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Resumo

KODAMA, Ayumi Batista. Avaliacdo de diferentes protocolos de simulacdo de
erosdo acida em dentes bovinos. 42f. Dissertacdo (Mestrado em Odontologia — Area
de Protese Dentaria) — Programa de Pdés-Graduagcdo em Odontologia, Universidade
Federal de Pelotas, Pelotas 2017

A erosdo dental € definida como a perda cumulativa e irreversivel de tecido dentario
duro em decorréncia de um processo quimico-mecanico que é comumente associada
as desordens alimentares, refluxo gastroesofagico ou consumo exagerado de
alimentos excessivamente acidos. Em casos de refluxo do contetdo gastroesofagico, o
contetudo gastrico contendo entre outras substancias o acido cloridrico (HCI), que
apresenta pH reduzido, chega a cavidade bucal e pode ser capaz de provocar perda de
conteido mineral das superficies dentarias. Embora alguns estudos tenham sido
realizados acerca da simulacdo da erosdo dentaria em laboratorio, ndo existe até o
momento nenhum protocolo de simulacdo que seja considerado padrdo-ouro. Desta
maneira, o objetivo do presente estudo foi avaliar diferentes metodologias para simular
in vitro o efeito da erosdo dentaria utilizando protocolos mecanicos, quimicos e
guimico-mecéanicos. A erosdo acida simulada foi testada em 6 diferentes grupos
experimentais e 1 grupo controle. Apés o tratamento foram feitas analises relacionadas
a rugosidade superficial, microdureza, alteracdo topogréfica da superficie (MEV) e
semi-quantificacado por espectroscopia por dispersao de energia (EDS). Os valores de
rugosidade foram maiores para os grupos que foram imersos 96h, com diferencas
estatisticamente significativas quando comparados aos demais grupos. Em relagéo aos
grupos que utilizaram a solu¢do de HCI, a simulagdo quimica ou mecanica-quimica nédo

influenciou os resultados de dureza independente da profundidade, com excecao de



20um de profundidade para o grupo HCI (quimico-mecéanico/96h) e 30um de
profundidade para o grupo HCI (quimico-mecéanico/108min). Os grupos quimicos
apresentaram 0s menores valores de microdureza Knoop na maior profundidade
avaliada (grupo HCI (quimico/108min): 54,28 e grupo HCI (quimico/96h): 44,30),
indicando uma maior penetracdo de acidos. Ao avaliar as caracteristicas
macroscopicas da superficie dos espécimes, o grupo HCI (quimico-mecéanico/108min)
foi o que apresentou o padrédo superficial de perda mineral mais semelhante ao
encontrado clinicamente. Nas imagens em MEV apenas os grupos que simulavam HCI
durante 96h tiveram os tubulos dentinarios expostos. O grupo HCI / quimico-mecéanico /
108min apresentou a zona de transicdo entre esmalte e dentina. Os outros grupos
pudemos observar apenas a superficie do esmalte. As percentagens de peso e atomos
de Célcio e Fésforo tenderam a diminuir entre os grupos avaliados, com excecado do
grupo HCI / quimico / 108min. O tempo dos desafios erosivos influencia a rugosidade, a
dureza de Knoop e a topografia superficial de lesdes simuladas de erosédo dentaria. O
uso de suco de macad como solucdo ndo produziu lesdo semelhante a erosédo. Os
processos quimico-mecanicos foram mais capazes de remover o esmalte devido a
simulacdo erosiva. A imersdo quimico-mecanica com solucdo de HCI com ciclos de
desmineralizagdo / remineralizacdo totalizando 108min apresentou resultados

macroscopicos mais semelhantes aos encontrados em lesdes de erosao in vivo.

Palavras-chave: erosao dentaria; abrasdo; desgaste dentario; desordem alimentar;

suco gastrico.



Abstract

KODAMA, Ayumi Batista. Evaluation of different dental erosion simulation
protocols in bovine teeth. 42f. Dissertation (Master Degree in Dentistry —
Prosthodontics) — Programa de Poés-Graduacdo em Odontologia, Faculdade de

Odontologia, Universidade Federal de Pelotas, Pelotas, 2017.

Dental erosion is defined as a cumulative and irreversible loss of hard dental tissue in
the process of a chemical-mechanical process that is commonly associated with eating
disorders, gastroesophageal reflux, or excessive consumption of excessively acidic
foods. In cases of reflux of the gastrointestinal content, the gastric content among other
hydrochloric acid (HCI) substances, which has a reduced pH, reaches the oral cavity
and may be capable of causing loss of mineral content of the dental surfaces. Some of
the studies were performed based on the simulation of dental erosion in the laboratory,
there is currently no simulation protocol that is considered gold standard. In this way,
the objective of the present study to evaluate different methodologies to simulate in vitro
the effect of dental erosion using mechanical, chemical and chemical-mechanical
protocols. Simulated acid erosion was tested in 6 different experimental groups and 1
control group. Surface analysis, microhardness, surface topographic alteration (SEM)
and semi-quantification by energy dispersive spectroscopy (EDS) were made.
Roughness values were higher for the groups that were immersed 96h, with statistically
significant differences when compared to the other groups. In regard to the groups that
used HCI solution, the chemical or chemical-mechanical simulation did not influenced
the results of depth-independent hardness, with the exception of 20um depth for HCI /
Chemical-mechanical / 96h group and 30 um depth for HCI / Chemical-mechanical /
108min group. The chemical groups had the lowest values of Knoop microhardness in
the deepest depth (HCI / Chemical / 108min group: 54.28 and HCI / Chemical / 96h
group: 44.30), indicating a higher penetration of acids. When assessing the



macroscopic characteristics of the surface of specimens, the HCI / Chemical-
mechanical / 108min group was the one that presented the surface pattern of mineral
loss more similar to that found clinically. In SEM images, only the groups that simulated
with HCI for 96h presented dentin tubules exposed. The HCI / chemical-mechanical
group / 108min presented the transition zone between enamel and dentin. The other
groups we could observe just enamel surface. The percentages of weight and atoms of
Calcium and Phosphorus tended to decrease between the evaluated groups, except for
the group HCI / Chemical / 108min. The time of erosive challenges influences the
roughness, Knoop hardness and surface topography of simulated dental erosion
lesions. The use of apple juice as a solution did not produced erosion-like lesion.
Chemical-mechanical processes were more able to remove enamel due to erosive
simulation. Chemical-mechanical immersion with HCI solution with cycles of
demineralization/remineralization totaling 108min presented macroscopic results more

similar to those found in in vivo erosion lesions.

Keywords: tooth erosion, abrasion, tooth wear, eating disorder, gastroesophageal

reflux, gastric juice.
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1 Introducéo

Erosdo dental é a perda cumulativa e irreversivel de tecido dentério duro em
decorréncia de um processo quimico-mecéanico, ndo causado por bactérias (Carvalho
et al., 2015). Sua etiologia € multifatorial, tendo a a¢do do acido como o seu principal
fator. E caracterizada pela perda da morfologia natural e contorno das superficies
dentérias, os sinais tipicos podem ser identificados desde o achatamento das cuspides,
até os casos onde se nota auséncia total de anatomia, com concavidades mais largas e
profundas na superficie oclusal (Carvalho et al., 2015). Pacientes com este tipo de
patologia, normalmente apresentam facetas de desgaste nas faces palatinas dos
dentes anteriores superiores e superficies oclusais dos molares inferiores, devido a
maior exposicdo aos acidos (de Carvalho Sales-Peres et al., 2014).

Segundo o estudo de Jaeggi e Lussi (Jaeggi and Lussi, 2006; Jaeggi and Lussi,
2014), a presenca do desgaste erosivo pode comecar tdo logo a primeira superficie
dental chegue a cavidade e sofra exposicdo a acidos extrinsecos (derivados da dieta)
ou intrinsecos (derivados de regurgitacdo — bulimia e anorexia nervosa ou refluxo
gastroesofagico) presentes na cavidade bucal. Mais recentemente tem sido dada maior
atencdo a esta condicdo, sendo observado aumento na prevaléncia entre adultos
jovens (mulheres) e criancas, uma possivel causa deste aumento tem relacdo com as
mudancas sociais e culturais, associadas ao aumento do consumo de alimentos com
pH acido como também associado ao vomito auto induzido, o qual acaba por expor a
denticdo aos desafios acidos e aumentar o risco para erosdo dental (Hermont et al.,
2013; Salas et al., 2015).

A dissolugcdo das estruturas minerais dos dentes ocorre principalmente em
funcé@o da presenca do &cido cloridrico (HCI), o qual apresenta um pH extremamente
acido (~1,6), levando a perda do equilibrio na cavidade bucal e interferindo na
capacidade da saliva em manter seu mecanismo de acdo para 0 processo de

remineralizacdo das superficies dentarias. Com esta solubilizacdo dos tecidos, a acéo
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mecanica de escovacao, dentre outras, podem ser responsaveis por promover uma
remocdo destas superficies desmineralizadas, culminando na perda das estruturas
dentarias (Schlueter et al.,, 2012). Sendo bastante importante a participacdo do
cirurgido-dentista junto ao tratamento multidisciplinar destes pacientes, esta tem sido
enfatizada na literatura, tanto para deteccao precoce de sinais clinicos caracteristicos
da erosdo, a fim de evitar danos irreversiveis as estruturas dentarias, quanto para
evitar o desenvolvimento de complicacbes sistémicas mais graves, no caso das
desordens alimentares (Johansson et al., 2012; Hermont et al., 2013; Conviser et al.,
2014; Uhlen et al., 2014).

Nos casos em que os dentes de um determinado paciente se encontram em
estagios avancados de erosdo, cabe ao profissional lancar mdo de tratamento
reabilitador com o intuito de restabelecer forma e funcdo para a denticdo afetada. Por
outro lado, além destes tratamentos apresentarem altos custos e serem extensos,
podem ter falhas catastroficas ou exigirem manutengdo por longos periodos (Ranijitkar
et al.,, 2012). Além disso, existem poucos estudos clinicos que abordem qual o
material/técnica restauradora é mais indicado para estes casos, com acompanhamento
em longo prazo, o que pode dificultar a escolha do profissional pelo tratamento
restaurador.

O efeito de substancias extrinsecas como refrigerantes, acido citrico, suco de
laranja, ja sdo amplamente conhecidos pela sua influéncia significativa no desgaste
dental por erosao (Ehlen et al., 2008; Tedesco et al., 2012; Hellwig and Lussi, 2014;
Gravelle et al., 2015). Outros autores avaliaram substancias que fossem capazes de
reduzir o processo de erosdo, como o uso do leite (Magalhaes et al., 2014) e cha verde
(Buzalaf et al., 2012; De Moraes et al., 2016). Também encontramos informacdes sobre
o efeito de substancias intrinsecas, como o efeito do acido cloridrico na cavidade bucal,
em associacdo a enzimas digestivas, pepsina e tripsina, como coadjuvantes ao
desenvolvimento da erosdo (Schlueter et al.,, 2010; Schlueter et al.,, 2012).
Recentemente, um artigo de Sulaiman et al.,(Sulaiman et al., 2015) avaliou o impacto
do desafio erosivo com acidos gastricos nas propriedades Opticas e na superficie de
zirconia monolitica. Em 2011, Schellis et al. (Shellis et al.,, 2011), indicaram uma

sugestdo de metodologias e modelos a serem seguidos para a reproducao da erosao in
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vitro e in situ, através do resumo da discussao ocorrida no Workshop de metodologia
na pesquisa de eroséo, em Zurique, 2010. Abordaram aspectos relacionados ao tipo de
agente erosivo, indicando que a concentracao e pH das solu¢gdes devem ser relevantes
ao tipo de pesquisa, se erosao intrinseca ou extrinseca; o controle da temperatura deve
ser padronizado e indicam um sistema de agitacdo para controle da taxa de fluxo da
solucao erosiva, para simular as condi¢des clinicas. Ndo chegaram a um consenso
qgquanto a duracdo dos desafios, apenas que eles eram de curta duracdo e que
deveriam ser adaptados ao tipo de substrato a ser utilizado — dente humano ou bovino
— que podem ser diferentes quanto a suscetibilidade acida.

No entanto, embora tenham feitas inUmeras sugestdes e consideracgdes, e ainda
gue se tenha uma diversidade de estudos sobre o efeito da erosédo na superficie dental
e nos materiais restauradores, 0s artigos presentes na literatura ainda se limitam a
reproduzir a erosdo dental apenas por métodos quimicos (geralmente imersdo em
solucao acida), o que se apresenta como uma condicao diferente da observada no
ambiente oral. Desta maneira, a literatura se ressente de dados sobre a reproducao da
erosdo dental por uma metodologia padronizada envolvendo acédo quimico-mecanica,
representativa dos diferentes eventos naturais que ocorrem na cavidade bucal e que
reproduza lesbes semelhantes as encontradas clinicamente e que possam servir de
base para testes laboratoriais de diferentes materiais restauradores de modo a
possibilitar a indicacdo e/ou desenvolvimento de materiais especificos para
procedimentos adesivos nestes substratos.

Com isso, o objetivo deste estudo é comparar diferentes protocolos que simulem
a erosdo dental, avaliando o padrdo de erosdo dos grupos, submetidos a acao
mecanica, quimica e quimico-mecanica, com diferentes tempos, a fim de indicar uma
metodologia padronizada que possa mimetizar a superficie erodida em condi¢c6es mais
proximas as encontradas clinicamente. Neste trabalho, iremos utilizar dentes bovinos,
usados como alternativa pela maior facilidade de serem obtidos, e por apresentar
caracteristicas estruturais morfolégicas e dureza, tanto para esmalte quanto dentina,
semelhantes aos dentes humanos, assim como numero de tdbulos dentinérios e matriz
organica (Schilke et al., 2000; Correa et al., 2003). Além de ser considerado um

substituto confiavel utilizado em diversos testes in vitro como erosdo dental, dureza,
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adesdo(Laurance-Young et al.,, 2011; Soares et al., 2016). A dentina esclerética,
caracterizada pela obliteracdo dos tubulos dentinérios pela deposicdo de dentina
peritubular, em funcdo de causas multifatoriais, dentre elas a erosdo dental, também
apresenta padrdo semelhante ao dente humano (Camargo et al., 2008). A hipotese
nula testada foi de que o tempo e o método de simulacdo (quimica, mecanica ou
guimico-mecénica) ndo afetaria as caracteristicas de rugosidade superficial, micro
dureza, topografia de superficie e composicao quimica da dentina de dentes bovinos.
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Abstract

Objectives: To compare different laboratory protocols of simulated dental erosion lesion
in bovine teeth in order to suggest a standardized method to reproduce erosion-like
lesions.

Methods. Samples were prepared from bovine teeth with 0.5mm of remaining enamel.
Specimens were randomly assigned into 7 groups, differing by solution type (apple juice
or HCI), exposure time (108 min or 96h) and simulation process (chemical, mechanical,
or chemical-mechanical). Surface roughness, Knoop microhardness at different depths
and surface topography was analyzed by SEM and EDS. Data were tabulated and
analyzed by ANOVA and Tukey test (a=0.05).

Results. Roughness values were higher for the groups that were immersed 96h. The
chemical groups presented the lowest Knoop microhardness values in the highest
depth, indicating a higher penetration of acids. When assessing the macroscopic
characteristics, chemical-mechanical simulation with HClI and 108 min presented a
similar pattern to that found clinically. In SEM images, only the groups that simulated
with HCI for 96h presented dentin tubules exposed. The HCI / chemical-mechanical
group / 108min presented the transition zone between enamel and dentin. The other
groups we could observe just enamel surface. Calcium and Phosphorus tended to
decrease between the evaluated groups.

Conclusion: Solution type, exposure time, and simulation process influenced all
evaluated properties of the specimens. Chemical-mechanical immersion with HCI
solution simulated during 108min presented macroscopic results more similar to those
found in erosion lesions.

Significance. This study suggests a protocol to reproduce dental erosion lesions in

laboratory with similar macroscopic characteristics to those observed in vivo.

Keywords: tooth erosion, abrasion, tooth wear, eating disorder, gastroesophageal

reflux, gastric juice.



1. Introduction

Dental erosion is the cumulative and irreversible loss of dental hard tissues as a
result of a chemical-mechanical process, not caused by bacteria.[1] Its etiology is
multifactorial, with an acid action as its main factor. Acids may be extrinsic (dietary) or
intrinsic (derived from episodes of regurgitation or gastroesophageal reflux) present in
the oral cavity.[2] Lesions are characterized by loss of natural morphology and contour
of dental surfaces, typical signs may be identified from cusp flattening to cases where
there is a complete absence of anatomy, with deeper concavities on the occlusal
surface.[1] Patients with this type of pathology usually presents wear facets on the
palatal surfaces of the upper incisors and occlusal surfaces of the mandibular molars
due to increased exposure to acids.[3]

More recently, a wider attention has been given to this condition, and an increase
in the prevalence among young adults and children has been observed.[2-4] A possible
cause of this increase is related to social and cultural changes associated with
increased consumption of acidic pH foods and beverages. By exposing the dentition to
acidic challenges and increasing the risk for dental erosion.[4, 5] In severe conditions,
dental erosion can occur due to eating disorders, considered a relatively common
disorder in young women, which, although the low prevalence, presents a high
morbidity rate.[6-8]

The dissolution of mineral structures of the teeth occurs mainly due to the
presence of hydrochloric acid—HCl—which presents an extremely acidic pH (~1.6),
leading to the loss of pH balance in the oral environment and interfering in the buffer
capacity of saliva to maintain the process of remineralization of dental surfaces. With
the tissues dissolution, the mechanical action of brushing the teeth, among others, may
be responsible for promoting a removal of these demineralized surfaces, culminating in
the loss of dental structures.[7]

Several studies have been carried out in an attempt to simulate dental erosion
using different solutions (soft drinks, citric acid, fruit juice and hydrochloric acid),
methods (solution or mechanical immersion), and simulation times (varying from 4
cycles of 22.5 minutes to 96h) were used.[9-15] Although there is a diversity of studies
on the effect of erosion on the dental surface, the literature resents data on the
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reproduction of dental erosion by a standardized method, mainly involving a chemical-
mechanical process, which simulates the erosion events in a similar way they occur in
the oral environment and that should reproduce the dental erosion lesions similar to
those found clinically and that can serve as basis for in vitro tests.

Therefore, the objective of this study is to compare different protocols that
simulate dental erosion, evaluating the erosion pattern of the groups, submitted to
mechanical, chemical and chemical-mechanical action, with different times and
solutions, in order to indicate a standardized method that can simulate the eroded
surface in conditions closer to those found clinically. The null hypothesis tested was that
the time, solution, and simulation method (chemical, mechanical or chemical-
mechanical) would not affect the characteristics of surface roughness, Knoop
microhardness, surface topography and chemical composition of the dentin of bovine
teeth.

2. Materials and Methods

2.1 Study design

This in vitro 2 x 2 x 3 factorial study (n=10) evaluated three factors: two times
(108 min or 96 hours), two solutions (apple juice plus apple pulp and HCI) and three
methods (chemical, mechanical and chemical-mechanical) divided into 7 groups
according to the dental erosion simulation protocol. The division of groups is shown in
Table 1.

Table 1- Division of the groups according to the adopted protocols for dental

erosion simulation.

Groups Time
CONTROL -
HCI / Chemical 108 min
HCI / Chemical-mechanical 108 min
Apple juice / Chemical-mechanical 108 min
HCI / Chemical 96h
HCI / Chemical-mechanical 96h
Apple juice / Chemical-mechanical 96h



2.2 Sample preparation

The bovine teeth were previously analyzed under an optical microscope (10X
magnification, SMZ-1 Zoom Stereomicroscope, Nikon GmbH, Dusseldorf, Germany) in
order to exclude faulty or cracked teeth. The teeth included were stored in distilled water
under refrigeration after being cleansed with water and pumice stone and the aid of a
low-rotating rubber cup. They were then submitted to transversal cuts, in the region of
the cement-enamel junction, separating the crown from the root. The specimens were
extracted from the middle-central portion of the crown, with each tooth originating a
6x6mm square specimen.

After these cuts, the specimens had their surfaces ground and polished, with
#600; #1500; #2000 and #2500 grit silicon carbide (SiC) sandpapers, until a thickness
of 0.5mm of enamel was achieved (the region where the cut with the pulp chamber was
the reference).

All specimens were included in acrylic resin following a standard size of
15x30x12mm, according to the format suitable to fit the spaces offered by the Rub &
Roll testing machine.[15] A control group was included without any chemical-

mechanical simulation.

2.3 Solution preparation

The HCI solution was used to simulate the presence of hydrochloric acid of the
stomach that contact dental surfaces due to gastroesophageal reflux. The solutions
were prepared based on Schlueter et al.[7], the HCI solution was prepared by dissolving
0.5g NaCl in 99.5mL of distilled water, adjusted with 6 mol L of HCI until the pH
reached 1.6, according to the normally found pH on the stomach after a meal. The
saline mineral solution for storage of the specimens was composed of 4.08 mM H3zPOa,
20.10 mM KClI, 11.90 mM, Na2COs, and 1.98 mM CacCl:z (pH 6.7, chemicals from Merck,
Darmstadt, Germany). The apple juice plus apple pulp (pH 3.7) was produced on the

day of each experiment according to a previous study.[15]

2.4 Erosive process simulation
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The simulation of the erosive process of the specimens was done between two
periods of time, and with two different solutions. As there is no recommended standard
to reproduce dental erosion lesions, we adopted the time of immersion according to
recent studies found in the literature: The groups that passed by the 108min challenge
were carried out following the protocol of immersion time in the solutions suggested by
Schlueter et.al.[7] In such protocol the specimens were submitted to six cycles of
demineralization of 2 minutes during 9 days, totalizing 108 min of test. Where the
number of six cycles represents the vomiting episodes times that regularly occur with
bulimic patients per day. And the demineralization period is associated to the time that
the pH of the saliva declines after an acid attack.[13] The groups that were immersed in
the same solutions but during 96 hours, according to Sulaiman, et al, and represents 10
years of clinical function.[16]

The groups that passed by chemical process just were immersed in the HCI
solution for the indicated periods. And to do the chemical-mechanical challenge,
simulated in association with the Rub & Roll equipment.[15] A velocity of 30rpm was
used, and a rubber base, simulating the periodontal ligament, of 1mm corresponding to
an impact force of 30N. After each intervention the specimens were washed in distilled
water for 1 minute and stored in saline mineral solution for 1 hour, as well as until the
next day of experiment. All specimens were stored at 37°C. The time established for
immersion corresponds to the time of pH decline in the saliva after receiving an acid
attack; and the number of times, episodes occurring during the day, based on clinical
reports.[7, 13, 14]

2.5 Roughness

The surface roughness of the specimens was evaluated after the acid erosion
simulation with the SJ-201 rugosimeter (Mitutuyo, Tokyo, Japan), with cut-off
value=0.25 and the reading zone 3 times the cut-off value, at room temperature. Three
readings were made for each specimen and the mean (average) and the median
roughness value (Ra, yum) was determined from the arithmetic mean between the three

measurements.[17]
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2.6 Knoop Microhardness

The specimens were sectioned on their long axis, ground and polished with
#600, #1200, #1500, #2000-grit SiC sandpapers. The hardness values were obtained in
order to identify the depth that the acid would have reached and influenced the
hardness of the dentin. The first measurement was made shortly after the passage of
the enamel/dentin junction, and the next ones were following an imaginary vertical
column towards the center of the tooth. In each half of the sectioned specimen, 5
indentations were made at depths of 10, 20, 30, 40 and 100um until they reached the
middle third of the specimen (pulp chamber region). They were evaluated using a
microdurometer (FM-700; Future-Tech Corp., Tokyo, Japan) under the Knoop hardness
test and applied load of 5g for 5 seconds.

The test was performed by a single operator and the equipment was previously
calibrated at each measurement, also adapted in an environment that did not produce

vibrations during the readings.

2.7 Macroscopic analysis of the specimens

Photographs of each group were made after the erosive challenges in order to
evaluate the macroscopic aspect of the evaluated protocols in order to check if the
macroscopic surface of the tested groups were similar to an eroded tooth. The images
were made using a professional camera (Canon Rebel Xsi, Canon, USA) with macro

lens and round flash.

2.8 Scanning electron microscopy and EDS analysis

Two specimens from each group was selected for SEM evaluation (JEOL JSM-
6610LV), which received specific preparation for the analyzes: after the polishing with
the abovementioned sequence of SiC sandpapers, the polishing was done with
diamond solutions in decreasing granulation of 3; 1; 0.25, and polyester felt disc at the
speed of 100rpm for 1 minute and in the granulation of 0.1um for 20 minutes. Between
each stage the specimens were cleaned in an ultrasonic tank for 1 minute, and at the
end were immersed for 1 hour in a 1: 1 water-ethanol solution. Afterwards, the

specimens were individually deposited in sterile collecting pots with silica gel particles.
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A metallic coating in gold was done and the images were captured in magnification of
500x and 1500x of the surfaces of contact with the solution and also of the sectioned
area (long-axis of the tooth): enamel, dentin next to the dentin-enamel junction. The
EDS analysis (JEOL JSM-6610LV - Thermo Scientific Ultra Dry) was made at the
magnification of 1500x, observing the percentage of Calcium (Ca), and Phosphorus (P)

ions in the regions of the sectioned parts observed in the SEM.

2.9 Statistics analysis

The results were tabulated and submitted to Analysis of Variance (ANOVA),
since the data presented a normal distribution according Shapiro-Wilk test for normal
distribution. Differences between the groups were analyzed using post-hoc Tukey test

with a significance level of 95%.

3. Results

3.1 Roughness

The time of exposure to the substances tested significantly influenced the
roughness values (Table 2). The roughness values were higher for the groups that were
immersed 96h, with statistically significant differences when compared to the other
groups (control and 108 min), except for the group that used apple juice for 96h, where
its roughness (Ra = 0.668) was similar to the 108 minute groups. Both groups submitted
to long exposure of HCI presented the highest roughness values (HCI / Chemical / 96h
Ra=0.897; HCI/ Chemical-mechanical / 96h: Ra=0.900).

Table 2. Average values of roughness and standard deviations according to test

groups.
Roughness
Groups
Average®(SD) Median§(SD)
Control 0.151(0.10)A 0.119(0.05)A
HCI / Chemical / 108 min 0.297(0.13)"8 0.279(0.13)"8
HCI / Chemical-mechanical / 108 min 0.355(0.16)"B 0.343(0.14)"8

Apple juice / Chemical-mechanical / 108 min 0.310(0.07)"8 0.309(0.07)"8
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HCI/ Chemical / 96h 0.897(0.41)¢ 0.867(0.42)¢
HCI / Chemical-mechanical / 96h 0.900(0.52)¢ 0.812(0.54)¢
Apple juice / Chemical-mechanical / 96h 0.668(0.35)8BC 0.623(0.37)8B¢

# Statistic performed considering the value of the average obtained in the 3
measurements of the roughness of each specimen in the group.

§Statistics performed considering the value of the median obtained in the 3
measurements of the roughness of each specimen in the group.

** Different letters indicate statistically significant differences between the groups (Tukey
post-hoc test with a <0.05)

3.2 Knoop Microhardness

The Knoop microhardness results of the different groups are presented in Table
3, where it is possible to observe that the use of apple juice as solution in the erosive
protocol did not present statistical difference when compared to the control group for all
evaluated depths, with the exception of the chemical-mechanical / apple juice / 96h
group. In regard to the groups that used HCI solution, the chemical or chemical-
mechanical simulation did not influenced the results of depth-independent hardness,
with the exception of 20um depth for HCI — chemical-mechanical — 96h group and 30
pm depth for HCI — chemical-mechanical — 108min group.

The chemical groups had the lowest values of Knoop microhardness in the
greatest depth (HCI / chemical / 108min: 54.28 and HCI / chemical / 96h: 44.30),
indicating a higher penetration of acids. Followed by both chemical-mechanical groups
immersed for 108min and 96h in HCI solution, which presented higher Knoop
microhardness values, respectively ( 68.89 and 52.50), but without statistically

significant difference when compared to those groups.

Table 3. Average values of Knoop microhardness in each depth evaluated and their
respective standard deviations according to the test groups.

Microhardness

Groups* Depth10yum Depth 20 pm Depth 30 um Depth 40 pm Depth 100
(SD) (SD) (SD) (SD) um (SD)
A A A . 79.66(13.1
Control 76.93(9.49)" 72.15(11.23)* 72.51(8.65)* 71.77(7.10) o

B A
HCI/CrIT’l]ienm/108 47.05(9.73)¢ 50.05(2.3.94) 56.04(820.96) 55.82(17.06)8 54.238)(822.2



HCI / Chem-mec/
108 min
Apple juice/
Chem-mec /108
min

51.91(6.23)8

66.84(9.81)~
C

55.10(6.68)8

56.58(18.17)"
E

57.45(10.56)*
C

64.70(9.50)A

55.35(12.83)"
C

71.86(7.53)AC
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68.89(12.1
9)ABC

77.46(7.85
)A

HCI / Chem / 96h 35.17(7.78)8

HCl / Chem-mec/  38.21(15.01

96h )B
Apple juice/ 56.16(11.47
Chem-mec / 96h )BC

36.76(9.17)CP
39.56(14.97)8
DE

65.41(12.21)"
B

39.76(7.76)8
44.61(13.60)8
C

64.61(13.86)

43.26(6.00)B

46.62(12.62)8

44.30(17.6
9)B

52.50(22.9
8)BC

67.86(11.23)* 79.49(16.0
C

2)A

* Specific group definition can be found in Table 1. ** Different letters indicate statistically
significant differences between the groups at same depth (Tukey post-hoc test with a

<0.05)

3.3 Macroscopic analysis of the specimens

When assessing the macroscopic characteristics of the surface of specimens of

different groups, it was possible to observe a different pattern of tooth wear. The control

group (Figure 1-A) presents the initial situation in which all the specimens were before

being submitted to the erosive challenges. The group that underwent demineralization

cycles with hydrochloric acid, and remineralization, totaling 108 minutes of erosive

challenge was the one that presented the surface pattern of mineral loss more similar to

that found clinically, once the enamel was partially and evenly removed (Figure 1-C).

The HCI groups that passed by the 96h challenge had practically all their enamel

surface solubilized; this pattern was associated with a more severe form, which could

be related to an excessively harmful erosive challenge. Also, the use of apple juice for

96h caused an alteration in the color of the dental substrate (Figure 1-G).
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Figure 1 — Pictures for the macroscopic analysis of the specimens. Control group (A);
HCIl — Chemical — 108min (B); HCI — Chemical-mechanical —108 min (C) presenting
mineral loss more similar to the pattern found clinically; Apple Juice — Chemical-
mechanical =108 min (D); HCI — Chemical —96h (E) and 6 — HCI — Chemical-mechanical
—96h (F) present the more severe wear;Apple Juice — Chemical-mechanical —96h, with
color change in dental substrate.

3.4 Scanning electron microscopy (SEM) and EDS analysis

According to Figure 2, it can be observed that in the groups exposed to HCI for
96 hours, chemical and chemical-mechanical (E and F, respectively) presented the
highest wear pattern, exposing the dentin portion. In such groups, we observed a great
number of tubules, indicating a greater depth reached by the acid. Images B, C, D and
G present a most conservative pattern of wear, where only enamel is observed on its
surface, being more similar to the control group, which was not exposed to any
challenge.
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Figure 2. SEM images made with 500x the magnification in region of dental enamel that
was exposed to the acid. A — Control group, which was not challenged. B, C, D and G,
only enamel structures could be observed. E and F presents as remnant only dentin
structure, evidencing the enamel loss in this groups.

Figure 3 shows a longitudinal view of the exposed area in the HCI / chemical-
mechanical group / 108min at different depths enamel, enamel/dentin junction and

dentin.

L/

WD17mm  $S45 x m SEI 15kV  WD24mm SS45 x500 S0pm e Y SEI  15kV  WD24mm SS45
UL FURG- CEME-SUL FURG- CEME-SUL

Figure 3 — Images from the surface of the group that underwent the challenge of
immersion in HCI alternated with remineralizing solution (HCI / chemical-mechanical /
108min). It is observed the transition zone between the enamel and dentin showing an
initial and less severe wear. A, Enamel surface. B,. Enamel/dentin junction. C, Deep
dentin.

Table 4 present the weight and atoms percent observed through EDS analysis.
The percentages of weight and atoms of Calcium and Phosphorus tended to decrease
between the evaluated groups, except for the HCI — chemical — 108 min group, which
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presented a slight increase for both, in comparison to the control group. The lowest
values were found in the groups that underwent the challenge time of 96 hours, followed
by the group HCl — chemical-mechanical — 108min. The HCI — chemical-mechanical —
96h group had the highest losses. The weight and percentage of oxygen atoms
increased in all groups, except for HCI — chemical — 108 min group, which showed a
slight reduction. The weight of carbon in HCI — chemical-mechanical — 96h group was
the one that obtained the highest value.

Table 4 — Weight and Atom percent (%)of Carbon (C), Oxygen (O), Calcium (Ca), and
Phosphorus (P) ions in the regions of the sectioned parts observed in the SEM at
1,500x magnification, observed through EDS analysis.

EDS Analysis

Groups Weight %
C O P Ca
Control 6 44.32 16.22 33.45
HCl / chem / 108min 4.37 42.48 16.94 36.21
HCI / chem-mec / 108min 5.24 59.58 5.11 30.06
Apple juice / chem-mec / 108min 5.93 53.95 7.56 32.55
HCI / chem / 96h 5.21 59.33 5.54 29.92
HCI / chem-mec / 96h 9.49 72.13 - 18.37
Apple juice / chem-mec / 96h 5.14 65.19 0.7 28.96

Atom %
Control 10.79 59.86 11.31 18.03
HCI / chem / 108min 8.13 59.42 12.22 20.22
HCI / chem-mec / 108min 8.6 73.36 3.25 14.78
Apple juice / chem-mec / 108min 10.03 68.51 4.95 16.5
HCI / chem / 96h 8.57 73.17 3.53 14.73
HCI / chem-mec / 96h 13.73 78.22 - 7.95
Apple juice / chem-mec / 96h 8.16 77.64 0.42 13.77

4. Discussion

Erosion-induced lesions have been simulated in several studies with the use of
only chemical solutions in different concentrations and compositions.[14, 16] In order to
obtain a more similar simulation of the dental erosion process, some studies indicate
the temperature monitoring (37°C) and use a liquid agitator motor.[18] However, these

methods may not correspond closely to dental erosion lesions observed clinically. It is
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well known that dental erosion is a chemical-mechanical process,[1] and thus, there is
no standardized method, indicated to reproduce dental erosion in laboratory
environment. In this way, the objective of this study was to test different dental erosion
protocols, in order to promote the totally enamel wear until the dentin in a way to get
more similar lesions, including the associated use of the chemical-mechanical process,
compare them and suggest a protocol that could result in a similar condition to those
found clinically. The chemical-mechanical simulation was enabled by the use of a new
testing machine to simulate oral ageing, the Rub&Roll,[15] this device is simple to use,
is not technically demanding and allows to simulate more than a single aspect of normal
clinical challenges e.g., chewing loads, or abrasive loads. It is possible to use several
types of solutions, including hydrochloric acid, without damaging the apparatus and the
mechanical cycling together. The specimens are embedded in a cylinder that allows the
control of rotation speed, simulating the chewing speed, and also the simulation of the
periodontal ligament membrane by the use of rubber pads below each sample. It also
has a rubber rod that rotates in the opposite direction, promoting mechanical contact
similar to abrasion.

To represent the extrinsic lesions from acid drinks we use the apple juice plus
apple pulp, that presents a low pH (3.7) and some abrasiveness. The use of the pulp
plus the juice was indicated by Rubben et al.[15] to promote an erosive-abrasive wear
more intense than just the fruit juice.

The null hypothesis tested in this study, that time, solution, and different
processes would not influence the results of roughness, Knoop hardness and surface
evaluation, was partly rejected. In relation to the surface roughness, the use of HCI and
apple juice for 96 hours resulted in higher values of surface roughness, regardless of
the process (chemical, or chemical-mechanical). However, it is important to note that
neither the type of solution (HCI or apple juice) nor the process significantly influenced
the surface roughness of the groups submitted to 108 min erosive challenge and apple
juice / mechanic / 96 h group. The only difference found in these groups is that the
exposure time of 96h presented significant higher values of surface roughness than the
control group, while the 108 min groups did not. Sulaiman et al.[16], when assessing the
HCI effect on surface of different types of ceramic, found a significant interaction
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between the surface of the specimens and the acid solution, presenting an increase in
surface roughness after acid challenge. To do so, they performed erosive challenges
using HCI in cycles of 96 hours, in order to simulate 10 years of clinical function.
Although the results were favorable to test the erosive effect in ceramics, in our study
the time of 96 hours was excessive for the dental structures, provoking destructive
lesions, more severe than the expected for simulated dental erosion lesions. These
lesions can be explained by the lack of protective factors during the development of the
cycle, that can be found in an artificial saliva or some mineral solution able to raise the
pH and do the buffering of the acid important to the oral homeostasis.[19] The buffer
capacity of saliva is an important factor, which plays a role in dental remineralization
and in the maintenance of salivary pH,.do not let to be always below its critical level
(5.5).[20]

In the study by Schlueter et al.[7] they presented found results similar to those of
this study, having a positive correlation with the impact of the chemical-mechanical
process where the effect of the brushing action led to higher values of mineral loss
compared to the control group. The enzymes were indicated as coadjuvants in the
progression of erosion, acting together to reduce the stability of the organic matrix,
when in chronic exposure in cases of vomiting and gastroesophageal reflux, and thus
facilitating mineral loss.

In regard to Knoop microhardness, it can be noted that the use of apple juice as
a solution did not significantly influence the dentin hardness at the different depths
evaluated, except for the superficial layer (10um) for the group submitted to 96h of
erosive challenge. In general, the lowest values of hardness were found in the groups
that used HCI solution, regardless of time (108min or 96h) and the process (chemical or
chemical-mechanical). Tedesco et al.[10] evaluated the erosive effect of carbonated
beverages in association with the presence or absence of cariogenic challenge in
primary tooth enamel, through Knoop microhardness. The loss of mineral tissue was
assessed through transversal cut of the exposed surface and the evaluation at different
depths, until the end of the enamel layer. All the beverages tested reduced the

hardness values, as well as for the group that had the presence of the associated
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cariogenic challenge. These results are in agreement with those found in the present
study since low pH solution influenced the microhardness of the specimens.

In the SEM images, it was possible to make a qualitative analysis of the structural
alterations that occurred in the dental tissue according to the different challenges
tested.[21] In our study, the groups of HCI that underwent the chemical and chemical-
mechanical challenge of 96h had the greatest morphological alteration, presenting deep
areas of exposed dentin. However, they extrapolated the expected results, due to the
severity of the challenge. The HCI / chemical-mechanical group / 108min presented the
transition zone between enamel and dentin, in this group the specimens had contact
with the acid and chemical-mechanical action, and then they received baths in a
remineralizing solution. This made this group closer to the wear patterns that occur in
clinical reality. Since saliva neutralizes acid and calcium and phosphate cause
remineralization.[22] Through the EDS, a semi-quantitative analysis of the minerals lost
through the comparison between Calcium and Phosphorus ions, before and after the
challenges, was performed. Erosion is associated with greater release of calcium from
the affected surfaces, causing the hydroxyapatite crystals to dissolve in contact with
acid.[23, 24] The estimated mineral loss measured by calcium ions that were released
from hydroxyapatite and thus verified the erosive potential of acid on the dental surfaces
found in the EDS analysis of the present study are corroborated by findings of previous
studies.[23, 24] The groups that had greater exposure to acids (96h) had lower weight
and percentage of calcium and phosphorus atoms, indicating their dissolution and thus
exhibiting a greater erosive potential. Also, it is possible to observe that both groups that
underwent 96 hours of erosion challenge with HCI presented the lowest values of
calcium and phosphorus ions, which can be observed macroscopically in Figure 1 E
and F. The association of chemical-mechanical erosive challenge with a reduced time
(108min) resulted in a smaller reduction of such ions, but this demineralization was
more similar (Figure 1; C) to those observed in in vivo erosion lesions.

Considering all tested protocols, it was possible to observe that the process, time
and types of processes caused different wear patterns. The constant exposure time to
the HCI in the dental surface can be extremely aggressive, culminating in the complete
dissolution of the enamel layer and subjacent dentin. As well as the association of the
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mechanical method with chemical challenge, through abrasion, it becomes a significant
additional factor in the process development and pattern of mineral loss, leading to
further wear. To avoid the color change found in the apple juice / 96h group another
kind of solutions (orange juice, and other acids such as malic, acetic or lactic) could be
more appropriated to reproduce the extrinsic erosion. The method that reproduced the
most similar macroscopic characteristics of dental erosion in this study was observed
when a chemical-mechanical process was used with HCI solution during 108 min
presenting a more homogeneous demineralization surface and thus more similar to the
cases found in the oral environment.

The in vitro nature of this study is a limitation, despite of we have proposed a new
method we still cannot reproduce in laboratory all the events that we find in the oral
cavity. Another one is related to the use of healthy bovine tooth as a control. To better
establish comparative parameters of the erosion simulation in vitro with those observed
in the oral environment, it would be ideal to use a human tooth that has undergone
dental erosion by natural process as a control, in order to compare the different
protocols to what occurs clinically. However, obtaining eroded tooth for this purpose is
difficult due to some ethical aspects. Additionally, the use of proteolytic enzymes, cited
as coadjutants in the erosion process, were not part of the tested erosion challenges.
For future studies, the associated use of these enzymes in demineralization cycles
would be interesting.

The importance of the participation of a dentist in a multidisciplinary treatment of
patients presenting dental erosion has been emphasized in the literature,[5, 8, 25, 26]
both for early detection of clinical signs, in order to avoid irreversible damage to dental
structures, and to avoid development of more severe systemic complications in the case
of eating disorders. In this context, the creation of standardized protocols for the
simulation of dental erosion lesions in a laboratory environment could allow us to predict
different erosion situations, simulating clinical lesions. Moreover, it can help us to
develop techniques and materials that allow could perform better in regard to erosion
resistance and adhesion to dentin of teeth that present moderate or severe erosion

lesions.
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5. Conclusion
Within the limitations of this study, it is possible to conclude that:

o Chemical-mechanical processes were more able to remove enamel
due to erosive simulation. And chemical-mechanical immersion with HCI solution
with cycles of demineralization/remineralization totaling 108min presented
macroscopic results more similar to those found in in vivo erosion lesions, while

96h simulating resulted in extremely damaging and unreal erosion lesions.
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3. Consideracdes finais

Dentro das limitacdes deste estudo, € possivel concluir que:

Os processos quimico-mecanicos foram melhores para remover o esmalte
dental, devido a simulacao erosiva;

A imersdo quimico-mecanica em solucgdo de HCI com ciclos de
desmineralizacdo e remineralizacdo totalizando 108 minutos, apresentaram 0s
resultados macroscopicos mais semelhantes aos encontrados nas lesdes in

Vivo.
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