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RESUMO

Nos tltimos anos tem sido sugerido que a freqiiéncia de consumo de agticares
poderia ser incrementada, se fluoreto (F) a partir da d4gua ou dentifricio fosse utilizado.
Mas o seu efeito na desmineralizagdo do esmalte e principalmente na composi¢io do
biofilme dental formado sob varias freqii€ncias de consumo de agucares ndo foi
totalmente explorado. Desta forma, o objetivo deste estudo foi avaliar, na presenga do uso
de fluoreto, o efeito da freqliéncia de exposi¢do & sacarose na composi¢do microbioldgica
e bioquimica do biofilme dental e sua relagdo com a desmineralizagdo do esmalte dental.
Dez voluntarios adultos saudéaveis, vivendo em uma éarea fluoretada, usaram dispositivos
intra-orais palatinos contendo 4 blocos de esmalte dental higido humano, durante 3 fases
experimentais de 14 dias cada. Os voluntirios escovaram seus dentes usando dentifricio
fluoretado, contendo 1100 ppm de F na forma de NaF, 3 vezes ao dia. Foram avaliadas as
seguintes freqiiéncias de exposi¢do a solucdo de sacarose 20%: 0 (controle), 2,4, 6,8 ¢
10 vezes/dia. Em cada fase experimental, foram testadas 2 freqiiéncias (0-2, 4-6, 8-10).
Ao final de cada fase expertmental, o biofilme dental foi coletado, os blocos de esmalte
foram removidos dos dispositivos e foram realizadas as seguintes analises: contagem de
microrganismos totais (MT), estreptococos totais (ET), estreptococos do grupo mutans
(EM) e lactobacilos {(LB); porcentagem de estreptococos do grupo mutans em relagfio a
micrdrganismos totais (%EM/MT) e estreptococos totais (%EM/ET); porcentagem dc
lactobactlos em relacdo a microrganismos totais (%LB/MT); determinagdo da quantidade
de polissacarideo extracelular (PEC) e intracelular (PIC), anélise da concentracfio de ions
F, calcio (Ca) e fésforo inorgdnico (P;) no estroma ¢ fluido do biofilme dental e avaliacio
de perda mineral do esmalte seccionado longitudinalmente (AZ). Os resultados
mostraram perdas minerais (AZ) estatisticamente maiores que o controle (p<0,05) nas
freqliéncias maiores que 6 x/dia. Entretanto, quantidade de biofilme, contagens de MT,
ET, LB e concentragdo de PEC aumentaram, enquanto as concentragdes de F, Ca ¢ Pi no
estroma diminuiram significativamente (p<0,05), com freqiiéncias de exposi¢io a
sacarose menores que 6 x/dia. Em conclusfio, F é capaz de reduzir a perda mineral do
esmalte dental se o consumo de sacarose nio for maior que 6 vezes ao dia, mas mudangas

na composicdo bicquimica c¢ microbioldgica do biofilme dental sfo observadas com

menores freqliéneias de uso.



ABSTRACT

In the last years, it has been suggested that the frequency of consumption of
sugars could be increased, if fluoride from water or dentifrice is used. However, its effect
on enamel demineralization and mainly on composition of dental biofilm formed under
various frequencies of consumption of sugars has not been completely explored.
Therefore, the objective of this study was to evaluate, in the presence of fluoride, the
effect of the frequency of sucrose exposure on the microbiological and biochemical
composition of dental biofilm and its relationship with demineralization of dental enamel.
Ten healthy adult volunteers, living in a fluoridated area, wore intra-oral palatal
appliances containing four sound human dental enamel blocks, during 3 experimental
phases of 14 days each. The volunteers brushed their natural teeth with fluoridated
dentifrice, containing 1100 ppm of F, in the form of NaF, 3 times/day. The following
frequencies of exposure to 20% sucrose were evaluated: 0 (control), 2, 4, 6, 8 and 10
times/day. In cach experimental phase, 2 frequencics were tested (0-2, 4-6, 8-10). At the
end of each experimental phase, dental biofilm was collected, enamel blocks were
removed from the appliance and the following analysis were conducted: counts of total
microorganisms (TM), total streptococci (TS), mutans streptococci (MS) and
lactobacillus (LB); percentage of mutans streptococci in relation to total microorganisms
(Y%MS/TM) and total streptococct (aMS/TS); percentage of lactobacillus in relation to
total microorganisms (%LB/TM)concentration of extraceliular (EPS) and intracelular
(IPS) pelysaccharides; fluoride (F), calcium (Ca), inorganic phosphomus (P)
concentration in whole biofilm and fluid; and mineral loss of longitudinally sectioned
enamel (AZ). The results showed significantly higher (p<0.05) mineral losses (AZ) than
control group for the frequencies higher than 6 x/day. However, biofilm mass, TM, TS,
LB counts and EPS concentration increased, while F, Ca and Pi concentration in the
whole biofilm decreased significantly (p<0.05) in the frequencies of sucrose ¢xposure
lower than 6 x/day. In conclusion, fluoride is able to reduce enamel demineralization if
sucrose consumption is not higher than 6 x/day, but changes in the biochemical and
microbiological composition of the dental biofilm are observed with lower frequencies of

use.



1 INTRODUCAO GERAL

Cérie dental é considerada uma doenca multifatorial que afeta, em paises em
desenvolvimento, 60 — 90% das criangas em idade escolar € uma grande maioria dos
adultos {Petersen, 2003). Varios fatores estfio envolvidos no processe de carie, sendo os
mais importantes: a susceptibilidade do hospedeiro, a presecnga de microrganismos
cariogénicos e o consumo de carboidratos, principalmente a sacarose (Bowen, 1991).
Entre os diversos agucares da dieta, a sacarose ¢ considerada o carboldrato mais
cariogénico, porque é fermentada pelos principais microrganismos cariogénicos a acidos
orgdnicos ¢ também leva a formagdo de polissacarideos extracelulares (PEC), que
aumcntam a porosidade do biofilme dental, permitindo a penetracdo de substratos
acidogénicos para as camadas mais internas do biofilme com a conseqgtiente produgio de
dctdos proximo a estrutura dental (Newbrun, 1969, Dibdin & Shellis, 1988). Os PEC
também melhoram a aderéncia bacteriana no esmaltc (Rélla, 1989). Além dos PEC, a
metabolizaqﬁo de sacarose leva 4 formacio de polissacarideos intracelulares (PIC), que
pedem scr ufilizados como substrato na auséncia de nutrientes e podem prolongar a
exposi¢io de Acidos sobre a estrutura dentaria (Tanzer et al., 1976).

Com relagdo a composi¢dio bioquimica, estudos anteriores demonstraram que o
biofilme dental formado na presenga de sacarose apresenta menor concentragio de ions
calcio (Ca), fasforo inorganico (Pi) e flior (F) do que aquele formado na sua auséncia
(Cury ef al., 1997, 2000, Aires ef al., 2006). Em acréscimo, o biofilme dental formado ix
situ, em presenca de sacarose, sofre modificagdes na sua composicdo microbiologica,
apresentando um aumento nas contagens de lactobacilos quando comparado com

biofilme que nao foi exposto a sacarose (Pecharki ef al., 2005; Ribeiro ef af., 2005). Além



disso, também foi verificado um aumento da concentra¢io de PEC nos biofilmes dentais
expostos a sacarose (Cury et al., 1997, 2000; Pecharki ef ai., 2005; Aires et al., 20006).

Estes estudos de andlise de biofilme dental foram realizados utilizando o biofilme
como um todo. Entretanto, os principais eventos de trocas idnicas nos processos de
desmineralizagdo e remineralizagio ocorrem no fluide do biofilme dental, que ¢ a porgdo
aquosa entre as bactérias e a matriz do biofilme (Tatevossian & Gould, 1976), além dc
ser responsavel pelo equilibrio de solubilidade do tecido mineral, determinando se o
esmalte-dentina sera desmineralizado ou ndo quando ocorre uma queda de pH (Pearce,
1998). Nesse sentido, uma avaliacéo separada das concentragdes inorgéinicas do fluido e
do estroma (parte sélida) do biofilme dental seria de fundamental interesse para o
cntendimento dos fendmenos envolvidos no processo de carie dental.

Antes do uso difundido do fluoreto como meio preventivo em relagdo ao
desenvolvimento de cérie dental, estudos foram realizados em humanos (Gustafsson ef
al., 1954; Harris, 1963) ¢ evidenciaram uma relagdo direta entre a freqiéncia de consumo
de carboidratos e o desenvolvimento de carie, o que também foi confirmado por estudos
com animais (Konig, 1969) ¢ in situ (Cury et al., 1997, 2001). Entretanto, atualmente o
uso do fluoreto € amplamente difundido e esta presente em diferentes formas, desde agua
de abastecimento até dentifricio. Muitos estudos mostram claramente que o fluoreto é um
efettvo agente cariostatico, reduzindoe a desmineralizagéio ¢ ativando a remineralizagdo do
esmalte dental (ten Cate & Rempt, 1986) e também, dependendo da concentracio,
inibindo eniimas bacterianas (Marquis, 1995).

Desta forma, um importante declinio na prevaléncia de cérie dental tem sido

observado nas tltimas décadas ndo somente nos paises industrializados (Brathall, 1996),



mas também em paises em desenvolvimento (Narvat ef al., 1999), o que ¢ atribuido ao
uso difundido do fluoreto. Na atualidade, os programas de prevengido de caric incluem
alguma forma de uso continuo de fluoreto por parte das populagdes, questionando o papel
da freqiiéncia de consumo de carboidratos no desenvolvimento da carie dental. Muitos
paises tém registrado uma diminuic3o da prevaléncia de caric em varios grupos etarios de
suas populagdes, apesar de ndo existir uma mudanga significativa no consumo de
acucares e de ter evidéncia do aumento do uso de carboidratos refinados na forma de
doces e refrigerantes (Duggal et al., 2001). Em acréscimo, Gibson & Williams (1999)
sugercm que ¢ uso de dentifricios fluoretados pode ser mais importante no controle da
cdrie que a restri¢do no consumo de agicares. Porém, estudos epidemioldgicos recentes
realizados, sob condigdes atuais dc acesso a produtos fluoretados com criangas
(Karjalainen et af., 2001) e adolescentes (Arcella ef al., 2002) de paises industrializados
mostraram uma relagdo direta entre freqgiiéncia de consumo de acgticares e presenca de
caric.

Ni#o obstante, atnalmente, a relagdo entre 0 consumo de agucar e cérie dental é
fraca, o que poderia scr atribuido ao uso difundido do fluoreto (Burt ¢ Pai, 2001). De fato,
dados experimentais in situ mostram que demineralizacdo de esmalte na presenca de
fluoreto, na forma de dgua de abastecimento (Cury et /., 2001) ou dentifricio (Duggal ef
al., 2001), ¢ detectivel sé quando a freqliéncia de cxposigdo de sacarose € maior que 6
vezes a0 dia. Entretanto, o efeito da alta freqiiéncia da exposiciio a sacarose sobre a
composi¢do bioquimica e microbiologica do biofilme dental nio foi totalmente

explorado. Isto poderia scr relevante ¢ poderia contribuir para explicar porque uma



associacio entre consumo de aguicar e carie dental ainda € encontrado, mesmo cm paiscs

em desenvolvimento (Karjalainen et af., 2001).



2 PROPOSICAQ

O objetivo deste estudo foi avaliar, na presenga de fluoreto, a composigio
microbioldgica e bioquimica do biofilme dental formado em fun¢do da exposigfo a vérias
freqiiéncias de consumo de sacarose e sua relagio com a desmineralizacdo do esmalte

dental.
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ABSTRACT

It has been shown that the frequency of sugar consumption could be
increased if fluoride from water or dentifrice is used, but its effect on enamel
demineralization and mainly on dental biofilm composttion has not been totally explored.
Ten volunteers, living in a fluoridated area, wore palatal appliances during 14 days,
exposed human enamel slabs to 20% sucrose solution 0 (control), 2, 4, 6, 8 or 10
times/day and used fluoride dentifrice 3 times/day. Enamel demineralization differed
significantly from control for sucrose frequencies higher than 6x/day. However, biofilm
mass, total microbiota, total streptococci, lactobacilli counts and tnsoluble extracellular
polysaccharide concentration increased, while Ca, P; and F concentration in whole
biofilm decreased significantly, with frequencies of sucrose exposure lower than 6x. The
findings confirm that fluoride is able to reduce cnamel demineralization if sucrose
consumption is not higher than 6 x/day, but changes in the biochemical and

nticrobiological composition of the biofilm are observed with lower frequencies of use.
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INTRODUCTION

Caries is a sugar-dependent bacterial disease and among the dietary carbohydrates
sucrose is considercd the most cariogenic since in addition to being fermented in acids, it
is metabolized in intra (IPS) and extraceliular polysaccharide (EPS) by microorganisms
from dental biofilm [Newbrun, 1967; Bowen, 2002].

The constant low pH, induced by sucrose fermentation, not only triggers a shift in
the balance of resident plaque microflora to a more cariogenic one [Marsh, [991], as well
as it is responsible for the demineralization of the underneath dental mineral tissues. IPS
can be involved with dental carics by prolonging the exposure of tooth surfaccs to
organic acids and maintaining a lower fasting pH in the matrix of the plaque [Tanzer et
al., 1976].

EPS, mainly the insoluble one, changes the structure of biofilm matrix, increasing
its porosity [Dibdin and Shellis, 1988] and allowing sugar diffusion into the deepest part
of the biofilm, which would result in low plaque pH values due to microbial catabolism
[Zero et al., 1986)]. Also, insoluble EPS may enhance bacterial adherence to enamel-
dentine surface [Rolla, 1989; Schilling and Bowen, 1992], increasing plaque formation
and accumulation. Furthermore, low concentrations of calcium (Ca), inorganic phosphate
(Pi) and fluoride (F) have been found in whole biofilm formed in the presence of sucrose
[Cury et al.,, 1997, 2000]. These ions in biofilm fluid are responsible by solubility
equilibrium of mineral tissue and their concentrations determine if enamel-dentine will be
demineralized or not when the pH drops [Pearce, 1998]. Additionally, the changes
provoked by sucrose in dental biofilm are dependent of its frequency of exposure and
concentration [Cury et al., 1997; Paes Leme et al., 2004; Aires et al., 2006].

However, at present, the relationship between sugar consumption and carics is
weak, which could be attributed to the widespread use of fluoride {Burt and Pai, 2001]. in
fact, experimental in situ data have shown that enamel demineralization in the presence
of fluoride, cither from water supply [Cury et al., 2001a] or dentifrice [Duggal et al.,
20017, is detectable only when the frequency of sucrose exposure is highcr than six
times/day. However, the effect of this high frequency of sugar consumption on the
biochemical and microbiological composition of the biofilm formed has not been totally

explored. This may be relevant and could contribute to explain why an association
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between sugar consumption and caries is still found, even in developing countries
[Karjalainen et al., 20017].

Therefore, this study aimed to evaluate, in the presence of fluoride use, the effect
of the frequency of sucrose exposure on biochemical and microbiological composition of

dental biofilm formed and its relationship with enamel demineralization.

MATERIALS AND METHODS
Experimental Design

This study was approved by the Research and Ethics Committec of FOP-
UNICAMP (Protocol N° 100/2004), It was carried out in three phases of 14 days each,
during which ten volunteers, 19-31 vyears old, wore acrylic palatal appliances, containing
two scts of two slabs (duplicate) of human dental cnamel located on the right and left
sides.of the appliance. In each experimental phase, each set of two slabs was submitted
outside the mouth to one of the following frequencies of exposure to 20% sucrose
solution: 0 (control) or 2, 4 or 6 and § or 10 times/day. Thus, in the first phase, the
volunteers were randomly assigned to subject the slabs to the frequencies 0 and 2, or 4
and 6 or 8 and 10 x/day. The volunteers who did the treatments 0 and 2 in the first phase,
in the following did 4 and 6, and 8 and 10; thosc that did 4 and 6, did 8 and 10, and 0 and
2, and those that did 8 and 10 in the first phase, in the following did 0 and 2, and 6 and 8,
so that after the threc phases all the volunteers were subjected to all the treatments. The
usc of two treatments in the same intra-oral appliance (split-mouth design) was supported
by the absence of a cross-effect in previous studies [Cury et al., 2001b; Hara et al., 2003;
Pacs Leme et al., 2004; Pccharki et al., 2005; Ribeiro et al., 2005]. After each phase, the
eftect of the treatments was analyzed in the biochemical and microbiological composition
of the biofiim formed, as well as in mineral change in enamel. For the statistical analysis,
the volunteer was considered as an experimental block. This study was blind only with
respect to the cxaminer, since the volunteers were instructed to follow the frequencies of

SUCTOse exposure.
Enamel Slabs and Palatal Appliance Preparation
One hundred and twenty dental enamel slabs (4 X 4 X 2 mm) were obtained from

the middle third of the buccal and lingual face of scund human impacted third molars and

12



were randomly distributed to the different treatments. An acrylic resin intra-oral palatal
appliance, containing two lateral cavities measuring 9 X 5 X 3 mm, in which two slabs of
ename] were placed on each side, was made for each volunteer, for each phase of the
study. Plastic meshes were fixed over the cavities to protect the enamel slab surfaccs
from mechanical attrition, leaving a 1-mm space for accumulation of dental biofilm.
Colourless and red acrylic resin was used to fix the meshes, indicating wherc each
treatment should be made [Cury et al., 2001b; Paes Leme et al., 2004; Pccharki et al.,
2005; Ribeiro et al., 2005]. Further details of appliance preparation are given in previous
publications [Cury ct al., 1997; 2000; Hara et al., 2003].

Treatments

Solution of 20% sucrose, prepared every 48 h, was used as a cariogenic challenge
based on results of biofilm formation and enamel mineral loss found in previous studics
[Cury et al., 1997; 2000; Aires et al. 2006] but the length of the study was shortened for
14 days due to more recent findings [Paes Leme et al., 2004; Pecharki et al 2005; Ribeiro
et al., 2005; Aires et al., 2006].

The volunteers were instructed to remove the appliances from the oral cavity and
drip 2 drops of the solution on each set of enamel slabs at the following time, according
to the frequency of sucrose exposure: 2x (11:00 and 21:00 h); 4x (8:00, 11:00, 15:30 and
21:00 h); 6x (8:00, 11:00, 14:00, 15:30, 19:00 and 21:00 h); 8x (8:00, 9:30, 11:00, 14:00,
15:30, 17:00, 19:00 and 21:00 h) and 10x (8:00, 9:30, 11:00, 12:30, 14:00, 15:30, 17:00,
19:00, 20:00 and 21:00 h). The excess of fluid was removed with gauze and five minutcs
later the device was re-inserted in the mouth. A wash-out interval of one week was
established between the experimental phases. The volunteers were also instructed to wear
the appliances all the time, removing them only during the meals [Cury et al., 1997,
2000].

Throughout the entire experiment, volunteers brushed their natural teeth and the
appliance, except the area of enamel slabs, with a dentifrice containing 1100 pg F/g
(NaF) and silica as abrasive. Brushing was carried out three times a day after the main
mealtimes. The volunteers lived in an optimally fluoridated city (0.7 mg F/ L, for the
region), drank and consumed foods prepared with this water. Considering the crossover

design of this study, no restriction was made with regard to the voluntcers® diet. They
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also received oral and written information to refrain from using any antibacterial
substancc.

Biofilm Analysis

Microbiological Analysis

On the 14" day of each experimental phase, approximately ten hours after the last
exposure to sucrose solution and with the volunteers at fasting and without brushing their
teeth, the dental biofilm formed on the enamel slabs was collected; a homogeneous
aliquot was used for the microbiological analyses and the rest of the biofilm was used for
the biochemical analysis.

For the microbiological analyses, the dental biofilm was weighed (£ 0.01 mg) in
sterile microcentrifuge tubes, suspended in 0.9% NaCl selution (1 mL/mg wet weight)
and sonicated using Sonicador Vibra Cell (Sonics and Materials, Danbury, CT, USA) at
40 W, 5% amplitude, six pulses of 9.9 s each [Bowen et al., 1986]. The suspensions were
diluted in 0.9% NaCl in series up to 107 and the dilutions were inoculated using the drop
plate method [Herigstad et al., 2001]. The plates were divided in 3 equal areas for each
dilution, which were inoculated in duplicate. In each area, 3 drops of 20 pL of the samc
dilution were placed. The suspensions were inoculated on blood agar to determine total
microorganisms (TM), Rogosa SL agar (Difco 248020) to determine lactobacillus (LB),
mitis salivarius agar to determine total streptococci {TS) and mitis salivarius agar plus 0.2
units bacitracin/ml (MSB) to determine mutans streptococci {MS) populations [Gold et
al., 1973]. The plates were incubated for 48 h at 37°C in 10% CO,. The blood agar plates
were additionally incubated for 24 h at 37°C in aerobiosis. The colony-forming units
{CFU) were counted and the results were expressed as CFU/mg of wet plaque, percentage
of mutans streptococci group (%MS/TM) and lactobacilli (%LB/TM} in relation to total
microorganisms and percentage of mutans streptococci group (%MS/TS) in relation to
total streptococet.

Biochemical Analysis

On the 14™ day of each experimental phase, after aliquot removal for
microbiological analysis, the rest of the biofilm was collected using a plastic spatula and
immediately placed inside an oil-filled centrifuge tube [Vogel et al, 1997]. After

determination of the sample weight (+ 0.01 mg), the tube was centrifuged for 10 min
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(21,000 g) at 4°C to separate the fluid from the biofilm solids. The fluid was recovered
with oil-filled capillary micropipettes and deposited under mineral oil on the bottom of a

plastic petri dish until the analyses,

The tip of the centrifuge tube was cut [Vogel et al., 1997], and the remaining
biofilm was centrifuged into a tube containing 0.5 M HC1 (0.5 mL/10 mg of biofilm wet
weight) for extraction of acid-soluble whole biofilm Ca, P; and F [Cury et al., 1997,
2000]. The samples were agitated 3 h at room temperature, neutralized with 2 M NaOH
containing TISAB III (Orion 940911) 50% (0.125 mL/[0 mg biofilm wet wcight),
centrifuged, and the supernatant was immediately analyzed for F. The remaining

supernatant was kept frozen until Ca and P; analyses.

To the precipitate, I M NaOH (0.5 mL/10 mg biofilm wet weight) was added for
extraction of msoluble EPS [Cury et al., 2000]. After 3 h at room temperature under
constant agitation, supernatant was collected for analysis. To the precipitate, 1 M NaOH
(0.5 mL/10 mg biofilm wet weight) was added for extraction of intracellular
polysaccharide (IPS), which was done at 100°C for 1 h. Supernatants containing the

polysaccharides were precipitated with 75% ethanol and analyzed for total carbohydratc

according to Dubois et al. [1956].

For analyses of Ca and P; in the biofilm fluid, quartz nanoliter volume pipettes
[Vogel et al, 1990] were used to transfer standardized volumes of the samples or
standards into Ca or P; sensitive colorimetric reagents [Vogel et al, 1983]. The
absorbance of the mixtures, after mixing, was then read using a micro-cuvette (Hellma,
105.202, Millheim, Germany) in a Beckman DU-70 spectrophotometer. For the analyscs
of Ca and P; in the whole biofilm, the standards also contained TISAB III. For F analysis
in the fluid, samples were diluted with TISAB 1II (1:9) under microscope on the surface
of an otl-covered invcrted F electrode [Vogel et al., 1997]. A micro-reference electrode
was used to close thc circuit, and thc signal was read using a high-impedance
electrometer (WPI, FD223, Sarasota, FL) and graphically observed using the progran;
Plot 1 (Paffenbarger Rescarch Center, ADA Foundation, Gaithersburg, MD). The acid
extract of whole biofilm was previously diluted with TISAB III and analyzed for F as

described above.
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Enamel Analysis

At the end of each experimental phase, the cnamcl slabs were removed from the
appliances, longitudinally sectioned 1 mm from one of the sides, embedded in acrylic
resin and the cut surfaces were exposed and polished. Cross-sectional microhardness
{(CSMH) was measured according to Cury ¢t al. [2000], but the indentations were madc at
10, 20, 30, 40, 50, 60, 80, 100, 120, 140, 160, 180 and 200 pm from the outer enamel
surface. CSMH values were converted to mineral content (vol %) according to
Featherstone et al. [1983] and integrated mineral loss (AZ) for cach treatment was
calculated [White and Featherstone, 1987].
Statistical Analysis

The assumptions of equality of variances and normal distribution of crrors were
checked for all the rcsponse variabics tested and those that did not satisfy were
transformed [Box et al., 1978]. The data of biofilm biomass. counts of TM and TS, Ca
fluid, Ca and P; in whole biofilm were transformed into logie; counts of MS into logy
(X+1Y, counts of LB iato (X+1)"'; F in fluid into 1/Nx and %LB/TM into L/N(x+1).
These transformed variables and the original data of EPS, IPS, Py, F in wholc biofilm and
mineral loss were submitted to analysis of variance (ANOVA) followed by the Tukey
test, with the exception of the variable AZ, for which was applied the Duncan test. The
variables %MS/TM and %MS/TS were analyzed by the Friedman test. The softwarc

SPSS for Windows 11.0 was used and the significance level was fixed at 5%.

RESULTS

The effect of the frequency of sucrose exposure evaluated by ANOVA was
statistically significant for most of the analyses made (p < 0.05) except for MS counts (p
= 0.308), %MS/TM (p = 0.086), %MS/TS (p = 0.146), and F (p = 0.128) and P; (p =
0.962) in biofilm fluid.

Table 1 shows that, according to the increase of the frequency of sucrose
exposure, compared with the control: Ca, P; and F concentrations in whole biofilm were
statistically lower from sucrose exposure 2x/day on; LB counts and %LB/TM were

higher from 4x/day on; biomass and EPS concentration were higher, while TM and TS



counts were lower from 6x/day on; concentrations of IPS and Ca in biofilm fluid and
enamel mineral loss were higher from the frequency of sucrosc 8x/day on.
DISCUSSION

The results of mineral loss {Table 1) show that 20% sucrose solution used at a
frequency higher than 6 times/day causes significant demineralization on enamel in
comparison with the control. These results are in agreement with in situ studics
conducted by Cury et al. [2001a] and Duggal et al. [2001], when these authors evaluated
the effect of sucrose frequency in volunteers using only onc source of F, water or
dentifrice, respectively. The present findings were observed when these sources were
combined, suggesting that there was no additive effect, increasing enamel resistance to
demineralization at higher frequency of sucrose exposure. This can be explained by the
fact that the isolated effect of fluoride ion present in saliva from water or dentifrice was
evaluated, since the biofilm was not mechanically disrupted by brushing; also the topical
cffect of the dentifricc forming products in enamel did not occur. Neverthcless, the
findings show the relevance of fluoride use and give support to epidemiological studics in
children [Karjalainen et al., 2001; Marshall et al., 2003] and adolescents [Arcella et al,,
2002], showing that, in this modern age of extensive fluoride exposure, dental caries is
only associated with high frequency of sugar consumption. On the other hand, although
enamel mineral losses obscrved at frequencies of sucrose exposure lower than 8 x/day
were not statistically different from the control, the values observed for the frequencies 4
and 6x/day were consistently higher than the control, suggesting that they may not be
considered as a safe sugar consumption just because fluoride is used. Therefore,
controlling the consumption of sugar remains a justifiable part of caries prevention [Burt
and Pai, 20017, mainly root caries, since dentine is less resistant than enamect.

Thus, the frequency of sucrose exposure lower than 8x/day was enough to induce
biochemical and microbiological changes in the biofilm formed (Table 1). Lactobacilli
were sclected in the biofilm formed with frequency of sucrose exposure of 4 x/day. This
is in accordance to Bradshaw et al. [1989] and Bradshaw and Marsh [1998], who
observed a predominance of LB in in vitro multi-specics communities according to the
decreased pH of the media. The selection of LB has also been found in situ when the

biofilm was formed in presence of sucrose [Pecharki et al., 2005] or starch [Ribeiro et al.,
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2005] in comparison with the control group. Although LB are not implicated with caries
initiation, these findings may have consequences for caries progression either in cnamel
or dentine since they are found in high counts in caries lesions [Loesche and Syed, 1973].
Furthermore, the present results have implication for the cariogenicity of other dietary
carbohydrate than sucrose, such as starch [Ribeiro et al., 2005].

Although statistically significant effect of sucrose frequency on MS counts or
percentage were not found (Table 1), the changes provoked by these microorganisms on
dental biofilm may be considered more relevant than their counting. Thus, insoluble EPS
increased significantly from sucrose frequency of 6 x/day on. The relationship between
sucrosc exposure, EPS and caries development has been demonstrated in scveral studies
and it is the unique property that differentiate sucrose from the other cariogenic
carbohydrates [Cury et al., 2000]. Thus, mutant strains of S. #uitans defective in the gtf
genes, especially gi/B and gffC, are significantly less cariogenic in animals than the
parent strains [Yamashita et al., 1993]. In situ studies have shown that high concentration
and frequency of sucrose exposure increased EPS concentration in the biofilm matrix,
lowered fasting pH values and enhanced enamel demineralization when compared to
biofilms formed in the absence of sucrose [Cury et al., 1997; Cury et al., 2000; Ribeiro et
al., 2005; Aires et al., 2006]. Furthermore, clinical studies have also suggested that
synthesis of EPS is refated to caries-activity in children [Mattos-Grancr et al., 2000;
Nobre dos Santos et al., 2002]. Therefore, the findings should be considered when dict
counseling is discussed in the presence or not of fluoride use. Additionally, the increase
of EPS concentration in biofilm according to the frequency of sucrose exposure would
explain why biomass increased while TM or TS counts decreased (Table 1), considering
that EPS occupy a large volume of biofilm matrix.

When all variables of this study are considered, only the concentration of IPS in
wholc biofilm and that of Ca in the fluid showed the same significance as enamel mineral
loss since these three variables differed when comparing control with sucrose exposurc 8
x/day. The high IPS concentration found in biofilm exposure to sucrose higher than 8
times a day-explains the low fasting pH found in biofilm formed in situ [Pecharki et al.,
2005; Ribeiro et al.,, 2005] and also would explain the highest concentration of Ca in

biofilm fluid observed in the present study. Thus, this reserve polysaccharide is



breakdown during the night, low pH is found, enamel 15 dissolved and Ca is released to
the biofilm fluid. It has been suggested that IPS can promote the formation of dental
caries by prolonging the exposure of tooth surfaces to organic acids and maintaining a
lower fasting pH in the matrix of the plaque [Tanzer et al., 1976] and thc present study
supports this assumption.

Howcver, the most sensitive biofilm variables to frequency of sucrose cxposure
were Ca, Pi and F concentrations in the whele biofilm. Biefilm cxposed to sucrose 2
x/day showed lower concentrations of these ions compared with the control (Tabie 1).
These findings are in agreement with the in situ results of Cury et al. [1997] and Paes
Leme et al. [2004], and the lower Ca concentration corroborates with in vitro data found
by Pearce et al. [2002]. However, the means of this low concentration of Ca, P; and F
with regard to caries is not known yet and has also been found when other carbohydrates
were evaluated [Cury et al., 2000; Ribeiro et al., 2005]. Additionally, there is no
explanation for this low concentration of ions found in the presence of sucrose [Cury ct
al., 2000] and the present data give support for the alternative hypothesis that constant
low pH maintained in the biofilm would prevent the precipitation of minerals in biofilm
matrix [Tenuta et al., 2005]. Furthermore, this low concentration has not been found in
the fluid of biofilm, which would be more rclevant regarding enamel demincralization,

In conclusion, although enamel demineralization in the presence of fluoride is
found only when sucrose is used more than 6 x/day, biochemical and microbiological

changes in biofilm formed are observed with lower frequencies of exposure.

ACKNOWLEDGEMENTS

The authors thank the volunteers for their valuable participation. The manuscript
was based on a thesis submitted by the first author to the Faculty of Dentistry of
Piracicaba, UNICAMP, SP, Brazil, in partial fulfillment of the requirements of the
Master Program in Dentistry, concentration in Cariology. The study was supported by
FAPESP 2004/13963-2 and CNPq 131322/2004-4.

19



REFERENCES

1.

10.

I,

12.

Aircs CP, Tabchoury CPM, Del Bel Cury AA, Koo H, Cury JA: Effect of sucrosc
concentration on dental biofilm formed in situ and on enamel demineralization.
Caries Res 2006, 40:28-32,

Arcella D, Ottolenghi L, Polimeni A, Leclercq C: The relationship between frequency of
carbohydrates intake and dental caries: a cross-sectional study in I[talian {eenagers.
Public Health Nutr 2002; 5:553-60.

Bowen WH: Do we need to be concerned about dental caries in the coming millennium?

Crit Rev Oral Biol Med 2002; 13:126-131,

Bowen WH, Pearson S, Young D, Thibodeau E: The effect of partial desalivation on

coronal and root surface caries in the rat; in Leach SA (ed): Factors relating to

demineralization and remineralization of the teeth. Oxford, [RL Press, 1986, pp 243-50.

Box GEP, Hunter WG, Hunter JS: Statistics for experimenters. New York, Wiley, [978.

Bradshaw DJ, Marsh PD: Anpalysis of pH-driven disruption of oral microbial

communities in vitro. Caries Res 1998; 32:456-462.

Bradshaw DJ, McKnee AS, Marsh PD: Effects of carbohydratc pulses and pH on
population shifts within oral microbial communities iz vitro. J Dent Res 1989;
68:1298-1302.

Burt BA, Pai S: Sugar consumption and caries risk: A systematic review. J Dent Educ
2001: 65:1017-23.

Cury JA, Rebello MAB, Del Bel Cury AA: In situ relationship between sucrose
exposure and the composition of dental plaque. Caries Res 1997, 31:356-360.

Cury JA, Francisco SB, Del Bel Cury AA, Tabchoury CPM: In sifu study of sucrose
exposure, mutans streptococci in dental plaque and dental caries. Braz Dent J 2001a;
12:101-104.

Cury JA, Hashizume LN, Del Bel Cury AA, Tabchoury CP: Effect of dentitrice
containing fluoride and/or baking soda on enamel demincralization/remineratization:
an in situ study. Caries Res. 2001b; 35:106-1 [0.

Cury JA, Rebelo MAB, Del Bel Cury AA, Derbyshire MTVC, Tabchoury CPM:
Biochemical composition and cariogenicity of dental plaque formed in the presence

of sucrose or glucose and fructose. Caries Res 2000; 34:491-497.

20



13.

14.

15.

l6.

i7.

18.

i9.
20.

21.

22,

23.

24,

25.
26.

Dibdin GH, Shellis RP: Physical and biochemical studies of Streptococcus mutans
sediments suggest new factors linking the cariogenicity of plaque with its
extracelular polysaccharide content. J Dent Res 1988; 67:890-895.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F: Colorimetric method for
detcrmination of sugars and rclated substances. Analyt Chem 1956; 28:350-356.

Duggal MS, Toumba KJ, Amaechi BT, Kowash MB, Hogham SM: Enamel
demineralization #» sifu with various frequencies of carbohydrate consumption with
and without fluoride toothpaste. J Dent Res, 2001; 80:1721-24.

Featherstone JDB, ten Cate JM, Shariatt M, Arends J: Comparison of artificial caries-
like Icsions by quantitative microradiography and microhardness profiles. Caries Res
1983; 17:385-91.

Gold OG, Jordan HV, van Houte I: A selective medium for Streptococcus mutans. Arch
Oral Biol 1973;18:1357-1364.

Hara AT, Queiroz CS, Paes Leme AF, Serra MC, Cury JA: Carics progression and
inhibition in human and bovine root dentine in situ. Caries Res 2003; 37:339-44

Karpalainen S, Soderling S, Sewon L, Lapinleimu H, Simell O: A prospective study on
sucrose consumption, visible plaque and caries in children from 3 to 6 years of age.
Community Dent Oral Epidemiol 2001; 29:136-142.

Loesche WJ, Syed SA: The predominant cultivabie flora of carious plaque and cartous
dentine, Caries Res 1973, 7:201-216.

Marsh PD: Sugar, fluoride, pH and microbial homeostasis in dental plaque. Proc Finn
Dent Soc 1991; 87:515-525.

Marshall TA, Levy SM, Broffitt B, Warrcn JJ, Bichenberger-Gilmore JM, Burns TL,
Stumbo PJ: Dcntal caries and beverage consumption in young children. Pediatrics
2003; 112:184-91.

Mattos-Graner RO, Smith DJ, King WF, Mayer MPA: Water-inscluble glucan synthesis
by mutans streptococcal strains correlates with caries incidence in 12- to 30-month-
old children. J Dent Res 2000; 79:1371-1377.

Newbrun E: Sucrose, the arch criminal of dental caries. Odontol Revy. 1967;18:373-86.

Nobre do Santos M, Melo dos Santos L, Francisco SB, Cury JA: Relationship among

21



27.

28.
29.

30.

31

32.

33.

34.

35.

36,

37.

38.

dental plaque composition, daily sugar exposure and caries in the primary dentition.
Caries Res 2002; 36:347-352,

Pacs Leme AF, Dalcico R, Tabchoury CPM, Del Bel Cury AA, Rosalen PL, Cury JA: In
situ effect of frequent sucrose exposure on enamel demincralization and on plaque
composition after APF application and F dentifrice usc. J Dent Res 2004 83:71-75.

Pearcc E: Plaque mincrals and dental caries. N Z Dent J 1998; 94:]12-15.

Pearce EIF, Sissons CH, Coleman M, Wang X, Anderson SA, Wong L: The cffect of
sucrose application frequency and basal nutrient conditions on the calcium and
phosphate content of experimental dental plaque. Caries Res 2002; 36:87-92.

Pecharki GD, Cury JA, Paes Leme AF, Tabchoury CP, Del Bel Cury AA, Rosalen PL,
Bowen WH: Effect of sucrose contatning iron (1) on dental biofilm and cnamel
dem.ineralization in situ. Caries Res 2005; 39:123-129.

Ribeire CCC, Tabchoury CPM, Del Bel Cury AA, Tenuta LMA, Rosaten PL, Cury JA:
Effect of starch on the cariogenic potential of sucrose. Brit J Nutr 2005, 94:44-50.
Rélla G: Why is sucrose so cariogenic? The role of glucosyltransferase and

polysaccharides. Scand J Dent Res 1989; 97:115-119.

Schilling KM, Bowen WH: Glucans synthesized iz siry in experimental salivary pellicle
function as specific binding sites for Strepfococcus mutans. Infect Immun 1992;
60:284-295,

Tanzer JM, Freedman ML, Woodiel FN, Eifert RL, Rinehimer LA: Association of
Streptococcus mutans virulence with synthesis of intraccllular polysaccharide; in
Stiles HM, Loesche WJ, O’Brien TC (eds): Microbial Aspects of Dental Caries.
Washington, Information Retrieval, 1976, 597-616.

Tenuta LMA, Del Bel Cury AA, Vogel GL, Cury JA: Ca, P; and F in the fluid of biofilm
formed under sucrose. J Dent Res 2005 (submitted).

Vogel GL, Chow LC, Brown WE: A microanalytical procedure for the determination of
calcium, phosphate and fluoride in enamel biopsy samples. Carics Res 1983; 17:23-
3L

Vogel GL, Carey CM, Chow LC, Tatevossian A: Micro-analysis of plaque fluid from
single-site fasted plaque. J Dent Res 1990; 69:1316-1323.

Vogel GL, Mao Y, Carcy CM, Chow LC: Increased overnight fluoride concentrations in

22



- saliva, plaque, and plaque fluid after a novel two solution rinse. J Dent Res 1997,

73:761-767.

39. White DJ, Featherstone JDB: A longitudinal microhardness analysis of fluoride
dentifrice effects on lesion progression in vitro. Caries Res 1987; 21:502-512.

40. Yamashita Y, Bowen WH, Burne RA, Kuramitsu HK: Role of the Streprococcus mutans
gif genes in caries induction in the specific-pathogen-free rat model. Infect Immun
1993; 61:3811-3817.

41. Zero DT, van Houte J, Russo J: The intra-oral effect on enamel demincralization of
extracellular matrix material synthesized from sucrose by Streptococcus mutans.

Dent Res 1986; 65:918-923.

23



Table 1. Micrabiological and Biochemical {mean + DS} analyses of dental biofilm according with the frequency of sucrose exposure

*Treatments (sucrose frequency/day)

Analysiy
0 x {controi) 2x 4x 6 x 8x 10x
Biotmass. me wet weight 6.7+5.3 140+ 13227 14.6 + 8,6 19.1 111> 21185 27.8 £10.5°
S mg 18 n=9 n=9 n=10 n=10 n=9 n=10
7 ER ab )
T™, CFU/mg x 107 12.3 : 9?'.6 3.7ni=2é] 4.i d; 61.3 _.: : 1163 2.1 i; 19.2 2,;1 : 1166
" a ah al b b b
TS, CFU/mg x 10° ?)“12594'1 21.7::22.3 25,?;4[39 10::1733 14,;:&3.8 11;175160;8
5 0.0066 + 0.0° [.6+3.1% 30.2 £ 68.8 353+ 54.5% 92.2 + 113.0%¢ 04.7 £ 122.0°
LB, CFUMmg x 10 n=9 n=9 n=10 n=10 n=9 n=10
MS, CFUfmg x 10° o.i i %3 4.2ni=1 ; 6 2_: : is(.)z 0.3:: ?63 G.i i 09.1 2,n6 :i ]?'(.)6
0.0007 % 0.00° 07+£13" 125 209" 18.6+27.0% 3394275 345+27.3
% LB/ TM
n=>9 n=9 n=10 n=10 n=9 n=10
% MS&/ TM 0‘00]?3: d; 0.0 0.0035= ﬂ:g 0.3 0,0; f ?603 0.00 1‘!1 3= ix g.eo 0.003112:90.01 0,0; :: ?603
. 0.0007 % 0,00" 0.09 + 0.28° 0.04 = 0.09 0.01+0.01% 0.01 £0.01° 0.62 £ 0.09°
% MS/ TS - = = =
n=9 n=9 n=10 n=10 n=9 n=1i0
Fin fluid, uM s.iiﬂ;? 3.11;:;.0 e.iizsg.z 4.3&:29,5 10.:1:;192.4 ]4.]61i: 198.1
a ab ah b b - b
Cain fuid, mM I.On:E: 07.'? l.sn:k:o‘?s 1.4:2{); 1,8::0.98 2.5:1 :E: 19.7 3‘; i 1169
o 104 £6.1° 11.12£6.5° 11.843,3° 109423 12049 11,5245
P; in fluid, mM n=9 n=9 n=9 n=9 n=9 n=10
. 3.9+ L7 2.1+1.8" 0.8 + 0,8 03 £04° 0.1 0.0° 0.1 £0,1°
Fin whole, ymol/g n=2% n=9 n=10 n=10 n=9 n=10
Ca in whole, umol/g 129.7 + 87.3° 43,8 £36.1° 281 27,7 185£16.7 10.9 + 4.6° 108 + 4.6°
’ n=29 n=9 n=10 n=10 n="9 n=10
P in whole. umol/ 1575+ 72.4" 59.6+£41.3 27.9 4 16.9% 21576 19.0% 11.7% 15,0 4.5
' - HMOlg n="9 n=9 n=10 n=10 n=9 n=10
EPS. La/mu 35+ L1 62:3.1° 15.5 % 10.5* 258+ 17,1 425 +£23.1% 55.5% 13.7°
e =0 n=9 n—10 n=10 n=9 n=10
1P, ug/me 22+ [.4° 37423 394+ (4% 43254 53+ 1.8" 5.5+22°
: h=9 n==9 n=10 n= 10 n="9 n=10
Mincral foss. AZ 4976+ 191.3 4736+ 216.1° 6311 +376.2°0 645.0 + 281.3*" 789.6 £435.5° 812.5+289 5"
meras loss, n—10 n=10 n=10 n=10 n=10 n=10

*Treatments whose means are followed by distinct lower case letters differ statistically (P < 0.03).
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4 CONCLUSAO GERAL

Os resultados do presente estudo sugerem que embora a desmineralizagio do
esmalte dental na presenga do fluoreto tenha sido observada somente quando sacarose foi
utilizada mais quc 6 vezes ao dia, mudangas na composi¢io bioquimica e microbioldgica
no biofilme dental formado foram observadas com freqiiéncias menores de exposiciio a

este carboidrato.
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ANEXO 2

Deliberagio CCPG ~ 00198

Disple & respeito do formaso das sesen de Mesrado
# de Doutoesdo aprovadss pels UNICAMP

Tendo em vista » possibilidade, segundo parecer PG N® 198596, das teses de Mesirado ¢
Douteeado terem um formato alternative bquele ji bem estabebecido, a CCPG resolve:

Anigo |* - Todas as teses de mestrado ¢ de doutorado da UNICAMP terfio o seguinte formato
pactrio:

) Capa com formato dnico, dando visibilidade a0 nivel {mestrado ¢ doutorads) ¢ A
Usiversidade.

)] Primeira folha interma dando visibilidade 30 nivel (mestrado ¢ doutorado), A
Universictade, & Unidade em que foi defendida ¢ & banca examinadon, ressaltando o
nome do onentador & co-oeniadores. No seu verso deve constar a ficha

catalogrifica.
11 Segunda folha interna onde conste © resamo em portugués ¢ o abstract em inglés.
) Introduglio geral.
V) Capitulo,

Vi) Conclusio gerl

VII) Referéncias bibliogrdficas.

VIIl)  Apéndices (se necessdrios),

Artigo I* - A crisério do onentadar, 08 Capitlos ¢ os Apéndices poderlio comter copins de
artigos de autoria ou de co-autorin do candidato, ji publicados ou submetidos para publicagdo em
revistas cientificas ou anais de congresses sujeitos a arbitragem, escritos no idioma exigido pelo
velculo de divalgaclio.

Partgrafo Gnico - Os veiculos de divulgagio deverlio ser expressamente indicados.

Artigo 3° - A PRPG providenciard o projeto grifico das capas bem como a impressiio de um
tilimero de exemplares, da verslo fisal da tese a ser homologada.

Artigo 4% - Fica revogada a resolugsio CCPG 1797
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ANEXO 3

Correio eletronico de confirmac¢fio de gue o artigo foi submetido a “Caries
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> From: r.p.shellis@brictol.ac.uk

> Reply-To: r.p.shellis@pristol.ac.uk
> Subject: Ms. No. 200601008, Caries Research
> To: fecurylifop.unicamp.br

MS: 200601009

Dear Jaime,

Thank you for submitting your manuscript entitled "Effect of freqguency
of sucrose exposure on dental biofilm composition and enamel
demineralization in the presence ¢f fluoride" to "Caries Research™. It
will now be forwarded teo our reviewers and we shall inform you as soon
as possible of the decision reached by the editorial board. The
manuscript reference number ig 200601009. Please use this number on all
correspondence about the manuscript, which should be sent to the
"Caries Research" editorial ocffice at the address listed below.

For information regarding the status of your manuszcript and for

future submissions you can access this system by logging into the
journal's online peer review system as follows:
Witos/fwww ., Karger, com/ore

Logon Name: jcury

Password:

With kind regards,

R P Shellis

{Editor-in-Chief, Caries Research)

Division of Restorative Dentistry

Bristol University Dental School, Bristol BS1 2LY, U.K.
Fax. +44 117-928-4778

» Tel, +44 117-828-4328

> r.p.shellis@bristol.ac.uk
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ANEXO 4

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
1. Titulo da Pesquisa

"Efeito do dentifricio flnoretado na desmineralizagdo do esmalte em fungio da freqiiéncia de

exposicdo a sacarose - estudo in sifu”.

2. Objetivo da Pesquisa

Avaliar a freqiiéncia maxima de exposi¢do & sacarose por dia na qual o dentifricio fluorctado
seria capaz de controlar a desmineralizagio do esmalte dental humano, por meic de andlises

bioquimica, microbiolégica, de microdureza.

3. Justificativa

Nos ultimos anos tem sido sugerido que o consumo de agicares poderia ser incrementado sem o
prejuizo de formagio de cdrie dental, quando os sujeitos usam dentifricios fluoretados.
Entretante, o efeito do dentifricio fluoretado na desmineralizagdo do esmalte sob varias

freqiiéncias de consumo de agicares ndo estd completamente claro.

4, Procedimentos
Os voluntarios usardo dispositivos intrabucais palatinos de resina acrilica contendo 4 blocos de

esmalte humano. Eles escovarfo seus dentes usando o dentifricio designado 3 vezes ao dia. Serdo
avaliadas as seguintes freqiiéncias de exposico a solug¢do de sacarose 20%: 0, 2 vezes, 4 vezes, 6
vezes, 8 vezes ou 10 vezes/dia. Em cada fase experimental com duracgiio de 14 dias, serfio testadas
2 frequiéncias ¢ a segiiéncia de grupos de freqiiéneia de uso de sacarose (0-2, 4-6 ou 8-10) sera
sorteada. Ao final de cada fasc experimental; a placa dental serd coletada, os blocos de¢ esmalte
serfo removidos dos dispositivos € as seguintes anélises serfio realizadas: 1) Andlise bioguimica

do biofilme dental; 2) Analise microbioldgica 3) Andlise de microdureza intermna.

5. Desconfortos e Riscos

Os voluntérios poderfio apresentar discreta halitose durante o perfodo experimental, o que poderd
ser resolvido com adequada higiene dental, O uso da solugio de sacarose serd apenas como gotas

sobre os blocos de esmalte presentes nos dispositivos intra-orais, nfo implicando em qualquer
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aumento de carie dental nos voluntarios. O dispositive intra-oral pode cansar um leve
desconforto, que €, entretanto, semelhante ao desconforto causado por um aparelho ortodéntico
movel. Este desconforte serd minimizado por ajustes feitos previamente ¢ durante seu uso, se
necessario, Durante todo o perfodo da pesquisa, acompanhamentos semanaig serdo realizados,
para verificar as condigbes do aparelho ¢ da sua saiide bucal. O beneficio que os veluntarios terao

sera um auxilio indireto, contribuindo para a realizagfio deste projeto e o para a ciéncia,

6 Forma de acompanhamento ¢ assisténcia

Qs pesquisadores envolvidos na pesquisa estario & disposigio dos voluntarios para ajuste no
aparelho intra-oral a fim de minimizar qualquer desconforto ou para conversar sobre qualquer

davida que possa surgir.

7 Garantia de esclarecimento

O voluntario tem garantia de que recebera resposta ou esclarecimento de qualquer divida quanto

aos procedimentos, riscos, beneficios e outros assuntos relacionados A pesquisa ainda que isso

possa afetar a vontade do individuo em continuar participande. Qualquer duvida ou problema

com o dispositive intra-oral, por favor, comunicar-nos com a maior brevidade possivel.

Tel: 3412-5393 (Sala dos alunos — Cariologia), 3412-5303 (Laboratdrio de Bioquimica)
3434—4869 {Profa, Cinthia — residéncia), 3413-3371 (Renzo — residéncia)

8 Formas de ressarcimento

Os voluntarios serfo ressarcidos de eventuais despesas com o transporte-alimentacdo para a

coleta das amostras contidas nos dispositivos.

9 Formas de indenizagio

Ndo ha danos previsiveis decorrentes desta pesquisa.

10 Garantia de sigilo

Os pesquisadores asseguram a sua privacidade quanto acs dades confidenciais envolvidos na

pesquisa.
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11 Liberdade para se recusar em participar da pesquisa

A decisiio de fazer parte desta pesquisa € voluntaria, O voluntario pode escolher sc quer ou néio
participar, assim como podera desistir de participar a qualquer momento,

SUA ASSINATURA INDICA QUE VOCE DECIDIU PARTICIPAR DA PESQUISA
COMO VOLUNTARIO E QUE LEU E ENTENDEU TODAS AS INFOMACOES ACTMA
EXPLICADAS.

Nome do voluntirio Assinatura de voluntirio

ATENCAOQ: A SUA PARTICIPAGAO EM QUALQUER TIPO DE PESQUISA E
VOLUNTARIA. EM CASO DE DUVIDA QUANTO AOS SEUS DIREITOS ESCREVA PARA
O COMITE DE ETICA EM PESQUISA DA FOP-UNICAMP.

Enderego: Av Limeira, 901 CEP — FOP, CEP 13.414-903 Piracicaba, SP.
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ANEXO 5

Fluxograma da fase experimental

p 1FASE 2 FASE 3 FASE
Freqiiéncias
0-2
4-6
8-10
Tl
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ANEXO 6

Dispositivo intraoral palatino
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ANEXO 7
Analise Microbiologica

Coleta de biofilme dental

v

Mlctorgafusmos Estreptococos totais
totais
O Lactobacilos . E. do grupo mutans

\ 4
Contagem de UFC com Lupa

Estereoscépica: 6 — 60 UFC e
calculo de porcentagem




ANEXO 8

Fluxograma do tratamento do biofilme apos a retirada do fluido

ESTROMA
- agitagdo com HCl por3 h

centrifugacio

L I ob:cnadante.

- agitagdo com NaOH por 3 h l _NaOH 2 M + TISAB III

7

ppt 2
l -NaOH M por1h 100°C

centrifugacio sobrenadante

l l Precipitagio com ctanol

sobrenadante

centrifugacio

centrifugacio

Precipita¢io com etanol l
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