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Takeuchi, CYG. Efeito da fumaca de cigarro nas propriedades de resinas
compostas e substratos dentais [Tese de doutorado]. Araraquara: Faculdade de
Odontologia da UNESP; 2007.

RESUMO

O objetivo do presente estudo foi avaliar in vitro a microdureza, mudanca de cor e
presenca de substancias toxicas apds exposicdo a fumaca de cigarro na resina
composta, dentina e esmalte dental e avaliar in situ a microdureza, rugosidade
superficial e alteragdo de cor (AE) e luminosidade (AL) de resinas compostas
frente a exposicdo a fumaga do cigarro associado a escovagdo. Para a fase in vitro
foram confeccionados corpos-de-prova de resina composta (RC), esmalte (E) e
dentina radicular bovina (DR) que foram planificados, polidos e expostos a
fumaga de 10 cigarros/dia por 8 dias. Avaliou-se a microdureza Knoop e a
alteragdo da cor (CIELAB) antes e depois do ato de fumar. Em seguida, as
amostras foram preparadas para analise em microscopia eletronica de varredura
(MEV) e microanalise (EDS). Os dados da microdureza e da alteragdo de cor
foram submetidos 8 ANOVA e Tukey (5%). A microdureza do E aumentou e da
DR e RC diminuiram. Na alteragdo de cor a RC e o E apresentaram menor
escurecimento do que a DR. Na fase in situ foram confeccionados corpos-de-
prova com trés tipos de resinas compostas que foram fixados em aparelho
intrabucal palatino. Foram selecionados 22 voluntarios, sendo 11 fumantes e 11
ndo-fumantes, que utilizaram o aparelho por 28 dias. A escovagdo dos espécimes
foi realizada fora da boca, trés vezes por dia somente na metade do dispositivo.
Para os fumantes foi estipulado o consumo de 10 cigarros/dia. A mensuracdo da

cor (CIELAB), da microdureza (KHN) e da rugosidade foram realizadas antes e



Resumo 12

apds os 28 dias de exposi¢do in situ. Os dados KHN foram analisados pela
ANOVA e teste de Fisher's LSD. Os dados da rugosidade, AE e o AL foram
analisados pelo método estatistico ndo-paramétrico Kruskal-Wallis, Wilcoxon e
Friedman (p<0.05) que observaram que a fumaga de cigarro aumentou os valores
de microdureza e de rugosidade para os fumantes com escovacdo. Contudo, pode-
se concluir que na fase laboratorial a fumaga de cigarro interferiu na microdureza
do E, DR e RC, sendo que todos apresentaram alteragdo de cor e o EDS
identificou a presenca de cadmio, arsénio e chumbo. Na fase in situ a fumaga de
cigarro associada a escovagdo proporcionou melhores propriedades mecanicas em
relagdo a microdureza, contudo afetou negativamente a lisura superficial das
resinas compostas. Em relag@o a alterag@o de cor, a fumaga de cigarro aumentou o
AE e o AL das resinas compostas avaliadas, entretanto a escovagdo foi capaz de

limitar essa alteragio.

Palavras chave: Resinas compostas; dureza, cor, tabaco.



Takeuchi, CYG. Effect of cigarette smoke on the properties of the composite resin
and dental substrates [Tese de doutorado]. Araraquara: Faculdade de Odontologia
da UNESP; 2007.

ABSTRACT

The aim of this study was to assess in vitro the microhardness, color change and
the presence of toxicant elements deriving from cigarette smoke in the composite
resin, dentine and dental enamel and to evaluate in situ the microhardness, surface
roughness and color change (AE) and lightness (AL) of composite resins upon
cigarette smoke exposure associated with brushing. For the in vitro phase were
fabricated specimens from composite resin (CR), enamel (E) and root dentin (RD)
fragments that were wet ground and polished and exposed to the smoke of 10
cigarettes/day during 8 days. Knoop microhardness number (KHN) and the color
was measured before and after exposure. After the samples were prepared for
analysis with Scanning Electron Microscopy (SEM) and microanalysis (EDS).
Data were submitted to ANOVA and Tukey’s test (p<0.05). The microhardness of
the E increased and the RD and CR decreased. The CR and E presented
statistically significant less darkening and color change than RD. For the in situ
phase were fabricated specimens three different composite resins that were
attached to removable palatal appliance. Twenty-two volunteers took part in this
study (11 smokers e 11 non-smokers) and received instructions to wear the
appliances continuously by 28 days. For brushing of the specimens, the appliance
was taken out the mouth and three times a daily was brushed. For the smokers, it
was standardized consume of 10 cigarettes for day. The color changes (AE),

microhardness (KHN) and surface roughness were measure before and after 28
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days the exposure in situ. The microhardness data were analyzed by ANOVA and
Fisher's LSD test. The roughness data, AE and the AL were analyzed by Kruskal-
Wallis, Wilcoxon and Friedman (p<0.05). The cigarette smoke increased the
microhardness and roughness values for smokers with brushing. Concluding that
laboratory phase the cigarette smoke affected the microhardness of the E, RD and
CR. All specimens presented color change and the EDS identified the presence of
cadmium, arsenic and lead. In the in situ phase the cigarette smoke associated to
brushing proportioned better mechanical properties in relation to microhardness;
however it affected negatively the surface roughness of composite resins. With
regard to the color change, the cigarette smoke increased the AE and AL of the
composite resins tested, nevertheless the brushing was capable to limit this

alteration.

Keywords: Composite resins, hardness, color, tobacco.



1. Introducao

Nos ultimos 30 anos, de modo geral, o consumo de cigarro
diminuiu, no entanto, vem aumentando entre as faixas etarias mais jovens ao
longo dos anos'®. A Organizacdo Mundial de Satde (OMS)® estima que 100 mil
criancas e jovens se tornem fumantes regulares por dia no mundo. Estudos
reportam que 90% dos fumantes iniciaram esse comportamento antes dos 19 anos,
ou seja, na fase da adolescéncia. De acordo com a OMS?, adolescente é o
individuo que se encontra entre os dez e vinte anos de idade.

A preocupacédo dos adolescentes fumantes com a estética tem sido
maior do que com a salde. Esse dado, foi a conclusdo do grupo de pesquisadores
da Faculdade de Ciéncias Médicas da Santa Casa de Sdo Paulo que realizaram
pesquisa endossada pelo InCor (Instituto do Coracdo do Hospital das Clinicas de
Séo Paulo) e pelo INCA (Instituto Nacional do Cancer), que constataram que 0s
jovens estdo mais preocupados com o escurecimento dos dentes do que com a
possibilidade de adquirir cancer no pulméo apés 20 ou 30 anos®. Em adicéo, na
Finlandia, foi realizado um exercicio de curta duragdo onde adolescentes fumantes
tinham que identificar a presenca de manchas provocadas pela fumaca de cigarro
em seus dentes e perceberam que essa ocorréncia contribuiu para redugéo do
habito de fumar’,

Esses dados demonstram que a estética pode ter um papel
fundamental em campanhas anti-tabagismo, particularmente na adolescéncia que
constitui a fase mais vulneravel para iniciar, desenvolver e consolidar o habito de

fumar®. A Odontologia pode contribuir com essa campanha de forma a realizar
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mais estudos que avaliem o efeito da fumaca de cigarro nas estruturas dentais e
nos materiais restauradores estéticos e divulgar os resultados, como recurso para
estimularem adultos e principalmente jovens a pararem ou a ndo adquirir esse
héabito.

2,11,20,21

Na literatura existem poucos estudos sobre o efeito da

fumaca de cigarro nas propriedades Opticas dos materiais restauradores estéticos e

3,5,7,9,10,15,18,24 sobre 0

estruturas dentais, quando comparado aos inimeros estudos
efeito do café, vinho tinto, cha e outros.

O manchamento das restauragOes e dentes decorrentes do ato de
fumar é a manifestacdo clinica mais imediata perceptivel encontrada em pessoas
fumantes® e tende a apresentar coloragdo castanho-escura, podendo chegar ao
preto. A severidade da alteracdo de cor e sua distribuicdo sdo dependentes da
quantidade e do tempo de exposicdo a fumaca de cigarro, além da técnica de
higiene bucal® .

Outro fator relevante que pode influenciar a alteracdo de cor é
possivelmente as transformacdes fisicas resultantes principalmente das mudancas
térmicas provocadas pela fumaca do cigarro. Pois, a fumaca produzida pelo ato de
fumar é o resultado da combustdo da matéria organica existente nos produtos
derivados do tabaco, bem como do aporte de oxigénio e do grau da temperatura
existente na ponta do cigarro, que pode chegar a aproximadamente 950°C*. A
fumaca de cigarro é composta por milhares de substancias téxicas como o

monoxido de carbono, amdnia, niquel, arsénio e metais pesados como chumbo e

cadmio®™. Quando essa fumaca entra em contato com a superficie de dentes e
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restauracdes é possivel que além de alterar a cor, ela possa alterar a lisura da

superficie e a dureza, que sdo importantes propriedades mecanicas que contribuem
o - 13

com o sucesso clinico™.

Neste contexto, € importante a avaliacdo do comportamento das
resinas compostas e diferentes substratos dentais frente a exposicdo a fumaca de
cigarro e verificar se ha influéncia ou ndo nas propriedades fisicas e mecénicas, a
fim de apresentar novos resultados que venham corroborar com os estudos da &rea

de saude.



2. Proposicao

O objetivo do presente estudo foi:

Avaliar in vitro:
1) A mudang de cor e microdureza de es truturas dentais e compsito apé
exposigo dumaa de cigarro;
2) A preseng de substacias tgicas or iundas da fumag de cigarro na resina
composta, dentina e esmalte dental.

Avaliar in situ:
1) A microdureza e a rugosidade superficial de resinas compostas em fumantes;

2) A alterago de cor de re sinas compostas em fumantes.



3.1. Capitulo 1 — Estudo in vitro

Color Change and Microhardness of Dental Structures and Composite after

Exposure to Cigarette Smoking

Artigo submetido a publicag¢do no periddico Operative Dentistry.
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Color Change and Microhardness of Dental Structures and Composite after

Exposure to Cigarette Smoking

Short title: Color change and microhardness after smoking simulation

Clinical relevance
Smoking can compromise the longevity of restorations and affect the physical

properties of tooth structures.

SUMMARY

The purpose of this study was to evaluate the color change (AEg*) and
microhardness of composite resin, bovine enamel and root dentin after exposure
to cigarette smoke. Eight cylindrical specimens (6 mm diameter and 2 mm
thickness) were fabricated from Filtek Supreme composite resin (CR), stored at
37°C for 24 hours and wet ground with abrasive paper. Eight bovine incisors were
sectioned to provide 8 enamel (E) and 8 root dentin (RD) fragments that were wet
ground and polished with abrasive paper to obtain sections with 6 mm in diameter
and 2 mm thickness. All specimens were exposed to the smoke of 10
cigarettes/day during 8 days. Color was measured according to the CIELAB color
space relative to CIE standard illuminant D65 at baseline and after exposure.
Knoop microhardness number (KHN) (50 g load; 30 seconds) was measured
before and after exposure. Data were submitted to ANOVA and Tukey’s test

(p<0.05). It was observed that cigarette smoke affected the color and the
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microhardness of all evaluated specimens. CR and E presented statistically
significant less darkening and color change (AE=6.12+1.18 and AE=6.69+3.05,
respectively) than RD (AE=28.6+3.80). KHN means before (b) and after (a)
exposure to cigarette exposure were: CR (b): 76.57, (a): 59.74; E (b): 229.63, (a)
302.13; RD (b): 41.89, (a): 34.04. Based on these results, it may be concluded that
the cigarette smoke affected significantly the microhardness of the tested
substrates, increasing enamel microhardness and decreasing composite resin and
dentin microhardness. All specimens presented color change, especially the

enamel.
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INTRODUCTION

Adhesive esthetic dentistry has experienced a great development in
recent years due to the improvement of adhesive systems and evolution of the
physical and mechanical properties of the composites. Composite resin is the
material of choice when esthetics is a primordial aspect and its longevity is
directly related to color stability and capacity to withstand degradation in the oral
environment.

Color stability is a critical factor to the long-term esthetics of
composite restorations' and most anterior restorations are replaced due to
unacceptable color match.” Discoloration has been widely investigate in vitro
studies for a variety of staining agents derived from beverages,”” foods*™™*’ and
tobacco.'""?

Color change has been assessed by different methods. The least
subjective methods are spectrophotometry and colorimetric assay, which allow a
quantitative analysis by comparison of the materials’ color change while
eliminating subjective interpretation bias'”. Specimens analyzed in a
spectrophotometer are enclosed in a compartment with standardized illumination,
which avoids the influence of environmental light during testing. In this way, the
results are reproducible and feasible to be expressed in different color systems,
such as the universally adopted CIE (Commission Internationale de I’Eclairage)
L*a*b* system.* 114
Earlier studies® have also shown that consumption of certain

beverages and foods may affect the esthetics as well as the physical properties

(microhardness, surface roughness) of composite resins, undermining the quality
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and longevity of restorations. Badra and others'” reported a decrease in Knoop
microhardness of composite resin after coffee consumption. These authors
suggested that prolonged immersion in a high-temperature solution may lead to
significant alterations in certain properties of the composites'”. Additionally, the
exposure to cigarette smoke can result in surface damage because the combustion
that occurs on the cigarette end leads to a temperature rise, creating cinder
(maximum of 950°C during a puff).'® This heat is conduced through the inner part
of the paper tube by aspired smoke and, the moment it enters the oral cavity, a
temperature increase occurs.'’

Therefore, the purpose of this study was to assess in vitro the
influence of cigarette smoke on the color change and microhardness of composite

resin, bovine enamel and root dentin.

MATERIALS AND METHODS

A flowchart of the study methodology is presented on Figure 1.

For the purposes of this study, 8 cylindrical specimens (6 mm de
diameter and 2 mm thickness) were fabricated from the Filtek Supreme composite
resin (3M/ESPE, St Paul, MN, USA; shade WB). The composite resin was
inserted into a circular metal matrix in a single increment using a spatula. The
matrix was covered with a polyester strip and a glass coverslip was placed over
this set under a load of 0.5 kg in order to compact the resin and avoid bubble
formation. After 30 seconds, the load and the coverslip were removed. The

composite resin was polymerized through the polyester strip for 20 seconds,
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according to the manufacturers’ instructions, using a halogen light-curing unit
(Jetlite 4000, J. Morita, Japan) with light output of 1050 mW/cm® as measured

with the curing radiometer coupled to the device.

Figure 1. Flowchart of the study methodology. A) Insertion of Filtek Supreme composite
resin in a single increment in the circular metal matrix, placement of a glass coverslip and
0.5 kg during 30 seconds. B) Removal of the load/coverslip set and light curing of the
composite resin for 30 seconds C) Sectioning of bovine incisor to obtain enamel and root
dentin fragments. D) Wet grinding and flattening of the specimens in a polishing
machine. E) Dentin and enamel specimens with dimensions of 6 mm de diameter x 2 mm
depth. F) Initial color reading in a spectrophotometer. G) Initial microhardness reading.
H) Simulated smoking in a custom-made smoking machine. I) Final color reading. J)
Final microhardness reading.

Eight bovine incisors were selected, cleaned of debris and tissue
remnants immediately after extraction and stored in a 0.5% aqueous chloramine-T
solution at 4°C. The teeth taken to a sectioning machine (Isomet, Buehler, Lake

Bluff, IL, USA) and sectioned (transversally), thus producing 8 circular buccal
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enamel specimens and 8 root dentin specimens, all measuring 6 mm in diameter.
The specimens were fixed in a clamping apparatus to hold them in such a way
that the flat surface was positioned parallel to the horizontal plane. The 16
specimens had their surface wet ground and flattened with 400-grit abrasive paper
in a polishing machine (DP-9U2, Panambra, Strues, A/S, Denmark) to obtain 2-
mm-thick cylindrical specimens.

All specimens were individually stored in 100% relative humidity
at 37°C for 24 hours, polished with 600-, 800- and 1200-grit aluminum oxide
abrasive paper and kept in an ultrasonic bath (Sonic Clean, D.M.C. Equipamentos
Ltda., Sdo Carlos, SP, Brazil) in distilled deionized water for 10 minutes to
remove polishing debris.

The specimens were gently dried with absorbent paper for 3s to
maintain a surface condition similar to that of a clinical situation.'* The color of
the specimens was measured after blotting, according to CIELAB color space
relative to the CIE standard illuminant D65 over a black background on a
reflection spectrophotometer (Color guide 45/0, PCB 6807; BYK-Gardner, GmbH
Gerestsried, Germany). A black background corresponds to the clinical condition
of a class III or IV restoration, where the filling has the dark background of the

1
8 Two measurements

oral cavity rather than a light-reflecting tooth substance.
were made for each specimen: the first at baseline and the second after the
smoking simulation. Color difference was calculated based on CIELAB as AE*

= [(AL*)* + (Aa*)* + (Ab*)* 1. A value of AE* of up to 3.3 was considered

clinically acceptable in the present study."
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Like color change, Knoop microhardness of the composite resin,
enamel and root dentin surfaces was measured before and after smoking
simulation using a microhardness tester (HMV-2000; Shimadzu Corporation,
Kyoto, Japan; 50 g load, 30 seconds).”’ The specimens were individually fixed in
the device in such a way that the test surface was perpendicular to micro-indenter
tip. Three indentations equally spaced over a circle and not closer than 1 mm to
the adjacent indentations or the margin of the specimen were taken and the
average was calculated.

Smoking was simulated by using a smoking machine developed by
Dinelli and others'* at the Precision Workshop of the School of Dentistry of
Araraquara, S3o Paulo State University, Brazil (Figure 2). This machine allows
impregnation of the tooth structures and restorative materials by the pigments
contained in cigarette smoke in order to simulate in vitro the clinical conditions of
smokers’ oral cavity. The smoking machine works by aspiration, directing the
cigarette smoke through the cigarette holders in such a way that the pigments from
the circulating smoke are deposited the on the specimen. This cycle is
programmed within a time interval that simulates a smoker’s usual smoke
inhaling with duration of two seconds. A timer is set to allow the aspiration of
environmental air every 12 seconds in order to simulate exhaustion and

subsequent smoke elimination.
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Figure 2. Cross-sectional view of the smoking machine, showing a specimen
positioned and a cigarette in the holder.

For each specimen, simulated smoking of 10 cigarettes/day of the
commercial brand Marlboro (Philip Morris Brazil Ind. ¢ Com. Ltda, Santa Cruz
do Sul, RS, Brazil) was standardized during a period of 8 days. Between the
smoking simulations, the specimens were placed in individual vials with 2 mL of
artificial saliva at 37°C. Every 24 hours, the specimens were washed with 250 mL
of distilled water and immersed in fresh artificial saliva to avoid sedimentation.

Data collected from the color change and microhardness tests were
analyzed for homogeneity and normality and were subjected to ANOVA and

Tukey’s test at a 5% significance level (o = 0.05).
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RESULTS
Color Change Analysis

Data analysis revealed statistically significant difference (p<0.05)
between the measurements at baseline and after exposure to cigarette smoke.
Table 1 displays the means and standard deviations of color change. The
composite resin and enamel presented statistically significant less darkening and
color alteration than dentin.

Table 1. AE means and standard deviation obtained for the composite and dental tissues.

Color change (AE)
Composite Resin 6.12%* (£ 1.18)
Enamel 6.69* (£ 3.05)
Dentin 28.60*" (+ 3.80)

* Indicates unacceptable color change values (AE*>3.3).
* Statistically significant difference at 5%.

Microhardness Analysis

Table 2 exhibits the Knoop microhardness means (KHN) (and
standard deviations) and statistical comparisons. Analysis of variance showed
significant differences between the microhardness means at baseline and after
exposure to cigarette smoking (p<0.05). Enamel presented a statistically
significant increase of microhardness while dentin and composite resin showed

significant decrease of microhardness.
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Table 2. Knoop microhardness (KHN) means and standard deviation obtained for the

composite and dental tissues.

Initial Final
(baseline) (after cigarette smoke exposure)
Composite Resin 76.57 (£7.76)a 59.74 (£ 7.12)b
Enamel 229.63 (+ 73.33)A 302.13 (+85.35)B
Dentin 41.89 (= 6.87)a 34.04 (= 9.36)b

* Different letters indicate statistically significant difference at 5%.

DISCUSSION

The CIE L*a*b* color system utilized in this study represents a
uniform color space with equal distances corresponding to equally perceived color
differences.'® In this three-dimensional color space, the three axes are L*, a* and
b*. The L* value is a measure of the lightness of an object and is quantified on a
scale in which perfect black has a zero L* value and a perfect reflecting diffuser
has a 100 L* value. The a* and b* values are on the chromatic scale and
correspond to red as +a* and to green as —a*. Yellow corresponds to +b* and blue
to —b*.*' Several authors have reported that AE* values in the range of 2-3 are just
perceptible and that AE* of 3.3 is the critical value for visual perception.”’ In the
present study, exposure to cigarette smoke promoted a remarkable staining of the
composite resin and tooth structures, resulting in a clinically unacceptable color
change (AE between 6.12 and 28.60).

Discoloration of restorations and teeth are very common in heavy
smokers and may interfere with esthetics. The susceptibility to staining of a

composite may be attributed to its organic matrix or filler type. Filtek Supreme is
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a nano-hybrid composite with primary 20-nm silica filler and loosely bonded
cluster zirconium/silica particle size ranging from 0.6 to 1.4 um.” The resin
system consists of three major components: Bis-GMA, UDMA and Bis-EMA.
According to the manufacturer, most part of TEGDMA, a somewhat hydrophilic
monomer, has been replaced with a blend of UDMA and Bis-EMA, which
provides better hydrophobia and lesser atmospheric humidity changes.

The susceptibility of tooth structure to staining may be attributed to
defects on enamel and dentin surface®*, because the pigments that penetrate into
the dentinal tubules incorporate to their organic contents.”> These results
corroborate those of Raptis and others'® and Roulet-Mehrens and Roulet'', who
reported that cigarette smoke increases staining. Vogel® reported that the color
and distribution of the stain is dependent on the type, quantity and length of
exposure.

Possible causes for the staining of enamel and dentin include
pigmented foods or drinks, chlorhexidine therapy, caries, presence of metals, such

39233 1 addition, the teeth of smokers tend to

as iron, and high temperature.
develop tobacco yellow, brown, dark brown or even black stains.”® Thousands of
chemical substances and gases are found in tobacco smoke, among which
ammonia, arsenic hydrogen cyanide, lead, nicotine, pesticides, radioactive
polonium and other.””® It is possible that many of the substances that stain the

teeth and restorations of smokers might have caused the changes in microhardness

observed in the present study.
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In this study, exposure to cigarette smoke increased microhardness
of enamel (Table 2). Zhou and Hsiung®’ reported that the surface roughness could
also interfere with this measurement, but in the very early stage because the
uniform alignment of enamel prisms is more important than the relative
orientation between prism axis and the indenter.” It is assumed that this fact may
have occurred due to a possible temperature rise on enamel, which, in turn, might
have altered the space disposition of hydroxyapatite crystals within the enamel or
even modified them. Palamara and others™ reported that heat is able to modify the
crystal morphology.

On the other hand, there was a decrease in dentin microhardness,
which might have been due to possible interferences of the heat and chemical
reaction originating from the cigarette smoke. Dentin is composed of tubules of
about 0.8-2.5-pum inner diameter, filled with odontoblast cytoplasmatic fluid*® and
the tubule lumens are delimited by peritubular dentin, which is more mineralized
than the intertubular dentin, which contains only 30% in volume of mineralized
collagen®. It is possible that the heat of cigarette smoke caused either the collapse
or structural loss of the organic portion of the substrate, weakening the tooth
structure, or perhaps structural alteration in the inorganic portion of dentin.
Therefore, it may be speculated that dentin morphology and composition favored
the occurrence of this phenomenon.

Cigarette smoke and other pigments in foods and beverages may
produce alterations on the surface and subsurface of the teeth and restorative

8,15,31

materials, possibly leading to changes in their physical properties . However,
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due to the differences in the physicochemical properties of teeth compared to
restorative materials, staining of dental tissues and dental materials occur in
different ways and the alterations in their properties are also distinct. Further
research is required to clarify the mechanism of these processes, and mainly to
verify the actual influence of heat on tooth structure and dental materials on a

long-term basis and under clinical conditions.

CONCLUSIONS

Within the limitations of this study, the following conclusions may
be drawn:
(1) Cigarette smoke influenced the color change of all specimens, the bovine root
dentin being more significantly affected than bovine enamel and composite resin;
(2) Cigarette smoke increased the microhardness of bovine enamel and decreased

the microhardness of composite resin and bovine root dentin.
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Brief Communication

Detection of lead and cadmium released by cigarette smoke in dental

structures and resin composite

Detection of lead and cadmium in dental structures and resin composite

Abstract

The aim of this study was to investigate in vitro the presence of toxicant elements
deriving from cigarette smoke in the resin composite, dentine and dental enamel.
8 specimens of resin composite, 8 of dentine and 8 of enamel of bovine teeth were
made and exposed to the cigarette smoke. After the simulation of the tobacco the
specimens were examined with scanning electron microscopy (SEM) and the
energy dispersive X-ray analysis (EDS). The microanalysis identified the presence

of cadmium, arsenic and lead in the different specimens.

Key Words: smoking, lead, cadmium, resin composite.
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Introduction

The smoking habit is certainly a problem of public health. It is
estimated that one-third of the adult population on the planet today, number which
corresponds to 1 billion and 200, are smokers, according to the Word Health
Organization (1). Smoking is the main avoidable cause of death all over the world,
once the total amount of deaths due to cigarette usage surpasses 4 million victims
annually, that corresponds to 10 thousand deaths a day.

These are alarming data, since it is well-known that the smoking
habit is a risk factor for several diseases. That means that a smoker has more
chances of contracting several diseases than a non-smoker. When a person inhales
the smoke of a cigarette, a mixture of gases and particles stemming from burning
tobacco together with thousands of toxic substances, among these, several
carcinogenic ones are also being inhaled (2).

Many of these substances proceed from tobacco planting or are
produced during its burning. In such a way that, in cigarette smoke, ammonia,
lead, formaldehyde, terebentine, arsenics, cetonics, radioactive polonium, carbon
monoxide, among many others (3). Smoking can cause tumors not only in the
lungs, but also in the mouth, larynx, pharynx, esophagus, pancreas, kidneys and
bladder (3).

There are many studies in literature which evaluate smoking and its
consequences, rare, however, are those which concentrate its analyses on the
detection of the harmful elements to teeth or to restorative materials. In this

context, the purpose of the present study was to investigate in vitro the presence of
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toxic substances stemming from cigarette smoke in the resin composite, dentin

and dental enamel.

Methods
Preparation of specimens

Eight cast cylinder specimens of nanocomposite resin (Filtek
Supreme -3M/ESPE) were made having 6 mm in diameter x 2mm in depth. Resin
was inserted into only one increment in the matrix aperture of circular metal; next,
it was covered with polyester strip and photopolymerized with halogenous light
for 20 seconds, in accordance with manufacturer’s instructions.

The enamel and dentine specimens were obtained from bovine
incisors, that were coupled to a precision sectioning instrument (Isomet, Buehler,
Lake BIuff, IL, USA), so that 8 circular fragments of dental enamel from the
vestibular surface and 8 dentine fragments of 6 mm in diameter each were
obtained. The 16 fragment surfaces were planified with a sanding machine (DP9
U2, Panambra/Struers, A/S) using sandpaper of granulation 400 under constant
refrigeration, in order that cast cylinder specimens 2.0 mm thick were obtained.

Afterwards, the specimens were stored for 24 hours at 37°C with
100% relative humidity, to allow the polishing procedures with aluminum oxide

abrasive sandpaper of granulation 600, 800 and 1200 to be performed.



3.2. Capitulo 2 44

Simulation of the act of smoking

The smoking machine was developed by Dinelli et al. (4) (1996)
and permits impregnation of pigments contained in cigarette smoke in the
specimens of dental structures and restoration materials, in order to reproduce in
vitro the smokers mouth cavity conditions. The machine works as it aspires and
conducts smoke through glass cannulas aiming to allow it to circulate and deposit
the chemical products on the specimen. This cycle is programmed within a span
of time that simulates smoke aspiration normally performed by a smoker with the
duration of two seconds. The temporizer permits the ambient air to be inhaled
every 12 seconds, simulating smoke exhaustion and afterwards, smoke
elimination.

It was standardized the use of one pack of Marlboro (Philip Morris
Brazil Ind. e Com. Ltda., Santa Cruz do Sul, RS, Brazil) cigarettes a day for each
specimen during the period of 8 days. In the interval between one simulation and
the other the specimens were kept in artificial saliva at a constant temperature of
37°C. Every 24 hours the specimens were washed with 250 ml of distilled water
and re-immersed in fresh solution of artificial saliva, to prevent sedimentation.

After simulation of the act of smoking, the samples were prepared

for analysis with Scanning Electron Microscopy (SEM) and microanalysis (EDS).

SEM and Microanalysis
Samples were first sectioned in the middle and then immerged in a

solution of glutaraldeyd (2.5%) tamponated with sodium cacodylate (0.1 M) with
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a pH of 7.4, for twelve hours at 4°C. Next, they were washed with 10 ml of
sodium cacodylate buffer (0.1 M) with a pH of 7.4, for one hour, and again
washed with distilled water for one minute. Dehydration was made in an
increasing series of ethanol 25, 50 and 75% for 20 minutes each, 95% for 30
minutes and 100% for 60 minutes. Samples were fixed in stubs with the treated
surfaces turned to the superior face using appropriate tape and metallized with
gold. It was used the Scanning Electron Microscope Philips, model XL30FEG
Philips, with a resolution of 2nm to 30KV, to which it was coupled an energy
dispersive x-ray detector (EDS, Oxford, mod. LINK ISIS 300, operated with a
resolution of 65eV) equipment, that allows to determine which chemical elements
are present at the selected place and identify which mineral is being observed. The
lower diameter of the bundle permits the determination of the mineral
composition in small -size samples (<5um), thus allowing almost punctual

analysis.

Statistical analysis
Photomicrographic analysis in SEM and microanalysis were

qualitative.

Results
SEM and Microanalysis
In the photomicrographic analysis in SEM, no morphological

alterations were found; however, with the help of microanalysis it was possible to
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observe the presence of chemical elements in the dental structure and resin
composite proceeding from cigarette smoke, elements such as cadmium, arsenic

and lead (Figure 1: A, B and C).
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Figure 1 — Materials analyzed in SEM and its respective microanalysis. No morphological alterations
were observed in the evaluated material. A) Resin composite: microanalysis evincing presence of heavy
metal cadmium. B) Enamel: microanalysis evincing presence of arsenics. C) Dentine: microanalysis
evincing presence of heavy metal lead.
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Discussion

In the microanalysis made in this short duration study it could be
detected the presence of heavy metals and a semi-metal resulting from cigarette
smoke. These results reinforce Malara et al. (5), who also observed the presence
of two heavy metals, lead and cadmium in deciduous teeth of children who live
together with smokers.

The smoke of one cigarette contains an average of 1-2ug of
cadmium, whose inhalation is estimated to be 0.1-0.2 pg/cigarette (2). Cadmium,
as well as other heavy metals, is not naturally found in the human organism, thus,
any existing concentration can be hazardous to health. This element functions as a
cancerous agent, teratogenic, and besides, it can harm the reproductive system.

Besides cadmium, a significant amount of lead was found. The
concentration of lead in a cigarette can vary from 3-12 pg (2). Transfer of this
element to smoke is of about 2%, which means daily inhalation of 1.2-4.8 g for a
person who smokes 20 cigarettes per day (2). Lead toxic effects can occur as time
passes if urgent corrective steps are not taken. That element can cause neurologic
disturbances such as headaches, seizures, deliriums and muscular tremors well as
gastrointestinal and renal disturbances.

Therefore, results indicate the need for further studies to determine
the actual effects of those elements in dental structures and in the human body in
the long term. From the clinical point of view, it is our opinion that it is the duty
of the dental surgeon, as well as of all professional of the health area to perform

their duties as health agents to guide their patients as to the infinite damage
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provoked by cigarette and stimulates them to reduce or even stop the habit of

smoking.

References

1. World Health Organization (WHO), 1999. First Meeting of the working
group on the framework convention on tobacco control. Provisional
agenda item 8.3 September 1999.

2. Willers S, Gerhardsson L, Lundh T. Environmental tobacco smoke (ETS)
exposure in children with asthma-relation between lead and cadmium, and
cotinine concentrations in urine. Respir Med. 2005; 99:1521-1527.

3. McCann D. Tobacco use and oral health. J Am Dent Assoc. 1989; 118:19-
25.

4. Dinelli W, Candido MSM, Catirse ABCE. Efeito da fumaca do cigarro
sobre a translucidez de materiais restauradores estéticos. Rev Assoc Paul
Cir Dent. 1996; 50:121-124.

5. Malara P, Kwapulinski J, Drugacz J. Lead and cadmium occurrence in
deciduous teeth of children exposed to cigarette smoke in apartments.

Przegl Lek. 2004; 61:1122-1125.



3.3. Capitulo 3 — Estudo in situ

In situ evaluation of microhardness and surface roughness of composite

resins in smokers



3.3. Capitulo 3 50

In situ evaluation of microhardness and surface roughness of composite

resins in smokers

ABSTRACT

Objectives. The aim of this in situ study was to investigate the influence of
cigarette smoke on the microhardness and the roughness of composite resins
associated with brushing.

Methods. A total of 132 disc-shaped specimens (6 x 2 mm) were fabricated with
Filtek Z250, Charisma and Filtek Supreme (n=22), polished and attached to
removable palatal appliance. The appliance had three individual retentions on
either side of the midline, which accommodated one specimen of each group
facing into the oral cavity. Twenty-two volunteers took part in this study (11
smokers e 11 non-smokers) and received instructions to wear the appliances
continuously by 28 days, but to remove them during meals (3 times a day). For
brushing of the specimens, the appliance was taken out the mouth and one side
(right or left, as determined by randomization) three times a daily was brushed.
For the smokers, it was standardized consume of 10 cigarettes for day. The
microhardness data were analyzed by three-way ANOVA and the means were
compared by Fisher's LSD test. The roughness data were analyzed by using
Kruskal-Wallis, Wilcoxon and Friedman (p<0.05).

Results. The cigarette smoke increased the values of microhardness for the

smokers with brushing and any influence in the roughness values.
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Significance. The cigarette smoke associated with brushing proportioned better
mechanical properties in relation to microhardness, yet it affects negatively the

surface smoothness of composite resin.

Keywords: In situ models, Composite resins, Cigarette smoke, Microhardness,

Roughness
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1. Introduction

Ideally, in situ models, should serve as bridges between the natural
uncontrolled clinical conditions and the highly controlled laboratory conditions
[1,2]. Therefore, in situ studies can be employed to evaluate some of the factors
present in the oral environment that are not accurately evaluated in in vitro studies
and can be used as a predictive method to evaluate clinical situations [3]. In
addition, they have the advantage of exposing restorative materials to saliva, pH
changes, foods, beverages, stains and thermal variances within the oral
environment [1,4], under clinically controlled conditions, however, without
causing any damage to the study subjects [5]. This methodology is also suitable
for evaluation of other phenomena that occur in the oral cavity, such as: influence
the dentifrices [5-7], effect caused by soft drinks [8], effect of at-home bleaching
[9] and influence of oral environmental on composite resin properties [10].

In situ studies can evaluate the composite resins properties in
individuals with harmful habits, as cigarette and to correlate with health patients.
This type of the study allows to verify if the heat allied to the substances
originating from the cigarette smoke might cause a physicochemical alteration on
the composite surface and possibly interfere directly with the quality, longevity
and clinical performance of the composite resin, not only with respect to its
esthetics, but also regarding its resistance to degradation in the oral environment.

Therefore, the aim of this study was to investigate in situ the
influence of cigarette smoke on the microhardness and the roughness of composite

resins associated with brushing.
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2. Materials and methods
Ethical Aspects and Experimental Design

The research proposal was reviewed by the Ethics in Research
Committee of the School of Dentistry of Ribeirdo Preto (University of Sdo Paulo,
Brazil) and the study design was approved.

The study population consisted of 22 periodontally healthy
volunteers, over 21 years of age, with absence of signs of the disease caries and
not using any medication, comprising 11 smokers (7 females and 4 males) and 11
non-smokers (7 females and 4 males). All participants were fully informed about
the study purposes and signed a written informed consent form, in addition to
receiving oral hygiene instructions, scaling and root planning, and jet prophylaxis
with sodium bicarbonate particle stream prior to the beginning of the study.

The following factors were studied: cigarette/brushing in four
levels (GI - smokers/with brushing, GII - smokers/without brushing, GlII - non-
smokers/with brushing and GIV - non-smokers/without brushing); composite
resin in three levels (Filtek Z250 - Z, Charisma - C and Filtek Supreme - S); and
time in two levels (before and after 28 days of intraoral exposure). The response
variables were microhardness and surface roughness, which were repeatedly

measured on the same experimental units over time.

Preparation of the Specimens
Two conventional micro-hybrid composite resins (Filtek Z250 and

Charisma) and one nano-hybrid composite resin (Filtek Supreme) were used. The
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materials’ main composition, shade, batch number and manufacturer are listed in

Table 1.

Table 1 — Composite Resins investigated in this study

Brand name  Main Composition Shade  Batch Manufacturer
number
Filtek Z250  Combination of aggregated Al 5UR 3M ESPE, St. Paul,
(2) Zirconia/silica cluster filler, MN, USA
bisGMA, UDMA and Bis-EMA

Charisma Barium aluminum fluoride glass, Al 010203 Heraeus Kulzer

(C) Bis-GMA, TEGDMA GmbH,
Wehrheim/TS,
Germany

Filtek Combination of aggregated wB 5BA 3M ESPE, St. Paul,

Supreme (S) Zirconia/silica cluster filler, MN, USA

bisGMA, UDMA and Bis-EMA

bisGMA: bisphenol A diglycidil ether dimethacrylate; UDMA: urethane dimethacrylate; bis-EMA:
bisphenol A polyethylene glycol diether dimethacrylate; TEGDMA: triethylene glycol dimethacrylate.

Forty-four specimens of each composite resin (6 mm de diameter
and 2 mm thickness) were fabricated using a metal circular matrix. The composite
resin was inserted into the matrix in a single increment using a spatula. Thereafter,
the matrix was covered with a polyester strip and a glass coverslip was placed
over this set under a load of 0.5 kg in order to compact the resin and avoid bubble
formation. After 30 seconds, the load and the coverslip were removed. The
composite resin was polymerized through the polyester strip for 20 seconds,
according to the manufacturers’ instructions, using a halogen light-curing unit
(Jetlite 4000, J. Morita, Japan) with light output of 1050 mW/cm? as measured
with the curing radiometer coupled to the device.

Next, the specimens were stored in 100% de relative humidity at
37°C for 24 hours. After this period, the surfaces were polished with 2000-grit

aluminum oxide abrasive paper and 0.3-um alumina paste for 30 seconds each.



3.3. Capitulo 3 55

The specimens were then kept in an ultrasonic bath (Sonic Clean, D.M.C.
Equipamentos Ltda., Sdo Carlos, SP, Brazil) with distilled deionized water for 10

minutes to remove polishing debris.

Fabrication of the Intraoral Appliances

Upper and lower dental arch impressions were made with alginate
(Jeltrate Chromatic; Dentsply/Caulk, Milford, DE, USA) and poured with stone
plaster gesso (Herodent, Vigodent Ind e Com., Rio de Janeiro, RJ, Brazil). For
each volunteer, an intraoral removable palatal appliance was constructed in acrylic
resin, half colorless and half with glitter (Glitter Ind e Com Ltda, S&o Paulo SP,
Brazil). The appliances had three individual retentions on either side of the
midline, which accommodated one specimen of each composite resin facing the
oral cavity. The specimens were randomly attached to the appliances with carving

wax. Care was taken to guarantee that no wax would cover the specimens.

Intraoral Phases

All volunteers were instructed to use the intraoral palatal appliance
continuously during 28 consecutive days, removing only during meals and
toothbrushing. Each volunteer received a kit containing: 1 dentifrice (Colgate
MFP - Colgate-Palmolive; Divisdo da Kolynos do Brasil Ltda., Osasco, SP,
Brazil), 1 toothbrush (Oral B Indicator 38 - Gillette do Brasil Ltda., Manaus, AM,
Brazil), 1 plastic case to keep the appliance, sterile gauze and written instructions.

For brushing of the specimens, the appliance was taken out of the mouth. A pea
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size amount of dentifrice was applied onto the toothbrush bristles and 40 strokes
(back and forth) [11,12] were performed only on the side of the appliance with
glitter, three times daily. The rationale for choosing the appliance’s half with
glitter was to better distinguish the side brushed by the volunteers. The
participants were instructed to keep the appliance wrapped in moist gauze inside
the case whenever the appliance was taken from the mouth.

The smoker volunteers were instructed to smoke as most as 10
cigarettes/day of the commercial brand Marlboro (Philip Morris Brazil Ind. e
Com. Ltda., Santa Cruz do Sul, RS, Brazil). After 28 days of intraoral exposure,
the specimens were retrieved from the appliances by carefully removing the wax

with a plastic instrument and were ultrasonically cleaned for 5 minutes.

Surface Microhardness Analysis

Knoop microhardness on composite resin surface was measured
using a microhardness tester (HMV-2000; Shimadzu Corporation, Kyoto, Japan;
50 g load, 30 seconds). The specimens were individually fixed in the device in
such a way that the composite resin test surface was perpendicular to micro-
indenter tip. Three indentations equally spaced over a circle and not closer than 1
mm to the adjacent indentations or the margin of the specimen were taken and the

average was calculated.
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Surface Roughness Analysis

Surface roughness was assessed by using a contact profilometer
(Surfcorder SE 1700; Kosaka Corp., Tokyo, Japan) equipped with a 2-um-radius
diamond stylus, which traversed the surface at a constant speed of 0.05 mm/s with
a force of 0.7 mN. Each specimen was individually fixed in a clamping apparatus
and scanned in three locations. Three additional measurements were accomplished
by rotating the specimen 90° and the average (Ra) was obtained from the six
values. The scans were 1.25 mm in length, and the data were filtered with a cutoff

of 0.08 mm.

Statistical Analysis

Sample distribution and homogeneity were analyzed. Since a
normal, homogeneous distribution was observed for microhardness data were
submitted to three-way ANOVA parametric test. Multiple comparisons were done
by Fisher’s LSD test at 0.05 significance level. The roughness data were found
not to be normally distributed, so non-parametric statistics were used for analysis.
All sets of data were subjected to a Kruskal-Wallis, Wilcoxon and Friedman test
were used to identify statistically significance differences to a 95% confidence

level.
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3. Results

Microhardness

Microhardness means expressed in KHN (+ standard deviations)
(Figure 1). For the factor smokers/brushing, GI-smokers/brushing (81.70 £ 15.64)
presented statistically significant higher microhardness (p<0.05) than the other
groups, followed by GlI-smokers/without brushing (75.36 + 13.33), GllI-non-
smokers/with brushing (69.00 + 13.11) and GIV-non-smokers/without brushing

(65.05 + 11.88), all these groups differing significantly to each other (p<0.05).
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Figure 1. Mean microhardness (KHN) of composite resins

For the factor composite resin, there was statistically significant
difference (p<0.05) among all materials, Z250 (Z) (83.88 + 1.02) presenting
significantly higher microhardness than Supreme (S) (78.07 £ 1.70) and Charisma
(C) (56.38 £ 1.02). For the factor time, there was statistically significant
difference (p<0.05) between microhardness means recorded before (73.23 £ 5.36)

and after 28 days of intraoral exposure (72.32 + 10.05).
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Analyzing the interaction composite resin x time, there was
statistically significant difference (p<0.05) among the materials, Z250 exhibiting
significantly higher means for both time points. Analyzing the interaction
smokers/brushing as a function of time, it was observed that only GI
(smokers/with brushing) presented a statistically significant (p<0.05) increase in
microhardness after 28 days of exposure to the oral environment (Table 2). For
GII (smokers/without brushing) and GIV (non-smokers/without brushing), there

was a statistically significant difference decrease (p<0.05) in final microhardness.

Table 2. Microhardness means expressed in KHN (z standard deviations) for the interaction
smokers/brushing as a function of time.

Groups Before After Regardless of
time

GI - Smokers/with brushing 78.14(£15.27)b  85.26(+18.43)a 81.70(x 15.64)A

GII - Smokers/without brushing 77.57(x14.51)b 73.15(x14.79)c  75.36(% 13.33)B

GIII - Non-Smokers/with brushing 68.10(x£12.72)c  69.90(£16.29)c 69.00(x 13.11)C

GIV - Non-Smokers/without brushing  69.12(£13.48)c  60.97(x11.02)d 65.05(+ 11.88)D

Different letters indicate statistically significant difference. Critical value = 1.96.

Surface Roughness

Roughness data (median values) in expressed in um (Figure 2). The
ranking for surface roughness from most to lest were as follows: Gl-smokers/with
brushing (0.09) = GllI-non-smokers/with brushing (0.09) > GII- smokers/without
brushing (0.08) = GIV-non-smokers/without brushing (0.07).

For the factor composite resin, the Z250 (0.09) presenting
significantly higher roughness than Supreme (0.07) and Charisma (0.07)
(p<0.05), which did not differ from one another. For the factor time, there was
statistically significant difference (p<0.05) between median recorded before

(0.07) and after 28 days of intraoral exposure (0.08).
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Figure 2. Medians Surface roughness (um) of composite resins

Analyzing the interaction smokers/brushing as a function of time,

it was observed that GI (smokers/with brushing) and GIlIl (non-smokers/with

brushing) presenting significantly higher roughness after 28 days of exposure to

the oral environment (Table 3). For GII (smokers/without brushing) and GIV

(non-smokers/without brushing), no statistically significant difference was

observed among them.

Table 3. Roughness medians expressed in um for the interaction smokers/brushing as a

function of time.

Group Before After Regardless of
time

GI - Smokers/with brushing 0.08b 0.13a 0.10A

GII - Smokers/without brushing 0.08b 0.08b 0.08B

GIII - Non-Smokers/with brushing 0.08b 0.13a 0.11A

GIV - Non-Smokers/without brushing 0.08b 0.06b 0.07B

Different letters indicate statistically significant difference.
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4. Discussion

The intraoral models are considered superior to in vitro
investigations since specimens are exposed to oral conditions [13]. In this study,
the intraoral model used permitted to assess, in more controlled way the effects of
cigarette smoke, saliva and brush abrasion on the microhardness and surface
roughness of resin composites.

The findings of the conducted research showed that the cigarette
smoke influenced positively the microhardness values of resin composites do Gl
(smokers/with brushing). In the literature, none study assessed the influence of
cigarette smoke in the properties in dental materials. Nevertheless, investigations
[14,15] reported the resin matrix is susceptible to thermal changes could alter their
mechanical properties. Therefore, it may be speculate that, in this in situ
experiment that the obtained result can be due to a thermal alteration caused by
heat from cigarette smoke. Michailesco [16] observed temperature change (36.9 to
48.3°C) corresponded to smoking cigarette on surface of silver amalgam in vivo
study. However, previous studies [16,17] demonstrate big range of intra-oral
temperatures that occur on dental restorative and tooth surfaces at various sites in
the oral cavity.

In the present study, the specimens were random fixed in palatal
intra-oral appliance, making the contact of composite resins with the cigarette
smoke more possible, suffering more temperature variation. The combustion that
happens in the cigarette extremity, promotes a temperature increase, creating

cinder (maximum of 950°C during a puff).*® The heat temperature in the
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composite resin can increase the degree of conversion as well as alter the physical
properties [18,19].

From the data presented, it can be observed that the Z250 was
superior to Supreme, followed by Charisma. This difference the microhardness
between composites may be attributed to its inorganic filler content or filler type
[20]. Previous studies shown are a positive correlation between the hardness and
inorganic filler content [20] and harder filler particles of composites [21]. Z250 is
a micro-hybrid resin composite with 60 vol% inorganic filler and the high
microhardness value may be related to the presence, distribution and size of the
particles of zirconia/silica (0.01 to 3.5 um). Whereas the Supreme is a
nanocomposite with 59.5 vol% inorganic filler and a primary 20-nm silica filler
and loosely bonded cluster zirconia/silica particle size ranging from 0.6 to 1.4 um
[22]. Charisma probably has a lower microhardness the all resin composites due to
absence the zirconia and silica despite to have the highest inorganic filler content
(64 vol%).

With regard to the interaction between the two factors
(smokers/brushing and time) the only for GI (smokers/with brushing) occurred
increase significant the microhardness. This result demonstrated that when the
smoking group brushed the microhardness was increased. This fact may be
occurred because the composite resins are susceptible to softening caused by
organic acid produced in dental plaque [23] and the brushing procedure can
remove the softer surface because this softened layer is vulnerable to mechanical

forces, resulting in exposure of a harder composite surface.
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For GIII (non-smokers/with brushing) the brushing avoided the
decrease of microhardness because the abrasion could also eliminate the softer
surface and keep the microhardness value [4]. On the other hand, for the GllI
(smokers/without brushing) and GIV (non-smokers/without brushing) the
microhardness values decreased as time passed probably because of the softness
caused by dental plaque. The other factor that could have influenced is saliva:
studies have investigated the process of biodegradation on resin composites in the
presence of salivary enzymes [24,25], which have been associated with promoting
biodegradation of surface [26], leading to softening [27]. Human saliva is a
complex mixture of substances whose major constituent are proteins which
include immunoglobulins, statherins, acidic proline rich proteins and enzymes like
esterases [26,28]. Lee et al. [22] reported which enzymes in human saliva are
capable of softening the surface of dimethacrylate polymers, probably by inducing
a hydrolysis of methacrylate ester bonds.

Beyond the microhardness other important characteristic of dental
restorative materials is surface roughness. Materials with roughened surfaces
enhance bacterial adhesion, having a smaller free surface energy, could influence
biofilm adherence, periodontal disease, recurrent decay and staining of the
composite resin [29-31]. In the present study, the results showed that in smoking
and non-smoking groups that brushed, the composite resins surface roughness
increased. These results corroborate with in vitro work of [29, 32] that reported
the roughness increase on the surface specimens after toothbrush and dentifrice

abrasion.
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With regard to the composite resin the roughness of Z250 was
superior to Supreme and Charisma that were similar. Several studies [33-35]
shown that dental material submitted to abrasion may have its roughness increased
or reduced, depending on the proportion organic matrix/inorganic fillers, particle
size in its composition, their size and content of filler particles, degree of
conversion of the polymer matrix and silane coupler. Heath and Wilson [11]
reported that roughness of composites also may be influenced by different
reasons, such as the amplitude of the traveled course of the toothbrush, weight
applied on the toothbrush head, dentifrice abrading degree and temperature.
Nevertheless, it is important to emphasize that in this study, the same brand of
dentifrice and toothbrush were employed by all the volunteers. For the time factor
had difference between before and after because the brushing abrasion that it got
to elevate the roughness values.

Thus, it was observed the effect of the cigarette smoke on the
mechanical properties of composite resins. Moreover, future in situ and in vivo
studies are needed to determine the effects of cigarette smoke on the other
properties of dental restorative materials and on dental structures. Because, this
effects of cigarette smoke on composites may differ depending on many others

factors found in the oral environment.
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5. Conclusions

On the basis of the results of this study, it can be concluded that:
(1) the cigarette smoke/brushing increased the microhardness of composite resins,
yet it proportioned smaller surface smoothness, therefore, more roughness;
(2) the groups GII (smokers/without brushing) and GIV (non-smokers/without
brushing) which no brushing presented smaller values of microhardness and

any influence in the surface roughness.
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Avaliacao in situ da alteragdo de cor de resinas compostas em fumantes
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Resumo: O objetivo deste estudo foi avaliar in situ a alteracdo de cor de resinas
compostas frente a exposicdo a fumaca do cigarro e verificar a influéncia da
escovacdo. Cento e trinta e dois corpos-de-prova cilindricos (6 x 2 mm) foram
confeccionados com Filtek Z250, Charisma e Filtek Supreme (n=22), polidos e
fixados em aparelho intrabucal palatino. No dispositivo foram preparadas 6
cavidades, sendo 3 para cada metade, que recebeu um espécime de cada material.
Foram selecionados 22 voluntarios, sendo 11 fumantes e 11 nido-fumantes, os
quais foram instruidos a utilizar o aparelho continuamente por 28 dias
consecutivos, retirando-o somente para alimentagdo e escovacdo dental. A
escovacdo (Colgate MFP e Escova Indicator/Oral B) dos espécimes foi realizada
fora da boca, trés vezes por dia somente em uma metade do dispositivo. Para os
fumantes foi estipulado o consumo de 10 cigarros/dia. A mensuragdo da cor foi
realizada de acordo com a escala de cor CIELAB. O AEy, foi calculado pela
equagdo AEz* = [(AL*)* + (Aa*)” + (Ab*)*]* e 0 AL* = L*(t) — L* (0). Os dados
foram analisados pelo método estatistico ndo-paramétrico Kruskal-Wallis e
Wilcoxon a nivel de 5% de significancia. Foi observado que os fumantes
apresentaram alteracdo de cor e de luminosidade mais intensa do que os ndo
fumantes e que as resinas compostas escovadas foram diferentes estatisticamente
das ndo escovadas. Pode-se concluir que a fumaca de cigarro aumentou a
alteracdo de cor e de luminosidade das resinas compostas avaliadas e a escovacio

foi capaz de diminuir essa alterag@o.

Palavras-chave: Resinas compostas, manchamento, escovacao.
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Abstract: The aim of this in situ study was to assess the color change of dental
resin composites to exposure by cigarette smoke and evaluated the influence of
brushing. A total of 132 disc-shaped specimens (6 x 2 mm) were fabricated with
Filtek Z250, Charisma and Filtek Supreme (n=22), polished and attached to
removable palatal appliance. The appliance had three individual retentions on
either side of the midline, which accommodated one specimen of each group
facing into the oral cavity. Twenty-two volunteers took part in this study (11
smokers ¢ 11 non-smokers) and received instructions to wear the appliances
continuously by 28 days, but to remove them during meals (3 times a day) For
brushing (Colgate MFP and toothbrush Indicator/Oral B) of the specimens, the
appliance was taken out the mouth and one side (right or left, as determined by
randomization) three times a daily was brushed. For the smokers, it was
standardized consume of 10 cigarettes for day. Color was measured according to
the CIELAB color scale. AEy, after in situ exposure was calculated by the
equation AEz* = [(AL*)* + (Aa*)> + (Ab*)? ]* and the AL* = L*(t) — L* (0). The
data were analyzed by Kruskal-Wallis, Wilcoxon and Friedman (p<0.05). The
smokers presented change color and lightness more intense than non-smokers and
the composite resins brushed were different than did not brush. Concluding that
the cigarette smoke increased the AE and AL of the composite resins tested and

the brushing was capable to reduce this alteration.

Keywords: resin composite, staining, brushing.
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Introducéo

O habito de fumar constitui fator de risco para inimeras doengas
no ser humano, principalmente na cavidade bucal, pois o resultante da combustio
pode promover o desenvolvimento e progressdao de doenca periodontal, cancer
bucal, falhas de implante, diminui¢do ou perda temporaria das papilas linguais e
manchamento dos dentes e restauragdes'® ',

A alteragdo de cor dos materiais restauradores estéticos e estruturas
dentais ¢ a manifestagdo mais visivel e imediata encontrada em tabagistas. Essa
caracteristica representa um impacto negativo para os fumantes que identificaram
a presenga de manchas com niveis de pigmentacdes que variavam de moderado a
severo em seus dentes e restauracdes provocadas pela fumaca de cigarro e
perceberam que isso os desagradavam, tornando-os insatisfeitos com seu proprio
sorriso’.

As pigmenta¢des ou manchas decorrentes da exposicdo a fumaga
de cigarro tendem a apresentar cor castanho-escuro'®. A severidade e a
distribuicdlo do manchamento em resinas compostas sdo dependentes
principalmente da duracdo e freqiiéncia do hébito'®, além da localizacio da
restauracdo’” e da técnica de higiene bucal que dependendo, pode aumentar a
susceptibilidade ao manchamento dos materiais estéticos, devido ao efeito do
amolecimento da matriz por &cidos organicos provenientes do biofilme

. 2
bacteriano”.
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Neste contexto, o objetivo deste estudo foi avaliar a alteragdo de
cor de resinas compostas frente a exposi¢do a fumaga do cigarro e verificar a

influéncia da escovagdo num modelo experimental in Situ.

Material e método
Aspectos éticos e Delineamento Experimental

Este estudo foi aprovado pelo Comité de Etica em Pesquisa da
Faculdade de Odontologia de Ribeirdo Preto-USP. Foram selecionados 24
voluntarios (sem doenca periodontal, com auséncia de sinais da doenga cérie e ndo
fazendo uso de medicamentos), maiores de 21 anos, sendo 11 fumantes (7
mulheres ¢ 4 homens) ¢ 11 ndo-fumantes (7 mulheres e 4 homens). Todos os
participantes foram informados por escrito sobre os objetivos da pesquisa e
assinaram o termo de consentimento, além de receberem instrucdes de higiene
bucal e profilaxia com jato de bicarbonato mais raspagem corondria, antes de
iniciarem a pesquisa.

Os fatores examinados foram: fumante em dois niveis (GI -
fumante, GII - ndo-fumante), escovacdo em dois niveis (a - com escovacdo e b -
sem escovacdo) e resina composta em trés niveis (Z - Filtek 2250, C - Charisma e

S - Filtek Supreme).



3.4. Capitulo4 7>

Preparacdo dos espécimes
Neste estudo, foram utilizadas duas resinas compostas micro-
hibridas e uma nano-hibrida. A composi¢do principal, cor, lote e fabricante estdo

listados na Tabela 1.

Tabela 1. Resinas compostas investigadas neste estudo

Nome Composigdo principal Cor Lote Fabricante
comercial
Filtek Z250  combinag@o de agregados de Al S5UR 3M ESPE, St.
Zirconia/silica, bis-GMA, UDMA Paul, MN, USA
e bis-EMA
Charisma bis-GMA, TEGDMA Al 010203 Heraeus Kulzer
GmbH,
Wehrheim/TS,
Germany
Filtek combinac¢do de agregados de WB 5BA 3M ESPE, St.
Supreme Zirconia/silica, bis-GMA, UDMA Paul, MN, USA
e bis-EMA

bisGMA: bisfenol A doglicidil éter dimetacrilato, UDMA: uretano dimetacrilato; bis-
EMA:bisfenol A polietileno glycol dieter dimetacrilato, TEGDMA: trietileno glycol
dimetacrilato.

Quarenta e oito corpos-de-prova de cada resina composta (6 mm de
diametro ¢ 2 mm de espessura) foram confeccionados com matriz circular de
metal. A resina composta foi inserida com auxilio de espatula em um unico
incremento na matriz. Em seguida, o conjunto foi coberto com tira de poliéster e
sobre este foi aplicada uma laminula de vidro e um peso de 2Kg com finalidade
de compactar a resina e evitar a formacgdo de possiveis bolhas. Apds 30 segundos
0 peso ¢ a laminula de vidro foram removidos e a fotopolimerizagdo com luz
halogena por 20 segundos foi realizada conforme instrugdes dos fabricantes. A
densidade de poténcia de 1050mW/cm® foi verificada através do radidmetro

acoplado ao aparelho fotopolimerizador (Jetlite 4000, J.Morita, Japao).
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Em seguida, os espécimes foram armazenados por 24 horas a 37°C
em 100% de umidade relativa. Apos esse periodo foi realizado o polimento das
superficies com lixa d’4gua de o0xido de aluminio de granulacdo 2000 e alumina
0,3n por 30 segundos cada. Os espécimes foram colocados em agua deionizada
em ultrasson (Sonic Clean, D.M.C. Equipamentos Ltda., Sdo Carlos, SP, Brasil)
por 10 minutos, com intuito de remover residuos provenientes do procedimento de

polimento.

Confeccéao do aparelho intrabucal

Moldes do arco superior e inferior foram obtidos com alginato
(Jeltrate Chromatic, Dentsply /Caulk, Milford, DE, USA) e vazados com gesso
pedra (Herodent, Vigodent Ind e Com., Rio de Janeiro, RJ, Brasil). Cada
voluntario recebeu um aparelho intrabucal palatino removivel confeccionado com
resina acrilica. De um lado (esquerdo) foi mantida a resina acrilica incolor e do
outro lado (direito) foi aplicado glitter. Cada aparelho possuia seis cavidades, trés
no lado direito e trés no lado esquerdo, que acomodaram um espécime de cada

resina composta.

Fase intrabucal

Todos os voluntarios foram instruidos a utilizar o aparelho
intrabucal palatino continuamente por 28 dias consecutivos, retirando—o somente
para alimentacdo e escovagdo dental. Cada voluntério recebeu um kit contendo: 1

dentifricio, 1 escova dental, 1 estojo para guardar o aparelho, gaze estéril e as
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instrugdes por escrito. O dentifricio utilizado foi o Colgate MFP (Colgate-
Palmolive — Divisdo da Kolynos do Brasil Ltda., Osasco, SP, Brasil) de média
abrasividade que possui o carbonato de calcio como agente abrasivo e a escova
dental de cerdas macia (Oral B - Gillette do Brasil Ltda., Manaus, AM, Brasil). A
escovacao dos espécimes foi realizada fora da boca trés vezes ao dia. O dentifricio
foi aplicado com o tamanho de uma “ervilha” na escova dental e 40 movimentos
(ida e volta) foram realizados pelo voluntario somente na metade do aparelho
contendo glitter. Quando o aparelho ndo estivesse na boca este deveria ficar
envolto por uma gaze levemente umedecida com 4gua dentro do estojo.

Os voluntarios fumantes foram orientados a fumar somente 10
cigarros/dia da marca Marlboro (Philip Morris Brasil Ind. ¢ Com. Ltda., Santa
Cruz do Sul, RS, Brasil). Apos os 28 dias de exposi¢do intrabucal, os espécimes

foram retirados do dispositivo intrabucal e lavados em ultra-som por 5 minutos.

Avaliacéo da cor

A cor dos espécimes foi medida de acordo com o sistema CIELAB,
com iluminag¢do padrdo D65 sobre fundo branco com o espectrofotometro de
colorimetria (Color guide 45/0, PCB 6807 BYK-Gardner GmbH Gerestsried,
Alemanha,). O espago CIELAB corresponde a um sistema de coordenadas, onde o
valor de L* ¢ a medida de luminosidade de um objeto e € quantificado com uma
escala que varia do preto (zero) ao branco (100). Os valores de a* e b* sdo
medidas de cromaticidade, onde a* designa o eixo verde-vermelho. Isso significa

que, quando o valor for negativo mostrard desvio para tonalidade verde e quando
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for positivo mostrard o desvio no sentido do vermelho. O valor b* denomina o
eixo azul-amarelo e quando este apresentar valor negativo o desvio serd no
sentido da tonalidade azul e quando for positivo mostrard o desvio no sentido do
amarelo. Neste estudo, foram realizadas duas leituras em cada espécime, uma
antes (baseline) e a outra apos 28 dias de exposigdo in situ. A diferenga de cor foi
obtida pelo calculo AEg* = [(AL*)* + (Aa*)* + (Ab*)? 1% O valor de AE* de 3,3
foi considerado clinicamente aceitivel no presente estudo’. A diferenca de
luminosidade (AL*) também foi calculada pela formula AL* = L*(t) — L* (0), onde

(t) corresponde ao tempo ¢ (0) corresponde ao baseline.

Andlise estatistica

Os dados foram analisados quanto a sua normalidade e
homogeneidade, como ndo foi possivel provar a normalidade de varidncia das
medidas optou-se pelo método estatistico ndo-paramétrico Kruskal-Wallis e

Wilcoxon a nivel de 5% de significancia.

Resultado

Anélise de cor
Na tabela 2 estdo dispostas as medianas da diferenga de cor (AE)
dos espécimes, sendo possivel observar que o grupo fumante apresentou alteracio

de cor mais intensa e estatisticamente diferente do grupo nado-fumante (p<0.05).
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Tabela 2. Mediana dos valores de AE e AL para fumantes e ndo fumantes

Diferenga de Cor (AE)"™ Diferenga de Luminosidade (AL)™
Fumante 0,99*a -0,44a
Nio-fumante 0,58*b -0,01b

* Valor indicativo (AE*<3,3) mudanca de cor aceitavel
Letras diferentes indicam diferenca estatisticamente significante.

Pode-se observar na tabela 3 que as resinas compostas submetidas
a escovagdo apresentaram menor alteragdo de cor e diferenca estatisticamente

significativamente do que as ndo submetidas a escovagdo (p<0.05).

Tabela 3. Mediana dos valores de AE e AL dos materiais escovados e ndo escovados.

Diferenca de Cor (AE)" Diferenca de Luminosidade (AL)"
Com escovagio 0,67* b 0,09 b
Sem escovagdo 0,90* a -0,39 a

* Valor indicativo (AE*<3,3) mudanga de cor aceitavel
Letras diferentes indicam diferenca estatisticamente significante.

Para o fator resina composta, ndo foi observada diferenga entre as diversas

resinas compostas testadas (Tabela 4).

Tabela 4. Mediana dos valores de AE e AL para os materiais testados

Diferenga de Cor Diferen¢a de Luminosidade
(AE)™ (AL)"
Filtek Z250 (Z) 0.75*a -0.02a
Charisma (C) 0.72*a -0.30a
Filtek Supreme (S) 0.90*a -0.23a

* Valor indicativo (AE*<3,3) mudanca de cor aceitavel
Letras diferentes indicam diferenca estatisticamente significante.
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Anélise de luminosidade

Na andlise de luminosidade (AL) dos espécimes, pode-se observar
comportamento semelhante a alteracdo de cor, ou seja, o grupo fumante
apresentou alteracdo de luminosidade mais intensa e estatisticamente diferente do
grupo ndo-fumante (p<0.05) (Tabela 2). Na tabela 3, pode-se observar que as
resinas compostas submetidas a escovagdo apresentaram menor alteragdo de
luminosidade e diferenca estatisticamente significativamente das ndo submetidas a
escovacdo (p<0.05). Para o fator resina composta, ndo foi observada diferenga de

luminosidade entre as diferentes resinas avaliadas (Tabela 4).

Discussao

As resinas compostas vém sendo amplamente utilizadas desde sua
introdugdo devido as suas propriedades estéticas’. Porém ao mesmo tempo em que
a estética é o fator de escolha para seu uso, também pode ser fator preocupante
uma vez que a mudanca de cor € o maior responsavel pela substitui¢do das
restauracdes de resina composta®. Esse fato se agrava principalmente em pessoas
fumantes, que estdo sujeitos a pigmentos extrinsecos de cor castanho-escuros
depositados pelo tabaco'®.

Os resultados deste estudo revelam que as resinas compostas dos
fumantes apresentaram maior alteracdo de cor e de luminosidade do que as dos

2,6, 12, 14, 18

ndo fumantes. Esse dado corrobora com vérios estudos que reportam

aumento do manchamento provocado pela fumaca de cigarro. Esse fato se deve
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provavelmente a complexa composicdo da fumaga de cigarro com milhares de
substincias como a nicotina, mondxido de carbono, alcatrio, entre outraslo, que
em contato com a superficie da resina composta e subseqiiente deposicdo, seriam
responsaveis pela mudanga de cor e de luminosidade. Entretanto, apesar das
resinas compostas dos fumantes terem apresentado maior manchamento, o AE no
valor de 0,99 resultou numa mudanca de cor clinicamente aceitavel (AE <3,3)’,
sendo que a severidade do manchamento estd diretamente relacionada com o
tempo de exposi¢io e a freqiiéncia do habito'®. Neste estudo, o tempo de
exposicdo foi de apenas 28 dias. Provavelmente o curto periodo e a quantidade de
cigarros deste estudo ndo foram suficientes para formagdo de manchas mais
pronunciadas, como reportado por Asmussen e¢ Hansen’ que verificaram
manchamento mais evidente para as restauracdes em fumantes (mais de 10
cigarros/dia) no periodo de 36 meses num estudo in vivo.

O modelo in situ utilizado neste estudo, de acordo com Zero',
pode servir como uma “ponte” entre situagdes clinicas ndo controladas naturais (in
Viv0) e uma situacgdo laboratorial altamente controlada (in vitro). Uma das grandes
vantagens desse tipo de modelo ¢ a exposi¢do dos espécimes na boca humana,
onde ¢ possivel simular a dinamica da cavidade bucal sob condig¢des clinicamente
controladas e principalmente sem trazer prejuizos aos individuos. As amostras sdo
fixadas em dispositivos intrabucais removiveis, que permitem ser retirados da
boca a qualquer momento facilitando a inser¢do ou remocao dos espécimes para
realizagio dos testes laboratoriais''. O modelo in situ pode trazer novas

oportunidades de medir e analisar outros mecanismos como o de formagdo de
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manchas extrinsecas, pois sdo importantes por permitir interagdes da amostra
entre bactéria, saliva e tecidos duros da cavidade bucal, junto com a sensibilidade
das analises laboratoriais’.

Existem muitos fatores envolvidos no manchamento dos materiais
restauradores estéticos diretos. Dentre esses fatores, Luce e Campbell’ relatam o
tempo decorrido entre a confeccdo da restauracdo e o procedimento de
acabamento/polimento, grau de polimerizacdo, porcentagem e tamanho das
particulas de carga, e tipo de matriz resinosa. No presente estudo, o tempo
decorrido entre a confec¢do do espécime e o polimento, assim como o grau de
polimerizacdo foram os mesmos para todas as resinas compostas avaliadas (Z, C e
S), o que justificaria a similaridade do manchamento entre elas, apesar de
possuirem diferentes tipos de matriz resinosa, porcentagem e tamanho de carga.

Em relagdo ao procedimento de escovagdo observou-se menor
alteracdo de cor e de luminosidade nas resinas compostas submetidas a escovacio
do que as ndo submetidas a escovagdo. Esse resultado corrobora com os trabalhos
de Collins et al.*, van Dijken'”, Vogel'® que verificaram a agdo dos dentifricios na
remogdo de pigmentos extrinsecos depositados pelo tabaco. A técnica de higiene
bucal e a localizacdo da restauracdo também influem na prevencdo e/ou remog¢ao
de manchas. De acordo com Asmussen e Hansen” o procedimento de escovacio
insatisfatorio pode influenciar o acimulo de pigmentos pelo amolecimento da
matriz por acidos organicos provenientes do biofilme bacteriano, aumentando
dessa forma, a susceptibilidade ao manchamento dos materiais estéticos. A

localizag¢do das restauragdes também ¢ um fator importante na alteragdo de cor
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como pode ser observado em pacientes fumantes que apresentaram manchamento
nas superficies proximais e linguais, enquanto que o mesmo ndo ocorreu na
superficie vestibular'”. Entretanto, no presente estudo, avaliou-se somente a agio
do dentifricio na remocdo de pigmentos, pois todos os voluntarios utilizaram o
mesmo modelo de dispositivo intrabucal e o escovaram com o mesmo modelo de

escova dental, dentifricio e com o0 mesmo nimero de movimentos.

Concluséo

Diante dos resultados obtidos neste estudo podemos concluir que:
(1) a fumaga de cigarro aumentou a alteragdo de cor e de luminosidade das resinas
compostas avaliadas; e

(2) a escovacdo foi capaz de limitar a alteracdo de cor e de luminosidade.

Agradecimento

Este artigo € parte da tese submetida pelo primeiro autor a Faculdade de
Odontologia de Araraquara, Universidade Estadual Paulista (UNESP) como parte
dos requisitos para obtencdo do titulo de Doutor em Dentistica Restauradora. Os
autores expressam enorme gratiddo aos voluntarios que fizeram parte desta

pesquisa. Este estudo foi suportado pelo CNPQ (Processo 470654/2006-6).



3.4. Capitulo 4 84

Referéncias

1.

ALKHATIB, M.N.; HOLT, R.D.; BEDI, R. Smoking and tooth
discolouration: finding from a national cross-sectional study. BMC Public
Health; v.5, n.1, p.1-4, 2005.

ASMUSSEN, E.; HANSEN, E.K. Surface discoloration of restorative
resins in relation to surface softening and oral hygiene. Scand. J. Dent.
Res., Copenhagen, v.94, n.2, p.174-177, 1986.

BAGHERI, R.; BURROW, M.F. TYAS, M. Influence of food-simulating
solutions and surface finish on susceptibility to staining of aesthetic
restorative materials. J. Dent., Bristol, v.33, n.5, p.389-398, 2005.
COLLINS, L.Z.; NAEENI, M.; SCHAFER, F.; BRIGNOLI, C;
SCHIAVI, A.; ROBERTS, J.; COLGAN, P. The effect of a calcium
carbonate/perlite toothpaste on the removal of extrinsic tooth stain in two
weeks. Int. Dent. J., London, v.55, n.3 (suppl 1), p.179-182, 2005.
CRAIG, R.G.; POWERS, J.M. editors Restorative dental materials (11th
ed.). St. Louis: Mosby; 2002. p.38-42.

DINELLI, W.; CANDIDO, M.S.M.; CATIRSE, A.B.C.E. Efeito da
fumaga do cigarro sobre a translucidez de materiais restauradores
estéticos. Rev. Assoc. Paul. Cir. Dent., v.50, n.2, p.121-124, 1996.
JOINER, A.; JONES, N.M.; RAVEN, S.J. Investigation of factors
influencing stain formation utilizing an in situ model. Adv. Dent. Res.,

Washington, v.9, n.4, p.471-476, 1995.



3.4. Capitulo 4 85

10.

11.

12.

13.

14.

15.

KROEZE, H.J.P.; PLASSCHAERT, A.J.M.; VAN'T HOF, M.A.; TRUIN.
G.J. Prevalence and need for replacement of amalgam and composite
restorations in Dutch adults. J. Dent. Res. Chicago, v.69, n.6, p.1270-
1274, 1990.

LUCE, M.S.; CAMPBELL, C.E. Stain potential of four microfilled
composites. J. Prosthet. Dent., St. Louis, v.60, n.2, p.151-153, 1988.
MCCANN, D. Tobacco use and oral health. J Am Dent Assoc., Chicago,
v.118, n.1, p.18-25, 1989.

PICKLES, M.J.; JOINER, A.; WEADER, E.; COOPER, Y.L.; COX, T.F.
Abrasion of human enamel and dentin caused by toothpastes of differing
abrasivity determined using an in situ model. Int. Dent. J., London, v.55,
n.3 (suppl 1), p.188-193, 2005.

RAPTIS, C.N.; POWERS, P.L.; FAN, P.L. YU, R. Staining of composite
resins by cigarette smoke. J. Oral Rehabil., Oxford, v.9, n.4, p. 367-371,
1982.

REIBEL, J. Tobacco and oral diseases. Update on the evidence, with
recommendations. Med. Princ. Pract., v.12, suppl 1, p.22-32, 2003.
ROULET-MEHRENS, T.; ROULET, J.F. Smoke stain accumulation of
dental materials after polishing. J Dent Res., Chicago, v.61, p.304, Abstr.
No. 1129, 1982

van DIJKEN, J.W.V. A clinical evaluation of anterior conventional,
microfiller, and hybrid composite resin fillings. Acta Odontol. Scand.,

Oslo, v.44, n.6, p.357-367, 1986.



3.4. Capitulo 4 86

16.

17.

18.

19.

VOGEL, R.I. Intrinsic and extrinsic discoloration of the dentition. J. Oral.
Med., Nova York, v.30, n.4, p.99-104, 1975.

WATT, R.G.; DALY, B.; KAY, E.J. Prevention. Part 1: smoking cessation
advice within the general dental practice. Br. Dent. J., London, v.194,
n.12, p.665-668, 2003.

YU, R.; KORAN, A.; RAPTIS, C.N.; CRAIG, R.G. Cigarette staining and
cleaning of a maxillofacial silicone. J. Dent. Res., Washington, v.62, n.7,
p.853-855, 1983.

ZERO, D.T. In situ caries models. Adv. Dent. Res., Washington, v.9, n.3,

p.214-230, 1995.



4. Consideracoes finais

Diante dos resultados apresentados é possivel observar que a
fumaca de cigarro foi capaz de alterar aléem das propriedades Opticas as
propriedades mecanicas das estruturas dentais e materiais restauradores estéticos.
Esse dado é de grande importancia, porgque tanto a rugosidade como a dureza sao
propriedades mecanicas que avaliam as alteracds superficiais de forma
guantitativa desses elementos® , podendo servir como pardmetro para predizer o
desempenho clinico do material*. De forma que a qualidade, a longevidade e a
performance clinica satisfatoria do material restaurador estético dependem além
do fator estético da sua resisté cia alegradacdo no meio bucal.

O efeito da fumacga de cigarro nas estruturas dentais e resinas
compostas dependem de muitos fatores como tipo, quantidade e tempo de
exposicdo®®. No presente estudo, a diferenca de comportamento da resina
composta no estudo in vitro com o estudo in situ pode ter varias ji stificativas que
se encontram no ambiente bucal que nédo pde ser replicado in vitro.

Os estudos in situ geralmente sdo empregados por analisar muitos
fentnenos que se encontram no ambiente bucal e que ndo sdo precisamente
controlados nos estudos in vitro, pelo fato destes ndo refletir efetivamente o que
ocorre no ambiente bucal sob acdo da saliva, mudancas de pHlieta e escovacdo *.
Por esses motivos, optamos por realizar esses dois modelos de estudo a fim de
verificar a interacdo da resina composta com a fumaca de cigarro. Entretanto, o
modelo in situ é dispendioso, consome muito tempo e requer aten¢do da influécia

de fatores para reduzir as variaveis que podem interferir na pesquisa® .
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Desta forma considero de grande importancia aealizacdo de mais
estudos in situ que possam suportar ou ndo, os resultados dos trabalhos in vitro e
investigar os varios fentnenos responsav eis pelas alteracds das propriedades

fisicas e mecanicas de estruturas dentais e resinas compostas.



5. Conclusao

De acordo com a metodologia empregada e os resultados obtidos,
pilgamos licito concluir que:
Estudos in vitro

1 A fumaca de cigarro influenciou a alteracdo de cor de todos 0s espécimes,
sendo que a dentina radicular bovina foi mais afetada do que o esmalte
bovino e a resina composta;

2) A fumaga de cigarro aumentou a microdureza do esmalte bovino e
diminuiu a microdureza da resina composta e da dentina radicular bovina;

3 A microanalise (EDS) detectou a presenca de elementos quimicos na
estrutura dental e resina composta provenientes da fumaca do cigarro,
sendo estes:cadmio, arsaio e chumbo.

Estudos in situ

1 A fumaca de cigarroéscovacdo au mentou os valores de microdureza das
resinas compostas, contudo proporcionou menor lisura de superficie, ou
sef, maior rugosidade;

2) Os fumantestem escovacdo e 0Ss ndo-fumantestem escovacdo
apresentaram menores valores de microdureza e nenhuma influacia na
rugosidade superficial,

3 A fumaca de cigarro aumentou a a Iteracdo de cor e de luminosidade das
resinas compostas avaliadas e a escovacao limitou essa alteracdo de cor e

de luminosidade.



. Referéncias*

Anusavice KMateriais De ntérios. Rio de dneiro: Guanabara Bogan;296.

ap.

. Asmussen E, bhsen EKSurface discolora  tion of restorative resins in relation

to surface softening and oral hgie ne. Scand JDent Res. 26894

Byueri R, BrrovMF, Tgs M. Influence of food-simulating solutions and
surface finish on susceptibilityto staini ng of aesthetic restorative materials. J
Dent. 2008-38

Bsting RT, Serra MC, Rodrigues 8 AL . In situ microhardness evaluation of
glass-ionomertomposite resin higrid mate rials at different post-irradiation
times. JOral Rehabil 20022985

8li, S, Tanriverdi FF, 8li, E. Colour stabilityof three esthetic laminate
materials against to different staining agents. J Marmara hiv Dent
Fac.9926&4%

Bisil. Ministério da Saude. Institu to Nacional do Cancer. Vigescola:
Vigilancia de tabagismo em escolares: dados e fatos de 2 capitais brasileiras.
Bisilia;20043 p.

Chan &, Fuller L, fmati AA. The abil ityof foods to stain tevcomposite
resins. JProsthet Dent.268-8

Collucci, C. Dente amarelo assusta mais o pvem. Folha de Sdo Paulo 2005

maio otidiano:C5

*De acordo com o estilo VVancouver. Disponivel no site:
HTPIWWW.nIm.nih.govbsdlniform_requiremts.htmi



6. Referéncias 94

. CooleyRL, &kmeier WW, Matis B, Siok F. Staining of posterior resin
restorative materials. @ intessence Int.28337

Dietschi D, Campanile G, blz JMey  r M. Comparison of the color stability
of ten nevgeneration com posites:an in vitro stud yDent Mater. 2948

82.

Dinelli W, Candido MSM, Catirse ABE. Efeito da fumaca do cigarro sobre a
translucidez de materiais restauradores estéticos. Rev Assoc Paul Cir Dent.
99662124

Featherstone ID. Modeling th e caries-inhibitoryeffects of dental materials.
Dent Mater. 29629497

Gordan VV, Patel SB&ret AA, Shen  C. Effect of surface finishing and
storage media on bi-axial flexure strength and microhardness of resin-based
composite. Oper Dent 200380-67

GrenbyTHMethods of assessing erosion  and erosive potential. Eur JOral
Sci. 296;020724

Gross MD, Moser BA colorimetric st udyof coffee and tea staining of four
composite resins. JOral Rehabil . 97&32.

. ®hnson GKTobacco use and the periodontal patient. JAm Dent Assoc.
999;09-27

&htala J thiainen P, Pahkala KMa ttila KCan brief intervention through
communitydental care have an eff ect on adolescent smoking? Prev Med.

999;29071



6. Referéncias 95

20.

21

22.

23

24

25

Luce MS, Campbell CE. Stain potential of four microfilled composites. J
Prosthet Dent.28 ;605

McCann D. Tobacco use and oral health. JAm Dent Assoc . 298-25

Raptis CN, Poars M, Fan PL, Yu R. Staining of composite resins by
cigarette smoke. JOral Rehabil. 339873

Takeuchi CYG. Avaliacdo do efeito da fumaga do cigarro na translucidez da
resina composta. Influcia do selante de superficie e da escovacdo
Pissertacéo de Mestrado] Araraqua ra:Faculdade de Odontologia da NESP;
2003

Vogel RI. Intrinsic and extrinsic discoloration of the dentition. JOral Med .
2899-04

White L, Conner B, Perfetti TA, Bmb  ick B, Avalos T, Foler W, et

al. Effect of pyolyis temperature  on the mutagenicityof tobacco smoke
condensate. Food Chem Toxicol. 2008  :89-85

Wiltshire WA, Labuschagne PW. Staining of light-cured aesthetic resin
restorative materials bydifferent stai ning media:an in vitro study JDent
Assoc S Afr.2908165

World ehlth Organization. First M eeting of the wrking group on the
frameark convention on tobacco cont rol. Provisional agenda item &

September 299.



ANnexos






TERMO DE CONSENTIMENTO LIVRE ESCLARECIDO

Pelo presente instrumento, declaro para os devidos fins éticos e legais que

0 senhor(a) , Nacionalidade , portador(a)

da cédula de identidade nimero , residente na

na cidade de

estado de concordo(a) em participar voluntariamente da pesquisa
intitulada “Efeito da fumaca de cigarro nas propriedades de resinas compostas in situ
“ ap6s leitura detalhada e minuciosa da CARTA DE INFORMACAO AO
PACIENTE, devidamente explicada verbalmente (oral) pelos pesquisadores
responsaveis em seus minimos detalhes, avisado dos servicos e procedimentos aos
quais sera submetido, ndo restando quaisquer ddvidas a respeito do lido e explicado,
assina seu CONSENTIMENTO LIVRE E ESCLARECIDO em concordancia em
participar da pesquisa proposta por estar em pleno acordo com o teor do mesmo,
conforme a CARTA DE INFORMA(}AO AO PACIENTE.

Fica claro que o paciente pode, a qualquer momento, retirar seu
CONSENTIMENTO LIVRE E ESCLARECIDO e deixar de participar do estudo
alvo da pesquisa e ciente que todo trabalho realizado torna-se informacao
confidencial guardada por forca do sigilo profissional (Art. 9° do codigo de ética
Odontoldgica). Declaro ter recebido uma cépia deste Termo de Consentimento.

Por estar entendido e de acordo, assino o presente termo.

Ribeirdo Preto, de de 2006.

Assinatura do voluntario

Prof2. Dr2 Regina Guenka Palma-Dibb Prof. Dr. Welingtom Dinelli
Pesquisadora responsavel Pesquisador responsavel

Cristina Yoshie Garcia Takeuchi
Pesquisadora responsavel



Autorizo a reproducéo deste trabalho.
(Direitos de publicacio reservado ao autor)

Araraquara, 30 de agosto de 2007.

Cristina Yoshie Garcia Takeuchi
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