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RESUMO

Estratégias que visem prevenir e reduzir a formagao de biofilmes sobre
préteses sdo necessarias, pois estas podem atuar como reservatorio de micro-
organismos. Outro aspecto importante € o estabelecimento de um protocolo de
higienizacdo que além de eficiente também seja bem aceito pelos pacientes.
Assim, objetivou-se avaliar o efeito do hipoclorito de sédio (NaOCI) a 0,5% sobre o
biofilme, estabilidade de cor e rugosidade de superficie (Ra) de préteses totais
removiveis e a satisfagdo do paciente com o tratamento. Foram selecionados 15
voluntarios que, apods aceitar e assinar as condigées do Termo de Consentimento
Livre e Esclarecido aprovado pelo Comité de Etica em Pesquisa da
FOP/UNICAMP, foram orientados a complementar a higiene de suas proéteses
com a imersdo em NaOCI 0,5%, durante 3 minutos, uma vez ao dia. O periodo
experimental foi de 90 dias e as variaveis resposta foram mensuradas antes do
inicio do uso do NaOCI e apds 30, 60 e 90 dias. A avaliagdo microbioldgica foi
realizada no biofilme da protese e na saliva do voluntario. Toda a superficie da
prétese era percorrida por um cotonete de algodao que, em seguida, era
individualmente acondicionado em tubo estéril contendo 3 mL de PBS. Amostras
da saliva foram acondicionadas em tubos estéreis. Todos os tubos foram
sonicados (7W, 30 s), as solucdes iniciais serialmente diluidas e plaqueadas, em
triplicata, em CHROMagar e agar sangue. Apés um periodo de incubacao de 48 h
a 37°C, o numero de unidades formadoras de colénia foi determinado. A
estabilidade de cor foi avaliada com o uso de um espectrofotébmetro de refletancia,
mensurada no sistema CIELab e correlacionada para o ambiente clinico de acordo
com as unidades da National Bureau of Standards (NBS). Para avaliacao da Ra,
foi realizado um delineamento in situ e espécimes (5 x 5 x 2mm) (n = 90) de resina
acrilica termo-polimerizavel foram confeccionados e colados na superficie
vestibular das préteses inferiores. A rugosidade de superficie foi mensurada com o
auxilio de um rugosimetro de contato. Para avaliar a aceitacao do paciente com
relagdo ao protocolo, foi pedido aos voluntarios que traduzissem em valores o seu



grau de satisfacdo com o tratamento em um intervalo variando de 0 (totalmente
insatisfeito) a 10 (totalmente satisfeito). Uma reducgéo significativa no nimero de
micro-organismos totais (ANOVA; p< 0,05) e Candida spp foi observada ao longo
do tratamento. Embora tenham sido observadas alteracdes nos valores de L*, a* e
b* nas mensuracbes de cor, ndo houve diferenca significativa na cor das bases
das préteses (Friedman; p> 0,05). Nao houve diferenca significante na rugosidade
de superficie (Kruskal Wallis; p > 0,05). A satisfacdo do voluntario com o método
de limpeza aumentou durante o periodo avaliado, chegando a 87% de individuos
totalmente satisfeitos. Conclui-se que o método de higienizagdo proposto com
NaOCI teve ampla aceitagdo pelos voluntarios; além de ser efetivo na redugéo de
micro-organismos, a alteracao de cor exibida foi clinicamente aceitavel, bem como

nao houve alteracao significativa na rugosidade de superficie.

Palavras-chave: resina acrilica, limpadores de protese, biofilme, estabilidade de
cor, rugosidade superficial



ABSTRACT

Strategies to prevent and to reduce biofilm formation on dentures are
necessary, since they may become a reservoir of microorganisms. Additionally, it is
important, in establishing a protocol for denture cleaning, to evaluate the effect of
the cleaning agent on the prosthetic material and the patients’ acceptability.
Therefore, the objective of this study was to evaluate the effect of sodium
hypochlorite (NaOCI) 0.5% on biofilm, color stability and surface roughness (Ra) of
removable dentures besides the patients’ satisfaction with the treatment. Fifteen
volunteers were recruited and, after accepting the conditions of the Term of
Consent approved by the Ethics Committee of FOP / UNICAMP, were instructed to
daily immerse their dentures in a 0.5% NaOCI solution for 3 minutes. The follow-up
time was 90 days and outcome variables were measured on baseline and on days
30, 60 and 90. For microbiological evaluation, samples were obtained from
dentures and saliva. Swabs were taken from the whole surface of the dentures
and, then, individually placed in a sterile tube containing 3 ml of PBS. Next, each
volunteer was asked to spit into an empty sterile tube. All tubes were sonicated
(7W, 30 s), the initial solutions serially diluted and plated in triplicate on blood agar
and CHROMagar and, after an incubation period of 48 h at 37°C, the number of
colony forming units (cfu/mL) was determined. Color stability was measured with a
reflectance spectrophotometer and evaluated using the CIELab system. It was also
quantified in accordance with units of the National Bureau of Standards (NBS). To
Ra assessment, an in situ design was developed. Specimens (5 x 5 x 2 mm) (n =
90) of heat-polymerized acrylic resin were fabricated and fixed in the buccal
posterior surface of lower dentures. The surface roughness was measured using a
profilometer. To evaluate the acceptability of the cleaning protocol, each volunteer
was asked to translate in values their degree of satisfaction with the treatment at
an interval ranging from 0 (totally dissatisfied) to 10 (totally satisfied). A significant
reduction in the number of total micro-organisms (ANOVA; p < 0.05) and Candida

spp was observed throughout the treatment. Although changes had been observed
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inL *, a* b * values, there were no significant color changes (Friedman; p > 0.05).
The surface roughness did not present significant changes after the evaluation
period (Kruskal Wallis; p > 0.05). The volunteers’ satisfaction increased throughout
the experimental period, reaching 87% of individuals totally satisfied. Data revealed
that the 0.5% NaOCI immersion protocol was effective in reducing microorganisms,
color changes exhibited for all dentures can be considered clinically acceptable
and the surface roughness did not show significant changes. Also, the cleaning
method was well accepted by volunteers.

Key words: acrylic resin, denture cleansers, biofilm, color stability, surface
roughness
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INTRODUCAO

Nas ultimas décadas tem-se observado um crescimento na expectativa
de vida das pessoas com consequente aumento da populagao idosa. Embora a
perda dental ndo seja um processo natural do envelhecimento, dados
epidemiologicos revelam que aproximadamente 67% dos idosos brasileiros sdo
portadores de préteses totais, enquanto outros 19% tém necessidade de uso
deste tipo de aparelho (Ministério da Saude, 2011). O edentulismo normalmente
coexiste com um quadro precario de saude oral (Petersen & Yamamoto, 2005;
Polzer et al. 2010) e, aliado a uma redugao da autonomia decorrente do processo
do envelhecimento, pode afetar seriamente a saude geral do idoso (Tramini et al.,
2007). A reabilitagdo oral, por meio de protese fixa ou removivel, restabelece as
funcdes do sistema estomatognatico e contribui significativamente para o bem-
estar, autoconfianca, nutricao, saude geral (Mc Grath & Bedi, 2001; Polzer et al.
2010) e estética do paciente edéntulo.

O material comumente utilizado para a confeccao de bases de préteses
removiveis é a resina acrilica a base de poli (metil) metacrilato (PMMA), ativada
termicamente (Coulthwaite & Verran, 2007). Este material propicia uma estética
satisfatoria, possui boa resisténcia, € de facil manipulacdo e de baixo custo
(Anusavice, 2005). No entanto, a resina da base das proteses pode funcionar
como um nicho bastante favoravel a proliferagdo de micro-organismos, onde
estes, organizados em biofilme, estdo mais protegidos da acao antimicrobiana e
fisica da saliva e de outros agentes quimicos (Pereira-Cenci et al., 2007;
Pasternak, 2009; Tanaka et al., 2009; von Fraunhofer & Loewy, 2009; Glass et al.,
2010). Estes micro-organismos, além de aderirem a superficie da prétese,
penetram no interior da mesma via um complexo de poros e fendas formados pela
liberacdo de gases durante a polimerizacdo da PMMA (Glass et al., 2001). Assim,
0 uso de prétese, aliado a uma higiene oral deficiente, pode afetar negativamente
a saude geral do individuo, podendo contribuir para a disseminacao sistémica de



micro-organismos potencialmente patégenos (Coulthwaite & Verran, 2007; Glass
et al., 2010).

O tipo de micro-organismo que pode ser disseminado pela resina
acrilica varia de acordo com a composicdo do biofilme presente na superficie
(Neppelenbroek et al., 2009) ou nos poros das proéteses (Glass et al., 2010). Tem
sido demonstrada a relacdo entre bactérias orais e endocardite bacteriana,
pneumonia por aspira¢ao, infeccdo gastrointestinal e doenca pulmonar obstrutiva
cronica (Coulthwaite & Verran, 2007; von Fraunhofer e Loewy, 2009). Patégenos
periodontais com forte associagdo com varias doengas sistémicas, como
Aggregatibacter actinomycetemcomitans e Porphyromonas gingivalis, também ja
foram detectados na microbiota de pacientes edéntulos portadores de protese total
(Sachdeo et al., 2008).

Os micro-organismos presentes no ambiente oral interagem entre si de
diversas maneiras, tais como a utilizacao de produtos metabdlicos uns dos outros
através de comunicacdo via moléculas sinalizadoras, ajudando no processo de
adesao e consequente colonizacao e formacéo de biofilme. Esta interacdo pode
ser exemplificada com relacdo a formacdo de biofilmes de Candida, onde a
presenca do S. mutans favorece a formacédo de hifas de Candida albicans
(Pereira-Cenci et al., 2010). A colonizagdo de fungos e bactérias nas bases de
resina acrilica € um dos fatores responsaveis pela estomatite induzida por prétese
(candidose), uma das lesdes mais prevalentes da mucosa bucal (Sesma et al.,
2005; Coulthwaite & Verran, 2007; Lima et al., 2007; von Fraunhofer & Loewy,
2009; Pereira-Cenci et al.,, 2010; De Freitas Fernandes et al., 2011). Micro-
organismos oportunistas ou patogénicos podem penetrar na resina acrilica da
base das préteses e sobreviver a uma profundidade que varia de 1,0 a 2,0 um,
podendo causar reinfecgcdo da mucosa do paciente via protese (Nepplelenbroek et
al., 2009). Assim, o tratamento da candidose associada ao uso de proéteses
removiveis deve ser direcionado, primeiramente, para o controle do biofilme

acumulado sobre estas (Webb et al., 1998).



Préteses mal higienizadas seriam, ainda, um dos fatores causadores do
mau halito (Spielman et al., 1996; von Fraunhofer & Loewy, 2009) resultado da
degradacao do biofilme que fica depositado na lingua, dentes e proteses dentais
(Ayers e Colquhoun, 1998). Um regime efetivo de higiene oral é fundamental para
controlar a formacao do biofilme sobre a superficie da prétese e contribuir para a
prevencdo e controle das doencgas orais e sistémicas associadas (Coulthwaite &
Verran, 2007; Pasternak, 2009). No entanto, muitos pacientes idosos tém
dificuldade em higienizar adequadamente suas proteses, quer seja por falta de
orientacao (Jagger e Harrison, 1995), diminuicdo da destreza manual, acuidade
visual ou deficiéncia fisica ou mental (Coulthwaite & Verran, 2007).

A limpeza das préteses pode ser realizada por método mecanico e ou
imersdo em agente quimico, sendo o melhor resultado obtido com uma
associacao dos dois métodos (Paranhos et al., 2007). A escovacéo, isoladamente,
ndo consegue remover o biofiime dos poros (Barnabé et al., 2004; Glass et al.,
2010) e, embora estudos atestem a eficacia de agentes quimicos na limpeza de
proteses (Gornitsky et al, 2002), essas substancias, quando utilizadas
isoladamente, ndo sao efetivas no controle do biofilme sobre as préteses
(Paranhos et al., 2007; Vieira et al., 2010). O agente quimico ideal deve ser efetivo
na remocao de depdsitos organicos, inorganicos e possuir propriedades
bactericidas e fungicidas. Além disso, deve ser compativel com todos os materiais
da protese e deve ter baixo custo, que possibilite seu uso regular (Abelson, 1985;
Jagger e Harrison, 1995). Os agentes quimicos disponiveis comercialmente
podem ser hipocloritos, peréxidos, enzimas, acidos e enxaguantes bucais. Cada
um destes limpadores tem modo de acao e eficicia diferentes (Felton et al., 2011).

Em um estudo in situ, Lima et al. (2007) compararam o efeito do uso de
uma solucdo enzimatica e do hipoclorito de sédio a 0,5% na rugosidade de
superficie e no acumulo de biofilme na superficie da resina acrilica. Em um estudo
cruzado, os voluntarios foram divididos em trés grupos: controle negativo, uso de
solucdo enzimatica e uso de hipoclorito. Houve aumento da rugosidade nos trés
grupos, sem diferenga significante. J& com relagdo a habilidade em reduzir o



acumulo de biofilme, o hipoclorito foi considerado mais eficaz. Em outro estudo,
De Freitas Fernandes et al. (2011) avaliou in vitro o efeito de limpadores quimicos
sobre o biofilme mono e multiespécie de Candida, formado sobre a superficie de
materiais para confecgdo de préteses removiveis. Os limpadores quimicos,
contendo ou nao enzimas, reduziram significantemente os niveis de Candida,
entretanto o NaOCI a 0,5% foi mais eficaz, na medida em que resultou na
auséncia de células viaveis.

Os hipocloritos possuem acao bactericida e fungicida, sendo altamente
eficazes na reducao do biofilme formado sobre a superficie de materiais para
confeccao de préteses removiveis (Lima et al., 2007; De Freitas Fernandes et al.,
2011) e na remocdo de manchas leves (Abelson, 1985). Apesar de néo
dissolverem o calculo, inibem sua formacao, pois atuam sobre a matriz do biofilme
(Budtz-Jérgensen, 1979; Jagger & Harrison, 1995). O hipoclorito de sédio esta
disponivel comercialmente em diferentes concentracées. Concentracao e tempo
de imersao séo fatores criticos, sendo que o uso de solugbes concentradas por
um tempo prolongado deve ser evitado, uma vez que pode afetar a coloragdo da
resina (Anusavice, 2005).

A estabilidade de cor pode ser considerada um dos fatores mais
importantes na aceitacao do trabalho protético pelo paciente, sendo influenciada
pelo método de polimerizacdo da resina acrilica e o tipo de limpador utilizado.
Para avaliar diferencas cromaticas, a Associagdo Dentaria Americana (ADA)
recomenda o sistema de cores CIELAB, proposto pela Commission Internationale
de I'Eclairage (CIE) (Hong et al., 2009). Este sistema permite traduzir diferentes
combinac¢des cromaticas em dados numéricos. Um aspecto importante do sistema
CIELAB ¢é que a diferenca de cor entre os tempos pode ser dada usando o
parametro AE (Nimeroff, 1968).

Entre os efeitos deletérios que os agentes de limpeza podem causar
sobre 0s componentes da protese estd o aumento da rugosidade de superficie,
apontado um dos fatores contribuintes para alteracdo de cor da resina acrilica e
acumulo de biofilme (Pereira-Cenci et al., 2010). A rugosidade de superficie pode



ser numericamente expressa por varios parametros, sendo o mais comum, a
média dos valores de rugosidade, obtido pela média aritmética entre as distancias
pico-vale ao longo do comprimento da amostra, quando um estilete € movido
sobre sua superficie (Lima et al., 2007). Uma superficie considerada clinicamente
lisa pode apresentar micro-retencbes que promovem a colonizagdo microbiana.
Embora a porosidade interna das préteses resulte de varios fatores e tende a
variar, € possivel que a microporosidade da base da prétese desempenhe um
importante papel na formacao do biofilme (von Fraunhofer & Loewy, 2009). A
rugosidade de superficie da resina acrilica da prétese parece ter relacao direta
com o desenvolvimento do biofilme e sua colonizagcado por C. albicans e outros
micro-organismos. Ainda, tem sido observado que as regides posteriores e 0
interior das préteses apresentam-se mais contaminados (Paranhos et al., 2007;
von Fraunhofer e Loewy, 2009; Neppelenbroek et al., 2009).

Assim, considerando a indicacdo do uso de agentes quimicos na
higienizacdo das proteses, a possibilidade desses agentes afetarem propriedades
da resina acrilica, a necessidade de se estabelecer estratégias viaveis que visem
prevenir e reduzir a formacao de biofilmes, a eficacia apresentada pelo hipoclorito
de so6dio quando comparado a outros agentes quimicos, propbs-se analisar o
efeito do uso diario de uma solugéo de hipoclorito de sodio a 0,5% no biofilme, na
estabilidade de cor e na rugosidade de superficie de proteses removiveis. Avaliou-
se ainda, a satisfacdo do paciente com o uso deste desinfetante.
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ABSTRACT

Objectives: The aim of this study was to evaluate the effect of sodium hypochlorite
(NaOCI) on biofilms, color stability and surface roughness (Ra) of complete
dentures and the patients’ acceptability.

Materials and Methods: Fifteen volunteers were instructed to keep their dentures
daily immersed in a 0.5% NaOCI solution for 3 minutes, over 90 days. To evaluate
the effect of NaOCI in controlling denture biofilm, swabs were taken from the
dentures, diluted in PBS and inoculated on CHROMagar™ and blood agar. The
number of colony-forming units (cfu) was counted after a 48h incubation period.
Color changes (AE) were assessed with a spectrophotometer using the CIEL*a*b*
system. Ra was measured using a profilometer. The patients’ acceptability of the
cleaning method was checked based on a degree of satisfaction. Cell counts were
analyzed using ANOVA. Data of color and surface roughness were evaluated with
Friedman test and Kruskal Wallis, respectively.

Results: A significant reduction of the total number of microorganisms (p<0.05)
and Candida spp. was noticed after the experimental time. No significant
differences were found for AE and for Ra after 90 days (p>0.05). The level of

patients’ satisfaction increased throughout the follow-up time.

Conclusion: The 0.5% NaOCI was effective in reducing microorganisms without
causing significant color and roughness changes. The volunteers reported great
satisfaction with the cleaning results.

Clinical Relevance: The 0.5% NaOCI daily immersion can be indicated as an

effective auxiliary method for denture hygiene.

Keywords: complete dentures; denture cleansers; biofilm; surface roughness;
color stability.



INTRODUCTION

The rehabilitation of geriatric patients with complete dentures is
expected to be a larger part of dental care in the next few decades[1]. It is critical
for dentists and healthcare providers to pay attention to the oral hygiene needs of
those patients, that usually have difficult to keep their dentures cleaned[2,3].

As a consequence of improper oral hygiene, denture may become a
“reservoir” of microorganisms[4,5]. A roughened topography and, primarily, the
microporous surfaces of an acrylic resin provide a wide range of environments to
support potentially pathogenic microorganisms than can threaten the health of a
physically vulnerable patient [6-8]. These microorganisms can be responsible for
the development of local and systemic infections such as denture stomatitis,
halitosis, respiratory airways diseases, bacterial endocarditis and gastrointestinal
infections [4,5,8,9].

Therefore, careful daily removal of the biofilm present in the oral cavity
and on complete dentures is of paramount importance to minimize opportunistic
infections, to contribute to good oral and overall systemic health[10-12] and to
maintain an esthetic, odor-free appliance[8,13]. Mechanical, chemical and a
combination of mechanical and chemical strategies are available to patients to
facilitate the removal of denture deposits. Denture daily brushing is recommended
for all wearers[14], but brushing alone, in some conditions, can be an ineffective
method of denture disinfection[3,6]. Since many elderly individuals have difficulty in
maintaining oral and denture hygiene in consequence of diminished manual
dexterity, impaired vision, or associated debilitating conditions[15], it is
recommended to combine mechanical and chemical denture cleaning[5,8,12,16-
19].

An ideal denture cleanser should be able to reduce biofilm accumulation,
be bactericidal and fungicidal, without affect the physical and mechanical
properties of denture base or prosthetic teeth (no whitening or abrading). It should
be nontoxic, short acting, easy to use, clean tough stains, control denture odors
and be cost effective[8,12]. Commercial denture cleansers use various active



agents: hypochlorite, peroxides, enzymes and acids or a combination of them[20].
Each immersion cleanser has a different mode of action and a different rate of
efficacy for removal of adherent denture biofilms. Hypochlorite soaking solution has
been demonstrated superior cleansing properties when compared to other types of
commercially available denture cleansers [12,13,19,21-25]. However, there is a
discussion if NaOCI can degrade the acrylic resin components, causing color
changes (lightening)[12] and an increase on surface roughness[23].

There are few published guidelines on the daily care of complete
denture prostheses[8] and, unfortunately, evidence-based guidelines do not
exist[9,12]. Considering that it is necessary to stipulate a simple and effective
routine protocol for denture cleaning[23,26,27] the aim of this study was to
evaluate, in vivo, the efficacy of 0.5% sodium hypochlorite (NaOCI) as a denture
cleanser and its effect on color stability and surface roughness of complete
dentures. The patients’ satisfaction with the denture cleaning method was also

assessed.

MATERIALS AND METHODS
Experimental design

This clinical study evaluated the daily use of a 0.5% NaOCI solution as a
denture cleanser. The response variables were number of total microorganisms
and Candida spp, color stability and surface roughness of denture base and
patients’ satisfaction. The sample was consisted of fifteen complete denture
wearers that were instructed to keep their dentures immersed in a 0.5% NaOCI
solution for 3 minutes, once a day, after the nocturnal brushing. The follow-up time
was 90 days and outcome variables were measured on baseline and on days 30,
60 and 90. The efficacy of NaOCl was analyzed by the number of total
microorganisms and Candida spp on dentures surfaces and saliva. Color stability
was evaluated with a portable spectrophotometer and surface roughness was

measured using a profilometer. Additionally, patients’ acceptability of the cleaning



method was assessed based on their degree of satisfaction. Data collected at each

time-point were compared.

Volunteers’ Selection

Twenty eight volunteers were recruited from a previous research of the
Department of Prosthodontics and Periodontology of Piracicaba Dental School,
State University of Campinas (FOP/UNICAMP), all wearing both complete
dentures made from heat-polymerized acrylic resin for a mean period of 2 years.
Subjects that presented adequate general health conditions and ability to comply
with the experimental protocol were invited to participate. The inclusion criteria
were do not using antibiotics, antifungal agents or antiseptic mouthwashes at pre-
experimental and or during experimental period. The final sample was consisted of
fifteen subjects, 3 men and 12 women, mean age of 69 + 7.2 years. This study was
approved by the local Research and Ethics Committee and all volunteers signed

an informed and written consent.

Treating protocol

Volunteers were asked to keep cleaning their dentures by brushing as
they have been doing. Additionally, during the experimental period, they were
instructed to immerse their dentures daily in a 0.5% NaOCI solution (Proderma
Pharmacy, Piracicaba, Brazil) for 3 minutes. After that, dentures should be
thoroughly rinsed in running water before reinsertion into the oral cavity.

Also, volunteers were instructed to not use chemical cleansers and
mouthwashes for at least one week before baseline data collection and during the

experimental period.

Data Collection
Microbiological analysis

To determine the efficacy of the 0.5% NaOCI immersion protocol,
samples for culture of Candida spp and total microorganisms were taken from
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volunteers’ dentures and saliva. One at a time, upper and lower dentures were
removed from the mouth of the volunteers, gently rinsed under water and swabs
were taken from the whole surface of the dentures. Then, each swab was
individually placed in a sterile tube containing 3mL of phosphate buffered solution
(PBS). Next, each volunteer was asked to spit into an empty sterile tube. The tubes
were sonicated (7W for 30s) and the samples were serially diluted in PBS. These
were vortexed for 30s between dilutions to maximize the homogeneity of the
suspensions. Then, 20uL of each diluted solution were plated in triplicate on
CHROMagar™ and blood agar. The plates were incubated for 48h at 37°C in
aerobiosis (CHROMagar™) and 10% carbon dioxide (blood agar) and the number
of colony-forming units (cfu) was counted using a stereomicroscope. The use of
CHROMagar also allowed a presumptive identification of the Candida spp isolated.

Color stability evaluation

To analyze the influence of 0.5% NaOCI on the color stability of base
acrylic resin, the color of the 15 upper dentures was measured with a portable
spectrophotometer (CM-700d; Konica Minolta Sensing Inc; Japan). The equipment
was calibrated according to the manufacturer’s instructions and it was used the
standard illumination of D65. The dentures were washed under water and gently
dried with a tissue paper prior to color evaluation. A device, in high-viscosity
silicone (Zetalabor, Zhermack S.p.A, Badia Polesine, Rovigo, Italy), was fabricated
for each denture and it was used to ensure that the same area was located in the
spectrophotometer for color measurement at different time points. Also, this device
had been used as a background, to avoid the influence of surface clarity on color
determination.

The color differences were evaluated using the CIE L*a*b* color scale.
This system is based on 3 parameters for defining color: L*, a* and b*, where L*
represents lightness, from 0 (black) to 100 (perfect white), a* represents the red
(positive value) or green chroma (negative value), while b* represents yellow

(positive value) and blue chroma (negative value). The total color difference, AE*,
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was calculated using the following formula:AE= [(AL*)? + (Aa*)? + (Ab*)?] ”*, where
delta values represent the differences measured in L*, a*, and b* values between
the baseline coordinates and those measured at the time points. A limit of AE <3.7
was considered as clinically acceptable[28,29].

The levels of AE* were also quantified by the National Bureau of
Standards (NBS) with the NBS units of color difference (table 1). NBS units are
expressed by the following formula: NBS unit = AE x 0.92. NBS values lower than

3.0 (appreciable) are not clinically perceptible[29].

Table 1 Color difference according to the National Bureau of Standards

Color Difference NBS Units
Trace 0.0-0.5
Slight 05-15

Noticeable 1.5-3.0

Appreciable 3.0-6.0
Much 6.0-12.0

Very much 12.0 - +

Preparation of specimens

To surface roughness assessment an in situ design was developed.
Rectangular aluminum matrices (5 x 5 x 70 mm) were invested in metallic flasks.
After plaster setting, the matrices were removed and heat-polymerized acrylic resin
(Classico, Artigos Odontologicos Classico Ltda, Sao Paulo, Brazil) was packed and
processed in a hot water bath at 74°C during 9h. After that, all flasks were allowed
to bench cool for at least 2h. The specimens were then removed and immersed in
distilled water at 37°C for 24h for residual monomer release. After that, they were
sectioned at a metallographic machine (2 mm thick) and 90 specimens, measuring
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5 x 5 x 2 mm, were obtained. They were polished using progressively smoother
aluminum oxide papers (320-, 400- and 600 grit) in a horizontal polisher. Then, the

specimens were ultrasonically cleansed in deionised water for 20 minutes.

Surface Roughness assessment

The surface roughness was measured using a profilometer (Surfcorder
SE 1700; Kosaka Laboratory Ltd., Kosaka, Japan) with a 0.01 mm resolution,
calibrated at a cut-off length of 0.8 mm, 2.4 mm percussion of measure and stylus
speed of 0.5 mm/s. Three readings were made for each specimen, and the mean
value of the Ra (um) of the 90 specimens was 0.47+ 0.09.

After the baseline measurement, six specimens were randomly glued,
with light-cured resin, to the buccal posterior surface of each lower denture (three
specimens on each side). On days 30, 60 and 90, two specimens (one from each
side) were removed for surface roughness reassessment. Specimens were not

reinserted.

Patients’ satisfaction

The acceptability of the hygiene protocol was checked in every
measurement session. Each volunteer was asked to translate in values their
degree of satisfaction with the treatment using numerical rating scale[30] in a range
from O (totally unsatisfied) to 10 (totally satisfied).

Statistical analysis

All analyses were performed using the SAS software (SAS Institute Inc.,
version 9.0, Cary, USA) with the level of significance set at 5%. The normality of
error distribution and degree of non-constant variance were checked for the
response variables. To normalize data, the cell count was transformed by logarithm
(leeiex ) and theses data were analyzed using one-way ANOVA, followed by
Tukey Test. Data of roughness and color changes were analyzed by Kruskal

Wallis and by Friedman Test, respectively.
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RESULTS
Figure 1 shows the flow diagram of the progress through the phases of

this trial[31]. All the 15 volunteers allocated in this study were analyzed.

Assessed for eligibility (n= 28)

)
Excluded (n=13)
=
GE’ ¢ Not meeting inclusion criteria (n= 3)
= —>
ot ¢ Declined to participate (n= 2)
c
L
¢ Other reasons (n= 8)
Randomized (n= 15)
—
— '
S Allocated to intervention (n= 15)
'5 + Received allocated intervention (n= 15)
(]
< + Did not receive allocated intervention (n= 0)
—
= l
Q .
- Lost to follow-up (give reasons) (n= 0)
3
0 Discontinued intervention (n= 0)
(o}
L.
—
)
v
‘n Analysed (n= 15)
? ¢ Excluded from analysis (n= 0)
<
|

Fig. 1 — Flow diagram of study participants (adapted from the CONSORT Declaration).
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In the beginning (baseline) all volunteers (15) presented biofilm on
dentures and saliva. However as the treatment with 0.5% NaOCI began the total
microorganisms decreased in all studied sites (Table 2). In contrast, only 10
volunteers (66.67%) had positive culture for Candida spp. in their upper dentures
being two of them also positive in their lower prostheses as well in the saliva. After
30 days using NaOCI only three volunteers (20%) were positive for Candida and
after 60 days only two volunteers (13%) still presented Candida spp (table 3). It is
important to highlighted that were the same volunteers that showed Candida spp in
all sites. Presumptive identification showed that C.albicans was the predominant
isolate in all the studied period and C. glabrata remaining cells were not observed
after the experimental time.

Table 2 Total microorganisms (CFU x 10%, mean + SD, n = 15)

Time Point Upper denture Lower denture Saliva
Baseline 69.1 £ 67.4a 54.9 + 57.6a 69.5 £ 50.4a
30 days 15.9 + 28.0b 7.6 £18.4b 48.7 + 50.5ab
60 days 3.6+£6.6bc 3.5+£9.3b 22.5 £+ 24.2ab
90 days 0.79+0.6¢c 09+1.6b 17.4 £12.3b

Different letters represent statistical differences among time points.

Table 3 Volunteers presenting Candida spp on upper and lower dentures and in saliva
(n=15)

Time Point Upper Lower Saliva
Baseline 10 02 02
30 days 03 01 03
60 days 02 01 02
90 days 02 01 02
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Regarding color stability, it was noticed slight changes in L*, a* and b*
values throughout the experimental time, but no significant differences were found
for AL*, Aa* and Ab* values. The same way, AE values did not show significant
differences after denture daily immersion for 90 days. Using NBS units to measure
color changes, 14 dentures demonstrated “trace” or “slight” changes and one
denture demonstrated “noticeable” change (Table 4). A noticeable change is
considered visually perceivable by 50% of human observers under controlled
conditions, thus it is clinically acceptable[32].

Table 4 Color changes of upper base acrylic resin after experimental time

Volunteer AL Aa Ab AE Color difference
1 0.69 -0.69 0.09 0.98 Slight
2 0.02 -0.96 -0.31 1.01 Slight
3 -0.33 -0.03 0.09 0.37 Trace
4 0.08 0.69 0.38 0.78 Slight
5 -0.4 0.14 -0.31 0.53 Trace
6 -0.73 -0.6 -0.23 0.98 Slight
7 0.04 0.01 -0.02 0.05 Trace
8 0.36 0.07 0.42 0.56 Slight
9 -0.56 0.17 0.65 0.88 Slight
10 -0.36 0.14 0.29 0.48 Trace
11 -1.61 -0.9 -0.9 2.05 Noticeable
12 -0.09 -0.18 0.48 0.53 Trace
13 0.16 -0.54 -0.21 0.61 Slight
14 0.3 0.29 0.37 0.56 Slight
15 -0.07 0.11 0.01 0.14 Trace
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The roughness (Ra) baseline mean was 0.47 + 0.09 and no statistically
significant differences were observed between baseline and the evaluated time
points (p>0.05).

The volunteers’ satisfaction with the denture hygiene protocol increased
from 53% of patients completely satisfied after 30 days of using hypochlorite for
approximately 87% after 90 days. All volunteers reported cleaner and smoother

dentures, a pleasant breath and an improvement in taste.

DISCUSSION

To the authors’ knowledge, this clinical study was the first to evaluate the
daily immersion in a 0.5% NaOCI solution, in a short-time of 3 minutes, as a routine
protocol for denture cleaning. The objective of immersing a denture in a
disinfectant is to remove biofilm, decontaminate the surface by decreasing
microorganisms and prevent recolonization since dentures may function as a
reservoir of pathogens [19,22,23]. Furthermore, the disinfectant should not affect
the physical and mechanical properties of denture base or prosthetic teeth[8,12].
Although hypochlorite solutions have been demonstrated excellent cleansing
properties [12,13,17,22,23,25] some authors affirm that soaking dentures in that
disinfectant may degrade the acrylic resin components, depending on the
concentration and immersion time. However, the immersion time evaluated in
those investigations was 10 min or more. Herein, it was evaluated the effect of a
low concentrated (0.5%) hypochlorite solution for a short time immersion of 3
minutes daily on reducing microorganisms, on color stability and on surface
roughness of complete dentures. The experimental time was 90 days. Patients’
satisfaction, as well as adverse effects which could influence the acceptability of
this treatment, was also assessed.

A significant reduction of the total number of microorganisms (p<0.001)
was observed after the soaking period for both dentures and in saliva. This could
be attributed to NaOCI antimicrobial activity with action on bacterial essential
enzymatic sites, promoting irreversible inactivation originated by hydroxyl ions and
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chloramination action[33]. NaOCI also acts dissolving mucin and other organic
substances, such as extracellular polymeric matrix[34] what may have facilitated
denture biofilm removal. The microbiota of saliva in denture wearers may be
derived from dentures as well as from oral mucous membranes, mainly the tongue,
and it may be the proportions of pathogens present that cause the change from
health to disease, rather than the presence or absence of particular species|[8].

The results of this study showed that soaking dentures in 0.5% NaOCI
was an effective treatment against Candida spp which is in accordance with the
findings of previous in vitro studies [21-24,35]. Before the treatment with NaOCI,
66.67% (n=10) of the volunteers were positive for Candida spp. in their upper
dentures. Repeated sampling, at an interval of 30 days, indicated that this
contamination had decreased to 20% of the individuals. After 90 days, only two
dentures, 13.33% of the initial number, showed yeast counts remaining. The
significant reduction on Candida counts is an important finding considering that
denture wearing and deficient oral hygiene are recognized as two local factors
predisposing to Candida overgrowth as well as to oral infections, such as denture
stomatitis [10,36,37]. Throughout the experimental time, C. albicans was the
predominant specie isolated, as related by literature[38].

Although satisfactory results were found for NaOCI, dental literature has
shown that this product has the potential to bleach denture-base[34,39]. Color
change in acrylic resins can result from extrinsic and intrinsic factors[28] such as
solubility, water sorption, surface roughness and chemical degradation[29]. All the
dentures evaluated in this study presented similar chemical structure (polymethyl
methacrylate), were processed with the conventional water bath method and had
been installed 2 years before beginning the cleaning protocol.

Color evaluation can be performed visually or by wusing a
spectrophotometer or a colorimeter. In the present study, a spectrophotometer was
used to measure the color of 15 denture base acrylic resins. Color of the surface,
surface clarity, thickness and smoothness of the specimen surface may influence
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color determination[28]. Therefore, a silicone device was used as a background to
avoid variations on color proceedings.

Color changes were evaluated using the CIEL*a*b* colorimetric system,
a uniform 3-dimensional system that has been widely used for the determination of
chromatic differences by translating combinations of differences into mathematical
data[29]. In this system, color change (AE) is defined as relative color change
between repeated color evaluations. A color difference below 3.7 has been
reported to be clinically acceptable [28,29,40]. In this study, the highest AE value
observed was 2.05 (volunteer 11, table 04), representing a lack of visible color
change. In fact, it was observed slight changes, with increase or decrease in L*, a*
and b* values throughout the experimental time. However, no significant
differences were found among AE values which mean that, after immersion for 90
days, the influence of 0.5% NaOCI on the color of the dentures was not significant.

NBS units were also used in this study since it is an important parameter
for color comparison. In a clinical scenario, because the color of the entire base
changes, it is difficult to detect a change in color. Therefore, most patients would
probably not detect color changes in the denture base that were below “much
change” (NBS unit less than 6.0) if they occurred over a long time period[29]. After
the experimental time, one denture underwent “noticeable” change (NBS = 1.9)
and 14 dentures underwent “trace” or “slight” changes. All these changes are
clinically acceptable. Important to clarify that a noticeable change is only detected
by 50% of human observers and under controlled conditions [32].

In this study, a not significant rougher surface of the specimens was
found after the 0.5% NaOCI soaking treatment (p > 0.05), which could contribute
for no differences in color perception [26,28,41].

Patients’ satisfaction could influence the acceptability and effectiveness
of the denture cleaning method in a daily use setting[42]. In this study, the level of
satisfaction increased from 53% of patients completely satisfied after 30 days of
the use of hypochlorite for approximately 87% after 90 days. Initially there were
complaints, from three volunteers, about the smell and residual taste of
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hypochlorite. It was reminded them that dentures should be thoroughly rinsed in
running water, after soaking in the disinfectant and before reinsertation into the
mouth. Therefore, after 60 days, all volunteers reported cleaner and smooth
dentures and also a pleasant breath. Besides it, after 90 days all of them also
reported an improvement in taste.

Although the influence of the investigation on the volunteers’ hygiene
behavior is one limitation that has to be taken into account[36], the present study
tried to integrate all aspects of denture care: patient satisfaction with the treatment,
denture decontamination and base material defects after decontamination
processing. The results revealed that soaking complete dentures in 0.5% NaOCI
for three minutes daily, in conjunction with brushing, could be suggested as a
simple and effective denture cleaning protocol. Nevertheless, further clinical
evaluation is required to investigate the long-term effectiveness of this cleaning

method.

CONCLUSIONS

The 0.5% NaOCI, used as co-adjuvant for denture cleaning, was
effective in reducing microorganisms, without causing color or significant
roughness changes and the volunteers reported great satisfaction with the cleaning

results.
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CONCLUSAO

O hipoclorito de sbédio a 0,5% se mostrou efetivo na redugdo de micro-
organismos e nao provocou alteragdes significativas na cor e rugosidade das
bases das préteses. A satisfacdo dos voluntarios sugere que o protocolo de
higienizacao foi considerado simples e efetivo.
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ANEXO 2 - Protocolo de Registro: ClinicalTrials

ClinicalTrials.gov g &: EDA

Protocol Regisitration Systemi

Protocol Registration Receipt
06/08/2012

Evaluation of Sodium Hypochlorite as a Denture Cleanser

This study has been completed.

Sponsor: | University of Campinas, Brazil

Collaborators:

Information provided by | Sheila Rodrigues de Sousa Porta, University of Campinas,
(Responsible Party): | B==l

ClinicalTrials.gov Identifier: | NCTO1616355

| 4 Purpose

The present study tred to integrate all aspects of denture care: pafient satisfaction with the treatment, denture
decontamination and base material defects after decontamination processing.

Condition Intervention Phase

Problems With Dentures Sodium hypochlorite immersion MIA

Study Type: Interventional

Study Design: Basic Scence, Single Group Assignment, Cpen Label, NfA, Efficacy Study

Official Title: Denture Condition: Influsnce on Masticatory Performance, Volatile Sulfur Compounds and Presence
of Biofilm

Further study details as provided by Sheila Rodrigues de Sousa Porta, University of Campinas,
Brazil:
Primary Cufcome Measure:
* Microorganisms reduction  [Time Frame: Baseline, 30, 60 and 30 days] [Designated as safety issue: Yes]
Cluantitative analysis of total microorganisms and Candida spp. Samples for culture were collected from
dentures and saliva.
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ANEXO 3 - llustracoes Materiais e Métodos

Avaliacdo da estabilidade de cor. A) Espectrofotdbmetro Konica Minolta CM-

700d. B) Dispositivo em silicone para padronizacao da posicao do aparelho. C)
Leitura da cor.

Avaliacdo da rugosidade de superficie. A) Espécimes em resina acrilica

termopolimerizavel (5 x 5 x 2 mm). B) Espécimes fixados na prétese total
inferior.

30



ANEXO 4 - Comprovante de submissao do artigo

Clinical Oral Investigations

mumm--mm a clinical study

MAarrascrpt Number;
Pul Thls

Ariaie Typs
Cormmapateling Author

LD T D00
Emumm--m_ur a chhical shudy
g Arici

LIS ARE
Fraccaba . So Paulo BRAIL

o e

I-I-Mn_dl@w-m:hﬁ:

:ﬂ_ﬂﬂ“ﬁﬁmm.m

‘Hiwa Camwiro de Lucena, DO5. W
:vnmmamnmm:.m

Mitar Aionirha Dol Bal Cury, DDS; WS PhD

Chwechvns The arm of thia slody wan 50 svaluaies The offect of sodum ypoctions
ReCCl] on beolime, color stabiity a0d sttt rougivess ([Fa) of compede derlaros
and T pariors' acompiabiny

Sigtorals and Methods: Fifloonh volumiess wem msbucied o keop Pair denturas daly
wmrmnisad R oa 0 5% KelC soluton for 3§ mirsies. over B30 days. To evaluain tho ofiect
of Mals ;m ooorhodeng dentae batim, Byats we'n ke om Fo dettoos, diuied m
FRS and moodeted on CHMROMage T 2 blood ager The riember of colony foming
wrrts ot} wam counied afior @ 457 roubaton ponod. Golor changes LAL ) wom
meetsod with a spatiropholmetes wsing the CEL* D" sysiem. Fa vweas moasuiod
I"‘qlh’lﬂh‘l‘." Tmmt‘m'pﬂﬁmm_m
bamod on & Sogree of saistacion Col courts wern analyoed g ANDYVA Data of
ool gnd puriacn AT TEE were evalugied welh Eoedman tost and Knuseal Winlis
rospoctvaly

Bawft A pgntca ot o T ol numiber of mcTorgannTs (B 05 and
Candeda spp. wan noboed afler the eoponmentsl e, o sgrdicant dflemnces worg
o for SE and fof Ba afier 50 deys (p0O5L Tha iowal of pabents’ selwlaciion
monazed fiughou] T lolow ap Tre

Conchumon The {1 3% Sald wan ofechive n meducig moroorgeneTs. wihout
CEURTG BF VST oolor @nd roughnons changes. The woluminors rporind gread
m-nhmmh

Cincal Rolevarca: Tha IL5% MaDC daity trmarson can bo indhcaiod o an ofocive
ity method Sor deriure hygeoe

FoyaTnds Compete Sontues: don e doanses; bl surtecs roughress; oolor

Frouepred Sy ESPoriad Managn B o Prepnivd MansoesB om drkes Syedemg Corpoeraden

31



