authors, the reason latex glove manipulation decreases
mechanical properties is due to the physical barrier formed by powder particles deposited
on the composites, directly interfering with the curing process.

Regarding the elastic modulus, highly significant differences were observed
between groups (p<0.001). Group G2 presented the lowest values, differing statistically
from multiple groups, suggesting a reduction in material stiffness when conventional
adhesive was used as a modeling agent. Bauer et al. [10] reported that the incorporation
of conventional adhesive may modify the physicochemical properties of the composite
resin, possibly due to an increase in the organic fraction on the manipulated surface. Since
the elastic modulus is directly related to the proportion and integrity of the inorganic

phase, surface alterations resulting from adhesive application may compromise the
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overall stiffness of the material. Conversely, groups G4 and G7 demonstrated that
manipulation with gloves alone, without adhesive interference, does not appear to affect
the composite resin.

However, a study by Martins et al. [18] investigating composites manipulated
with powder-contaminated gloves revealed that this contaminant directly affects the bond
strength of the incremental layer. The authors recommended that digital manipulation
could be performed provided the gloves were cleaned with ethanol to remove powder
residues and other contaminants. In the present study, although groups manipulated
exclusively with gloves did not show significantly inferior performance in all tests, the
variability observed between experimental combinations suggests that the interaction
between glove type and adhesive use can influence the final behavior of the composite.
Nitrile gloves, due to their synthetic composition, do not contain natural latex proteins or
cornstarch powder, factors previously associated with interference on the surface of
dental materials [11,15]. Nevertheless, current findings do not allow for the establishment
of a direct causal relationship, indicating the need for additional investigations.

Regarding water sorption and solubility, no statistically significant differences
were identified (p=0.429 and p=0.978, respectively). These results suggest that the
experimental handling conditions were not sufficient to measurably alter the hydric
stability of the composite under the evaluated conditions. Bauer et al. [10] reported that
adhesive modeling could influence physicochemical properties; however, the impact on
sorption and solubility may depend on the thickness of the modified layer and the extent
of adhesive incorporation into the composite matrix. Furthermore, the small sample size
for this analysis (n=5) may have limited the statistical power to detect subtle differences.

Microhardness showed significant differences between groups (p<0.001), with
G4 presenting the highest median value, while G3 showed the lowest performance. The
sharp reduction in microhardness in groups involving the use of adhesives, especially G2
and G3, is consistent with previous findings indicating that the application of adhesives
as modeling agents can alter surface polymerization [10]. Microhardness is directly
related to the degree of conversion and the crosslink density of the polymer matrix; thus,
the presence of an additional layer rich in low-molecular-weight monomers may result in
a surface structure less resistant to indentation. Studies with bulk-fill resins manipulated
with gloves also demonstrated reduced microhardness when surface contamination
occurred before light-curing [16,17], reinforcing that surface interferences can impact

mechanical strength.
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Results obtained by Bauer et al. [10] corroborate the findings of this study. These
authors observed that conventional adhesive modified the composite resin, making it
stiffer and more prone to elastic deformation before failure or permanent deformation, as
well as more resistant to crack failure. In general, the results indicate that the use of
adhesives as modeling liquids exerts a more consistent influence on mechanical
properties than digital manipulation with gloves alone. The alterations observed in
flexural strength, elastic modulus, and microhardness suggest that surface layer
modification can affect structural performance. However, since hydric stability properties
were not significantly altered, it is possible that the effects are predominantly restricted
to the initial mechanical integrity of the material.

Thus, this work addressed the gap identified in the literature by Bauer et al. [10]
regarding the differences in digital manipulation of composites with latex and nitrile
gloves. The results confirmed that groups manipulated exclusively with nitrile gloves
showed superior performance. Given these findings, it is believed that latex powder
interferes in some way with the composition of resin composites. Additional studies with
larger sample sizes, evaluation of the degree of conversion, and microstructural analysis

may contribute to elucidating the mechanisms involved in the observed changes.

5. Conclusions

The findings of this in vitro study demonstrate that composite resin manipulation
protocols significantly influence mechanical performance. The use of adhesive systems
as modeling liquids, particularly conventional adhesives, led to a reduction in flexural
strength, elastic modulus, and microhardness. Conversely, digital manipulation using
either latex or nitrile gloves alone did not consistently compromise mechanical properties
compared to the control group. Water sorption and solubility were not significantly
affected by the experimental conditions. Overall, the incorporation of adhesive during the
modeling process exerted a greater negative impact on the material's properties than

contact with gloves.

Supplementary Materials:

Table S1. Comparative analysis of flexural strength and elastic modulus among the study groups.

Variables Gl G2 3 4 5 G6 7 8 9 value

Flexural strength
.007



Median
792
25% Percentile
.652
75% Percentile
.501
Multiple
comparison
Elastic modulus
Median
00.0
25% Percentile
47.5
75% Percentile
043.0
Multiple
comparison b

.380

.036

181

10.0

325

22.5

358

216

952

45.0

47.5

45.0

264

235

.140

10.0

37.5

.031

762

450

65.0

30.0

00.0

39

21

46

0.0

6.1

3.7

7.5

985

787

121

ab

.069

992

458

85.0

45.0

150.0

337

AT7

.863

90.0

65.0

10.0

32

0.440

.071

1.360

0.001

80.0

15.0

47.5

Different lowercase letters indicate statistically significant differences between groups according to the multiple

comparison test (P < 0.05).

Table S2. Comparative analysis of moisture sorption and solubility among the study groups.

C P
Variables 1 2 3 4 5 6 7 8 9 value
Moisture sorption 0.4
29
Median 0
.017 .038 .010 .017 .004 .046 .018 .004 .009
25% Percentile 0
0.019 .022 0.029 0.013 0.046  0.035 .012 0.024 .000
75% Percentile 0
.048 .073 .019 .055 .061 129 .046 .029 .021
Multiple
comparison a
Solubility 0.9
78
Median 0
.001 .000 .000 .000 .000 .040 0.004 .014 0.002
25% Percentile -
.001 0.007 0.050  0.032 0.050 0.053 0.027 0.107  0.077
75% Percentile 0
.002 .001 .046 .029 .049 113 .026 .087 .069
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Multiple

comparison a

Identical lowercase letters indicate no statistically significant difference between groups (P > 0.05).

Table S3. Comparative analysis of Vicker’s microhardness values among study groups.

' P
1 2 3 4 5 6 7 8 9 value
Microhar <
dness 0.001
Media
n 337 500 593 037 7.47 425 225 567 438
25% P
ercentile 291  2.06 1.66 4.76 6.55 1.07 973 157 2.49
75% P
ercentile 437 524 940 4387 8.07 1.03 487 9.10 7.95
Multip
le comparison be d b be d b
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4 CONSIDERACOES FINAIS

Os achados deste estudo in vitro demonstram que os protocolos de manipulacao
da resina composta influenciam significativamente seu desempenho mecéanico. A
utilizagdo de sistemas adesivos como liquidos de modelagem, especialmente os adesivos
convencionais, promoveu redu¢do na resisténcia a flexdo, no médulo de elasticidade e na
microdureza. Por outro lado, a manipulacdo digital com luvas de latex ou nitrilicas, de
forma isolada, ndo comprometeu de maneira consistente as propriedades mecanicas em
comparagdo ao grupo controle. A sor¢cdo e a solubilidade em &gua nao foram
significativamente afetadas pelas condigdes experimentais. De modo geral, a
incorporagdo de adesivo durante a modelagem exerceu maior impacto do que o contato

com luvas.
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