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Resumo

O objetivo deste estudo foi avaliar os efeitos dos diferentes métodos de tratamento da
hipersensibilidade dentindria na rugosidade superficial e na formacdo do biofilme
dentario sobre as superficies tratadas. Ap6s a avaliacdo inicial da rugosidade superficial
(Sa), 50 fragmentos de raiz bovina receberam os seguintes tratamentos (n= 10): Grupo
1- Sem tratamento; G2- Verniz de fluoreto de sodio a 5%; G3- Aplicacdo profissional
de um dentifricio dessensibilizante; G4- Escovacdo dentaria com dentifricio
dessensibilizante; G5- aplicacao de laser Diodo (A= 908 nm; 1,5 W, 20 s). Apos os
tratamentos, a Sa foi novamente avaliada. Depois, as amostras foram incubadas numa
suspensdo de Streptococcus mutans a 37 °C durante 24 horas. As unidades formadoras
de coldnias (UFC) foram contadas utilizando um estereoscopio, e os resultados foram
expressos em UFC/mL. O teste ANOVA a 1 critério e o teste de Tukey compararam 0s
dados de rugosidade e aqueles obtidos no teste de adesdo bacteriana (o= 5%). O G2 (2,3
+ 1,67%) mostrou variagdo de Sa semelhante ao G1 (0,25 + 0,41%) e G5 (5,69 *
0,99%), porém diferente do grupo G3 (9,05 + 2,39%). O G4 apresentou a maior
variacdo de Sa (30,02 + 3,83%, p <0,05). Ndo houve diferenca estatistica entre os G3 e
G5. A adesao bacteriana foi maior no G4 (2208 + 211,9). Concluiu-se que os tratamentos
para hipersensibilidade dentinaria alteram a Sa da dentina radicular, principalmente
quando ha atrito intenso na superficie do dente. Além disso, houve um aumento
significativo na rugosidade da dentina proporcionando um maior acumulo de bactérias

nessa superficie.

Palavras-chave: Dentina. Biofilme. Dentifricio. Laser. Hipersensibilidade dentinaria.



Abstract

The aim of this study was to evaluate the surface roughness of root dentin after different
treatments for dentin hypersensitivity (DH) and the biofilm formation on those surfaces.
After initial surface roughness (Sa) assessment, fifty bovine root fragments received the
following treatments (n= 10): Group 1- No treatment; G2- 5% sodium fluoride Varnish;
G3- Professional application of a desensitizing dentifrice; G4- Tooth brushing with a
desensitizing dentifrice and G5- Diode laser application (A= 908 nm; 1.5 W, 20 s).
Following, the Sa was evaluated again. Afterward, all samples were incubated in a
suspension of Streptococcus mutans at 37 °C for 24 hours. The colony-forming units
(CFU) were counted using a stereoscope, and the results were expressed in CFU/mL.
The One-Way ANOVA and the Tukey's tests compared the roughness data and the
results obtained on the bacterial adhesion test (o= 5%). Group 2 (2.3 + 1.67%) showed
similar Sa variation than G1 (0.25 £ 0.41 %) and G5 (5.69 £ 0.99%), but different from
group G3 (9.05 £ 2.39%). Group 4 showed the highest Sa variation (30.02 +3.83%);
p<0.05). No statistically differences were found between groups 3 and 5. Bacterial
adhesion was higher in G4 (2208 + 211.9), suggesting that bacterial growth is greater on
rougher surfaces. Therefore the treatments for DH change the surface roughness of the
root dentin, mainly when there is intense friction on the tooth surface. Also, a
significant increase in the roughness of the dentin leads to a greater accumulation of
bacteria on this surface.

Keyword: Dentin. Biofilms. Toothpastes. Lasers. Dentin Hypersensitivity.
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1. Introducéo

Ao longo dos anos a melhora da saude bucal da populacdo tem reduzido o
namero da doenca cérie, o que contribuiu para uma maior longevidade dos dentes na
cavidade bucal. Contudo alguns fatores como contatos oclusais prematuros, escovagéo
mecanica com forca excessiva, maus habitos de higiene oral, presenca de alimentos
acidos na dieta, doencas periodontais, entre outros, podem favorecer a exposi¢do da
dentina radicular, bem como as embocaduras dos tubulos dentinarios para o meio bucal
e com isso desencadear um quadro de dor denominado hipersensibilidade dentinaria
(HOLLAND et al., 1997; PINTO et al., 2012; DAVARI et al., 2013).

A hipersensibilidade dentinaria € uma resposta dolorosa a estimulos térmicos,
quimicos, fisicos, osméticos, tateis e evaporativos (BRANNSTROM et al., 1967). Esse
diagndstico se diferencia de outras formas de doencas e patologias, e esté relacionada
com a perda de esmalte por abrasdo, abfracdo e erosao, e a perda de cemento na por¢édo
radicular resultante da recessdo gengival e/ou terapia periodontal. Essa sintomatologia
dolorosa pode gerar incobmodo por alterar fungdes vitais como a mastigagéo, degluticéo,
fonacdo e habitos nutricionais (ASSIS et al., 2011) e, assim, desencadear problemas
fisicos e psicoldgicos nos pacientes acometidos ao gerar efeitos negativos na qualidade
de vida, como por exemplo restricdes alimentares (DAVARI et al., 2013).

A maior incidéncia é em pacientes do sexo feminino, entre a terceira e quarta
década de vida (ASSIS et al., 2011; WEST et al., 2014). Os dentes mais acometidos sao
0s caninos e pré molares, seguidos pelos incisivos e molares, nas faces vestibulares e
especialmente, na regido cervical (MARQUEZ et al., 2011).

A hipotese mais aceita para explicar a ocorréncia da hipersensibilidade
dentinaria é a teoria da hidrodindmica de Brannstrom. De acordo com 0s principios
dessa teoria, quando o dente é exposto a um estimulo, ocorre a saida do fluido contido
nos tubulos dentinarios, que se movimentam da polpa até as regides amelodentinaria e
amelocementaria. Essa movimentacdo altera a pressdo intertubular que atinge as
terminacbes nervosas e mecanorreceptores, causando a sensacdo dolorosa
(BRANNSTROM et al., 1967).

Por isso identificar e tratar a causa da hipersensibilidade dentinaria é
fundamental, e o tratamento deve ser simples, eficaz e de resultado répido

(ORCHARDSON et al., 2006). O tratamento mais empregado para esta patologia ¢é a
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oclusdo das extremidades dos tubulos dentinarios, que impedem a movimentacdo dos
fluidos intratubulares (WEST et al., 2014). Outros mecanismos de tratamento existem,
como a dessensibilizacdo das terminacGes nervosas a fim de que ndo haja
despolarizacdo das fibras nervosas pela movimentacdo do fluido intratubular ou,
também, o bloqueio dos tubulos através da formacdo de dentina terciaria, um fator de
resposta bioldgica resultante do uso dos lasers de baixa intensidade (SANGWAN et al.,
2013). E importante considerar que, para cada paciente, o tipo de resposta sera diferente
devido ao limiar de dor de cada um.

O dentifricio é a opcdo de tratamento mais acessivel para a populagdo, pois
apresenta boa relacdo custo/beneficio, e se trata de um procedimento minimamente
invasivo. Ela age por meio da oclusdo dos tubulos dentinarios e pode promover a
precipitacdo de proteinas e cristais de célcio e fosfato, sendo que o seu mecanismo de
acdo exato ainda é discutido (PINTO et al., 2012). Nos ultimos anos foi reportada a
reducdo significativa da sensibilidade dentinaria com o emprego de dentifricios, por um
periodo de 4 a 12 semanas, com reducdo significativa da sensibilidade dolorosa
(ACHARYA et al., 2013). Dentre os agentes ativos tem-se a arginina e carbonato de
calcio que atuam sobre a dentina, dissociando-se em carbonato e calcio e,
posteriormente, unem-se com as glicoproteinas salivares e causam obstrucdo fisica dos
tibulos dentinarios (BAE et al., 2015; MARQUEZ et al., 2011).

O nitrato de potassio é, o agente dessensibilizante mais encontrado nos
dentifricios, e seu mecanismo de a¢do se da através do bloqueio da transmissdo neural,
esse agente reduz a sensibilidade de 8 a 12 semanas, sendo usado 2 vezes ao dia por 5
minutos, porém seu efeito ndo é duradouro (ACHARYA et al., 2013; DAVARI et al.,
2013). Dentifricios a base de estréncio a 10% e citrato de potassio a 5,5% também estdo
sendo utilizados em estudos in vitro e in vivo, obtendo resultados satisfatorios em curto
prazo devido a sua acdo dessensibilizante combinada com agentes obliteradores. O
citrato de potassio, assim como o nitrato de potassio, age pela interrupcdo da resposta
neural, ja os efeitos do estréncio ainda estdo sendo estudados (LIU et al., 2012; PINTO
etal., 2012).

A tecnologia NovaMin, que foi desenvolvida a partir da década de 1990, €
composta por fosfosilicato de célcio e sodio, sendo 25% sodio, 25% célcio, 6,8%

fosfato e silica. Os dentifricios que contém essa tecnologia reagem com a superficie
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dentinaria, quebrando suas particulas em tamanhos suficientemente pequenos para que
possam penetrar e ocluir os tubulos dentinarios. Isso, contribui para a formagdo da
apatita hidroxicarbonata devido a liberacdo de ions fosfato e calcio, que servem como
uma barreira de protecdo dos tubulos dentinarios (ACHARYA et al., 2013).

O uso dos lasers tem crescido a cada dia na odontologia, sendo uma opgéo
terapéutica adicional para o tratamento da sensibilidade dentinaria (DANTAS et al.,
2016). O laser de baixa potencia possui acdo rapida, com efeito analgesico relatado em
91,29% dos dentes ja tratados com essa técnica (GHOLAM et al., 2011). O laser
também promove efeito antiinflamatorio, cicatrizante e miorrelaxante devido,
principalmente, & produgdo de dentina terciéria, resultante do aumento da atividade
metabolica dos odontoblastos. A esse processo se da o nome de fotobiomodulagéo
(LADALARDO et al., 2004).

O uso do laser propicia uma maior durabilidade e previsibilidade nos efeitos de
dessensibilizacdo, além de maiores taxas de resposta do paciente (HASHIM., 2014). Os
lasers de diodo com comprimento de onda de 810 até 980 nm sdo considerados como
um tratamento alternativo e possuem grande potencial para o tratamento da
hipersensibilidade dentinaria. Eles agem através da oclusdo dos tubulos dentinarios ou
de um efeito de dessensibilizagdo na diminuicdo do impulso nervoso e
consequentemente, reduzindo o limiar de dor do nervo pulpar (JAIN et al., 2016;
GHOLAM et al., 2011). Esta luz deve ser aplicada cuidadosamente devido seus efeitos
térmicos sobre a polpa e estruturas adjacentes, uma vez que devido a geracdo de calor
sobre a superficie, o laser altera a estrutura da dentina por meio de um rearranjo
cristalino, gerando uma melhora de hipersensibilidade dentinaria (LIU et al.,
2013).Verifica-se com seu uso uma diminuigdo da sensacdo de dor imediatamente apds
15 minutos da primeira aplicagdo com descri¢cdo da melhora clinica pelos pacientes por
até uma semana apos a irradiacdo (HASHIM et al., 2014).

O verniz fluoretado 5% é o tratamento mais empregado, porém apresenta uma
melhora da dor somente em um curto periodo de tempo, pois em longo prazo o fluxo
salivar e fatores como escovacgéo, alimentagdo, causam a remocdo completa do produto
da dentina. Atua formando cristais de fluoreto de célcio a medida que o fluoreto de
sodio reage com o0s ions célcio presente nos tubulos dentindrios obliterando
parcialmente esses espacos (JAIN et al., 2016; DANTAS et al., 2016).
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Apesar de terem sido propostos varios tratamentos para a hipersensibilidade
dentinaria, nenhum deles ainda é considerado totalmente eficaz. Assim, € necessario que
se realizem novos estudos para avaliar outros tipos de tratamentos que sejam mais
significativos para o controle dessa patologia.

Frente a esses tratamentos descritos para a hipersensibilidade dentinaria é
importante verificar a possibilidade de interferirem sobre a morfologia da dentina
radicular no quesito rugosidade superficial, 0 que poderia torna-la mais susceptivel a
colonizacdo bacteriana, especificamente Streptococcus mutans, causador da cérie
dentéria, uma vez que essa diferenca na superficie influencia a formacdo do biofilme
inicial (FU et al., 2013; PARK et al., 2012).
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2. Objetivo

O objetivo deste estudo laboratorial foi avaliar os efeitos dos diferentes métodos
de tratamento da hipersensibilidade dentinaria na rugosidade superficial e na formacéo

do biofilme dentario sobre as superficies tratadas.
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Original Article
Surface roughness and bacterial adhesion on root dentin treated with different
desensitizing agents

Abstract

The treatments of dentin hypersensitivity (DH) may change the surface roughness of
the root dentin, which can lead to the retention pigments and biofilm accumulation,
increasing the risk of the occurrence of root caries. Objective: The aim was to compare
the surface roughness of root dentin after different treatments of DH and the biofilm
formation on those surfaces. Material and Methods: After initial surface roughness (Sa)
assessment, fifty bovine root fragments received the following treatments (n= 10):
Group 1- No treatment; G2- 5% sodium fluoride Varnish; G3- Professional application
of a desensitizing dentifrice; G4- Tooth brushing with a desensitizing dentifrice and G5-
Diode laser application (A= 908 nm; 1.5 W, 20 s). After treatments, the Sa was
evaluated again. Afterward, all samples were incubated in a suspension of S. mutans
at 37 °C for 24 hours. The colony-forming units (CFU) were counted using a
stereoscope, and the results were expressed in CFU/mL. The One-Way ANOVA and
the Tukey’'s tests compared the roughness data and the results obtained on the
bacterial adhesion test (a= 5%). Results: G2 (2.3 £ 1.67%) showed similar Sa variation
than G1 (0.25 + 0.41 %) and G5 (5.69 + 0.99%), but different from group G3 (9.05 +
2.39%). Group 4 showed the highest Sa variation (30.02 £3.83%; p<0.05). No
statistically differences were found between groups 3 and 5. Bacterial adhesion was
higher in G4 (2208 + 211.9), suggesting that bacterial growth is greater on rougher
surfaces. Conclusions: The treatments for DH change the surface roughness of the
root dentin, mainly when there is intense friction on the tooth surface. Also, a significant
increase in dentin roughness may lead to a higher accumulation of bacteria on that

surface.

Keywords: Dentin, Biofilms, Toothpastes, Lasers, Dentin Hypersensitivity.
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Introduction

The advances in dental treatment and the development of preventive therapies
have promoted significant improvements in the oral health, which increased the
permanency of the teeth in the oral cavity. However, periodontal treatment and oral
hygiene habits, such as the use of acidic mouthwashes with abrasive slurries and
mechanical brushing with excessive force, can expose the dentinal tubules to the oral
environment®.This condition may lead to the occurrence of an acute discomfort in
teeth, known as cervical dentin hypersensitivity. Dentin hypersensitivity (DH) is a
common, transient oral pain condition, caused by thermal, chemical or physical, stimuli
on the exposed dentin®®. Those stimuli promote fluid flow in the dentinal tubules and
consequent nociceptor activation in the pulp/dentine border area, leading to pain. Pasts

studies®?®

reported a DH prevalence of 42% in clinically examined patients in
European countries and, although DH occurs in adults of all ages and of both genders,
the highest incidence is observed in female patients between 20 and 40 years old. The
most affected teeth are the canines and pre molars, followed by the incisors and
molars, being the cervical region of the buccal surfaces the most affected areas™*?>.
Dentin hypersensitivity may lead to physical and psychological problems in affected
patients, causing negative effects on their quality of life, especially regarding the dietary
restrictions.

The treatment for this disease involves, among other things, the use of
desensitizing agents, the correct performance oral hygiene and the adoption of a diet
with low acidic foods and drinks®. The aims of the treatments are to modify or the pulpal
nerve response and to reduce the movements of fluids in the tubules. The main
desensitizing agents used in the treatment of HD are fluoride varnishes, 8% arginine,
calcium carbonate, calcium sodium phosphosilicate, casein derivatives, oxalates and
low and high intensity laser®.

Previous studies have demonstrated that the use of fluoride varnishes can
provide immediate pain relief which lasts for several weeks®'°. This approach reduces
the pain DH while the fluoride varnish stays on the tooth. The varnish application keeps
fluoride in contact with the exposed dentin and forms calcium/phosphate precipitates,
calcium fluoride and fluorapatite that can block dentin tubules™®. Desensitizing agents,
like arginine and calcium carbonate, present in toothpastes for professional use also
demonstrated clinical efficacy in the treatment of HD’. The application of those

products blocks the dentinal tubules with a plug of arginine, calcium, phosphate and



19

carbonate. The effectiveness of this treatment is immediate and may last for several
weeks'.

Another alternative for reducing DH is the treatment with lasers. Previous
studies have shown that high intensity lasers are able to occlude the dentinal tubules
due to the melting and resolidification of dentin, since the aim tissue reaches high
temperatures during irradiation'>**, Laser treatment is considered safe, fast, clean and
painless for the patient®. An advantage over other methods of treatment would be the
duration of treatment, as the laser changes the morphology of the dentin, this tissue
would become more resistant to acid and abrasive challenges that would promote a
new opening of dentinal tubules. Several studies have demonstrated the clinical
effectiveness of Nd:YAG, Er,Cr:YSGG and diode lasers for the treatment of dentine
hypersensitivity***’.

The several treatments of DH involve the product or light application directly to
the affected tissue. In this way, it is probably that such treatments change the surface
roughness of the root dentin?’. The increase in surface roughness can lead the
retention pigments and biofilm accumulation what, consequently, may increase the risk
of the occurrence of root caries. In such way, studies that assess the morphological
characteristics of dentine that received treatment for DH, as well as the biofilm
retention on the treated surfaces are important. The objective of the present study was
to compare the surface roughness of root dentin after different treatments of DH and
the biofilm formation on those surfaces. The null hypothesis is that the dentin
roughness, as well as the bacterial adhesion, are not changed after DH treatments.

Material and methods

Sample Preparation

Fifty freshly extracted bovine incisors were stored in a 0.1 percent thymol
solution (pH 7.0) for up to one month. The crowns were separated from the roots using
a water-cooled diamond disc (Isomet; 10.2 cmx0.3 mm, arbour size 1/2 in., series
15HC diamond; Buehler Ltd., Lake Bluff, IL, USA) mounted in a sectioning machine
(Isomet 100, Buehler Ltd) roots were sectioned to obtain 50 buccal dentin blocks
(5x5x3 mm), which were individually embedded in epoxy resin. Prior to the experiment,
the specimens were cleaned and stored in distilled water. To standardize the root

dentin substrate, the root dentin samples were ground flat and polished using water-
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cooled sandpaper (#600, 800, 1200, and 2400 grit, Saint-Gobain Abrasivos Ltda, Sao
Paulo, SP, Brazil), using standardized conditions.

Surface Roughness Baseline

Prior to the experiments, the samples were cleaned with pumice and water,
using a rubber cup in low speed. Two marks were made on each sample to make
possible the final examination was conducted in the same position/area. Afterwards, a
24% EDTA (Ethylenediamine tetraacetic acid, Biodynamics Chemicals &
Pharmaceuticals Ltda., lbipord, PR, Brazil) gel was applied on the exposed surface of
all samples. After 1 minute, each sample was cleaned in distilled water. This procedure
opened the dentinal tubules, simulating a pattern of exposed dentin. The surface
roughness (Sa, um) of each enamel sample was assessed by a 3D Laser Confocal
Microscope (LEXT 4000, Olympus, Hamburg, Germany) at a magnification of 40x. All

data were documented at a resolution of 1024x1024 pixels.

Experimental Groups

The samples were randomly divided in 5 groups (n= 10) and treated as follows:

Group 1 (G1) received no treatment (negative control). The samples of Group 2
(G2 — positive control) were dried with cotton and received the application of 9,0 mg of
5% Sodium Fluoride varnish (NaF; Duraphat, Colgate-Palmolive Ind. e Com. Ltda, Sao
Paulo, SP, Brazil) during 10 seconds. After two minutes, the samples were placed in
distilled water at 37 °C. After 24h, the varnish was removed with a gauze.

The samples of group 3 (G3) received a topical application of a desensitizing
dentifrice (Elmex Sensitive Professional, GABA International Therwil, Switzerland),
relative dentin abrasivity (RDA)= 30, composed of arginine (8%), sodium bicarbonate,
1450 ppm of sodium monofluorophosphate, calcium carbonate, water, sorbitol, sodium
lauryl sulfate, sodium silicate, cellulose gum, titanium dioxide and sucralose. The
dentifrice was rubbed on the dentin surface with the finger for one minute, following the
manufacturer’s instructions. At the end of the application, samples were washed with
air/water spray to remove the excess dentifrice and immersed in distilled water at 37°C.
This procedure was performed once in each sample.

The samples of group 4 (G4) were brushed with an electric toothbrush (Oral-B
Professional Care 5000, Procter and Gamble, Marktheidenfeld, Germany) and a
toothpaste used for the treatment of DH (Elmex Sensitive Profesional, Gaba

International). During the abrasive challenge, the electric toothbrush was fixed in a
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standardized fixed support. The brush head (Precision Clean, Procter and Gamble),
has three sets of soft bristles with different shapes and positioned in different angles
and heights. During brushing, the brush bristles came in contact with the surface of the
dentin during 10 minutes with a force of 1.96 N at room temperature. Taking into
consideration that a person brushes each tooth surface 3 times a day during 5 seconds
on each brushing, the present abrasive protocol simulated a 120-day period of
toothbrushing®®. A solution (slurry) was obtained by mixing the dentifrice and distilled
water in the ratio 1:2 by weight (200 mL of distilled water and 100 g of dentifrice - ISO
Specification # 14569-1), respectively. This solution was prepared every day, 20
minutes before use. During the abrasive challenge, 1.0 ml of the slurry was injected
laterally to the body of the test piece between the dentin sample and the toothbrush,
every 30 seconds. The brush head was replaced after brushing 3 samples. At the end
of the experiment, the excess of dentifrice was removed and the samples were cleaned
in ultrasonic filled with distilled water for 3 minutes. Subsequently, samples were
immersed in distilled water at 37°C.

The samples from group 5 (G5) were irradiated with a high intensity diode laser
(SoftLase, Zap Lasers, Pleasant Hills, CA, USA), with a 908 nm wavelength, using a
power output of 1.5W (fluence= 1,194 J/cm?) in a non-contacted continuous mode (1.0
mm far from the tissue). To deliver the light to the desired area, an optic fiber with a
400 ym diameter was used. The root dentin surface was scanned by the laser light for
a period of 20 seconds (10 seconds horizontally and 10 seconds vertically). The optical
fiber was cut to a new irradiation. After irradiation, specimens were placed in distilled

water. The laser parameters were based on previous studies™*’.

Analysis of final Surface Roughness
Quantitative changes on the dentin surface roughness (Sa, pm) were assessed
by a 3D Laser Confocal Microscope (LEXT 4000, Olympus Co., Hamburg, Germany) at

a magnification of 40x. All data were documented at a resolution of 1024x1024 pixels.

Bacterial Adhesion Test

First of all, the samples were individually placed into 24-well cell culture plates
filled with deionized water and irradiated on a microwave (650 W/ 3 min). This method
is effective for the complete disinfection of bovine dentin specimens without affecting
the structure of the dental hard tissue®. For the bacterial adhesion test, Streptococcus

mutans (ATCC 25175) grown repeatedly in sucrose medium was used. The dentin
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samples in the sterile cell culture plates were coated with 1.5 mL of Brain Heart
Infusion broth supplemented with 5% sucrose (BHI-S; Difco, Sparks, MD, USA),
inoculated overnight with standardized cultures (= 8.8x107 colony-forming units
[CFU}/mL) in the same medium, and incubated for 24 hours at 37°C. All incubations
were carried out as previously described.

After incubation, the dentin fragments were removed from the wells with sterile
tweezers, and washed in sterile distiled water to remove non-adhering micro-
organisms. After washing, the samples were placed in tubes containing sterile distilled
water and vortexed for 3 minutes. Subsequently, swab samples were taken from the
dentin surface and then spread across the surface of the blood agar plates
supplemented with sucrose. After 24 h of incubation at 37 °C, the colony-forming units
were counted using a stereoscope, and the results were expressed in CFU/mL.

Data Analysis

The variation of the roughness observed in each group was transformed in
percentage. The surface roughness results were submitted to the D" Agostino test to
verify the normal distribution of the variables. The One-Way ANOVA and the Tukey’'s
test were performed to compare the averages. The data obtained in the bacterial
adhesion test were submitted to the D"Agostino’s and to the Student’s tests. The
Pearson correlation test was performed to evaluate the relationship between the
surface roughness and bacterial adhesion. The level of significance adopted in all
cases was 5%. All statistical analyses were performed using SPSS version 9.0 (SPSS
Inc., Chicago, IL, USA).

Results

Figure 1 shows the percentage of the surface roughness variation (ASa) after
each treatment, and positive values indicate that there was an increase in Sa. Group 2
(2.3 £ 1.67%) showed similar Sa variation than groups 1 (0.25 + 0.41 %) and 5 (5.69 £
0.99%), but different from group 3 (9.05 = 2.39%). Group 4 showed the highest Sa
variation (30.02 +3.83%; p<0.05). No statistically differences were found between
groups 3 and 5.

Table 1 shows the average CFU/mL obtained in all experimental groups. The
samples of groups 1(1660 + 197.9), G2 (1525 + 166.4), G3 (1589 * 82.2) and G5
(1648 + 115.6) presented lower bacterial adhesion than group 4 (2208 = 211.9). To

verify whether the surface roughness had an influence on the bacterial adhesion on
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enamel surface, the Pearson correlation test was performed. There was a high positive
correlation between surface roughness and bacterial adhesion (r=0.93; p=0.019).

Discussion

The null hypothesis that the dentin roughness, as well as the bacterial
adhesion, are not changed after DH treatments was rejected, since the surface
roughness of root dentin was changed when the DH treatments were performed. Also,
bacterial adhesion was greater in G4, where samples were brushed with a
desensitizing dentifrice.

As described before, DH is a common condition of difficult treatment that affects
a large population. The proposed treatments are intended to promote the occlusion of
the dentinal tubules to prevent the movement of fluids within the dentinal tubules, which
consequently would inhibit of the activation of the nerve endings in the pulp tissue.
Therefore, it is expected that some morphological change must occurs to promote the
occlusion of the tubules.

One of the treatments proposed here and acted as a positive control was the
use of 5% fluoride varnish (22,600 ppm of fluoride). It is indicated for the treatment of
DH because of its immediate effect and easy application®. Fluoride delivered as a
varnish is retained on root dentin by the varnish and forms calcium/phosphate
precipitates, calcium fluoride and fluorapatite that can block dentine tubules™.
Clinically, the varnish is gently applied on the root dentin surface with a disposable
microbrush, and the dentin should not be actively cleaned or brushed for some hours to
extend the contact of the varnish the tooth surface. In the present research, the varnish
was applied in the same way described before and the varnish was completed
removed from the samples with a gauze after 4 h. The results presented the surface
roughness of the samples treated with varnish (G2) was similar to the found on non-
treated samples (G1).

The samples of G3 were treated with a desensitizing dentifrice that, according
to the manufacturer instructions, has to be manually rubbed on the dentin surface
during 1 minute. The surface roughness of those samples were higher than the
samples of the positive and negative controls, similar to the lased samples and lower
than the brushed samples. The Elmex Sensitive Profesional presents the Pro-Argin®
formula, which is the combination of arginine with calcium carbonate. It is a bioactive
agent which has been developed as polishing paste and dentifrice for treating dentin

hypersensitivity. Arginine and calcium carbonate work together to accelerate the
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natural mechanisms of occlusion by depositing a dentin-like material, containing
calcium and phosphate, within the dentin tubules to form a plug and a protective layer
on the dentin surface®. These plugs are stable and resistant to the erosive challenges,
in addition to enabling the deposition of high levels of calcium, phosphorus, oxygen and
carbonate on the surface of the dentin'®. A recent study showed that the topical
application of the Elmex Sensitive Professional was capable to reduce the root dentin
permeability in almost 50% when compared to a non-treated dentin, due to an effective
occlusion of the dentinal tubules™.

Even with low abrasiveness (RDA= 30), the attrition due to topical application of
dentifrice was able to increase the surface roughness of the G3 samples. This also
produces smear layer, which promotes the occlusion of dentinal tubules™.

The samples of G4 also received the application of the dentifrice, but with an
electric brush. The electric brush used here brushed the samples with oscillating-
rotating movements, with a brush head with three sets of soft bristles with different
shapes and positioned in different angles and heights®. As described before, the force
during brushing was standardized (1,96N) and a 120-day period of toothbrushing was
simulated’®. Past studies have reported that this method is more effective than the
standard manual toothbrush to remove biofilm from dental surfaces®®. However, the
present study showed that this treatment of DH that produced the highest surface
roughness, probably due to the friction of the bristles with the root dentin combined to
the duration of the treatment. Although no studies that evaluated the surface roughness
of the root dentin after electric toothbrushing were found, a previous published work
stated that electric toothbrush produces higher wear on tooth structure than manual
brushing. According to the authors, the higher dentin wear occurred due to the greater
number of brushing movements produced by the electrical method, associated with the
force used in during tooth cleaning®. The action of the bristles seems to be more
significant than the abrasiveness of the dentifrice, since different dentifrices can
promote the same amount of wear when a power toothbrush is used™'.

The G5 samples were treated with a diode laser, under a power output of 1.5 W
during 20 s in a non-contacted mode. The present study showed that action of the
diode laser increased the roughness of the root dentin, when compared to the negative
control group, but the roughness was similar to that found on G3. In fact, the literature
shows that the diode laser is able to increase the roughness of the root dentin when
applied with an output power of less than 2.0W *. A recent study showed that this laser

is effective in reducing dentinal permeability, due to the melting and recrystallization of
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the root dentin due to the heat produced on the dentin surface during irradiation™.
Probably, these changes on root dentin have contributed to increase the roughness of
the tissue in the present study.

The results obtained here showed that bacterial adhesion was higher in
brushed samples. Although the samples from G3 and G5 presented greater surface
roughness than group 1, this difference did not result in a greater accumulation of
bacteria on root dentin of those groups. In fact, the statistical analysis showed a strong
positive correlation between surface roughness and bacterial adhesion. Surface
roughness is one of the properties of tooth that influence on the formation and on the
accumulation of biofilm. In the rough and irregular surfaces the dental biofilm is formed
in larger quantities and presents quicker maturation when compared to flat surfaces®.

All the procedures performed in the present study were standardized,
suggesting that these results could be even more significant in in vivo or in vitro
studies, due to the patient's difficulty in controlling the strength and movements during
toothbrushing. Thus, prior to the clinical indication, all the new treatments suggested for
the reduction of DH should be evaluated because, as shown here, a treatment can, at
the same time, reduce the dentin sensitivity and increase the risk of caries of that

surface, due to the greater accumulation of biofilm on the root dentin.

Conclusions

In accordance to what was described here and under the conditions of the
present study, it can be concluded that the treatments for DH change the surface
roughness of the root dentin, mainly when there is intense friction on the tooth surface.
Also, a significant increase in dentin roughness may lead to a higher accumulation of

bacteria on that surface.
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Figure 1- Variation of surface roughness (ASa) in the experimental groups. Different
letters indicate the presence of statistically significant differences (p<0.05)
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Table

Group CFU/mL

1 |1660 (+197.9)A
1525(+166.4)A
1589(+82.2)A
2208(+211.9)B
1648(+115.6)A

gl M| W N

Table 1- Mean CFU/mL (+ standard deviation) found in each experimental group.

Different letters indicate the presence of differences statistically significant (p<0.05).
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4- Conclusao

De acordo com o trabalho apresentando e as condi¢des do presente estudo,
conclui-se que os tratamentos empregados para diminuir e melhorar a hipersensibilidade
dentinaria alteram a rugosidade superficial da dentina, principalmente quando
submetida a intensa friccdo em sua superficie. Concomitantemente, o aumento da
rugosidade superficial pode gerar um maior acimulo de bactérias na superficie

dentinaria.
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Editor-in-Chief. Editor-in-Chief will decide on manuscript
acceptance. When revision of the original is required, the
manuscript will be returned to the corresponding author
for modification. A revised version with modifications will
be re-submitted by the authors, and that will be re-
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evaluated by the Editor-in-Chief and Editorial Board, if
necessary.

3.4 After approval of the scientific merit, manuscripts will
pass through a final review performed by a professional
assigned by the JAOS. The costs of this service will be
under the authors’ responsibility, and instructions
regarding the necessary procedures, the value of the
service and the payment directly to the professional will
be forwarded to the corresponding author. If manuscripts
are still considered inadequate, they will be returned to
authors for revision.

3.5 Authors and referees will be kept anonymous during
the review process.

3.6 Contents of the manuscript are the authors’
responsibility and do not reflect the opinion of the Editor-
in-Chief or Editorial Board.

4 Galley Proofs

4.1 Galley proofs will be sent to the corresponding author
by electronic mail in pdf format for final approval.

4.2 Approval of galley proofs by the corresponding author
should be returned with corrections, if necessary, within
72 hours.

4.3 If not returned within 72 hours, the Editor-in-Chief
will consider the present version the final, and will not
allow further modifications. Corrections in the galley
proofs should be restricted to minor mistakes that do not
modify the content of the manuscript. Major corrections
will imply that the manuscript should enter the review
process again.

4.4 Inclusion of new authors is not allowed at this phase
of the publication process.

Form and preparation of manuscripts

1 Presentation of the Manuscript
1.1 Structure of the manuscript

Cover page (must be submitted as a supplementary file
through the online submission system) which should contain
only:



1.2 Text
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Title of the manuscript in English.

Names of the authors in direct order with their
respective degrees and affiliations in English.
Full address of the corresponding author, to
whom all correspondence should be addressed,
including fax and phone number as well as e-
mail address.

The paper must be previously translated or
reviewed by professional or company
responsible for English language. The costs of
this service will be under the authors’
responsibility. Authors with English as native
language must submit as supplementary file a
signed letter taking responsibility for the
quality of the English language and editing of
the text.

Title of the manuscript and subititle, if
necessary, in English.

Abstract: should comprise at most 300 words,
highlighting a little introduction, objective,
material and methods, results and conclusions.
Key words: (words or expressions that identify
the contents of the manuscript). The authors
are referred to the list of subjects of the "Index
Medicus" and DeCS (Health Sciences
Descriptors available

at http://decs.bvs.br/I/homepagei.htm/).
Authors must use periods to separate the key
words, which must have the first letter of the
first word in capital letters. Ex: Dental
implants. Fixed prosthesis. Photoelasticity.
Passive fit.

Introduction: summary of the rationale and
proposal of the study including only proper
references. It should clearly state the
hypothesis of the study.

Material and Methods: the material and the
methods are presented with enough detail to
allow confirmation of the findings. Include city,
state and country of all manufacturers right
after the first appearance of the products,
reagents or equipments. Published methods
should be referred to and briefly discussed,
except if modifications were made. Indicate the
statistical methods employed, if applicable.
Please refer to item 3 for ethical principals and
registration of clinical trials.

Results: presents the outcomes in a logical
sequence in the text, tables and illustrations.
Data contained in tables and illustrations
should not be repeated in the text, and only
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important findings should be highlighted.

e Discussion: this should emphasize the new and
important aspects of the study and the
resulting conclusions. Any data or information
mentioned in the introduction or results should
not be repeated. Findings of other important
studies should be reported. The authors should
point out the implications of their findings as
well as their limitations.

e Conclusion(s) (if any).

e Acknowledgments (when appropriate).
Acknowledge those who have contributed to
the work. Specify sponsors, grants,
scholarships and fellowships with respective
names and identification numbers.

e References (please refer to item 2.3)

2 TECHNICAL NORMALIZATION

The manuscript should be typed as follows: 1.5 spacing in 11
pt Arial font, with 3-cm margins at each side, on an A4 page,
adding up to at most 15 pages, including the illustrations
(graphs, photographs, tables, etc). The authors should keep
a copy of the manuscript for possible requests.

2.1 Illustrations and Tables

2.1.1 The illustrations (photographs, graphs, drawings,
charts, etc.), regarded as figures, should be limited to the
least amount possible and should be uploaded in separate
files, consecutively numbered with Arabic numbers according
to the order they appear in the text.

2.1.2 Photographs should be sent in original colors and
digitized in .jpg or tif formats with at least 10 cm width and
at least 300 dpi. These illustrations should be provided in
supplementary files and not inserted in the Word document.

2.1.3 The corresponding legends for figures should be clear,
concise and typed at the end of the manuscript as a separate
list preceded by the corresponding number.

2.1.4 The tables should be logically arranged, consecutively
numbered with Arabic numbers. The legend shall be placed
on the top of the tables. Tables should be open in the right
and left laterals.

2.1.5 Footnotes should be indicated by asterisks and
restricted to the least amount possible.

2.2 Citation of the Authors

Citation of the authors in the text may be performed in two
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manners:

1) Just numeric: " and interfere with the bacterial system and
tissue system >%71%" References must be cited in a numeric
ascending order within the paragraph.

2) or alphanumeric

e one author - Silva®® (1986)

e two authors - Silva and
Carvalho®® (1987)

e three authors - Ferreira, Silva and
Martins®’ (1987)

e more than three authors- Silva, et
al.?® (1988)

e Punctuation characters such as periods
and commas must be placed after the
numeric citation of the authors. Ex:
Ferreira®.

2.3 References

The references must follow the "Uniform requirements for
manuscripts submitted to Biomedical Journals - Vancouver"
available

at: http://www.nlm.nih.gov/bsd/uniform requirements.html.

2.3.1 All references must be cited in the text. They should be
alphabetically ordered by the last name of the author and
numbered in increasing order accordingly. The order of
citation in the text should follow these numbers.
Abbreviations of the titles of the international journals cited
should follow the Index Medicus/MEDLINE.

2.3.2 Personal communications and unpublished data with no
publication date must not be included in the reference list.

2.3.3 Abstracts, monographs, dissertations and theses will
not be accepted as references.

2.3.4 The names of all authors should be cited up to 6
authors; in case there are more authors, the 6 first authors
should be cited, followed by the expression ", et al.", which
must be followed by "period" and should not be written in
italics. Ex: Uhl, et al.

2.3.5 At most 30 references may be cited, except for invited
reviews by the Editor-in-Chief.

Examples of references:
Book

Melberg JR, Ripa LW, Leske GS. Fluoride in preventive
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dentistry: theory and clinical applications. Chicago:
Quintessence; 1983.

Book chapter

Verbeeck RMH. Minerals in human enamel and dentin. In:
Driessens FCM, Woltgens JHM, editors. Tooth development
and caries. Boca Raton : CRC Press; 1986. p.95-152.

Papers published in journals

Wenzel A, Fejerskov O. Validity of diagnosis of questionable
caries lesions in occlusal surfaces of extracted third molars.
Caries Res. 1992;26:188-93.

Papers with more than 6 authors

The first 6 authors are cited, followed by the expression ", et
al."

Parkin DM, Clayton D, Black RJ], Masuyer E, Friedl HP, Ivanov
E, et al. Childhood - leukemia in Europe after Chernobyl : 5
years follow-up. Br J Cancer. 1996;73:1006-12.

Papers without authors’ names

Seeing nature through the lens of gender. Science.
1993;260:428-9.

Volume with supplement and/or Special Issue

Davisdson CL. Advances in glass-ionomer cements. J Appl
Oral Sci. 2006;14(sp. Issue):3-9.

Entire issue
Dental Update. Guildford 1991;18(1).

The authors are fully responsible for the correctness of the
references.

3 ETHICAL PRINCIPLES AND REGISTRATION OF
CLINICAL TRIALS

3.1 Experimental procedures in humans and animals

The Journal of Applied Oral Science reassures the principles
incorporated in the Helsinky Declaration and insists that all
research involving human beings, in the event of publication
in this journal, be conducted in conformity with such
principles and others specified in the respective ethics
committees of authors’ institution. In the case of experiments
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with animals, such ethical principles must also be followed.
When surgical procedures in animals were used, the authors
should present, in the Material and Methods section, evidence
that the dose of a proper substance was adequate to produce
anesthesia during the entire surgical procedure. All
experiments conducted in human or animals must
accompany a description, in the Material and Methods
section, that the study was approved by the respective Ethics
Committee of authors’ affiliation and provide the number of
the protocol approval.

3.1.1 Papers presenting clinical trials or clinical studies in
human volunteers or in animals must contain the Ethical
Committee approval of the reports of the results presented
for publication as mandatory supplementary file.

3.2 Clinical Trial Registration - International Standard
Randomized Controlled Trial Number (ISRCTN)

The Journal of Applied Oral Science supports the policies of
the World Health Organization (WHQO) and the International
Committee of Medical Journal Editors (ICMJE) for the
registration of clinical trials. The journal recognizes the
importance of such initiatives for the registration and
international publication of clinical studies with an open
access. Therefore, the Journal of Applied Oral Science will
publish only those clinical trials that have previously received
an identification number, the ISRCTN, validated by the
criteria established by the WHO and ICMJE. The WHO defines
clinical trials as "any research study that prospectively
assigns human participants or groups of humans to one or
more health-related interventions to evaluate the effects on
health outcomes. Interventions include but are not restricted
to drugs, cells and other biological products, surgical
procedures, radiologic procedures, devices, behavioral
treatments, process-of-care changes, preventive care, etc".

3.2.1 Manuscripts presenting clinical trials in human
volunteers must be submitted with the following mandatory
supplementary files:

e CONSORT 2010 checklist
(http://www.consort-statement.org/);

e registration number of the research in a
database that meets the requirements
of the World Health Organization (WHO)
and the International Committee of
Medical Journal Editors (ICMJE)

e Suggestions: for Brazilian
authors: http://www.ensaiosclinicos.gov
-br/

e Suggestions for Brazilian and non-
Brazilian
authors: http://www.controlled-
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trials.com/ (ISRCTN) or
http://prsinfo.clinicaltrials.gov.

3.3 The Editor-in-Chief and the Editorial Board reserve the
right to refuse manuscripts that show no clear evidence that
the methods used were not appropriate for experiments in
humans or animals.

4 ANY QUERIES SHALL BE SOLVED BY THE Editor-in-
Chief AND EDITORIAL BOARD

Sending of manuscripts

1 MANUSCRIPT SUBMISSION

1.1 Articles must be submitted through the following
address http://www.scielo.br/jaos

1.2 The original file containing the main manuscript must be
submitted without the authors’ identification and affiliations. The
cover page must be submitted as a supplementary file containing
the names of the authors, affiliations and correspondence address.

1.3 Figures must be submitted as supplementary files according to
the specifications of item 2.1 regarding the form and preparation of
manuscripts.

1.4 - Tables must be prepared in Excel format and must be
submitted as a supplementary files.

1.5 Files such as registration number of clinical trial or Ethics
Committee approval must be sent as mandatory supplementary
files.

1.6 The letter from the author responsible for English language or
from a professional or company responsible for translation or review
must be submitted as mandatory supplementary file.

1.7 The submission form, signed by ALL the authors, must be
submitted as a supplementary file containing the following text:

By signing the Submission Form, the authors state:

Copyright transfer: In the event of publication of the above
mentioned manuscript, we, the authors, agree with the use of
Creative Commons license CC-BY and transfer to the Journal of
Applied Oral Science all rights and interest of the manuscript. This
document applies to translations and any preliminary presentation of
the contents of the manuscript that has been accepted, but yet not
published. If any authorship modification occurs after submission, a
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document with of agreement of all authors is required to be kept by
the Editor-in-Chief. Exclusion of authors may only be accepted by
his/her own request.

Responsibilities of the authors:
I hereby state that:
The content is original and does not consist of plagiarism or fraud;

The work is not under consideration or will be submitted to other
journal until a final decision is issued by this journal;

I have effectively contributed to this work and am familiar with its
contents;

I have read the final version and assume the responsibility for its
contents. I understand that if the work, or part of it, is considered
deficient or a fraud, I take shared responsibility with the other
authors.
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