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RESUMO

Introdugado: A ma higienizacdo das proteses em resina acrilica pode levar ao
desequilibrio microbiolégico e ao desenvolvimento da estomatite protética. O
cinamaldeido € um fitoconstituinte que tem se colocado como uma alternativa para
a desinfeccéo de proteses devido sua promissora agao antimicrobiana. Entretanto,
seus possiveis efeitos deletérios sobre os materiais de base de protese em longo
prazo nao sao conhecidos. Objetivo: O objetivo do presente estudo foi de avaliar
os efeitos da imersao simulada por até cinco anos nas alteragcdes superficiais de
rugosidade e cor de uma resina termicamente ativada por energia de micro-ondas
imersa em solugdes de limpeza de protese. Materiais e métodos: Oitenta
espécimes em forma de disco (10 x 5 mm) foram confeccionados em polimetacrilato
de metila (PMMA) ativado termicamente por energia de micro-ondas (Vipi Wave) e
foram imersos em quatro solugdes (n=20): GTW —Agua de torneira (Controle); GSH
— Hipoclorito de sdédio 0,5%; GPX — Peréxido alcalino (Polident Overnight
Whitening); GCA - Cinamaldeido 27pg/mL, simulando até cinco anos de
higienizagcado. Analises dos parametros de rugosidade superficial (Sa) e de cor
CIELab (L* a* b*, AEab), CIEDE2000 (AEOO) e National Bureau of Standards (NBS)
foram analisados, respectivamente, através de perfilometria 6ptica (CCI-MP, Taylor
Hobson, UK) e espectrofotometria (Vita EasyShade, Vita, Germany) em quatro
intervalos de tempo: baseline (t=0), ap6és 104, 913 e 1825 ciclos de imersdo. A
diferenca entre as médias dos grupos foi verificada pela analise de variancia Two-
Way ANOVA para medidas repetidas e teste de Tukey, com nivel de significancia
de 1% (a=0,01). Resultados: A rugosidade superficial foi influenciada pelo fator
tempo, porém nao pelo fator solugdo. Verificou-se um aumento da rugosidade Sa
para todos os grupos, apos 1825 ciclos, com diferenga estatisticamente significante
(p<0,01) quando comparado ao baseline, independentemente da solugdo
estudada. Em relagéo as alteragdes de AEab, AEOO e NBS, apenas o fator tempo
foi relevante na alteracao da cor das amostras, com todos os valores classificados
abaixo dos limites de perceptibilidade e aceitabilidade. O grupo GCA néo
apresentou valores de rugosidade e cor estatisticamente diferentes com as demais
solugdes testadas apds cinco anos de imersao simulada (p>0,01). Conclusoes: A
solugdo de cinamaldeido (27ug/mL) causou pequenas alteragées nos parametros
de rugosidade superficial e cor avaliados, semelhantes ao hipoclorito de s6dio 0,5%
e peréxido alcalino apds 5 anos de imerséo simulada.

Palavras-chave: Polimetil Metacrilato; Biofilme; Candida; Cinamaldeido;
Propriedades de Superficie; Cor.
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ABSTRACT

Introduction: Poor hygiene of acrylic resin dentures can lead to microbiological
imbalance and the development of prosthetic stomatitis. Cinnamaldehyde is a
phytoconstituent that has been placed as an alternative for denture disinfection due
to its promising antimicrobial action. However, its possible deleterious effects on the
long-term denture base materials are not known. Objective: The aim of the present
study was to evaluate the effects of simulated immersion for up to five years on
surface roughness and color changes of a resin thermally activated by microwave
energy immersed in denture cleaning solutions. Materials and methods: Eighty
disc-shaped specimens (10 x 5 mm) were made in polymethyl methacrylate (PMMA)
thermally activated by microwave energy (Vipi Wave) and were immersed in four
solutions (n=20): GTW —Tap water (Control); GSH - 0.5% sodium hypochlorite; GPX
- Alkaline peroxide (Polish nighttime whitening); GCA - Cinnamaldehyde 27ug/mL,
simulating up to five years of cleaning. Analyzes of surface roughness (Sa) and color
parameters CIELab (L* a* b*, AEab), CIEDE2000 (AE00) and National Bureau of
Standards (NBS) were deviated, respectively, by optical profilometry (CCI-MP,
Taylor Hobson, UK) and spectrophotometry (Vita EasyShade, Vita, Germany) at
four time intervals: baseline (t=0), after 104, 913 and 1825 immersion cycles. The
difference between the means of the groups was verified by analysis of variance
ANOVA bidirectional for repeated measures and Tukey test, with a significance level
of 1% (2=0.01). Results: The surface roughness was influenced by the time factor,
but not by the solution factor. There was an increase in roughness Sa for all groups
after 1825 cycles, with a statistically significant difference (p<0.01) when compared
to the baseline, regardless of the solution studied. Regarding changes in AEab,
AEQO and NBS, only the time factor was relevant in changing the color of the
previous ones, with all values classified below the perceptibility and acceptability
limits. The GCA group did not show roughness and color values statistically different
from the other solutions tested after five years of simulated immersion (p>0.01).
Conclusions: Cinnamaldehyde solution (27ug/mL) caused small changes in
surface roughness and relative color parameters, similar to 0.5% sodium
hypochlorite and alkaline peroxide after 5 years of simulated immersion.

Keywords: Polymethyl Methacrylate; Biofilms; Candida; Cinnamaldehyde; Surface
Properties; Color.
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1. INTRODUGAO

O polimetilmetacrilato (PMMA) é o material de escolha mais comumente
utilizado na confecgcido de préteses totais e parciais, estando introduzido para tal
finalidade desde o final dos anos 1930 por Walter H. Write (1-3). A predilecéo pelo
PMMA ocorre em virtude de suas caracteristicas e vantagens, apresentando boa
estabilidade dimensional no ambiente bucal, compatibilidade com os tecidos orais,
além de proporcionar um resultado estético satisfatorio, ser de baixo custo e de facil

manipulagao (4-7).

No entanto, como a cavidade oral € um ambiente constituido por uma rica e
diversificada microbiota composta por virus, bactérias e fungos patogénicos e néo
patogénicos que habitam em total comensalismo (8,9), alteragbes locais
promovidas pelo uso continuo de proteses e a ma higiene oral, e sistémicas como
xerostomia e desordens imunoldgicas, podem acarretar em mudangas
significativas nesse ambiente, principalmente em pacientes imunologicamente
comprometidos e em idosos dependentes, proporcionando a ocorréncia de
infecgdes oportunistas por microorganismos (8—13). Vale salientar que implicagbes
sistémicas graves ocasionadas pela invasdo tecidual e pela alta patogenicidade do
biofilme oral, como pneumonia aspirativa, fungemia e endocardite bacteriana,
podem ser desencadeadas caso a higienizagao das proteses nao seja realizada

de maneira adequada (1,14,15).

Além disso, a consequéncia desse desequilibrio microbiolégico pode ser
observada clinicamente através do desenvolvimento da candidiase atréfica crénica
(CAC), mais conhecida como estomatite protética (EP) (16). Apesar de apresentar
uma etiologia multifatorial, a EP é frequentemente associada ao uso de proteses,
tendendo a comprometer a qualidade de vida desses pacientes com o
desencadeamento de sintomas como queimacao (ardor), sensagao dolorosa,
alteragdes no paladar e dificuldade na degluticdo. Clinicamente apresenta-se como
uma lesdo eritematosa inflamatéria caracterizada por exibir uma mucosa
difusamente avermelhada logo abaixo da protese. Apesar do desconhecimento da
maioria dos pacientes, estima-se que cerca de 65% a 75% dos usuarios

apresentem esta condic¢ao (10,16-19).



Mesmo sendo constituido por uma variedade altamente colonizada de
microorganismos, o biofilme responsavel pelas alteragdes provocadas pela EP tem
como espécie causadora mais comum a Candida albicans (8,20-22). Esses
microorganismos possuem a capacidade de adesao tanto a superficie do PMMA
quanto aos tecidos orais subjacentes, habitat com fluxo de oxigénio e saliva
reduzidos (17,19). Essa queda do fluxo salivar impede o acesso de lisozimas,
lactoferrinas, histatinas, catelicidinas, calprotectinas e defensinas a interface
mucosa/protese, fator crucial para o controle do desenvolvimento e disseminacao
de Candida albicans (8,23). Além disso, superficies protéticas mais porosas e
hidrofébicas favorecem a colonizacdo de Candida albicans em sua forma mais
patogénica (15). Outro fator inerente a prépria resina acrilica, a hidrofobicidade,
mensurada pelo angulo de contato da superficie com um liquido, também parece
estar diretamente relacionada com a aderéncia de microorganismos a superficie da
protese. Tem sido sugerido que quanto mais hidrofobica a resina se torna, mais

facil fica a sua colonizagao (15,24).

Para contornar o acometimento da EP, além de uma adequada higiene oral,
a desinfecgao eficaz da protese é essencial (2,3,21), podendo ser realizada através
de métodos quimicos (solugdes desinfetantes, comprimidos e agentes quimicos),
mecanicos (escovagao, ultrassom ou energia por micro-ondas) ou por uma
associagao dos dois métodos (7,25-27). Apesar da maior facilidade de acesso
proporcionado pelo método mecanico através da escovagao, essa técnica possui
desvantagens, como sua inviabilidade a usuarios com desordens motoras ou
visuais (28,29). Além disso, caso seja associada a um dentifricio abrasivo, danos
irreversiveis (aumento da rugosidade) podem ser gerados na superficie da prétese
(10,17,21). E importante mencionar que valores da rugosidade média (Ra)
superiores a 0,2um contribuem para a formag¢ao do biofiime e para a adesao
microbiana ao PMMA (30,31), justificada também pela n&o atuacdo de forgas de

cisalhamento nessas regides (32).

Uma alternativa eficaz consiste na imersdo dos dispositivos protéticos em
solugdes quimicas capazes de promover a desinfec¢ao e eliminagao do biofilme,
atingindo areas obstruidas de escala microscopica e anteriormente inacessiveis ao

método mecanico (3,21,33). Contudo, as caracteristicas ideais para uma solugao
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quimica (demonstrar atividade antibiofilme, ser antibacteriano e antifungico, nao ser
toxico, apresentar compatibilidade com o material da protese, ndo modificar ou
degradar a superficie do acrilico, ser de facil manuseio, ter um sabor agradavel e

nao possuir alto custo) ainda nao foram demonstradas em um unico produto (10).

Independentemente da solugdo utilizada, algumas recomendagdes aos
usuarios também sdo importantes, tendo em vista que mesmo com uma
higienizagao adequada da protese e da cavidade oral, ndo é recomendado o uso
continuo destes dispositivos (24 horas por dia), afim de se evitar o acometimento
pela EP. Ainda assim, devem ser higienizadas diariamente com um produto ndo
abrasivo e pelo tempo adequado (10), entretanto, varios protocolos sé&o
recomendados para cada tipo e para uma mesma solugéo, gerando duvidas entre

usuarios e dentistas.

Diversas solugbdes quimicas de limpeza de proteses estdo disponiveis no
mercado, como hipocloritos, peroxidos, enzimas, acidos e enxaguatorios (2,10).
Como mencionado anteriormente, o principal objetivo dessas solugbes é de
promover sua agao antimicrobiana e detergente sem danificar as propriedades
fisico-mecéanicas do PMMA, contudo, danos também podem ser gerados por
algumas solug¢des durante as imersdes (1,34). O hipoclorito de sodio (NaOCI) e os
produtos quimicos geradores de peroxidos compdem as solugdes de limpeza de
préteses mais comumente utilizados para tal finalidade (30,34). O hipoclorito de
sodio é apresentado na forma de uma solugdo com capacidade bactericida e
fungicida, atuando na matriz organica do biofilme, além de apresentar a capacidade
de remover manchas. De acordo com diretrizes do American College of
Prosthodontics, seu uso nao deve ser superior ao limite de 10 minutos por imerséo,
evitando danos as proteses (10). Os perdxidos alcalinos sdo compostos por
diversos agentes e sdo apresentados na forma de pd ou tabletes. Quando em
contato com agua, tornam-se solugdes de peroxido de hidrogénio, capazes de
promover a limpeza mecanica pela liberacdo de oxigénio ocorrida na reagao
(7,26,30).

Kiesow et al. (2016) (3) avaliaram a compatibilidade dos materiais utilizados
na confecgdo proteses dentarias e os efeitos de regimes de limpeza tipicos,

simulando dois anos de higienizagdo semanal ou trés meses e meio de imerséo
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diaria. Os resultados revelaram que apds 104 ciclos de 10 minutos, o hipoclorito de
sodio 6% causou danos limitados ao PMMA, mas corroeu a liga de Cobalto Cromo
e a solda. As pastilhas efervescentes a base de perdxido causaram poucos danos
a quaisquer materiais apos 104 ciclos de 15 minutos, exceto a formagao da camada
na solda de prata. Os autores concluiram que o hipoclorito de sédio foi incompativel
com os componentes metalicos das préteses e que os comprimidos de limpeza a
base de perdxido proporcionaram uma compatibilidade razoavel com os materiais

testados.

Arruda et al., (2015) (34) avaliaram a estabilidade de cor, rugosidade
superficial e resisténcia a flexdo de uma resina acrilica termopolimerizavel apos
imersao em solugdes de perdxido alcalino e hipoclorito alcalino, simulando um
periodo de uso de cinco anos de imersao diaria. Os autores concluiram que 1825
ciclos de 20 minutos em solugdes de peréxido alcalino e NaOCI ndo causaram

efeitos adversos clinicamente significativos na resina acrilica termopolimerizavel.

Varios autores também tém apresentado novas alternativas para a
desinfeccao de proteses totais e parciais (12,21,35-37). Dentre essas alternativas
encontra-se o cinamaldeido, fitoconstituinte obtido do dleo essencial presente em
folhas e cascas de Cinnamomum zeylanicum (canela) e considerado um excelente
agente antimicrobiano com potencial agdo fungicida (12,21). O cinamaldeido
promove o acumulo de Espécies Reativas de Oxigénio (EROs) intracelular, além
de ocasionar o aumento da concentragao de calcio no citoplasma e na mitocondria.
Sua acao frente a Candida albicans decorre também em virtude da liberagdo do
citocromo ¢ da mitocOndria para o citoplasma, assim como a externalizacdo de
fosfatidilserina, sinais claros de apoptose celular. Aliado a isso, o cinamaldeido
provoca a diminuigao do potencial de membrana mitocondrial (A¥Ym), componente
essencial no processo de armazenamento de energia (38). Além disso, vale
mencionar que em estudos recentes foi demonstrado que o cinamaldeido
apresentou citocompatibilidade e baixa toxidade celular, ratificando sua promissora

capacidade no tratamento da EP (12).

Poucos estudos tém sido realizados acerca dos potenciais efeitos do
cinamaldeido sobre os materiais protéticos (12,39,40). Entre eles, Almeida et al.

(2020) (21) avaliaram o efeito do cinamaldeido na desinfecgao de préteses totais
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removiveis assim como seu efeito nas propriedades fisicas e mecanicas da resina
acrilica em um estudo clinico in situ. Trinta e trés voluntarios portadores de C.
albicans, porém sem a presenca de estomatite protética, verificado previamente por
uma triagem inicial, passaram por duas etapas de 14 dias: 7 dias envolvendo a
formacéo de biofilme oral em espécimes de disco de resina acrilica inseridos na
area basal das dentaduras, e 7 dias de imersdo das proteses nos produtos
avaliados — hipoclorito de sodio 0,5% e cinamaldeido 27 ug/mL, em um desenho
cruzado, onde cada participante utilizou as duas substancias. Os resultados
revelaram que houve uma reducdo significativa (p<0,05) no numero de
microrganismos para cada espécie (microrganismos totais, Streptococcus mutans
e Candida spp.), ndo havendo diferengas significativas (p> 0,05) entre hipoclorito e
cinamaldeido. Houve aumento da rugosidade e diminuigdo da dureza dos corpos
de prova, n&o havendo diferenca entre as duas substancias desinfetantes (p> 0,05).
Tanto o hipoclorito quanto o cinamaldeido também causaram alteragao na cor, mas
sem diferenga significativa entre as substancias desinfetantes (p >0,05). Os autores
concluiram que a solugado de cinamaldeido com concentragao de 27 pg/mL foi
eficaz contra todos os microrganismos avaliados e causou pequenas alteracdes
nos parametros de dureza, rugosidade superficial e cor, sem relevancia clinica.
Entretanto, o estudo avaliou o efeito do regime de higienizagdo por um curto
intervalo de tempo, sendo necessarios estudos adicionais para verificar o

comportamento da solugdo em longo prazo.

Apesar da promissora agao antimicrobiana evidenciada pelo cinamaldeido
(12,21,39,41-43), ha uma escassez na literatura a respeito da imersao a longo
prazo de componentes protéticos nessa solugao e suas possiveis alteragcdes nas
propriedades do PMMA. Assim, o objetivo do presente estudo foi de avaliar os
efeitos da imersdo simulada de cinco anos nas alteragbes superficiais de
rugosidade e cor de uma resina termicamente ativada por energia de micro-ondas
imersa em cinamaldeido, justificado pelo beneficio potencial que apresenta o uso

dessa substancia contra microorganismos na prevencao da estomatite protética.
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ABSTRACT

Background: Poor hygiene of acrylic resin-based dentures can lead to microbial
colonization and the development of denture stomatitis. While cinnamaldehyde has been
successfully used for the short-term disinfection of dentures, its long-term effects on the
surface and color properties of denture base materials remain largely unknown.

Objective: This study evaluated the effects of simulated immersion in cinnamaldehyde for
up to five years on the surface roughness and color parameters of a heat-cured denture base
resin. Materials and methods: Eighty disc-shaped specimens (10 x 5 mm) were prepared
by microwave heat-cured polymethylmethacrylate (PMMA), and immersed in four solutions
(n =20), namely: TW — Tap water (control); SH — 0.5% sodium hypochlorite; PX — Alkaline
peroxide; and CA — Cinnamaldehyde (27 pg/mL). The immersion protocol simulated up to
five years of cleaning. Surface roughness (Sa) and the color parameters CIELab (L* a* b*,
AEab), CIEDE2000 (AE00) and the National Bureau of Standards (NBS) were analyzed by
optical profilometry and spectrophotometry, respectively, at baseline (¢ = 0) and after 104,
913 and 1825 immersion cycles. Differences in the means between the groups were
determined by two-way analysis of variance (ANOVA) for repeated measures and Tukey’s
posthoc test, considering significance level at 1% (o = 0.01).

Results: The surface roughness of treated specimens was influenced by the time factor, but
not by the solution factor. Sa roughness was significantly increased in all groups after 1825
cycles compared to baseline (P < 0.01), regardless of the solution. Only the time factor
affected significantly AEab, AE00, and NBS color parameters, which were below the
perceptibility and acceptability thresholds. After simulated 5-year immersion, the surface
roughness and color values of CA-treated specimens were not statistically different from

those of the other groups (P > 0.01).
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Conclusion: Cinnamaldehyde solution (27 pg/mL) produced minor effects on the surface
roughness and color parameters of a heat-cure denture base resin, similar to 0.5% sodium

hypochlorite and alkaline peroxide, after 5 years of simulated immersion.

16



CLINICAL IMPLICATIONS

Cinnamaldehyde is an alternative cleaning solution for PMMA-based dentures that
causes only minor changes in color and surface roughness after long-term immersion.
Overall, cinnamaldehyde can be considered advantageous in terms of odor, taste, and cost-

effectiveness.

INTRODUCTION

Candida albicans is the most common species causing biofilm-related denture
stomatitis (DS).!™* Yeast cells can adhere both to the surface of polymethylmethacrylate
(PMMA) materials and underlying oral tissues, on which there is reduced oxygen availability
and a low salivary flow. °>~7 Hence, thorough oral hygiene and denture disinfection are critical
to prevent the onset of DS.2%! The latter can be performed through chemical and
mechanical methods or an association of both.!'"'* While the mechanical method (brushing)
can be readily applied by most users, it has important disadvantages to consider, particularly
for individuals with motor or visual disorders.!*!7 Furthermore, if brushing is associated
with an abrasive dentifrice, the surface of the denture can be susceptible to irreversible
damage, such as increased roughness and loss of matter.>>!® Surface roughness values
greater than 0.2 pum were shown to favor microbial adhesion and biofilm formation on
PMMA materials,'>*° which is likely due to the absence of shear forces in these areas.’!
More importantly, serious systemic complications caused by tissue invasion and the high
pathogenicity of oral biofilms, such as aspiration pneumonia, fungemia, and infective

endocarditis, may occur in susceptible individuals if dentures are not properly cleaned.!”?*-
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To overcome this issue, an effective alternative consists of immersing the denture in

17,26

chemical solutions, thereby reaching obstructed areas on a microscopic scale that are
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often inaccessible to mechanical cleaning. >%%’ Several chemical solutions for cleaning
dentures are available on the market, such as hypochlorite, peroxides, enzymes, acids, and
mouthwashes. ®!%2 The main purpose of these solutions is to have antimicrobial and
detergent action without damaging the physical-mechanical properties of PMMA

materials,>%?831

Sodium hypochlorite (NaOCl) and alkaline peroxides are the most
commonly used solutions for dentures.'”? Yet, the corrosive power of NaOCI causes
damages in denture base materials whereas the high cost of alkaline peroxides renders them
unaffordable to a large part of the population, specially in developing countries.®*

Over the years, biotechnological advances worldwide have contributed to natural
product research and development, including the use of essential oils (EOs) and their
phytoconstituents. To overcome microbial resistance issues, EOs have been the subject of
several studies due to their biological and pharmacological properties.?>3-

Cinnamaldehyde is a phytochemical obtained from the leaves and bark of
Cinnamomum zeylanicum (cinnamon). It is considered an excellent antimicrobial agent with
a potential fungicidal action through the inhibition of ATPase activity in the plasma
membrane and by dropping the intracellular pH>*. In a previous study, cinnamaldehyde
showed cytocompatibility when exposed to fibroblasts, macrophages, and keratinocyte cell
lines.* In a previous in situ clinical study in denture users, a cinnamaldehyde solution at the
concentration of 27 pg/mL was effective against all microbial strains and caused only minor,
clinically irrelevant changes in the parameters of hardness, surface roughness, and color.
Users preferred this solution because of its features, such as pleasant taste and odor.
However, only the short-term effects of the cleaning regimen were examined, requiring
additional research to determine the long-term behavior of the experimental solution.

In this study, we analyzed the use of products commonly used for the disinfection of

dentures compared to an experimental cinnamaldehyde solution. The hypothesis was that
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cinnamaldehyde produces only minor changes in the color and surface roughness of PMMA -
based dentures, compatible with sodium hypochlorite and alkaline peroxide, during

simulated long-term immersion up to 5 years.

MATERIAL AND METHODS

The experimental methodology of this study was adapted from previous reports.>**°
Eighty medium-pink PMMA discs heat-cured by microwave energy (Vipi Wave, Vipi, Sao
Paulo, Brazil) were prepared according to the manufacturer's recommendations.

Cylindrical stainless-steel dies (10 x 5 mm) were used for the impression and
subsequent preparation of the specimens. A medium-pink microwave-cured acrylic resin
(Vipi Wave, Vipi, Sao Paulo, Brazil) was selected. The resin was dosed, manipulated,
included in the spaces created by the stainless-steel dies, placed on a glass plate (to provide
a smooth surface), and heat-cured by microwave energy according to the manufacturer's
instructions. Due to the surface smoothness provided by the glass plate, no polishing was
needed.? Excess resin was finished with a tungsten bur (Maxicut, Labordental, S3o Paulo,
Brazil), and the specimens were submitted to an ultrasonic bath (BioWash STD, Bio Art,
Sao Paulo, Brazil) in distilled water for 15 minutes to remove debris. Table 1 presents the
specifications of the materials used.

The sample size (n = 20/group) was based on similar reports published elsewhere.'*-*

The specimens were randomly allocated into four groups according to the cleaning solution

through an online random number generation tool (www.randomizer.org): TW — Tap water;

SH — 0.5% sodium hypochlorite; PX — Alkaline peroxide; and CA - Cinnamaldehyde
(27ug/mL).
The tap water used for the TW and PX solutions was stored in recipients to avoid

variations from daily collections. The preparation of the PX solution was carried out
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according to the manufacturer's instructions, that is, 200 mL of water at 37°C for one alkaline
peroxide effervescent tablet (GSK - GlaxoSmithKline, Philadelphia, PA, USA). The 0.5%
SH solution was purchased from a compounding pharmacy (Dilecta, Jodo Pessoa, PB,
Brazil). The CA solution (Sigma Aldrich, St. Louis, MO, USA) was prepared at a
concentration of 27 pg/mL according to the study by Almeida et al. (2020).> To determine
the hydrogenionic potential of the solutions, baseline pH values were measured in a digital
pH meter (Quimis, Model Q400 AS Diadema, SP, Brazil). The acidic pH can promote the
degradation of the acrylic resin surface and favor biofilm development, leading to the onset
of denture stomatitis.’ Hence, the pH values of the solutions used in this study were measured
and are described as follows: TW: 7.7; SH: 11.8; PX: 7.4; and CA: 6.9.

As there is no consensus in the literature regarding the most suitable cycle duration,
two immersion protocols were used to simulate up to five years of cleaning.”?’ A daily
regimen (representative of 3.5 months) or a weekly regimen (representative of 2 years) of
10-minute immersion in TW, SH, and CA and 15-minute immersion in PX was considered,
according to the instructions for use.” A 20-minute immersion time per cycle was also
analyzed for all groups.? To simulate a 5-year immersion time in this regimen, 1825 cycles
were required. The solutions were renewed every 8 hours and kept at room temperature.”?’

The study parameters were analyzed at baseline (¢ = 0), and after 104, 913, and 1825
immersion cycles (Table 2). Surface roughness was analyzed using a non-contact optical
profiler (CCI MP, Taylor Hobson, England) associated with the Talysurf CCI software
(Taylor Hobson, England). The parameters used were as follows: 0.25-mm cutoff with a 20x
lens, a numerical aperture of 0.4, and 1x scan speed in xyz mode. Three measurements with
3 mm in between were performed on each specimen and averaged to obtain the final Sa value
(um).22° The roughness parameter (Sa) is the three-dimensional representation of the height

parameter Ra. It is considered an indicator of amplitude and corresponds to the arithmetic
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mean between peaks and valleys of an entire area, that is, the mean roughness of the analyzed
surface.’”*® Amplitude is considered the most important and used parameter of surface
topography.*®

The parameters were recorded in the L* a* b* color space, as established by the
Commission Internationale de L’Eclairage (CIE) in 1978, wusing a portable
spectrophotometer for dental use (Vita Easy Shade, Vita ZahnFabrick, Germany). After
calibration, the color of the specimens was measured on a white surface, following the
manufacturer's instructions.?’ Three readings were taken for each specimen and averaged.
The L* coordinate represents the value; a* represents green on the positive axis and red on
the negative axis, and b* represents yellow on the positive axis and blue on the negative axis.
The a* and b* coordinates are also indicative of the specimen’s chromaticity.*® The
calculation of the CIELab color variation (AEab) was performed based on possible color
changes according to the following equation: AEab = [(AL*)*> + (Aa*)*> + (Ab*)?] 4.4 To
better reflect the color differences perceived by the human eye, the AEOO (CIEDE2000)
calculation was performed according to the equation: [(AL’/KiSr)* + (AC’/KcSc)* +
(AH’/KuSH)? + Rt (AC’/KcSc) (AH/KuSH)] V2.4

Color variation was also quantified following the National Bureau of Standards
(NBS) guidelines, which determine how the human eye assesses color change. The formula
used for this conversion was: NBS unit = AEab x 0.92. Mean AEab values were converted
into NBS units to reveal whether the color variation of the study groups was clinically
detectable.*” The acceptability and perceptibility criteria for AEab, AE00, and NBS units*>*
are described in Table 3.

The data were analyzed in the SPSS software version 24.0 (SPSS, Chicago, USA).
Shapiro-Wilk test was used to check the normality of data distribution and the Levene test

was used to determine the homogeneity of variances. The difference between the means was
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analyzed by two-way analysis of variance (ANOVA) for repeated measures followed by

Tukey’s posthoc test, considering significance level at 1% (o= 0.01).

RESULTS
Surface roughness

The two-way ANOVA for repeated measures showed that only the number of cycles
(time factor) significantly affected Sa values, regardless of the cleaning solution. Higher Sa
values (mean of peaks and valleys) were observed in all experimental groups after the
simulated 5-year immersion (P < 0.01) compared to baseline values, with no significant
differences between the groups or control (TW) (Table 4).

Figure 1 shows the profilometric images of the experimental groups at baseline (z =
0) and the end of the immersion cycles (1825 cycles), demonstrating that the surface
topography of the specimens was not significantly altered upon any of the experimental
treatments.

Color variation

The data analysis indicated that both the solution factor and the time factor (number
of immersion cycles) altered L* and b* color parameters. However, the interaction between
the factors did not significantly affect the L* and a* parameters.

After the simulated 5-year immersion protocol, only b* values were significantly
changed in PX-treated specimens compared to baseline and 3.5 months. CA-treated
specimens showed statistically significant differences in the b* color parameter between 3.5
months and 5 years. The SH group exhibited significant differences in the b* parameter
compared to the TW group at £ = 0, 3.5 months, and 2.5 years. After the 5-year immersion
protocol, TW-treated specimens were statistically different from those of the other groups

(Table 5).
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Our findings indicated that only the time factor significantly altered AEab, AEOO, and
NBS values, although there was a significant interaction between the two factors. Both AEab
and NBS values were altered after 5 years of simulated immersion compared to 3.5 months
and 2.5 years, with higher values observed in the PX group. Higher AEOO values were also
found in the PX group after 5 years of simulated immersion, with significant differences
compared to the other time points. Significant differences in all three color parameters were
observed between the groups at 5 years of simulated immersion. Yet, CA-treated specimens

were not statistically different from the other groups (Table 6).

DISCUSSION

In the present study, we confirmed the hypothesis that cinnamaldehyde only causes
minor variations in the color and surface roughness of PMMA-based dentures, similar to
sodium hypochlorite and alkaline peroxide, after simulated long-term immersion (up to 5
years).

Some mechanisms of action are proposed to explain the changes in PMMA properties
after immersion in the cleaning solutions. Exposure to constant absorption and desorption
cycles in water and hygiene solutions, as well as the release of residual monomers, can
eventually cause irreversible damage to the material due to the formation of microcracks,
increased roughness, and alterations in optical properties, interfering with the PMMA

2.10.14,17.25.26.28,3031 Ty oyr study, despite the increase in surface roughness compared to

color.
baseline values, all treatments produced alterations below the clinically acceptable threshold
for biofilm accumulation and bacterial adhesion (0.2um)?* and retention of C. albicans cells

(> 1um).” These findings are consistent with previous reports>®%’

showing that cleaning
protocols for PMMA produced negligible and clinically irrelevant changes in the surface

properties. However, values higher than these may increase surface roughness and improve

23



microbial colonization.> Thus, low Sa values are directly correlated with reduced microbial
adhesion to the polymer surface and a lower likelihood of biofilm formation.

In contrast to our data, other authors!® observed an increase in the surface roughness
of a heat-cured PMMA resin upon simulated 1.5-year immersion in 0.5% NaOCI, when
compared to distilled water and alkaline peroxide. These conflicting results can be explained
by methodological differences, such as the polymer brand and immersion time, which was
8 h daily (overnight) for 185 days'®. Hence, the greater exposure of the specimens to the
0.5% NaOCl solution may have been responsible for their increased roughness in that study.

The variation in the surface roughness observed in PX-treated specimens, albeit non-
significant, can be explained by the release of oxygen during the chemical reaction of the
effervescent tablet with water. While this mechanism allows for mechanical cleaning of the
denture, it may negatively increase its surface roughness.’? Yet, the magnitude of the
variation in the PX group was smaller compared to that of the SH group, which is in line
with literature findings.!*?’

As previously mentioned, cinnamaldehyde (27 pg/mL) presented a behavior similar
to that of the other tested solutions, but it has additional attributes to be considered, such as
cytocompatibility, low cell toxicity as well as antifungal activity, as demonstrated by our
research group®?®. Thus, cinnamaldehyde seems to be a safe alternative solution for long-
term use, similar to others currently available on the market, with good acceptability and
cost-effectiveness.

In our study, baseline roughness values were below to the ones often observed
clinically in the denture base, that is, 3 pm.® Generally, the denture base is never polished,
which explains why surface roughness is commonly found to be greater in clinical
situations.'® Our study was primarily focused on examining the damaging effects of the

cleaning solutions for comparative purposes. Hence, we reasoned to use the glass plate to
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standardize the initial surface smoothness of the specimens — which was below the clinical
parameters of roughness. Moreover, heat-cured PMMA denture-base resins have a high rate
of conversion of monomers into polymers, which reduces the number of residual monomers
to be released and ultimately prevents the occurrence of material deformities, such as
grooves and cracks.® Microorganisms colonizing these areas are less prone to the action of
shear forces;* therefore, proper polymerization and polishing of PMMA-based dentures are
critical to prevent the onset and aggravation of denture stomatitis.

The chemical solutions were further tested for their ability to change the color
parameters of PMMA. Significant variations were observed in the b* coordinate in the PX
group after the 5-year immersion protocol when compared to ¢ = 0. This parameter reflects
the measure of the yellow (b* positive) to bluish (b* negative) hue. Our findings showed
that PX-treated specimens had a reduction in b* values, particularly in the yellowish hue.**
However, changes in color parameters (a* and b*) are less important to the human visual
perception than the dimension represented by lightness (L*),* which did not show
significant variations at any time point.

The AEab and NBS color parameters have been extensively used in the scientific
literature. Yet, to provide better indicators of human perceptibility and acceptability of color
differences, we also analyzed the AE0O (CIEDE2000) parameter. The perceptibility and
acceptability threshold can only be quantified by combining visual and instrumental
measurement methods. The 50:50% perception threshold indicates that color differences
between the test specimens can be perceived by 50% of the observers. Likewise, the
acceptability threshold indicates that 50% of the observers accept color variations between
two objects.*

All test solutions promoted color changes after the 5-year immersion protocol.

Although there remains no consensus in the literature regarding acceptability and
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perceptibility threshold values for the AEab and AEOO parameters of heat-cured acrylic
resins, all values found in our study were below the thresholds determined in a previous
study (Table 4).** Most studies consider AEab = 3.7 as a reference limit for the acceptability
of color variation,>?° which is beyond the AEab values reported herein. The data showed
that the greatest color variations occurred in PX-treated specimens after 5 years of
immersion, which is consistent with previous data.>!® Similarly, PX-treated specimens only
had minor color changes in the NBS scale, a better outcome compared to the other groups,
similar to the findings of Arruda et al. (2015).2° However, these findings disagree with those
reported by Almeida et al. (2020)?, who observed “noticeable” changes in the NBS scale of
treated specimens. Such differences can be explained by the study design, considering that
Almeida et al. (2020)? carried out a blinded randomized crossover clinical trial. This was a
more comprehensive analysis that considers the patient’s history, dietary and hygiene habits,
and alcohol and tobacco consumption.

Only a few studies have addressed color variations in acrylic resins using the AEOO
formula, which renders inter-study comparisons a difficult task. However, as previously
mentioned, AEOO values were below the predetermined acceptability and perceptibility
thresholds.

Cleaning regimens determining the hydrogenic potential of test solutions are poorly
studied. The acidic pH of chemical solutions can influence the surface degradation of
PMMA materials by increasing their roughness and favoring biofilm development.® Our
study demonstrated that TW, PX, and CA solutions had pH values in the neutral range,
whereas the SH solution had an alkaline pH, which may have contributed to the negligible

changes in Sa values (below the clinically acceptable limit).

Methyl methacrylate (MMA) monomers are more easily leached in acidic

environments. This is important to minimize the release of residual monomers in the oral
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cavity.** Among the test solutions, cinnamaldehyde had the lowest pH values, which is an
important advantage. Collectively, our findings and those previously published in the
literature provide mounting evidence that cinnamaldehyde can be used as a denture cleaning
solution with no long-term deleterious effects on PMMA properties. Furthermore, data from
a previous study carried out by our research group indicated a preference among users for
this solution due to its pleasant taste and ease of use.? Lastly, the present study has important
limitations to consider, such as the analysis of just one type of acrylic resin and the study
design, which does not reflect oral conditions. New studies are suggested to evaluate
additional properties, such as the flexural strength and microhardness of PMMA materials
in the proposed immersion protocol, as well as the combination of long-term cleaning
regimens and their effects on other components used for the manufacture of dentures (e.g.,

metallic frameworks and artificial teeth).

CONCLUSION
An experimental cinnamaldehyde solution (27 pg/mL) had minor effects on the
surface roughness and color parameters of a heat-cure denture base resin, similar to 0.5%

sodium hypochlorite and alkaline peroxide, after 5 years of simulated immersion.

27



REFERENCES

1.

Valentini F, Luz MS, Boscato N, Pereira-Cenci T. Biofilm formation on denture
liners in a randomised controlled in situ trial. J Dent 2013:;41:420-7.

De Almeida MAL, Batista AUD, De Araujo MRC, De Almeida VFDS, Bonan PRF,
Nobrega Alves D, et al. Cinnamaldehyde is a biologically active compound for the
disinfection of removable denture: Blinded randomized crossover clinical study.
BMC Oral Health 2020;20:1-11.

Pereira CA, Toledo BC, Santos CT, Pereira Costa ACB, Back-Brito GN,
Kaminagakura E, et al. Opportunistic microorganisms in individuals with lesions of
denture stomatitis. Diagn Microbiol Infect Dis 2013;76:419-24.

Dandekeri S, Prasad K, Shetty M, Hegde C, Mangalore Kumar S, Jagadeesh
Kakunje M. Occurrence of Streptococcus and Candida Species and Salivary pH in
Patients Wearing Complete Denture. Int J Heal Rehabil Sci 2013;2:198-203.
Gleiznys A, Zdanavi¢iené E, Zilinskas J. Candida albicans importance to denture
wearers. A literature review. Stomatologija 2015;17:54—66.

Amaya Arbeldez M1, Vergani CE, Barbugli PA, Pavarina AC, Sanita PV, Jorge JH.
Long-Term Effect of Daily Chemical Disinfection on Surface Topography and
Candida Albicans Biofilm Formation on Denture Base and Reline Acrylic Resins.
Oral Health Prev Dent 2020;18:999-1010.

Lazarin AA, Zamperini CA, Vergani CE, Wady AF, Giampaolo ET, Machado AL.
Candida albicans adherence to an acrylic resin modified by experimental
photopolymerised coatings: An in vitro study. Gerodontology 2014;31:25-33.
Ayaz E, Ustun S. Effect of Staining and Denture Cleaning on Color Stability of
Differently Polymerized Denture Base Acrylic Resins. Niger J Clin Pract

2020;23:304-9.

28



10.

11.

12.

13.

14.

15.

16.

17.

Kiesow A, Sarembe S, Pizzey RL, Axe AS, Bradshaw DJ. Material compatibility
and antimicrobial activity of consumer products commonly used to clean dentures. J
Prosthet Dent 2016;115:189-198.

Machado AL, Giampaolo ET, Vergani CE, De Souza JF, Jorge JH. Changes in
roughness of denture base and reline materials by chemical disinfection or
microwave irradiation. surface roughness of denture base and reline materials. J
Appl Oral Sci 2011;19:521-8.

Zoccolotti J de O, Tasso CO, Arbelaez MIA, Malavolta IF, Da Silva Pereira EC,
Esteves CSG, et al. Properties of an acrylic resin after immersion in antiseptic soaps:
Low-cost, easy-access procedure for the prevention of denture stomatitis. PLoS One
2018;13:1-22.

Al-Thobity AM, Gad M, ArRejaie A, Alnassar T, Al-Khalifa KS. Impact of Denture
Cleansing Solution Immersion on Some Properties of Different Denture Base
Materials: An In Vitro Study. J Prosthodont 2019;28:913-9.

Ozyilmaz OY, Akin C. Effect of cleansers on denture base resins’ structural
properties. J Appl Biomater Funct Mater 2019;17:1-9.

Pinto LR, Rodriguez Acosta EJT, Tavora FFF, Da Silva PMB, Porto VC. Effect of
repeated cycles of chemical disinfection on the roughness and hardness of hard
reline acrylic resins. Gerodontology 2010;27:147-53.

Castro DT de, Holtz RD, Alves OL, Watanabe E, Valente ML de C, Silva CHL da,
et al. Development of a novel resin with antimicrobial properties for dental
application. J Appl Oral Sci 2014;22:442-9.

Padilha DMP, Hugo FN, Hilgert JB, Dal Moro RG. Hand function and oral hygiene
in older institutionalized Brazilians. J] Am Geriatr Soc 2007;55:1333-8.

Schwindling F, Rammelsberg P, Stober T. Effect of Chemical Disinfection on the

29



18.

19.

20.

21.

22.

23.

24.

25.

Surface Roughness of Hard Denture Base Materials: A Systematic Literature
Review. Int J Prosthodont 2014;27:215-25.

Felton D, Cooper L, Duqum I, Minsley G, Guckes A, Haug S, et al. Evidence-Based
Guidelines for the Care and Maintenance of Complete Dentures: A Publication of
the American College of Prosthodontists. J Prosthodont 2011;20 Suppl 1:S1-12.
Paranhos H de FO, Peracini A, Pisani MX, Oliveira V de C, Souza RF de, Silva-
Lovato CH. Color stability, surface roughness and flexural strength of an acrylic
resin submitted to simulated overnight immersion in denture cleansers. Braz Dent J
2013;24:152-6.

Soares IA, Leite PKB da S, Farias OR, Lemos GA, Batista AUD, Montenegro RV.
Polishing Methods’ Influence on Color Stability and Roughness of 2 Provisional
Prosthodontic Materials. J Prosthodont 2019;28:564-71.

Teughels W, Van Assche N, Sliepen I, Quirynen M. Effect of material
characteristics and/or surface topography on biofilm development. Clin Oral
Implants Res 2006;17 Suppl. 2:68-81.

Costa RTF, Pellizzer EP, Vasconcelos BCE, Gomes JML, Lemos CAA, De Moraes
SLD. Surface roughness of acrylic resins used for denture base after chemical
disinfection: A systematic review and meta-analysis. Gerodontology 2021;38:242-
51

Nedumgottil BM. Relative presence of Streptococcus mutans, Veillonella atypica,
and Granulicatella adiacens in biofilm of complete dentures. J Indian Prosthodont
Soc 2018;18:24-8.

Ohshima T, Ikawa S, Kitano K, Maeda N. A proposal of remedies for oral diseases
caused by Candida: A mini review. Front Microbiol 2018;9:1-7.

Hashiguchi M, Nishi Y, Kanie T, Ban S, Nagaoka E. Bactericidal efficacy of

30



26.

27.

28.

29.

30.

31.

32.

33.

glycine-type amphoteric surfactant as a denture cleaner and its influence on
properties of denture base resins. Dent Mater J 2009;28:307—-14.

Campanha NH, Pavarina AC, Jorge JH, Vergani CE, Machado AL, Giampaolo ET.
The effect of long-term disinfection procedures on hardness property of resin
denture teeth. Gerodontology 2012;29:1-6.

Papadiochou S, Polyzois G. Hygiene practices in removable prosthodontics: A
systematic review. Int J Dent Hyg 2018;16:179-201.

Amin F, Igbal S, Azizuddin S. Effect of disinfectants on the colour stability of heat
cure acrylic resin. J Ayub Med Coll Abbottabad 2014;26:530—4.

Arruda CNF, Sorgini DB, De Oliveira VC, Macedo AP, Lovato CHS, De Paranhos
HFO. Effects of denture cleansers on heat-polymerized acrylic resin: A five-year-
simulated period of use. Braz Dent J 2015;26:404-8.

Fernandes FHCN, Orsi IA, Villabona CA. Effects of the peracetic acid and sodium
hypochlorite on the colour stability and surface roughness of the denture base
acrylic resins polymerised by microwave and water bath methods. Gerodontology
2013;30:18-25.

Tuna SH, Keyf F, Gumus HO, Uzun C. The Evaluation of Water Sorption/Solubility
on Various Acrylic Resins. Eur J Dent 2008;2:191-7.

Curylofo PA, Raile PN, Vasconcellos GLL, Macedo AP, Pagnano VO. Effect of
Denture Cleansers on Cobalt-Chromium Alloy Surface: A Simulated Period of 5
Years’ Use. J Prosthodont 2020;29:142-50.

Souto Maior L de F, Maciel PP, Ferreira VYN, De Lima Gouveia Dantas C, De
Lima JM, Castellano LRC, et al. Antifungal activity and Shore A hardness of a
tissue conditioner incorporated with terpinen-4-ol and cinnamaldehyde. Clin Oral

Investig 2019;23:2837-48.

31



34.

35.

36.

37.

38.

39.

40.

41.

Arruda CNF, Salles MM, Badar6 MM, De Cassia Oliveira V, Macedo AP, Silva-
Lovato CH, et al. Effect of sodium hypochlorite and Ricinus communis solutions on
control of denture biofilm: A randomized crossover clinical trial. J Prosthet Dent
2017;117:729-34.

Arruda CNF, Salles MM, Badar6 MM, Sorgini DB, Oliveira VC, Macedo AP, et al.
Evaluation of biofilm removal and adverse effects on acrylic resin by diluted
concentrations of sodium hypochlorite and Ricinus communis solutions.
Gerodontology 2018;35:246-53.

Pisani MX, Da Silva CHL, De Freitas Oliveira Paranhos H, Souza RF, Macedo AP.
The effect of experimental denture cleanser solution ricinus communis on acrylic
resin properties. Mater Res 2010;13:369-73.

Wennerberg A, Albrektsson T. Suggested guidelines for the topographic evaluation
of implant surfaces. Int J Oral Maxillofac Implants 2000;15:331-44.

Pokhojaev A, Habashi W, May H, Schulz-Kornas E, Shvalb N, Sarig R.
Examination of the Interproximal Wear Mechanism: Facet Morphology and Surface
Texture Analysis. J Dent Res 2018;97:1445-51.

Loberg J, Mattisson I, Hansson S, Ahlberg E. Characterisation of Titanium Dental
Implants I: Critical Assessment of Surface Roughness Parameters. Open Biomater J
2010;2:18-35.

Gomez-Polo C, Muiioz MP, Lorenzo Luengo MC, Vicente P, Galindo P, Martin
Casado AM. Comparison of the CIELab and CIEDE2000 color difference formulas.
J Prosthet Dent 2016;115:65-70.

Della Bona A, Pecho OE, Ghinea R, Cardona JC, Paravina RD, Perez MM.
Influence of bleaching and aging procedures on color and whiteness of dental

composites. Oper Dent 2019;44:648-58.

32



42.

43.

44,

45.

46.

Hong G, Murata H, Li YA, Sadamori S, Hamada T. Influence of denture cleansers
on the color stability of three types of denture base acrylic resin. J Prosthet Dent
2009;101:205-13.

Ren J, Lin H, Huang Q, Zheng G. Determining color difference thresholds in
denture base acrylic resin. J Prosthet Dent 2015;114:702-8.

Yuan JCC, Brewer JD, Monaco EA, Davis EL. Defining a natural tooth color space
based on a 3-dimensional shade system. J Prosthet Dent 2007;98:110-9.

Calamia JR, Calamia CS. Porcelain Laminate Veneers: Reasons for 25 Years of
Success. Dent Clin North Am 2007;51:399-417.

Tuna EB, Rohlig BG, Sancakli E, Evlioglu G, Gencay K. Influence of acrylic resin
polymerization methods on residual monomer release. J Contemp Dent Pract

2013;14:259-64.

33



LIST OF TABLES

Table 1. Materials and control/experimental cleaning solutions.

Materials Brand name Manufacturer Batch
Denture base acrylic resin VIPIWAVE
VIPI 0000138668
(Powder)
Denture base acrylic resin VIPIWAVE
VIPI 0000144347
(Monomer)
Laboratory Dental LABOR MASS
VIPI 0000070111
Condensation Silicone
Catalyst for Condensation VIPI SIL
VIPI 000357722K
Silicone
Solution Brand name Manufacturer Batch
Tap water N/A - -
0.5% Sodium hypochlorite N/A Dilecta -
Polident Overnight
Alkaline peroxide GSK PPIT
Whitening
Cinnamaldehyde -
Sigma Aldrich MKCF6295

(132.16 g/mol)

N/A: not applicable.
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Table 2. Immersion protocols, cycle duration, and daily/weekly regimens.

Group Number of cycles Cycle duration Regimen Simulated time
Daily 3.5 months
104 10 minutes
Weekly 2 years
W
913 20 minutes Daily 2.5 years
1825 20 minutes Daily 5 years
Daily 3.5 months
104 10 minutes
Weekly 2 years
SH
913 20 minutes Daily 2.5 years
1825 20 minutes Daily 5 years
Daily 3.5 months
104 15 minutes
Weekly 2 years
PX
913 20 minutes Daily 2.5 years
1825 20 minutes Daily 5 years
Daily 3.5 months
104 10 minutes
Weekly 2 years
CA
913 20 minutes Daily 2.5 years
1825 20 minutes Daily 5 years

*10-minute daily or weekly immersion for the TW, SH, and CA groups, and 15-minute immersion for the PX

group, according to Kiesow et al. (2016).3

**20-minute daily immersion for all groups, according to Arruda et al. (2015

).20
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Table 3. Perceptibility and acceptability thresholds for the AEab and AEOO parameters of

heat-cured acrylic resins, and the NBS scale.

CIELAB (AEab) CIEDE2000 (AE00)
Perceptibility 2.1 1.7
Ren et al. (2015)?
Acceptability 4.6 4.1
Critical comments on color differences NBS units
Trace 0.0-0.5
Slight 05-1.5
Hong et al. (2009)*'  Noticeable 1.5-3.0
Appreciable 3.0-6.0
Much 6.0-12.0
Very much >12.0
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Table 4. Mean Sa roughness (um) and standard deviation of specimens treated with

different cleaning solutions, and the number of immersion cycles.

Number of immersion cycles

Solutions Baseline 105 cycles* 913 cycles** 1825 cycles**

(3.5 months) (2.5 years) (5 years)

T™W 0.027 (:0.011°A  0.028 (:0.008°AB __ 0.034 (£0.005)°C __ 0.034 (0.005)° BC

SH 0.023 (:0.007° A 0.029 (x0.009)* B 0.030 (£0.005)* B 0.035 (+0.004)' B
Sa PX 0.026 (:0.011" A 0.033 (0.006)' B 0.035 (£0.004)' B 0.036 (+0.004)' B
CA 0.028 (+0.0097 A 0.029 (0.004)* AB__ 0.034 (£0.004)* AB __ 0.034 (+0.004)' B

Different uppercase letters in the same line indicate statistically significant differences between the time
points within the same group (P < 0.01, Two-way ANOVA followed by Tukey’s posthoc test).

Different lowercase letters in the same column indicate statistically significant differences between the
groups within the same time point (P < 0.01, Two-way ANOVA followed by Tukey’s posthoc test).
*10-minute daily or weekly immersion for the TW, SH, and CA groups, and 15-minute immersion for the PX
group, according to Kiesow et al. (2016).3

*#2(-minute daily immersion for all groups, according to Arruda et al. (2015).2°
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Table 5. Mean (+ standard deviation) L*, a* and b* values of specimens treated with
different cleaning solutions, and the number of immersion cycles.

Number of immersion cycles

Solution Baseline 105 cycles* 913 cycles** 1825 cycles**
(3.5 months) (2.5 years) (5 years)
™W 54.94 (£0.92)* A 55.02 (£0.90)* A 55.22 (+0.85)* A 55.30 (0.92)* A
SH 55.29 (£0.65)* A 55.41 (£0.67)* A 55.63 (£0.70)* A 55.79 (£0.76)* A
L PX 55.28 (£0.57)* A 55.35 (£0.55)* A 55.67 (£0.57)* A 55.81 (£0.58)* A
CA 55.20 (0.70)* A 55.19 (£0.71)* A 55.43 (£0.66)* A 55.49 (+0.75)* A
™ 25.08 (x1.32)* A 24.99 (£1.143* A 25.02 (x1.11)*A 24.68 (£1.23)* A
SH 24.61 (£0.87)* A 24.67 (£0.93)* A 24.51 (£0.92)* A 24.27 (£0.99)* A
’ PX 25.15 (£0.82)* A 25.09 (£0.82)* A 24.94 (£0.78)* A 24.62 (£0.77)* A
CA 2491 (£0.74)* A 24.97 (£0.90)* A 24.85 (£0.82)* A 24.40 (£0.90)* A
™ 25.87 (x1.62)* A 25.67 (£1.42)* A 25.70 (x1.46)* A 25.17 (£1.58)* A
SH 24.74 (£0.71)* A 24.82 (£0.67)* A 24.59 (£0.71)°* A 24.00 (£0.68)° A
° PX 25.20 (£0.75)* A 25.11 (£0.80)* A 24.94 (£0.72)* AB 24.26 (+0.73)* B
CA 25.07 (+0.90)® AB 25.16 (£0.97)* A 25.00 (+0.83)™ AB 24.30 (£0.93)* B

Different uppercase letters in the same line indicate statistically significant differences between the time

points within the same group (P < 0.01, Two-way ANOVA followed by Tukey’s posthoc test).

Different lowercase letters in the same column indicate statistically significant differences between the

groups within the same time point (P < 0.01, Two-way ANOVA followed by Tukey’s posthoc test).

*10-minute daily or weekly immersion for the TW, SH, and CA groups, and 15-minute immersion for the PX

group, according to Kiesow et al. (2016).8

*#2()-minute daily immersion for all groups, according to Arruda et al. (2015).2
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Table 6. Mean (+ standard deviation) color variation (AEab, AE00O, and NBS) of
specimens treated with different cleaning solutions.

Number of immersion cycles

Solutions 105 cycles* 913 cycles** 1825 cycles**
(3.5 months) (2.5 years) (5 years)
™ 0.45 (£0.34)* A 0.51 (£0.29)* A 0.93 (+0.45)*B
SH 0.36 (£0.13)* A 0.47 (£0.20)* A 1.01 (x0.32)*B
AEab PX 0.30 (£0.13)* A 0.54 (£0.28)* A 1.32 (0.44)* B
CA 0.52 (£0.58)* A 0.64 (£0.58)* A 1.24 (£0.41)* B
™ 0.30 (£0.20)* A 0.34 (£0.21)* AB 0.52 (£0.22)*B
SH 0.25 (£0.10)* A 0.35 (£0.15)* A 0.62 (£0.19)* B
AE00
PX 0.19 (£0.08)* A 0.40 (£0.18)*B 0.77 (£0.31)* C
CA 0.33 (£0.31)* A 0.43 (£0.34)* A 0.65 (£0.28)* B
™ 0.41 (£0.31)* A 0.47 (£0.26)* A 0.86 (x0.41)*B
SH 0.33 (£0.12)* A 0.43 (£0.18)* A 0.93 (£0.29)* B
NBS
PX 0.27 (£0.12)* A 0.50 (£0.26)* A 1.21 (x0.41)* B
CA 0.48 (£0.54)* A 0.59 (£0.53)* A 1.14 (£0.38)* B

Different uppercase letters in the same line indicate statistically significant differences between the time
points within the same group (P < 0.01, Two-way ANOVA followed by Tukey’s posthoc test).

Different lowercase letters in the same column indicate statistically significant differences between the
groups within the same time point (P < 0.01, Two-way ANOVA followed by Tukey’s posthoc test).
*10-minute daily or weekly immersion for the TW, SH, and CA groups, and 15-minute immersion for the PX
group, according to Kiesow et al. (2016).8

*#2()-minute daily immersion for all groups, according to Arruda et al. (2015).2
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FIGURES

Fig 1. Profilometry surface topographies of specimens at baseline (¢ = 0, left column) and

at the end of the immersion protocol (¢ = 1825 cycles, right column). Groups: Tap water

(TW) - (A and E); 0.5% Sodium hypochlorite (SW) - (B and F); Alkaline peroxide (PX) —

(C and G); and Cinnamaldehyde (CA) — (D and H).

Baseline

Final

pm
1.2
1.0
0.8
0.6
0.4
0.2
0.0

pm

0.8

0.6

0.4

0.2

0.0

pm

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

pm
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

40



3. CONSIDERAGOES GERAIS

Com o passar dos anos e o constante desenvolvimento biotecnolégico
mundial, diversos produtos de origem vegetal, mais precisamente o0s Oleos
essenciais, vém sido alvo de diversos estudos devido as suas potenciais agoes
farmacoldgicas ja demonstradas cientificamente, se colocando dessa forma como
uma alternativa frente a resisténcia microbiana as diversas drogas convencionais
ja existentes (12,21,35-37). Um desses produtos de origem vegetal, o 6leo
essencial da canela, apresenta em sua composi¢ao altas concentracdes de
cinamaldeido, fitoconstituinte que demonstrou em diversos estudos elevado
potencial antimicrobiano, baixa toxicidade, biocompatibilidade com os tecidos orais
em baixas concentragdes e odor agradavel (12,21,44).

Recentemente seu uso passou a ser analisado como alternativa para
higienizacdo quimica de préteses orais no combate ao desenvolvimento da
estomatite protética (12,21). Além da viabilidade para usuarios com desordens
motoras e visuais, esse método quimico proporciona o acesso a areas inacessiveis
da protese, permitindo a agao antimicrobiana das solugdes, tendo em vista que,
como demonstrado em estudos anteriores, as hifas da Candida albicans podem
penetrar a uma profundidade de até 631 ym dentro do interior da resina acrilica de
base de protese, o que poderia ser uma das razdes da frequente recidiva da EP
nos usuarios de protese (3,21,28,29,33,45). Entretanto, a rugosidade superficial e
alteracdes de cor também s&o essenciais para o sucesso clinico de novos agentes

de limpeza no longo prazo.

O hipoclorito de sodio (NaOCI) e os perdxidos alcalinos compdem as
solucdes de limpeza de proteses mais comumente utilizadas para tal finalidade
(30,34), porém, o poder corrosivo do hipoclorito de sédio, bem como o elevado
custo dos perdxidos alcalinos, causam, respectivamente, prejuizos aos
componentes protéticos e dificultam o acesso para grande parcela da populagéo
(19,46).

Os resultados do presente estudo demonstraram que a solucdo de
cinamaldeido apresentou alteragdes de rugosidade superficial e cor no PMMA
semelhante a outras substancias ja destacadas no mercado, sem causar alteracoes

clinicamente relevantes nessas caracteristicas no longo prazo, apresentando-se
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como uma promissora solugdo quimica para limpeza de préteses. Outras
vantagens ja demonstradas pelo cinamaldeido em estudos anteriores,
compreendem a presenca de muitas das caracteristicas consideradas ideais para
uma solugao quimica de limpeza de proéteses (10). Sua facilidade de uso e aceitavel
custo-beneficio, aliado aos resultados encontrados no estudo atual, a colocam
como uma excelente candidata ao posto de solugao ideal.

Outro ponto interessante a ser colocado diz respeito a questdo do protocolo
de limpeza das solucdes. Apesar das diferentes recomendagdes propostas em
relagdo ao periodo de tempo de imersao por diversos autores e preconizadas por
grande parcela dos cirurgides-dentistas (3,10,34), o cinamaldeido apresentou-se
de forma semelhante as demais solu¢des ja preconizadas mesmo com periodos de

imersédo distintos.

Os resultados sédo promissores, entretanto o presente estudo apresenta
algumas limitagbes, como a analise em apenas um tipo de resina acrilica e
auséncia de condi¢des bucais. Novos estudos sdo sugeridos com o intuito de
avaliar propriedades adicionais, tais como a resisténcia a flexdo e microdureza do
PMMA frente ao protocolo de imersdo proposto, bem como a combinacédo de
regimes de higienizacdo a longo prazo e seus efeitos em outros componentes

utilizados para confecgao de proéteses.
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4. CONCLUSAO

Dentro das limitacbes deste estudo, € possivel concluir que a solugéo de
cinamaldeido 27 pg/mL mostra-se como uma solugdo inovadora capaz de
promover a limpeza de proteses semelhante a outros produtos de limpeza ja
utilizados internacionalmente sem causar alteragdes relevantes nas propriedades
superficiais de rugosidade e de cor, em um periodo simulado de imersao de até 5

anos.
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