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RESUMO

Apesar de bastante difundido, o clareamento dental promove efeitos adversos
ao esmalte e sensibilidade dentinaria. Acredita-se que a incorporacdo de diferentes
concentracbes de nanoparticulas (NPs) de dioxido de titanio (NF_TiO2) associadas
com o pentéxido de niébio (NbsO2) podem atuar sinergicamente, aumentando o
potencial oxidativo do peroxido de hidrogénio (PH), melhorando as propriedades
quimicas e bioldgicas, e otimizando a eficacia do gel clareador. Dessa forma, o
objetivo deste estudo foi avaliar a estabilidade quimica, potencial clareador e efeitos
no conteudo mineral e morfologia do esmalte de géis clareadores experimentais
contendo PH 6%, NPs de NF_ TiO2 e/ou NbsOs submetido ou nédo a irradiagdo com
luz violeta. Na fase 1, as NPs de NF_TiO2 foram sintetizadas e os géis experimentais
foram caracterizados por meio de andlise da estabilidade preliminar e acelerada,
andlise de pH, e titulagdo de PH. Na fase 2, foi determinada a alteragéo de cor dental
(AEoo) e indice de clareamento (WIp) e na fase 3, avaliacdo da microdureza (DS),
alteracdo da rugosidade média de superficie (ARa), concentracdo de Ca e P
(espectroscopia por energia dispersiva de raio-X - EDS) e morfologia do esmalte
(microscopia eletrbnica de varredura, MEV). Blocos de esmalte bovino foram
aleatoriamente divididos e tratados com (n=10): PH 6% contendo 5% NF_TiO2, 5%
Nb20s, 2,5% NF_TiO2 + 2,5% Nb20s ou apenas PH 6% (sem particulas). Os grupos
foram irradiados ou ndo com luz LED violeta (LED). O grupo controle foi tratado com
PH 35% comercial (PH 35%). O clareamento foi realizado em 3 sessdes de 30 min
com intervalo de 7 dias. Os dados foram submetidos a ANOVA de dois (pH, titulacao,
AEoo, e AWIp) e trés fatores (DS) com post-hoc Tukey, e Kruskal-Wallis (ARa) (o =
0,05). Os géis ndo apresentaram alteracdes de cor, odor e translucidez na analise
preliminar e acelerada, e o pH dos géis experimentais permaneceu estavel ao longo
do tempo, com valores médios de 6 a 6,5. A titulacdo indicou aumento na
concentracdo de H202 nos grupos irradiados com LED. Os géis contendo NF_TiOz e
Nb20s apresentaram maior AEoco e AWIp quando irradiados com o LED (p<0,05) e nao
apresentaram diferencas em AEoo € AWIp em relagéo ao PH 35%. Houve diminuicao
da DS do esmalte tratado com Nb20s e Nb20s + TiO2, sem LED (p<0,05), porém sem
diferencas entre os demais grupos (p>0,05). Nao houve alteracdo significante da
rugosidade (ARa), conteido de Ca e P (EDS) e morfologia (MEV) do esmalte apés

tratamentos (p>0,05). Conclui-se que o0s géis clareadores experimentais contendo



NF_TiO2 ou Nb20s, e irradiados com luz LED, apresentaram estabilidade quimica,

potencial clareador semelhante ao PH 35%, e ndo promoveram efeitos adversos na

estrutura do esmalte.

Palavras-chave: nanoparticulas, titanio, niébio, clareamento dental



ABSTRACT

Although widespread, tooth bleaching promotes adverse effects on enamel
and dentin sensitivity. It is believed that the incorporation of different concentrations of
titanium dioxide nanoparticles (NPs) (NF_TiO2) associated with niobium pentoxide
(NbsOs) may act synergistically, increasing the oxidative potential of hydrogen peroxide
(HP - H202), improving the chemical and biological properties, and optimizing the
effectiveness of the whitening gel. Thus, this study evaluated the chemical stability,
bleaching potential, and effects of experimental bleaching gels containing HP, NPs of
NF_ TiO2, and/or NbsOs, submitted or not to violet LED light on mineral content and
enamel morphology. In phase 1, NPs were synthesized, and experimental gels were
characterized by means of preliminary and accelerated stability analysis, pH analysis,
and pH titration. In phase 2, tooth color (AEoo) and whitening index (Wip) variations
were determined, and in phase 3, evaluation of microhardness (SH), mean surface
roughness (ARa), the concentration of Ca and P (spectroscopy by energy dispersive
X-ray - EDS) and enamel morphology (scanning electron microscopy, SEM). Bovine
enamel blocks were randomly divided and treated with 6% HP containing (n=10): 5%
NF_ TiO2, 5% NbsOs, 2.5% NF_ TiO2 + 2.5% NbsOs or without particle (6% HP). The
groups were irradiated or not with violet LED light (LED). The positive control group
was treated with commercial 35% HP (CP). Bleaching was performed in 3 sessions of
30 min with an interval of 7 days. Data were submitted to two (pH, titration, AEoo, and
AW)p) and three-way (SH) and Tukey post-hoc, Kruskal-Wallis (ARa) ANOVA (a =
0.05). The gels did not show color, odor, and translucency alterations in the preliminary
and accelerated analysis, and the pH of the experimental gels remained stable over
time with average values of 6 to 6.5. The decomposition rate indicated the
Concentration of H20:2 in solution in the groups irradiated with LED. Gels containing
NF_TiO2 and/or NbsO2 showed higher AEoco and AWip when irradiated with LED
(p<0.05), and no differences in color parameters in comparison with 35% HP. SH
decreased even after NbsOs and NbsOs + TiO2, without LED (p<0.05), but without
differences between groups (p>0.05). No significant change in roughness (ARa), Ca
and P content (EDS), and morphology (SE<) of enamel after treatments (p>0.05). In
conclusion, experimental 6% HP gels containing NF_TiO2 or Nb20s and light-
irradiated, were chemically stable, exhibiting bleaching potential comparable with 35%
HP, without causing enamel adverse effects.

Keywords: nanoparticles, titanium, niobium, tooth whitening
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1 INTRODUCAO

O clareamento dental figura entre os procedimentos clinicos estéticos de maior
popularidade entre dentistas e pacientes (Joiner et al., 2017). Esta popularidade deve-
se a alta demanda e preocupacdo com a estética do sorriso. Autores revelam que 86%
da populagéo adulta brasileira deseja realizar tratamentos clareadores de consultério
(Silva et al., 2015). A ampla adesdo ao tratamento justifica-se pelas caracteristicas
ultraconservadoras e minimamente invasivas da técnica, uma vez que o clareamento
atua na decomposicéo de pigmentos, sem que haja remocao de estrutura do substrato
dental (Ubaldini et al., 2013, Lima et al., 2018), tornando-se uma forma segura de

obtencéo de resultado estético.

Dentre as técnicas de clareamento, a de consultério utiliza altas concentracfes
(25 a 40%) de peroxido de hidrogénio (PH) aplicadas diretamente a superficie do
esmalte (Basting et al., 2012). Seu mecanismo de agdo e sua consequente acao
clareadora € baseado na geracdo de espécies reativas de oxigénio (EROs) que
penetram no esmalte e oxidam ligac6es duplas conjugadas presentes em croméforos
(Kwon e Wertz, 2015).

Apesar dos beneficios estéticos alcancados com os diferentes protocolos de
clareamento dental (Basting et al.,, 2012), o surgimento de efeitos adversos na
estrutura do esmalte é um risco eminente. Dentre as alteracdes, estudos
demonstraram aumento na rugosidade da superficie apds o clareamento, além da
diminuicdo do contetdo inorganico e da resisténcia do esmalte (Goyal et al., 2021).
Além destas possiveis alteracdes, altas concentracbes de PH podem modificar a
relacdo célcio/fosfato (Ca/P) do esmalte, diminuindo a microdureza decorrente da
perda do contetdo mineral (Cavalli et al., 2018). Outro fator importante evidenciado é
o alto poder de difusdo do PH nos tecidos dentais, o qual gera citotoxididade pulpar
(Llena et al., 2019, Oliveira Duque et al.,2020). Ainda, estudos indicam que altas
concentracbes de PH geram danos pulpares, os quais clinicamente se manifestam
como sensibilidade dentinaria (Soares et al., 2015). Embora a sensibilidade cesse com
a interrupgéo do tratamento, ndo existem relatos das consequéncias citologicas em

longo prazo.

Diante destes efeitos adversos, agentes experimentais e mudancas no protocolo

de aplicagcéo tem sido sugeridas com o objetivo de minimizar tais desvantagens e
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potencializar a seguranca e eficacia do tratamento. Um estudo demonstrou que a
incorporacao de particulas que potencializam a decomposi¢éo do H202 na superficie
do esmalte, podem aumentar a seguranca do clareamento, pois as EROs geradas,
como hidroxila, peridroxila e o oxigénio, possuem curto tempo de meia-vida, e nédo

conseguiriam difundir-se até a polpa (de Oliveira Ribeiro et al.,2022).

O TiO2 é um 6xido metalico catalisador (Hanaor & Sorrell, 2010) encontrado em
trés formas cristalinas diferentes: bookita, anatase e rutilo, sendo a fase anatase e
rutilo, as fases de maior fotorreatividade (Li et al., 2015), com pico de absorcao de luz
nos de comprimentos de onda de 386 nm (UV) e 416 nm (VIS), respectivamente (Lan
et al., 2013). O mecanismo fotocatalitico do TiO2 envolve a producdo de radicais
hidroxila altamente reativos, que em contato com substancias organicas, realizam a
oxidacdo. A caracteristica fotocatalitica do TiO2 proporciona o desenvolvimento de
materiais com propriedades antimicrobianas devido a liberacdo dos radicais livres
reativos (Joost et al., 2015). Ainda, relatos demonstram que em escala nanométrica,
€ possivel a dopagem da estrutura cristalina do TiO2 com ions metalicos, como Nb,
Cu, Ni, Co, Cr, Mn, Mo, V, Fe ou elementos metalicos, ndo metalicos ou metaldides
do bloco “p”, como N, P, C, S, B, F e | (Bakhshayesh & Bakhshayesh, 2016), os quais
podem potencializar a atividade fotocatalitica do TiO2, e suas propriedades

antibacterianas.

Em estudos clinicos, nanoparticulas N_TiOz2, incorporadas em géis clareadores
de baixa concentracdo (PH 15% e 6%), apresentam efeito semicondutor quando
irradiadas com comprimentos de onda na regido visivel do espectro eletromagnético
(400-700 nm). De acordo com os autores, as nanoparticulas (NPs) aumentam a
capacidade dissociativa do PH, potencializando a producédo de EROs, favorecendo e
otimizando a quebra de pigmentos intrinsecos (Bortolatto et al., 2014, Bortolatto et al.,
2016). Acredita-se que este comportamento possa diminuir os danos pulpares, pois
potencializa a dissociacdo do H202 e diminui a difusdo de EROs na polpa. Nestes
estudos, foi demonstrado que o clareamento com PH (15% e 6%) associado as NPs
de dioxido de titdnio dopadas com nitrogénio (N_TiO2) promoveram resultados
estéticos, e menor sensibilidade dentinaria quando comparados aos agentes
clareadores tradicionais (PH 35%) (Bortolatto et al., 2014, Bortolatto et al., 2016).

Uma nanoparticula de N_TiO2, obtida por meio de processos solvotérmicos

controlados e robustos, foi recentemente desenvolvida e incoporadada a um adesivo
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dentinario comercial e seus efeitos antibacterianos e bioativos foram avaliados
(Esteban Florez et al.,, 2018). Os materiais experimentais contendo diferentes
concentragbes de N_TiO2 (50-80% p/p) demonstraram efeitos antibacterianos e
bioativos superiores aos grupos sem a nanoparticula. Os autores observaram que as
NPs produzidas (N_TiO2) sdo altamente reativas e capazes de produzir grandes
guantidades de radicais livres de oxigénio, quando irradiadas com luz visivel. (Esteban
Florez et al., 2018)

Em outro estudo do mesmo grupo de pesquisa, NPs de TiO2 duplamente
dopadas com nitrogénio e flior (NF_TiOz2,, 6-15 nm) foram sintetizadas, e os resultados
indicaram efeito antibacteriano muito superior em relacdo ao adesivo sem a
nanoparticula. As nanoparticulas co-dopadas foram capazes de otimizar a producao
de espécies reativas de oxigénio (EROs) de longa vida (ex. hidroxilas reativas),
prolongando os efeitos antibacterianos. A presenca de ions fldor imobilizados na
estrutura cristalina do TiO2, aumentou o potencial bioativo-remineralizador do material
(Esteban Florez et al., 2020).

Kury e colaboradores (2022) avaliaram a incorporagéo destas NPs de TiOz co-
dopadas com F e N (NF_TiO2), em géis clareadores experimentais com concentracdes
de PH de 6%, 15% e 35% (p/p), associado ou ndo a irradiacdo com luz violeta. Os
resultados indicam que as baixas concentracées de PH 6% promoveram alteracao de
cor semelhante as altas concentragdes de PH (35%), quando da incorporacao de NPs
(5, 10 e 20 wt%) ao gel clareador experimental, indicando o potencial das NPs de TiO2
co-dopadas com F e N (NF_TiOz).

O nidbio (Nb), por sua vez, € um metal pertencente aos oxidos de transicao,
que sdo atoxicos, estaveis sob condi¢des acidas ou alcalinas, e caracterizado por uma
grande area de superficie e forte acidez (Nowak & Ziolek, 1999). E classificado como
metal semicondutor e aproximadamente 98% das reservas conhecidas de niébio
estdo no Brasil. Ainda, o pais € responsavel por aproximadamente 90% de todo o Nb
comercializado no mundo. Por este motivo, diversas pesquisas tém sido realizadas
com este material em diversas areas industriais como aviagéo, petrolifera e naval
(Alves & Coutinho, 2015). Na Odontologia, estudos indicam que o Nb tem capacidade
de promover a remineralizacéo de tecidos dentarios (Altmann et al., 2017; Balbinot et

al., 2020) e associado ao oxigénio, como na molécula de pentoxido de niobio (NbsOz2),



15

apresenta bioatividade quando incorporado a materiais odontologicos (Garcia et al.,
2016; Degrazia et al., 2019).

Em estudo recente, Caneschi e colaboradores (2023) avaliaram a eficacia de
géis clareadores de baixa concentracdo (PH 3%) contendo NbO2. Os autores
demonstraram que o Nb associado ao PH 3% exibe eficacia de alteracdo de cor
semelhante a géis de alta concentracdo. O notavel desempenho do Nb foi justificado
pelo potencial modulador do Nb na superficie do PH, resultando na transformacéo de
sitios acidos de Bronstéd em sitios oxidantes. A obtencao de sitios oxidantes confere
ao material maior propriedade oxidativa (Oliveira et al., 2012). Desta forma a
associacdo do Nb com o PH pode oferecer maior capacidade de clivar os cromoforos
presente na estrutura dentinéria.

Recentemente, foi demonstrado que a dopagem do TiO2 com Nb aumenta a
atividade catalitica do titanio, em comparacao ao TiO2 puro (Taturani et al., 2021). De
acordo com autores, a dopagem do TiO2 com Nb é um procedimento quimicamente
viavel, pois o raio idnico do Ti*4* é muito préximo do Nb>* (Ghugal et al., 2015), fato que
permite a inclusdo do Nb>* na rede cristalina do TiO2, em sitios do préprio Ti** (Bachu

et al., 2014), promovendo uma reacao estavel entre os dois elementos.

Em se tratando de estabilidade quimica da molécula de pentéxido de nidbio
associada ao dioxido de titanio, Qadri et al., 2020, demonstraram que nanotubos
compostos de diéxido de titdnio — pentdxido de niodbio — e didxido de zirconio (TiO2-
Nb20s-ZrO2) associados, promovem adesdo e desenvolvimento de células
osteoblasticas viaveis, devido a maior absorcdo de proteinas na superficie do
nanotubo (Qadri et al., 2020). Ainda, a incorporacédo de particulas bioativas de Nb20s
obtidas pelo método solvotérmico, demonstrou potencial de deposicdo de fosfato
guando adicionado a adesivos experimentais, sem comprometer a resposta celular
(Balbinot et al., 2020). Ainda assim, ndo existem estudos que comprovem a eficacia
da associacdo entre a NPs de TiO2 com o pentoxido de nidbio (Nb20s) de forma

sinérgica, em géis clareadores.

Relatos indicam que tanto o TiO2 quanto o Nb20Os s&o sensiveis aos diferentes
comprimentos de onda de luz e podem ser utilizados como catalisador em reacdes
fotocataliticas (Prado et al., 2008). Portanto, a utilizacdo de fonte de luz no
comprimento de onda capaz de aumentar a reatividade destas moléculas poderia

potencializar reagcdes quimicas, como a decomposi¢cédo do PH 35%.



16

Aparelhos de luz LED que operam em comprimentos de onda visivel (~ 405 nm)
foram recentemente desenvolvidos e comercializados para acelerar a reacédo do H202
(Kury et al., 2020). Relata-se que o pico de emisséo do LED violeta (405 e 410 nm) é
compativel com o pico de absorbancia das moléculas pigmentadas aderidas a
superficie do esmalte, as quais sao fotossensiveis e reativas ao comprimento de onda
emitido pela fonte de luz (Zanin, et al.,, 2015; Zanin, 2016). Estudos recentes
demonstram que embora a luz violeta sozinha promova alteracdo de cor acima do
limiar de percepc¢édo clinica, a quebra de pigmentos s6 se da de forma extrinseca,
removendo croméforos apenas do esmalte. Dessa forma, a associacdo com o
peroxido de carbamida 37% potencializa o efeito clareador deste gel e promove menor
risco de sensibilidade comparado ao PH 35% (Kury et al., 2020). Estes resultados sao
confirmados por estudos in vitro (Costa et al., 2022a; Costa et al., 2022b), e avaliacdes
clinicas randomizadas (Kury et al., 2022, Gallinari et al., 2020, Trevisan et al., 2022)
que confirmam que a luz violeta é capaz de potencializar o efeito clareador de baixas

concentracfes de peroxido.

Os agentes clareadores contendo nanoparticulas de NF_TiO2 associadas ao
Nb20s poderiam atuar sinergicamente e aumentar o potencial de clareamento do PH,
quando irradiados com fonte de luz LED violeta. Hipotetiza-se que esta associacao
poderia minimizar os efeitos adversos decorrentes da aplicacdo de géis clareadores
de alta concentracdo (PH 35%) no esmalte, por aumentar a reatividade do H202,
permitindo a diminuicdo da concentracao necessaria para promover efeito clareador.
Diante do exposto, o0 objetivo principal deste estudo foi desenvolver géis clareadores
experimentais contendo PH 6% e NPs de NF_TiOz associadas ao Nb2Os com uso de
luz violeta e avaliar a estabilidade quimica, potencial clareador e efeitos na
microdureza, rugosidade de superficie, concentracdo de Ca e P e morfologia do

esmalte dental.
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Abstract

This study evaluated the bleaching potential of 6% hydrogen peroxide (6% HP)
gels containing NF_TiO2 or Nb2Os irradiated with a violet LED light, and the effects on
enamel mineral content and surface morphology. First, particles were synthesized
and experimental gels were chemically analyzed by preliminary and accelerated
stability tests, pH, and HP decomposition rate. Enamel blocks were treated with 6%
HP gels containing (n=10): 5% NF_TiO2, 5% Nb20s, 2.5% NF_TiO2 + 2.5% Nb20s or
without particles (6% HP), irradiated or not with LED, and the positive control was
treated with 35% HP. Color (AEoo) and whitening index (AWip) variations, surface
microhardness (SH), average roughness (ARa), Ca and P concentration (EDS), and
enamel morphology (SEM) were assessed. Bleaching was performed in 3 sessions of
30 minutes and 7- day intervals. Data were submitted to two-(pH, decomposition
rate, ®Eoo, and Wip) and three-way (SH) ANOVA, Kruskal-Wallis (ARa), with Tukey and
Dunnet (control) post-hoc tests (a = 0.05). No changes in the gel’s color, odor, or
translucency were observed, pH (6 to 6.5) remained stable over time, and light
irradiation boosted the H202 decomposition rate. NF_TiO2 and Nb20s-containing gels
displayed higher ®Eoo and ®Wip when light-irradiated (p<0.05). Nb2Os and Nb20s +
TiO2 decreased enamel SH (p<0.05), but no discrepancies were found among the
groups (p>0.05). The research did not observe changes in ARa, Ca-P content, and
enamel morphology after treatments (p>0.05). In conclusion, experimental and light-
irradiated 6% HP gels containing NF_TiO2 or Nb20s were chemically stable, exhibiting

bleaching potential comparable with 35% HP without causing enamel adverse effects.

Keywords: nanoparticles, titanium, niobium, tooth whitening
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INTRODUCTION

Alternative protocols have been proposed to improve safety and minimize
bleaching adverse effects [1]. The incorporation of catalytic particles into HP gels
allegedly increases and fastens the dissociation of hydrogen peroxide into ROS,
thereby optimizing the breakdown of staining molecules in enamel and outer dentin.
Because of ROS's short lifetime, ROS generated in the outer dental surface would not
be able to diffuse and reach the pulp chamber [2], thus decreasing the capacity of the
HP decomposition products to cause an inflammatory response.

Over the years, light sources with different wavelengths have been indicated for
in-office bleaching to accelerate HP decomposition. Recently, a novel generation of
violet LED light (~405 nm) has been developed specifically for tooth-bleaching
applications [3]. According to reports, the violet LED light will deliver a bleaching effect,
regardless of the application of hydrogen or carbamide peroxide, because the emission
peak of the violet LED is compatible with the absorbance band of certain organic stains
in the dental structure. Therefore, the organic stains will react and decompose because
of the wavelength emitted by the light source [4,5]. In this context, even though the
violet light could stand as a peroxide-free tooth-whitening approach, a recent clinical
trial concluded that the violet irradiation alone rendered poor aesthetic outcomes [6].
However, the combination of violet LED with 37% carbamide peroxide (CP), which
presents a concentration three times lower than 35% HP, increased the clinical efficacy

for 37% CP with reduced risk and intensity of tooth sensitivity [6].

Metallic oxides, such as titanium oxide (TiO2), were incorporated into
experimental bleaching gels as a tactic to enhance peroxide redox and promote safer
bleaching [1]. Studies have shown that TiO2z nanoparticles (NPs) co-doped with
nitrogen (N) and fluorine (F), incorporated into low concentration HP gels (6% and
15%) and irradiated with visible light (wavelengths ranging from 400 to 460 nm),
behave as semiconductors. They enhance the HP decomposition, promoting optimal
aesthetic results, comparable to high concentration HP gels [1,7,8]. Also, reports of the
clinical application of NPs combined with 6% and 15% HP indicate lower dentin
sensitivity than standard bleaching agents (35-40% HP) [7,8].

Niobium (Nb), a semiconducting metal, has been explored in several research

fields. In dentistry, reports indicate that Nb promotes the remineralization of dental
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structures [9,10]. Besides, in combination with oxygen (niobium pentoxide, Nb20s), the
molecule exhibits bioactivity potential when incorporated into dental materials [11, 12].
Some reports indicate that Nb could enhance the bleaching efficacy of low
concentration bleaching gels [13], but literature is still scarce on this matter. Moreover,
studies have observed that Nb doped with TiOz increases the catalytic activity of this
molecule in comparison to pure TiOz2 [14]. In addition to these characteristics, TiO2 and
Nb20s are sensitive to the optical absorption of light at visible wavelengths, which
highlights the capacity of both compounds to incite photocatalytic reactions [15].
Therefore, using light at the ideal wavelength could increase the reactivity of these

molecules.

Bleaching agents containing NF_TiO2 nanoparticles associated with Nb2Os
could operate synergically and increase the bleaching potential of H202 when
irradiated with a violet LED light source. We believe that this combination could
minimize the adverse effects resulting from the application of high concentration
bleaching agents (35% HP) on the enamel. It does this by increasing the reactivity of
H202 and enabling the decrease in the concentration required to maintain the same
optimal aesthetic outcomes attained by 35% HP. Therefore, this study developed
experimental bleaching gels containing 6% HP and NPs of NF_TiO2 associated with
Nb20Os combined with violet light in order to assess the chemical stability, bleaching
potential, and its effects on enamel surface microhardness, surface roughness, Ca and

P concentration, and morphology.
Materials and Methods
Experimental Design

This in vitro study was divided into three methodological phases: i)
experimental gel synthesis, incorporation with NF_TiO2 and Nb20s, and
characterization; ii) assessment of the experimental 6% HP bleaching potential, and
iii) evaluation of enamel mineral content, roughness, and surface morphology. After
synthesizing the experimental gels selected specimens of the enamel of bovine
incisors (n=10/group) were treated with 6% HP incorporated with (n=20): 5% Nb20s,
5% NF_TiO2, 2.5% Nb20s + 2.5% NF_TiO2 or 6% HP without particles. All groups
were subdivided and irradiated with violet LED light (LED). The control group (35%
HP) was treated with a commercial bleaching gel (Whiteness HP, FGM) and was not
light-irradiated.
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Preparation and selection of specimens
Randomization in experimentalgroups
Pigmentationwith black tea

Post-pigmentation analysis (Ty: AEy, SH,Ra)

Preparation of bleaching gels Bleaching protocol
Phase:
Phase2 (n=10) Phase3 (n=10): Mineral content, roughness
Synthesisand characterization of geland
Colorchange and morphology of bleached enamel
particles
Synthesis NPSNF TiO, Colorchange {AEy Ty) Evaluation of SH(T, Tie T,)
Functionalization Nb,0 Whiteninginde (AWID, Ty, Evaluation ofRa(T,, T; T,
pH Analisys Contentevaluation of Caand P (EDS, T,,)
Preliminary and accelerated stability Surface morphology (MEV, T,)
Decomposition ofH,0,

Figure 1. Flowchart representing the phases of the study.

The dependent variables of phase 1 (preliminary and accelerated stability and
pH) were descriptive, and the titration analysis was statistically analyzed. A previous
pilot study determined the number of specimens for phases 2 and 3, with color change

(Eoo) and surface microhardness (SH) as the dependent variables. In this pilot study,
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five specimens were tested (n=5) and the sample size was calculated (G-Power) with
a significance level of 5% () and test power at 80% (1-13). The results indicated n=10
as the number of specimens required for phases 2 and 3, in line with previous studies

with similar methodologies [1].

Phase 1. Characterization of the developed nanoparticles and experimental

bleaching gels

Synthesis of NF_TiOz nanoparticles

NF_TiO2 nanoparticles were synthesized by solvothermal processes at the
Biomaterials Laboratory at the University of Oklahoma. They were manufactured
according to the protocol previously described by Esteban Florez et al. [16]. A solution
composed of 1.7g of Ti (IV-Butoxide, Sigma Aldrich, 97%), 4.6g of ethanol (Decon
Labs), 6.8g of oleylamine (Sigma Aldrich, 70%), and 7.1g of oleic acid (Sigma Aldrich,
90%) was prepared and mixed with 20 ml of 4% hydrated alcohol (18-MQ Milli-Q,
Decon Labs) [17]. The solution was inserted into a high-pressure reaction vessel (Paar
Series 5000 Multiple Reactor System) at 180°C for 24h. Containers were shaken in an
external magnetic field with stir bars. After cooling, the solutions were decanted and
rinsed three times with anhydrous ethanol to remove surfactants. Pure TiO2 NPs were
immediately stored in 20mL of ethanol and centrifuged for 15min at 8000 rpm.

Functionalization of niobium pentoxide

Table 1 displays the specifications of the Nb20s (Sigma-Aldrich®) used. The
particles were immersed in an anhydrous ethanol solution and centrifuged for 5min at
10,000 rpm for disaggregation. Afterward, Nb2Os was immersed in a 2M HCI solution
in a water bath for 60min (50°C) under constant agitation. Particles were then rinsed

with ethanol, centrifuged three times, and stored in ethanol.

Table 1. Niobium pentoxide particle characteristics (Nb20s)

Component Caracteristics of Niobium Pentoxide (Nb20s)
Niobium Molecular
_ Molecular formula _ PubChem CID
Pentoxide weight
(Nb20s) O=[Nb](=0O)O[Nb](=0)=0O | 265.81 g/mol 2485207
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1.1 Synthesis of experimental bleaching agents.

Table 2 describes the components of the experimental bleaching gel. After
manufacturing the gel, the NF_TiO2 and Nb20s particles were weighed on a precision
analytical scale and incorporated into the thickening agent at the reported
concentrations (wt%). The thickening agent containing the particles was homogenized
in a specific mixer (Speed Mixer, Dac Iso 1. FVZ, Flack Teck, Inc.) and preparation
occurred 12h before bleaching. Immediately before bleaching, HP (6%) was added
and homogenized with the thickening agent containing the particles in a 3:2 proportion.

Table 2. Composition of the experimental bleaching gel

Components Molecular formula | Molecular Weight (g/mol)
Carbomer 940 [-CH 2-CH(COOH)-]n 104.400
6% HP H202 34.014

pH determination

The pH of the gels was measured in triplicate in a pH-meter (Equilam, Diadema,
SP, Brazil) coupled to a potentiometer (Orion Research Incorporated, Boston, MA)
previously calibrated with pH 4.0 and 7.0 standards, mixing 1 g of bleaching gel to 10
mL of deionized water in a magnetic stirrer for 10 min at 20° C. The pH was evaluated
at times Omin, 15min, and 30 min, denoting the contact time of the bleaching gel on

the dental surface
Preliminary stability test

Brazil's National Health Regulatory - Agency (ANVISA) [18] defines the
preliminary stability tests as the initial screening of the experimental formulations [19].
Samples in triplicate, stored in transparent sealed glass vials, were submitted to cycles
of 24 h in an oven at 37 °C (£ 2°C) and 24 h in a refrigerator at 4 °C (x 2°C) during 4

weeks. Then, the color, odor, and pH values of the gels were determined and described
Accelerated stability test

The accelerated stability test determines the stability of the formulation over 60
days and predicts the estimated shelf life [18]. Samples in triplicate were stored in
sealed transparent glass bottles and divided into two groups: G1 - stored in an oven at

37°C (x 2°C) and G2 - stored in a refrigerator at 4 °C (x 2 °C). Groups were evaluated
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immediately (0), 24 h, and 30 and 60 days later. Then, color, odor, and pH values were

determined and described.
Decomposition of bleaching agents

An automatic titrator (HI902C1-02, Hanna Instruments, Carrolton, Texas, USA)
evaluated the decomposition using 0.1 N potassium permanganate (KMnOa),
according to the methodology described by Ono & Torres [19]. Previous to the
decomposition test the KMnOa solution was standardized using sodium oxalate
(Naz2C204) at 0.67% (w/v). For standardization, 25 mL of the oxalate solution and 25
mL of sulfuric acid were added to the titrator flask, up to the equivalence point, to obtain

the correction factor.

The experimental bleaching gel was prepared and the decomposition rate of the
peroxide was determined at 0 and 30min, in triplicate. An aliquot of the gel (0.01g) was
weighed and diluted in 1M sulfuric acid (20 mL) with continuous stirring until
homogenization was complete. Thirty minutes after mixing the bleaching gels a new

aliquot was collected to determine the peroxide concentration.

Phase 2. Bleaching potential of the experimental bleaching gels

Preparation and selection of specimens

Bovine teeth free of defects were selected, cleaned, and disinfected in 0.1%
thymol solution (Labsynth, Diadema, SP, Brazil). The crowns were sectioned from the
root with a diamond disc (KG Sorensen, Sao Paulo, SP, Brazil) and a high-precision
diamond saw mounted in a high-precision cutter (Isomet 1000, Buheler, Illinois, USA).
Under water irrigation, the crowns were cut obtaining enamel blocks measuring 5 x 5
x 3mm. The dentin surface of the blocks was flattened (#320) in a polishing machine
(Arotec, S&o Paulo, SP, Brazil) to allow parallelism with the outer enamel surface.
Subsequently, enamel was abraded with silicon carbide sandpaper (# 600, 1200, and
2000) and polished with a felt disk and a diamond suspension (with abrasive particles
of 6, 3, 1, and ¥ um) for 1 min. The initial surface microhardness (SH) was obtained
by averaging three indentations, 100 um-distant from each other, in the central region

of the specimen, with a Knoop-type indenter (Future Tech-FM-1e, Tokyo, Japan, 50
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g/5 s). The SH average was obtained (319.6 kg/cm2), and the selected specimens

exhibited mean values up to 10% (+/-) of the general average.

Enamel artificial staining

After selection, a thin layer of nail polish covered the specimens except for the
buccal enamel, which remained exposed. The exposed enamel surface was immersed
for 24h under agitation at room temperature in a buffered black tea solution (Dr.Oetker,
Sédo Paulo, SP, Brazil, pH = 7.0), prepared with 2g of black tea diluted in 100ml of
distilled water for 5min [20]. Then, specimens were brushed with pumice stone powder
to remove the non-adherent particles and then kept in artificial saliva (1.5 mM Ca, 0.9
mM P, 150 mM KCI, and 0.1 M Tris, pH 7.0) [20] for seven days (replaced every two
days) at 37°C for color stabilization. Specimens were randomly allocated into the

groups previously described (n=10).

Bleaching protocol

To allow comparisons among groups, the same protocols were adopted for the
commercial and experimental bleaching gels [1]. The 35% HP and 6% HP gels were
weighed (0.1g) and applied to the exposed enamel. Bleaching was performed in three
sessions, each with a single bleaching gel application for 30 min and a 7-day interval
between applications. Due to the photocatalytic characteristic of the particles, the
designated groups were light-irradiated with a violet LED device (Bright Max
Whitening, MMOptics, S&o Carlos, SP, Brazil, 405 +/- 10| m, 12 W [6]). The light was
irradiated for 1min followed by a 30s pause and this cycle was repeated 20 times [6].

During the intervals, the specimens remained in the artificial saliva [21].

Colorimetric evaluation

A digital spectrophotometer (EasyShade 4.0, Vita Zahnfabrik, Bad Sackingen,
Germany) determined the color parameters L* (black-white axis), a* (red-green axis),
and b* (yellow-blue axis) immediately after staining (To), 24 h after the last bleaching
session (Tr), and 14 days after the last bleaching session (T14). Color change was
evaluated using the CIEDE2000 formula: AEoo (Tf-To) = [(AL"/KLSL)? + (AC'/KcSc)? +
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(AH/KHSH)? + RT*(AC /KcSc)*(AH /KHSH)]Y2. The whitening index for dentistry (Wip)
was calculated according to the equation: Wip = 0.511L* - 2.324a* - 1.100b* and the
index difference (AWIp) was determined by Tis - To. Color change values (AEoo)
adopted for perception (PT) and acceptance (AT) limits (50:50%) were 0.81 (PT) and
1.8 (AT) units. The whitening index (AWp) adopted for PT and AT limits (50:50%) were
0.7 (PT) and 2.6 (AT) units [22,23].

Phase 3. Evaluation of enamel mineral content, surface roughness and surface

morpholoqgy after the bleaching treatment

3.1 Surface Microhardness (SH)

SH was obtained by averaging 3 indentations in the central region with a Knoop
indenter (Future Tech-FM-1e, Tokyo, Japan, 50g/5s) and 100um-distant from each
indentation. The procedure was conducted at baseline (To), 24 h after the last
bleaching session (Tr), and 14 days after the last bleaching session (T14). The %SHL
was determined according to the equation:

(SH14, - SH()) 100

%SHL = SH
0

3.2 Surface roughness (Ra)

A roughness meter (Surfcorder SE 1700, Kosalab) determined the enamel
surface average roughness (Ra, in uym) at To, Tr, and Ti14. The measuring tip of the
equipment remained perpendicular to the surface and three measurements were
performed by rotating the specimen 45°, obtaining the mean Ra value per specimen.
The equipment operated with a cut-off at 0.25mm and a speed of 0.2mm/s. The

average surface roughness change (ARa) was determined by T -To and Ti4 -To.

3.3 Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray
Spectroscopy (EDS).

Three representative specimens from each group were selected and analyzed
for mineral content (EDS) and morphology (SEM) at Tr and Ti4. Specimens were
washed in an ultrasonic bath (Ultra Cleaner, Unique, Indaiatuba, SP, Brazil) for 10
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min and dried overnight in an oven at 37°C. After drying, specimens were sputter-
coated with a thin carbon layer and observed under SEM (JEOL-JSM, 6460LV, Tokyo,
Japan), operating at 15kV in vacuum mode (45 Pa) [24]. Images were recorded at
3,000- magnification. Alongside the SEM images acquisition, the software of the
energy dispersive X-ray spectroscopy (EDS, VANTAGE System - Easymicro Noran
Instruments, Middleton, Wisconsin USA) provided semi-qualitative data on the
percentage of chemical elements (atomic percentage) in three standard areas (600

[m2) of the specimens [24].

5. Statistical analysis

Shapiro-Wilk and Levene tested data normality and homoscedasticity (a >
0.05). Two-way ANOVA and Tukey's post hoc tests analyzed the decomposition rate,
AEoo, and AWip, while three-way ANOVA for repeated measures and Bonferroni tests
analyzed the SH values. The Dunnet test compared the control (35% HP) with the
other experimental groups, and Kruskal-Wallis compared ARa values. The software
SPSS was used for all the analyses (Version 15.0, SPASS, IBM SPSS Inc., Armonk,
NY, USA) with the alpha set at 0.05.
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RESULTS
Phase 1

pH analysis. Figure 2 displays the pH analysis. In general, the pH of the experimental
gels at baseline was 6.5 (immediately after the incorporation of 6% HP, or NF_TiO2,
Nb20s). After 30 minutes, the pH decreased for all groups (p<0.001) regardless of
irradiation with LED light (p=0.508), exhibiting mean values of ~6.0. The gels
containing NF_TiOz2 (Fig. 2B) and NbsO2 + NF_TiO2 (Fig. 2C) showed the lowest pH
values (pH = 5.9) after 30 minutes, regardless of LED light irradiation.

Nb205 A TIOZ B
71 7 )
- Nb205 -e- Tio2
-#- Nb205 (LED) -m- TiO2 (LED)
"\{ .-\--\.\__'
I e T 61
5 T T T 5 T T T
0 min 15 min 30 min 0 min 15 min 30 min
Time Time
Nb,Os5 + TiO, C Without particles D
7 7
-~ Nb205+Ti02 -~ WP
-m- Nb205+TiO2 (LED) -m- WP (LED)
— . ‘\'
T 6 S 6
5 T T T 5 l. T . T i
0 min 15min 30 min 0 min 15 min 30 min
Time Time

Figure 2. Graph showing mean pH values of experimental bleaching gels for time.

Preliminary and accelerated stability test. No qualitative differences in the
preliminary and accelerated analyses were noticed since no color, odor or
translucency changes occurred in the experimental bleaching gels over time. The
results of the preliminary stability analysis (Fig. 3) indicate that the pH values of the
experimental gels increased after 30 days in comparison with the baseline values
(p<0.001). The baseline values of the experimental gels were ~6.4 and ~6.5 after 30

days. In the accelerated stability test (Fig. 4) the pH of the experimental gels at
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baseline ranged between ~6.2 and 6.4 and remained so after 24h. After 30 days of

evaluation, the groups kept at 4°C exhibited a slight drop in pH value (~6.1), but after

60 days, the measurements of all groups were close to 6.5.
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Figure 3. Graph showing mean pH values of the preliminary stability test for time.
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Figure 4. Graph showing mean pH values of the accelerated stability test for time.
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Decomposition rate of H202. Table 4 display the mean percentage of
decomposition rate of H202 in the bleaching gel 0 and 30 minutes after the mixture of
the gel with the thickener. Significant differences were found for the factor “time”
(p<0.001) and the interaction “time and light” (p=0.026). No differences were found
among groups without violet LED irradiation (p>0.05). After 30 minutes of
decomposition, the Nb20s, NF_TiO2, and Nb20s + NF_TiO2 groups irradiated with
violet light increased the hydrogen peroxide concentration in the solution (p<0.05). All
experimental groups (PH 6%) exhibited significantly lower concentrations than the
control group (PH 35%, p<0.05).



Table 4. Mean and standard deviation of the mean decomposition rate (%) of H.O- in the bleaching gels.
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Bleaching Treatments

Without LED irradiation

With LED irradiation

0 min

30 min

0 min

30 min

6% HP + Nb,Os

3,56% (0,29%) Aa*

3,73% (0,29%) Aa*

3,75% (0,30%) Aa*

4,23% (0,35%) Ba*

6% HP + NF_TiO,

3,78% (0,16%) Aa*

3,73% (0,34%) Aa*

3,77% (011%) Aa*

4,12% (0,11%) Ba*

6% HP + Nb2Os+ NF_TiO-

3,88% (0,07%) Aa*

3,90% (0,37%) Aa*

3,70% (0,10%) Aa*

4,00 % (0,02%) Ba*

6% HP

3,83% (0,43%) Aa*

3,97% (0,40%) Aa*

3,69% (0,13%) Aa*

3,67% (0,26%) Ab*

35% HP

0 min = 25,72% (1,16%)*
30 min = 26,23% (2,51%)*

Means followed by different letters indicate statistical differences, with a significance level of 5%. Uppercase letters compare bleaching

treatments (vertical) for the same time, and lowercase letters compare LED irradiation (horizontal) for the same bleaching treatments and

irradiation. The asterisk indicates the difference between the experimental groups and the control (PH 35%) at 2 times (0 and 30 min).
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Phase 2

Color change (4Eo0). Table 5 displays the color change (AEoo) having elapsed 14
days from bleaching. The factor "LED irradiation" was statistically significant
(p<0.0001), and LED increased the AEoo for the groups containing NF_TiO2 and
NB20s + TiO2 (p<0.05). No changes in 4Eoo were observed among groups,
regardless of the light irradiation (p>0.05). The non-irradiated groups, NF_TiOz and
Nb20s + NF_TiOz2, showed lower color change than the positive control (35% HP),
while Nb20s and 6% HP showed no differences compared with the control (35%
HP, p>0.05). All groups irradiated with LED were statistically the same from the
control (p>0.05).

Table 5. Mean and standard deviation of color change (AEoo) at T1a.

_ AEqo
Bleaching Treatments
Without LED irradiation | With LED irradiation

6% HP + Nb»Os 5.38 (2.13) Aa 7.11 (3.15) Aa
6% HP + NF_TiO; 4.37 (1.40) Ab* 7.25(1.90) Aa
6% HP + Nb,Os+ NF_TiO; 4.39 (1.21) Ab* 7.37 (2.35) Aa
6% HP 5.18 (1.79) Aa 6.48 (1.72) Aa

35% HP 7.66 (2.07)

Means followed by different letters indicate statistical differences, with a significance
level of 5%. Uppercase letters compare bleaching treatments (vertical) for the same time, and
lowercase letters compare LED irradiation (horizontal) for the same bleaching treatments and
irradiation. The hashtag indicates the difference between the experimental groups and the
control (PH 35%) at 2 times (0O and 30 min).

Whitening index (AWIp). Table 6 displays the whitening index variations (AWIp) at
T14. The factors “treatment” (p=0.034) and “LED irradiation” (p<0.0001) were significant
and LED light irradiation increased the AWIp regardless of the particle’s presence
(p<0.05). Among the irradiated groups, NF_TiO2 exhibited a higher AWIp than 6% HP
(p=0.027), while groups Nb20s and Nb20s + NF_TiO2 showed intermediate values and
were not different from NF_TiO2 or 6% HP.

No differences were detected between groups not exposed to violet light
(p>0.05). The non-irradiated NF_TiO2 was the only group with no differences from the
control (35% HP, p>0.05).
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Table 6. Mean and standard deviation of the whitening index change (AW)p) 14 days after

bleaching.
Bleaching Treatments Ao
Without LED irradiation With LED irradiation
6% HP + Nb2Os 13.9 (10.2) Ab* 24.0 (10.4) Aba
6% HP + NF_TiO, 15.1 (6.9) Ab 26.7 (9.6) Aa

6% HP + Nb2Os + NF_TiO2 12.6 (6.6) Ab* 24.1 (11.1) Aba
6% HP 6.4 (9.4) Ab* 17.2 (11.6) Ba

35% HP 27.7 (11.0)

Means followed by different letters indicate statistical differences, with a significance
level of 5%. Uppercase letters compare bleaching treatments (vertical) for the same time, and
lowercase letters compare LED irradiation (horizontal) for the same bleaching treatments and
irradiation. The hashtag indicates the difference between the experimental groups and the
control (PH 35%) at 2 times (0O and 30 min).

Phase 3

Surface Microhardness (SH). Table 7 shows the surface microhardness values and
%SHL values. The “time” factor was statistically significant (p=0.01). In general, none
of the analyzed groups showed variation in SH over time, regardless of violet light
irradiation, with an overall mean hardness reduction of 0.96% (p>0.05).

The non-irradiated Nb20s and Nb20Os + NF_TiO2 groups and the light irradiated Nb20s
treatments decreased their SH at T14 in comparison with the baseline (To) (p<0.05),
but with an average reduction of 1.62%. No statistical difference in SH was observed
among enamel bleached with the experimental gels, regardless of the time when the
measurement was conducted (p>0.05).



Table 7. Mean and standard deviation of surface microhardness (SH) at times To, Tt € T1a.

Surface microhardness (SH)

Bleaching Without LED irradiation With LED irradiation
Treatments
To Tf T1a %SHL To Tf Tia % SHL
6% HP + Nb2Os | 324.2(16.5) Aa 316.5 (11.5) Aab 319.8(13.4) Ab 1.36% 322.4(16.3) Aa | 319.4 (8.1) Aab | 316.5(11.9) Ab 1.83%
6% HP +
NE TiO 323.3(16.4) Aa 320.9 (9.3) Aa 323.8 (15.2) Aa 0.15% 321.1 (15.7) Aa | 314.2(13.1) Aa 320 (11.9) Aa 0.34%
_ 2
6% HP + Nb20s
+NE TiO 323.9(16.4) Aa 322.3(19.4) Aab | 318.4(10.9) Ab 1.67% 321.4 (15.8) Aa | 315.2(15.3) Aa | 318.7(14.4) Aa 0.84%
- 2
6% HP 320 (15.2) Aa 317.0 (14.8) Aa 316.2 (13.1) Aa 1.19% 319.8 (14.9) Aa | 313.7 (11.1) Aa 316 (10.9) Aa 1.19%
Tf % SHL
35% HP
° 325.1 (16.4) 321.8 (13.8) 322.1 (14.7) 0.92%
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Means followed by different letters indicate statistical differences, with a significance level of 5%. Uppercase letters compare

bleaching treatments (vertical) for the same time, and lowercase letters compare LED irradiation (horizontal) for the same bleaching treatments

and irradiation. The hashtag indicates the difference between the experimental groups and the control (PH 35%) at 2 times (0 and 30 min).

%SHL: loss of surface hardness in comparison with To.
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Surface roughness (ARa). Table 8 describes the average surface roughness
changes (ARa). No statistical difference was observed at the end of the bleaching
treatment (ARr, p=0.484), not even 14 days after treatment (ARais, p=0.476),
regardless of irradiation with light. Comparisons made with the control group showed

no statistical difference, regardless of the time point evaluated (p>0.05).

Table 8. Mean and standard deviation (SD) of surface roughness results (ARa).

Bleaching Treatments AR AR
Sem LED Com LED Sem LED Com LED
6% HP + Nb2Os 0,003 (0,01) | 0,004 (0,006) | 0,000 (0,009) | 0,007 (0,008)
6% HP + NF_TiO> 0,006 (0,01) | 0,006 (0,01) 0,004 (0,01) | 0,002 (0,008)
6% HP + Nb2Os + NF_TiO, | 0,001 (0,01) | 0,008 (0,01) 0,003 (0,02) | 0,004 (0,009)
6% HP -0,001 (0,01) | 0,003 (0,01) | -0,001 (0,01) | 0,003 (0,01)
35% HP
ARay ARay4
0,013 (0,009) 0,006 (0,007)

SEM and EDS. Figure 5 shows the mean percentagem (%) of atomic weight for
calcium (Ca) and phosphorus (P) content on enamel determined by EDS. No variations
in Ca or P rates were detected among the groups (p<0.05). Representative SEM
images and EDS graphs (Fig. 6) indicate that 35% HP treatment did not cause enamel
surface alterations, despite of light irradiation. The enamel surface remained
unaffected after the treatments with no porosity or demineralized areas (Fig. 6),

independently of the bleached treatments.
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Figure 6. Graph showing mean percentage (%) Ca and P atomic weight on treated enamel,

determined by EDS.
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Nb205 +TiO2 Without particle

Nb205 + TiO2 (LED) TiO2 (LED) Without particle (LED)

' g , o 14 M SRV

Nb205 (LED)

Figure 7. Representative SEM and EDS images. No enamel surface changes, porosities, or irregularities are observed on the enamel surface,
and no evidence of demineralizing areas representing enamel mineral loss is observed. Light did not change the surface pattern. In the EDS
plots, the black arrows represent Ca (calcium) peaks, and the purple arrows represent P (phosphorus) peaks.
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DISCUSSION

The main purpose of this research was to reduce or eliminate the adverse
effects of 35% HP gels, improving the bioactive and biocompatible features while
maintaining the bleaching efficacy by adding catalyst particles to accelerate the H202
reaction. The preliminary and accelerated stability tests and the pH of the experimental
gels indicated that 6% HP remained adequate for the 30-minute application period and
for 30 and 60 days of storage at 37°C (x 2°C) and 4°C (x 2°C), regardless of the
presence of the catalyst particles.

Immediately after production the gel's pH was 6.5, but the pH of the groups
slightly decreased after 30min (pH = 6.0), including the NF_TiO2 (Fig. 2B) and Nb20s
+ NF_TiOz2 (Fig. 2C) groups, with a pH of approximately 5.9. Although a pH reduction
was observed, it is worth mentioning that these figures are still above the critical values
by when the enamel demineralization process starts (pH<5.5) [25]. Carlos et al. [26]
analyzed low and high concentration HP gels containing TiO2 nanotubes (TiO2_nt) and
reported a significant increase in the pH values of TiO2_nt -containing gels, with pH
close to 6. Although distinctions in the crystalline structure of the TiO2 nanotubes and
TiO2 nanopatrticles may induce different behavior, it should be noted that the mean pH
values for both remained similar (pH £ 6). Manzoli et al. [27] evaluated the pH of high
concentration HP gels combined or not with light and reported that although pH

decreased over time, it remained comparable to the initial values.

H20:2 is stable in acidic mediums, which explains the increase in the gel's shelf
life [27]. The experimental gels tested in this study exhibit a pH value close to the
commercial gel's pH and those manipulated by other authors (pH + 6). Besides, we
consider the pH values identified as safe for enamel surface application because the
pH remained faintly acidic, and the bleaching protocol was restricted to three sessions
of 30 minutes with 7-days intervals. Furthermore, enamel blocks remained stored in

artificial saliva during the intervals allowing remineralization of the enamel surface [28].

In turn, the preliminary (30 days) and accelerated analysis (24h, 30, and 60
days) showed an increase in pH values for all groups, with a pH close to 6.5 at the end
of the evaluations, corresponding to the commercial pH value (pH = 6.83) [29]. The
addition of catalysts can interfere with the stability of the gels during its storage, for
instance, with agglomeration or change in the crystalline structure of the particles [30].

Contrary to this assumption, the gels showed stability in long-term storage (preliminary
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and accelerated stability tests) reinforcing the soundness of the experimental gels in
all evaluated groups. In both analyses, pH increased over time despite the storage

protocol, but without statistical differences.

The experimental gels displayed no color, odor, translucency or viscosity
changes. Monteiro et al. [31] demonstrated, through polydispersion and zeta potential
analysis, that TiO2_NT did not alter the physicochemical properties of bleaching gels.
Previous findings confirmed that TiO2_nt incorporation [26] and violet LED light did not
change the rheological features of the gels. Evaluations of the stability of experimental
gels containing catalysts are required as few studies evaluated those particles
separately, and no study assessed the combination of NF_TiO2 with Nb20s in a

hydrogen peroxide gel.

Studies addressing decomposition rate noted an inverse performance. Cavalli
et al. [32] observed that the H202 concentration of in-office gels irradiated with LED
(450 nm), LED/Laser, and halogen light decreased over the 40min evaluation. Marson
et al. [33] reported the same behavior [33]. Differently from those reports, the violet
LED used in the current study possibly accelerated the decomposition of HP gels

favoring the increased concentration of H20O2 detected [25].

The increased production of ROS by violet light exposure can be explained by
the thermocatalytic theory of pH decomposition [34], which states that increasing
temperature accelerates the production of hydroxyl radicals. Thus, part of the light's
energy is converted into energy (heat) in the bleaching gel, which would in turn explain
the increased production of ROS. Besides, the photocatalytic potential of the NF_TiO>
and Nb20s might have contributed to this outcome [15] because in experimental gels
without the NF_TiO2 and Nb20s no H202 increase occurred even when exposed to
light. Therefore, the NF_TiO2 and Nb20s combined with the violet LED accelerated the
free radical release process, increasing the hydroxyl concentrations [1].

Even though the tests performed in Phase 1 indicated the stability of the
experimental gels and confirmed that the catalysts can chemically fasten the
decomposition of hydrogen peroxide, the primary evidence of the action of these
catalysts was observed in Phase 2, with outcomes of color change and whiteness
index (AEoo and AWp). The experimental gels combined with light promoted the AEoo
of the control group (35% HP). However, all groups irradiated with the violet LED light
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exhibited higher AWp than those without light, while only the groups submitted to
treatment with NF_TiO2 and Nb20s + NF_TiO2 and light-irradiated showed higher AEoo
compared with non-irradiated groups.

A relevant result was that, for both variables (AEoo and AWp), all light-irradiated
groups containing catalysts had an outcome comparable to the control (HP 35%).
Although the light irradiated 6% HP group without catalysts was statistically similar to
35% HP, it could be noted that numerically it presented a lower average than the

groups with catalysts.

These results reinforce the photocatalytic aspect of NF_TiO2 and Nb20s and the
ability of these molecules to absorb light in the violet wavelength (405-415nm) [15].
Another study validated the effectiveness of 6% HP containing 5% NF_TiO:2 subjected
to violet LED light and the capacity of NPs to potentiate the H202 reaction when light
is irradiated, promoting the same color change efficacy as 35% HP [1]. To confirm
these findings, Caneschi et al. [35] observed that low concentration bleaching gels (3%
HP) containing Nb but without light exposure promoted color change akin to 35% HP.
This positive Nb performance is explained by the modulation of Nb particles in
association with H+, leading to an increase in the oxidizing sites, intensifying the
oxidative capacity of the bleaching gels, and contributing to the cleavage of

chromophores.

Contrary to these findings, some authors observed the physicochemical
properties of HP gels (35% and 7%) combined with 1% TiO2_nt with or without violet
LED irradiation and showed that the nanotubes did not potentialize their effects [26].
Such discrepancies could be related to the crystalline structure of the TiO2 nanotube,
as different molecule shapes changes the catalysis potential of the TiO2 particle [36].
Additionally, the authors utilized 1% of particles, while the present study used 5%
NF_TiO2 by weight.

No differences in AEoo and AWip were noted among light-irradiated groups
containing NF_TiO2 combined or not with Nb2Os. Because of the reports on the
photocatalysis potential of TiOz [1,26,37,38], we first believed that NF_TiO2 could be
more efficient than Nb20Os due to the higher stability of the hydrocolloids of the TiO2
particle. However, Prado et al. [15] showed that Nb20Os generates oxide deposits,

decreasing the Nb20s catalytic activity. In that investigation, authors determined the
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photodegradation potential of TiO2, ZnO, and Nb20Os and graded from highest to lowest
catalytic activity as follows: TiO2 > ZnO > Nb20s [15].

On the other hand, reports indicate that Nb20s exhibits the ability to activate
H20: for the formation of ROS [39]. The pH of the solution influences the type and
amount of ROS formed in the Nb20s-H202 association [39]. This combination
produces hydroxyl radicals (*OH) and superoxide radical anions (OZ2°*) through
electroprotic reactions, meaning reactions involving the transfer of electrons and
protons [40]. The first step in the activation of H202 over Nb2Os is the formation of HO?"
through the dissociation reaction: H202 + S-OH — HO2™ + S-OH* (where S represents

a surface location).

The formed HO2™ reacts in the liquid phase with H202 through the electroprotic
reaction H202 + HO2™ — HO® + O2¢~ + H20, generating hydroxyl and superoxide
radicals. Since the greatest efficiency of this reaction is observed under acidic
conditions (pH ~3) [41], the potential of the Nb2Os incorporated into the 6% HP gel

with an average pH of 6.0-6.5 may not have been fully observed.

Additionally, the association of NF_TiO2 with Nb20Os did not potentiate tooth
whitening compared to gels containing the catalysts alone. The lack of synergy
between these particles may have occurred due to the difference in the size of the
molecules used. While Nb20s measures 100 to 2500nm, NF_TiOz2, a nanoparticle, has
6 to 10nm [42]. Such discrepancy in size may have impeded the interaction and
oxidative performance. Therefore, new strategies should be considered such as
solvothermal treatments that produce Nb on a nanometric scale or the co-doping of
NF_TiO2 with Nb20s [43].

The AEoo and AWip results demonstrated that all light-irradiated groups had
higher color and whitening index differences than groups not exposed to violet LED.
Numerous reports indicate the ability of violet LED light to promote color change,
especially when combined with low concentration peroxide gels [1, 15, 26, 27, 44].
Although the catalysts have oxidative potential, irradiation with a violet LED light was

the key factor for color-changing indexes.

There was no significant decline in microhardness in most groups, except for
Nb20s (with and without LED) and Nb20s + TiO2 (without LED). However, these groups

were not different from the others and the percentage surface hardness loss (%SHL,
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Table 7) was lower than 2% of the initial value. Therefore, the SH figures remained
compatible with values of sound enamel [31]. Kolsuz et al. [45] demonstrated that
bleaching gel containing TiO2 and chitosan did not affect microhardness, corroborating
our outcomes. On the other hand, others showed that enamel surface microhardness
decreased following bleaching [46,47], but most of these reports use high
concentration HP gels with a low pH. The positive control group used (35% HP)
presents a pH close to neutrality (pH = 6.8) [29], justifying the lack of hardness loss.
Besides, the low concentration tested (6% HP) and the reduced contact time of the gel
on the enamel surface, combined with the remineralization capacity of saliva in

controlling the inorganic content [28], minimize the %SHL (< 2%).

None of the bleaching protocols tested modified enamel roughness (ARa) after
treatment, confirming previously reported results. That demonstrated low peroxide
concentrations (6% HP) do not change surface roughness [29,45,48]. Although the
roughness meter detects slight modifications in the surface pattern of peaks and
valleys, the reported values are minimal and will not cause consequences to the optical
properties of the enamel nor will it increase the risk of biofilm formation — which could
happen on surfaces with roughness values higher than 0.2um [49]. These results were
ratified by the unaltered enamel morphology under SEM (Figure 7) and the absence

of demineralizing areas or porosities.

Ca and P enamel concentration following treatment remained unchanged,
regardless of the presence of light. Opposed to these results, some authors
demonstrate mineral content decrease after using different application modes and HP
concentrations [1, 32]. Kobayashi et al. [50] evaluated the effect of bleaching protocols
with a violet LED light on bovine enamel, observing no changes in Ca and P enamel
concentrations, reinforcing the hypothesis that the use of whitening protocols with a
violet LED light did not change bleached enamel properties. However, semi-
guantitative analysis as EDS must be interpreted with caution since mechanical or

chemical tests are required to validate the results.

The experimental bleaching gels exhibited short- and long-term chemical
stability, and the addition of NF_TiO2 or Nb20s (combined or not) potentialized the
decomposition rate of the bleaching gel. Nonetheless, the bleaching efficacy is
significantly higher with violet LED light irradiation. Furthermore, low concentration

bleaching gels did not promote adverse effects on tooth structure, regardless of the
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addition of catalysts or light irradiation. Adjustments in Nb20s concentrations and
modifications in the molecule's crystalline structure (doped or not with TiO2) could
increase the photocatalytic behavior, reactivity, and potential to generate ROS on the
outer enamel surface. Although increasing the oxidative potential of these
experimental gels may increase bleaching efficacy, cytotoxic evaluation and cell

viability studies are still necessary.
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CONCLUSION
Within the limitations of this in vitro study, the following conclusions were drawn

e The experimental bleaching gels containing 6% HP showed
adequate preliminary and accelerated stability and pH close to
neutrality, regardless of the addition of NF_TiOz2, Nb20s, or violet LED
light irradiation. The incorporation of these catalysts enhanced the
decomposition of 6% HP.

e Experimental bleaching gels containing 6% HP and NF_TiO2 or
Nb20Os that were light-irradiated exhibited a similar whitening
potential to 35% HP.

e The experimental gels did not significantly change bleached enamel
surface microhardness, roughness, Ca and P concentration, or

morphology, indifferent to the catalysts or light irradiation.
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3.CONCLUSAO

Diante dos resultados deste estudo in vitro, podemos concluir que os géis
clareadores experimentais contendo 6% HP e particulas de NF_TiO2 ou Nb20Os,
apresentam estabilidade adequada, e a adi¢éo de particulas ou a irradiagdo com luz
LED violeta néo alterou as propriedades do gel. A decomposi¢cdo do 6% HP & maior
no gel com incorporacéo de particulas. Ainda, quando irradiados pela luz LED violeta,
0 6% HP com particulas apresenta potencial clareador semelhante ao PH 35%. Ainda,
0S géis experimentais ndo promoveram alteracdes significantes na microdureza,

rugosidade, concentracdo de Ca e P e morfologia do esmalte clareado.



52

REFERENCIASY

Altmann ASP, Collares FM, Balbinot GS, Leitune VCB, Takimi AS, Samuel SMW.
Niobium pentoxide phosphate invert glass as a mineralizing agent in an
experimental orthodontic adhesive. Angle Orthod. 2017;87(5):759-765. doi:
10.2319/122417-140.1.

Alves AR and AR Coutinho. The Evolution of the Niobium Production in Brazil.
Mater Res, 2015;18(1):106-112.

Bakhshayesh AM and N Bakhshayesh. Improved short-circuit current density of
dye-sensitized solar cells aided by Sr,Nb co-doped TiO2 spherical catalysts
derived from sol-gel route. J Sol-Gel Sci Tech. 2016;77(1):228-239.

Balbinot GS, Leitune VCB, Ogliari FA, Collares FM. Niobium silicate catalysts
promote in vitro mineral deposition on dental adhesive resins. J Dent.
2020;101:103449. doi: 10.1016/j.jdent.2020.103449.

Basting R, Amaral F, Franca F, Florio F. Clinical comparative study of the
effectiveness of and tooth sensitivity to 10 % and 20 % carbamide peroxide
hydrogen peroxide in-office bleaching materials containing desensitizing agents.
Oper Dent. 2012;464—-73.

! De acordo com as normas da UNICAMP/FOP, baseadas na padronizac&o do International Committee of Medical
Journal Editors - Vancouver Group. Abreviatura dos periddicos em conformidade com o PubMed.



53

Bhachu DS, Sathasivam S, Sankar G, Scanlon DO, Cibin G, Carmalt CJ, et al.
Highly conductive and photocatalytically active Nb:TiO2. Adv Func Mater,
2014:24(32):5075-5085.

Bortolatto JF, Pretel H, Floros MC, Luizzi AC, Dantas AA, Fernandez E, et al. Low
Concentration H(2)O(2)/TiO_N in Office Bleaching: A Randomized Clinical Trial. J
Dent Res. 2014;93(7 Suppl):66S-71S.

Bortolatto JF, Trevisan TC, Bernardi PS, Fernandez E, Dovigo LN, Loguercio AD,
et al. A novel approach for in-office tooth bleaching with 6% H202/TiO_N and
LED/laser system-a controlled, triple-blinded, randomized clinical trial. Lasers
Med Sci. 2016 Apr;31(3):437-44.

Caneschi CS, Benetti F, de Oliveira LCA, Belchior JC, Ferreira RC, Moreira AN,
Dos Santos Alves Morgan LF. Bleaching effectiveness and cytotoxicity of new
experimental formulation of niobium-based bleaching gel. Clin Oral Investig. 2023
Jan 6.

Cavalli V, Rosa DAD, Silva DPD, Kury M, Liporoni PCS, Soares LES, Martins AA.
Effects of experimental bleaching agents on the mineral content of sound and
demineralized enamels. J Appl Oral Sci. 2018 Oct 4;26:€20170589. doi:
10.1590/1678-7757-2017-0589.

Costa JLSG, Besegato JF, Zaniboni JF, Galvani LD, Kuga MC. Effects of tooth
bleaching protocols with violet LED and hydrogen peroxide on enamel properties.
Photodiagnosis Photodyn Ther. 2022 Jun;38:102733



54

Costa JLSG, Besegato JF, Zaniboni JF, Vitéria MS, Gelio MB, Kuga MC.
Whitening efficacy of low concentration hydrogen peroxide photoactivated with
blue or violet LED. Photodiagnosis Photodyn Ther. 2022 Sep;39:103028. doi:
10.1016/j.pdpdt.2022.103028. Epub 2022 Jul 21. PMID: 35872355.

de Oliveira Duque CC, Soares DG, Briso A, Ortecho-Zuta U, de Oliveira Ribeiro
RA, Hebling J, de Souza Costa CA. Influence of Tooth Pigmentation on H202
Diffusion and Its Cytotoxicity After In-office Tooth Bleaching. Oper Dent. 2020 Nov
1;45(6):632-642. doi: 10.2341/19-013-L. PMID: 32516400.

de Oliveira Ribeiro RA, Zuta UO, Soares IPM, et al. Manganese oxide increases
bleaching efficacy and reduces the cytotoxicity of a 10% hydrogen peroxide
bleaching gel. Clin Oral Investig. 2022;26(12):7277-7286. doi:10.1007/s00784-
022-04688-3.

Degrazia FW, Altmann ASP, Ferreira CJ, Arthur RA, Leitune VCB, Samuel
SMW, Collares FM. Evaluation of an antibacterial orthodontic adhesive
incorporated with niobium-based bioglass: an in situ study. Braz Oral Res.
2019;18;33:€010. doi: 10.1590/1807-3107bor-2019.vol33.0010.

Esteban Florez FL, Trofimov AA, Levlev A, Wian S, Rondinone AJ, Khajotia SS.
Advanced characterization of surface-modified nanocatalysts and nanofilled
antibacterial dental adhesive resins. Sci Rep 2020;10(1):9811.



55

Esteban Florez FL, Hiers RD, Larson P, Johnson M, O'Rear E, Rondinone AJ,
Khajotia SS. Antibacterial dental adhesive resins containing nitrogen-doped
titanium dioxide nanocatalysts. Mater Sci Eng C Mater Biol Appl. 2018 Dec
1;93:931-943. doi: 10.1016/j.msec.2018.08.060. Epub 2018 Sep 1.

Garcia IM, Leitune VCB, Balbinot GS, Samuel SMW, Collares FM. Influence
of niobium pentoxide addition on the properties of glass ionomer cements. Acta
Biomater Odontol Scand. 2016 5;2(1):138-143.

Ghugal SG, Umare SS, Sasikala R. Enhanced photocatalytic activity of TiO2
assisted by Nb, N and multidopants. Mater Res Bulletin 2015, 61:298-305.

Goyal K, Saha SG, Bhardwaj A, Saha MK, Bhapkar K, Paradkar S. A comparative
evaluation of the effect of three different concentrations of in-office bleaching
agents on microhardness and surface roughness of enamel - An in vitro study.
Dent Res J (Isfahan). 2021 Jun 22;18:49.

Gallinari MO, Cintra LTA, Barboza ACS, da Silva LMAV, de Alcantara S, Dos
Santos PH, Fagundes TC, Briso ALF. Evaluation of the color change and tooth
sensitivity in treatments that associate violet LED with carbamide peroxide 10 %:
A randomized clinical trial of a split-mouth design. Photodiagnosis Photodyn Ther.
2020 Jun;30:101679. doi: 10.1016/j.pdpdt.2020.101679.

Grazioli G, Valente LL, Isolan CP, Pinheiro HA, Duarte CG, Minchow EA.
Bleaching and enamel surface interactions resulting from the use of highly-
concentrated bleaching gels. Arch Oral Biol. 2018;87:157-162.



56

Hanaor DAH and CC Sorrell, Review of the anatase to rutile phase
transformation. J Mater Sci 2010;46(4): 855-874.

Joiner A, Luo W. Tooth colour and whiteness: A review. J Dent. 2017;67S:S3-
S10.

Joost U, Juganson K, Visnapuu M, Mortimer M, Kahru A, Némmiste E, et al.
Photocatalytic antibacterial activity of nano-TiO2 (anatase)-based thin films:
effects on Escherichia coli cells and fatty acids. J Photochem Photobiol B. 2015
Jan;142:178-85. doi: 10.1016/j.jphotobiol.2014.12.010.

Kury M, Hiers RD, Zhao YD, Picolo MZD, Hsieh J, Khajotia SS, et al. Novel
Experimental In-Office Bleaching Gels Containing Co-Doped Titanium Dioxide
Nanocatalysts. Nanomaterials (Basel). 2022 Aug 30;12(17):2995.

Kury M, Wada EE, da Silva Palandi S, Picolo MZD, Giannini M, Cavalli V.
Colorimetric evaluation after in-office tooth bleaching with violet LED: 6- and 12-
month follow-ups of a randomized clinical trial. Clin Oral Investig. 2022
Jan;26(1):837-847. doi: 10.1007/s00784-021-04062-9.

Kury M, Perches C, da Silva D, André C, Tabchoury C, Giannini M, Cavalli V.
Color change, diffusion of hydrogen peroxide, and enamel morphology after in-
office bleaching with violet light or nonthermal atmospheric plasma: An in vitro
study. J Esthet Restor Dent. 2020; 32(1); 102-112.



57

Kury M, Wada EE, Silva DPD, Tabchoury CPM, Giannini M, Cavalli V. Effect of
violet LED light on in-office bleaching protocols: a randomized controlled clinical
trial. J Appl Oral Sci. 2020;28:€20190720.

Kwon SR, Wertz PW. Review of the Mechanism of Tooth Whitening. J Esthet
Restor Dent. 2015 Sep-Oct;27(5):240-57.

LanY, Lu Y, Ren Z. Mini review on photocatalysis of titanium dioxide
nanocatalysts and their solar applications. Nano Energy 2013; 2(5):1031-1045.

Li D, Cheng XW, Yu XK, Zing ZP. Preparation and characterization of TiO2-based
nanosheets for photocatalytic degradatin of acetylsalicylic acid: influence of
calcination temperature. Chem Engin J 2015;279-994-1003.

Lima SNL, Ribeiro IS, Grisotto MA, Fernandes ES, Hass V, de Jesus Tavarez
RR, et al. Evaluation of several clinical parameters after bleaching with hydrogen
peroxide at different concentrations: A randomized clinical trial. J Dent.
2018;68:91-97.

Llena C, Collado-Gonzalez M, Garcia-Bernal D, Ofate-Sanchez RE, Martinez
CM, Moraleda JM, et al. Comparison of diffusion, cytotoxicity and tissue
inflammatory reactions of four commercial bleaching products against human
dental pulp stem cells. Sci Rep. 2019 May 23;9(1):7743. doi: 10.1038/s41598-
019-44223-1.



58

Nowak I, Ziolek M. Niobium Compounds: Preparation, Characterization, and
Application in Heterogeneous catalysis. Chem. Rev 1999, 99, 3603-3624.

Oliveira LCA, Portilho MF Silva AC, Taroco HA, Souza PP. Modified niobia as a
bifunctional catalyst for simultaneous dehydration and oxidation of glycerol.
Applied Catalysis B: Environmental. 2012: 117:29-35,

Prado AGS, Bolzon LB, Pedroso CP, Moura AO, Costa LL. Nb205 as Efficient
and Recyclable Photocatalyst for Indigo Carmine Degradation. Applied Catalysis
B-environmental - APPL CATAL B-ENVIRON. 2008: 82: 219-224.

Qadri M, Lin J, Biesiekierski Li, Cuie Wen. Effect of anodized TiO2-Nb20s-ZrO>
nanotubes with differetn nanoscale dimensions on the biocompatibility of a
Ti35Zr28Nb Alloy. ACS Applied Mater Interfaces 2020;12:6776-67.

Silva FB. Clareamento dentario em adultos: fatores associados a realizacao e ao
desejo de submeter-se ao tratamento na coorte de nascimentos de Pelotas-RS,
em 1982. 2015. 55f. Dissertacdo (Mestrado em Dentistica) — Programa de Pés-
Graduacao em Odontologia, Faculdade de Odontologia, Universidade Federal de
Pelotas, 2015.

Soares DG, Basso FG, Scheffel DS, Hebling J, de Souza Costa CA. Responses
of human dental pulp cells after application of a low-concentration bleaching gel
to enamel. Arch Oral Biol. 2015;60(9):1428-36.



59

Tarutani N, Kato R, Uchikoshi T, Ishigaki T. Spontaneously formed gradient
chemical compositional structures of niobium

doped titanium dioxide nanocatalysts enhance ultraviolet- and visible-light
photocatalytic performance. Sci Rep. 2021;11(1):15236. doi: 10.1038/s41598-
021-94512-x.

Trevisan TC, Bortolatto JF, Rizzi G, Meloto BT, Dantas AAR, de Oliveira Junior
OB. Clinical performance of 6% hydrogen peroxide containing TiO2N
nanocatalysts activated by LED in varying wavelengths-a randomized clinical trial.
Lasers Med Sci. 2022 Apr;37(3):2017-2024.

Ubaldini AL, Baesso ML, Medina Neto A, Sato F, Bento AC, Pascotto RC.
Hydrogen peroxide diffusion dynamics in dental tissues. J Dent Res. 2013;
92(7):661-5.

Zanin F, Brugnera Jr., A, Widlin MC. Clareamento dental com LEDs e lasers. In:
Guia de Lasers em Odontologia para a Pratica Clinica. Wiley-Blackwell, 2015; pp.
92-103.

Zanin F. Avancgos recentes no clareamento dental com laser e LEDs. Photomed
Laser Surg 2016; 34: 135-136.



ANEXOS

Anexo 1 — Verificacdo de originalidade e prevencéo de plagio

dissertacao

RELATORIO DE ORIGINALIDADE

106 7« 8 24

INDICE DE FOMNTES DA INTERNET  PUBLICACOES DOCUMENTOS DOS
SEMELHANCA ALUMOS

FOMTES PRIMARIAS

repositorio.unicamp.br 2
Fonte da Internet %

-

Fernando Luis Esteban Florez, Rochelle Denise 1 %
Hiers, Preston Larson, Matthew Johnson et al.
"Antibacterial dental adhesive resins

containing nitrogen-doped titanium dioxide
nanoparticles", Materials Science and

Engineering: C, 2018

Publicacado
www.ncbi.nlm.nih.gov 1
= Fonte da Internet %
www.scielo.br 1
Fonte da Internet %
Ml Andres Galindez, Luis Daniel Daza, Angie
5 <l%

Homez - Jara, Angelica Sandoval - Aldana,
Henry Alexander Vaquiro. " Effect of ulluco
starch coating on the preservation of
harvested goldenberries (L.) ", Journal of

Food Processing and Preservation, 2021
Publicacado

60



61

Anexo 2 — Declaracéao de submissao do artigo

Dear Dr. Vanesza Cavall

Your manuscript Efiects of experimental bleaching gels containing co-doped fitanium dioxide and niobium pentoxide combined with violet light has been opted in fo In Review from Springer
Nature as part of its submission to Clinical Cral Investigations. In Review is & free preprint service that permanently posts your paper fo ihe preprint server Research Square.

The [n Review service will

+ Publicly share your manuscript on Research Square in the form of a preprint with a DO

+ Allow the public to track the status of your manuscript through peer review using In Review's Peer Review Timeline
» Enable you to reap the benefits of arly sharing, such as more collaboration opportunities and earlier citations

+ Provide an opportunity to get feedback and comments from the community that can improve your paper

All preprints posted as part of the In Review service are screened for preprint suitabiity, formatted, assigned a DOI, and publicly posted under a CC-BY 4.0 license a5 a preprint on Research
Square. Because itis assigned a DOI, it will be permanently available for anyone to view online, regardless of the journal decision.

Ifyou have any questions about why your manuscript was opted into [n Review, please contact the submitting author. Once the preprint is pasted, you'll no longer be 2ble to opt out of In
Review. [f the preprint has not yef been posted. the submitting author will be able to opt out by logging in to their Research Square Dashboard.

Sincerely,

Springer Nature

Journal submission |D for reference: Sfcd0i41-3610-4997-0131-6eeddecBebicl
Submission title for reference: Effects of experimental bleaching gels containing co-tdoped titanium dioxide and niobium pentoxide combined with violet light

This email has been sent to cavalli@unicamp.br by Research Square on behalf of Springer Nature.
Frivacy policy

Contact Research Square

@ Springer Nature



