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ABSTRACT
Preventive measures for dental erosion and erosive tooth wear
In recent years, due to the high prevalence of dental erosion, therapies to
prevent the occurrence or inhibit the progression of this condition have been searched.
The purpose of this thesis was to present four articles that evaluated possible preventive
measures for enamel erosion. Specifically, it was evaluated: article I - the effect of five
types of vegetable oils against initial enamel erosion; article II - protective effect of palm
oil alone or associated with a fluoride solution against erosive enamel wear (chemicalmechanical/toothbrushing); article III - the protective potential against erosive tooth wear
of an aspartame solution, used as mouthwash prior to acid exposure; article IV - the
effectiveness of a dentifrice with calcium silicate, phosphate and fluoride on the
prevention of erosive wear (chemical-mechanical/toothbrushing). In all articles,
deionized water (DW) was used as negative control and a solution (SS) or dentifrice
(SD) containing fluoride and stannous as positive control. The response variable
adopted was loss of surface hardness for article I and enamel loss in height for articles
II, III and IV. In article I, two volunteers used the intraoral appliance for 2 hours to form
the acquired pellicle and then the enamel blocks of each study group were treated in
vitro by 5 different vegetable oils at 2 different concentrations (5 or 100%). Then, the
blocks were immersed in artificial saliva for 2 minutes and subjected to 0.5% citric acid
for 2 minutes. Data were analyzed by one-way ANOVA and Tukey's test (p <0.05).
Among the evaluated vegetable oils, palm oil was the only one that presented protective
potential against initial enamel erosion, resulting in less hardness loss than DW and SS.
In Article II, volunteers used intraoral appliances in situ for 5 days, in which 4 ex vivo
erosive cycling with 0.5% citric acid for 2 minutes was carried out. Prior to the first and
third erosive challenge, DW, SS and palm oil associated or not to SS were applied on
enamel blocks by administration of one drop of the respective solution, followed by acid
immersion. Then, the abrasive challenge was performed (brushing for 15 seconds). Data
were submitted to 2-way ANOVA and Tukey's test (p <0.05). For both, erosion and
erosion + abrasion, palm oil alone or associated to SS resulted in less enamel loss than
DW, but did not differ from SS. In article III, 4x/day volunteers performed in situ
mouthwashes with DW, SS or 0.024% aspartame solution. Then half enamel blocks
were immersed ex vivo in intrinsic (0.01M hydrochloric acid pH 2.3) and the other half in
extrinsic (0.03 citric acid pH 2.4 for 2 minutes) acid challenge for 5 days. After statistical
analysis (2-way ANOVA and Tukey's test, p <0.05), it was observed that aspartame was
similar to DW and resulted in greater loss of enamel than SS. Hydrochloric acid
promoted higher enamel loss than citric acid. In article IV, volunteers used intraoral
appliances in situ for 5 days and 4 erosive cycling with 0.5% citric acid for 2 minutes was
carried out. Right after the first and third cycling of the day the dentifrices, including the
one with addition of calcium silicate, phosphate and fluoride, were applied for 1 minute
and then, half of the enamel specimens were brushed for 15 seconds (abrasion).
Statistical analysis was performed by 2-way ANOVA and Fischer's exact test (p <0.05).
The dentifrice containing calcium silicate, sodium phosphate and fluoride protected the

enamel against erosion similar to SD; but when subjected to abrasion by brushing, it
showed similar enamel loss than DW, demonstrating no protective effect. Among the
tested preventive measures, palm oil presented promising results in the prevention of
erosive tooth wear, similarly to a stannous-solution. Aspartame, however, did not
present a preventive effect against erosive tooth wear caused by intrinsic or extrinsic
acid. The dentifrice containing calcium silicate, sodium phosphate and fluoride only
presented a preventive effect against erosion but it did not show a protective effect
against erosive tooth wear.
Keywords: Dental erosion. Erosive enamel wear. Prevention. In situ.

RESUMO
Estratégias preventivas para erosão dentária e desgaste dentário erosivo
Devido à alta prevalência de erosão dentária encontrada nos últimos anos,
tem se buscado terapias para prevenir a ocorrência ou inibir o avanço desta condição.
O propósito deste estudo foi apresentar quatro artigos que avaliaram possíveis
medidas preventivas para erosão dentária do esmalte. Especificamente, foram
avaliados: artigo I - o efeito de cinco tipos de óleos vegetais contra a erosão inicial;
artigo II - capacidade protetora do óleo de dendê sozinho ou associado uma solução
fluoretada contra desgaste dentário erosivo (químido-mecânico/escovação); artigo III
- o potencial protetor contra o desgaste dentário erosivo de uma solução com
aspartame, utilizada como bochecho previamente a exposição ácida; artigo IV - a
eficácia da aplicação do dentifrício com adição de silicato de cálcio, fosfato e flúor na
prevenção do desgaste erosivo (químido-mecânico/escovação). Em todos os artigos
adotou-se água deionizada (AD) como controle negativo e solução (SE) ou dentifrício
(DE) contendo fluoreto e estanho como controle positivo. A variável de resposta
adotada foi perda de dureza de superfície para o artigo I e perda de tecido dental duro
em altura para os artigos II, III e IV. No artigo I, dois voluntários utilizaram o dispositivo
intrabucal durante 2 horas para formação da película adquirida e em seguida, os
blocos de esmalte de cada grupo em estudo foram tratados in vitro por 5 diferentes
óleos vegetais em 2 concentrações distintas (5 ou 100%). A seguir, os blocos foram
imersos em saliva artificial por 2 minutos e então, em ácido cítrico 0,5% por 2 minutos.
Os dados foram analisados por ANOVA 1 critério e teste de Tukey (p<0,05). Dentre
os óleos vegetais avaliados, o óleo de dendê foi o único que apresentou potencial
protetor contra erosão inicial do esmalte pois resultou em menor perda de dureza
quando comparado a AD e SE. No artigo II, voluntários utilizaram aparelhos palatinos
in situ por 5 dias, sendo realizadas 4 ciclagens erosivas ex vivo em ácido cítrico 0,5%
por 2 minutos, anteriormente a primeira e a terceira ciclagem a AD, o SE e o óleo de
dendê associado ou não à SE foram aplicados nos blocos de esmalte por meio da
administração de uma gota da respectiva solução, seguida da imersão ácida e então,
o desafio abrasivo foi realizado (escovação por 15 segundos). Os dados foram
submetidos a ANOVA 2 critérios e teste de Tukey (p<0,05). Tanto para erosão como
para erosão+abrasão, o óleo de dendê sozinho ou associado à SE resultou em menor
perda de esmalte do que AD, porém não diferiu da SE. No artigo III, os voluntários
realizaram bochechos in situ 4x/dia com 0,024% de aspartame e então, metade dos
blocos de esmalte foram submetidos ex vivo ao desafio com ácido intrínseco (ácido
clorídrico a 0.01M pH 2.3) e a outra metade ao extrínseco (ácido cítrico 0.03M pH 2.4)
durante 5 dias. Após análise estatística (ANOVA 2 critérios e teste de Tukey, p<0,05),
constatou-se que o aspartame foi similar à AD e resultou em maior perda de esmalte
do que SE; sendo que o ácido clorídrico promoveu maior perda de esmalte do que o
ácido cítrico. No artigo IV, voluntários utilizaram aparelhos palatinos in situ por 5 dias
e foram realizadas 4 ciclagens erosivas em ácido cítrico 0,5% por 2 minutos, sendo
que logo após a primeira e terceira ciclagem do dia, os dentifrícios, incluindo o com
adição de silicato de cálcio, fosfato e flúor foram aplicados por 1 minuto e metade dos
espécimes foram escovados por 15 segundos (abrasão). A análise estatística foi

realizada por ANOVA 2 critérios e teste exato de Fischer (p<0.05). O dentifrício
contendo silicato de cálcio, fosfato de sódio e flúor protegeu o esmalte contra a erosão
semelhantemente ao DE. Porém quando a abrasão por escovação foi associada, o
mesmo resultou em perda de esmalte semelhante a AD e portanto, não houve efeito
protetor. Dentre as medidas preventivas testadas o óleo de dendê apresentou
resultados promissores na prevenção do desgaste dentário erosivo, se assemelhando
ao estanho. Já o aspartame, não apresentou efeito preventivo contra o desgaste
dentário erosivo causado por ácido intrínseco ou extrínseco. O dentifrício contendo
silicato de cálcio, fosfato de sódio e flúor, só apresentou efeito preventivo contra a
erosão, mas não foi capaz de proteger o esmalte contra o desgaste dentário erosivo.
Palavras-chave: Erosão dentária. Desgaste erosivo do esmalte. Prevenção. In situ.
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1 Introduction
The high prevalence and severity of dental erosion (SALAS et al., 2015;
TSCHAMMLER et al., 2016; BRUSIUS et al., 2018; SCHLUETER; LUKA, 2018) is a
cause of concern to dental clinicians and researchers since this condition can interfere
on patient’s quality of life impairing aesthetics and chewing (PAPAGIANNI et al., 2013).
At routine examination, erosive wear becomes clinically visible in later stages, when
the appearance and shape of the teeth are compromised. Studies have been
conducted to better understand the mechanisms involved in this condition and to seek
for early preventive therapies (BUZALAF; MAGALHÃES; WIEGAND, 2014;
HUYSMANS; YOUNG; GANSS, 2014; WEGEHAUPT; KUMMER; ATTIN, 2017;
BUZALAF; MAGALHÃES; RIOS, 2018). Dental erosion is characterized by the loss of
structure, with progressive surface softening and dissolution of the minerals, due to the
exposure to intrinsic or extrinsic acids of non-bacterial origin (TENCATE; IMFELD,
1996; LUSSI et al., 2011). Currently, dental erosion has also been called as erosive
tooth wear (ETW) since in clinical practice, the chemical action of the acids occurs in
association of mechanical forces, such as attrition and abrasion (CARVALHO; LUSSI,
2015; SHELLIS; ADDY, 2014). The prevention of ETW can be complicated, since
patient-related and nutritional factors are involved in the etiology (LUSSI; CARVALHO,
2014; BUZALAF; MAGALHÃES; RIOS, 2018).
Saliva is considered the most important patient-related protective factor on
the etiology of ETW (HARA; LUSSI; ZERO, 2006; BAUMANN et al., 2016; BUZALAF;
MAGALHÃES; RIOS, 2018). One key factor in the salivary mechanism for erosion
protection is the formation of the acquired enamel pellicle (AEP) (HANNIG; JOINER,
2006; SIQUEIRA; CUSTODIO; MCDONALD, 2012; BUZALAF; HANNAS; KATO,
2012; HANNIG; HANNIG, 2014; VUKOSAVLJEVIC et al., 2014), which diminishes the
direct contact between acids and enamel, reducing and retarding enamel softness and
loss (AMAECHI et al., 1999; HANNIG; JOINER, 2006; HANNIG; HANNIG, 2014). The
AEP is a non-bacterial organic film formed by the adsorption of proteins, peptides,
lipids and other macromolecules available in the saliva (HANNIG; JOINER, 2006;
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HANNIG; HANNIG, 2009; SIQUEIRA; CUSTODIO; MCDONALD, 2012; BUZALAF;
HANNAS; KATO, 2012; HANNIG; HANNIG, 2014). The protective capacity of the AEP
against ETW depends on physical properties, including the thickness and time of
maturation (VUKOSAVLJEVIC et al., 2014; HANNIG; HANNIG, 2014; MENDONÇA et
al., 2017; MENDONÇA et al., 2017). In terms of protein adsorption, the formation of
AEP begins within a few seconds after the exposure of dental surface to saliva
(HANNIG et al., 2004) producing a dense basal layer (ERICSON et al., 1982). Studies
have shown that acquired pellicle formed for 1 hour to 2 hours offers the maximum
protection against demineralization without significantly improving with longer
maturation periods (AMAECHI et al., 1999; HANNIG et al., 2003; WETTON et al.,
2006; MENDONÇA et al., 2017). After the consumption of erosive drinks, the outer
layers of AEP are removed, however, the basal layer does not seem to be affected
(HANNIG et al., 2009). In order to delay its removal during the erosive challenge, a
possible strategy could be modifying AEP composition. About 25% of the acquired
pellicle dry weight is composed by lipids (HANNIG et al., 2003); lipophilic components
can modulate the composition and ultrastructure of the pellicle (KENSCHE et al.,
2013). It has been speculated that lipid-enriched pellicles are more resistant to acids
hampering dental erosion process (HANNIG et al., 2012; KENSCHE et al., 2013).
Vegetable oils have been widely studied in preventive dentistry since they
are a natural, edible, low-cost, and worldwide accessible source (BUCHALLA et al.,
2003; HANNIG et al., 2012; KENSCHE et al., 2013). Previous study showed that 2%
olive oil and 2% olive oil associated to fluoride mouthwash had some preventive effect
against dental erosion, but to a lower extent when compared with the positive control
(acidulated fluoride solution, 250 ppm, pH 3.88) (WIEGAND; GUTSCHE; ATTIN,
2007). Considering the preventive potential of vegetable oils on dental erosion
inhibition, it would be important to evaluate the use of different vegetable oils and its
addition to a stannous(Sn)-containing solution, as a strategy to prevent ETW.
Nutritional related factors are determinant on the development of ETW. High
consumption of soft drinks and specific diets with high consumption of acid fruits (e.g.
vegan, vegetarian and raw food diets), can influence on the risk of development of
dental erosion (SCHLUETER; TVEIT, 2014). In last decades, dietary habits have been
changed with an increasing on the consumption of soft drinks (LUSSI; JAEGGI; ZERO,
2004; LUSSI; CARVALHO, 2014). In this way, researches have investigated the
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erosive effects of different versions of soft drinks (GROBLER; SENEKAL;
LAUBSCHER, 1990; LUSSI; JAEGGI; ZERO, 2004). Light colas have demonstrated
less erosive potential compared to their traditional versions (RIOS et al., 2009; RIOS
et al., 2011). The main chemical differences between the two versions is the pH, 2.6
on the regular version and 3.0 on the light version (HANNIG et al., 2005; RIOS et al.,
2009; RIOS et al., 2011), and the type of sweetener in the formulation, sugar in regular
version and aspartame in light version (RIOS et al., 2009; RIOS et al., 2011).
Aspartame in contact with saliva can undergo hydrolysis producing phenylalanine - an
aromatic amino acid with a carboxylic grouping - in which the acid protons could bind
to, diminishing the dental enamel demineralization (RANGAN; BARCELOUX, 2009;
ASHOK; SHEELADEVI, 2014). The anti-erosive potential of aspartame, regardless of
its association with colas, has not been evaluated. Thus, it would be important to
evaluate whether an aspartame mouthwash prior to immersion in acid would be able
to prevent intrinsic and extrinsic erosive enamel wear in situ.
Patient-related ETW etiological factor also involves the patients’ behavior
regarding to intraoral habits and products adopted to daily oral hygiene (WIEGAND;
SCHLUETER, 2014; HELLWIG; LUSSI, 2014; CARVALHO et al., 2015). Dentifrices
could work as suitable delivery for preventive agents for dental erosion since they are
routinely used once or twice a day by most individuals (FALLER; EVERSOLE;
TZEGHAI, 2011; HORNBY et al., 2014; JOINER et al., 2014; JONES et al., 2014;
FALLER; EVERSOLE; SAUNDERS-BURKHARDT, 2014). However, eroded enamel
is more susceptible to toothbrush abrasion than sound enamel (JAEGGI; LUSSI,
1999); thus, specific anti-erosive dentifrices must have a mechanism to compensate
the impact of brushing forces. In vitro studies have demonstrated that specific types of
calcium silicate – such as Ca3SiO5 – can induce the formation of hydroxyapatite in
saliva, which could be deposited on acid-eroded enamel, suggesting a protective effect
against erosive enamel wear (DONG et al., 2010; PARKER et al., 2014). However, the
efficacy of calcium silicate seems to be similar to that of 1000 ppm sodium fluoride
solution in a pH cycling erosive model and better results were obtained when Ca3SiO5
was associated with fluoride (WANG et al., 2012).
Greater rehardening capacity of eroded enamel have been demonstrated
by dentifrices containing calcium silicate, sodium phosphate, and fluoride compared to
conventional fluoride dentifrices (HORNBY et al., 2014; JOINER et al., 2014; JONES
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et al., 2014). However, the evidence about the mechanism and the protective capacity
of calcium silicate is limited since only a few studies were reported and most of those
studies have not assessed the impact of toothbrushing. In addition, only the enamel
surface hardness or whether or not there was formation of hydroxyapatite on the tooth
surface was measured. It would be also important to consider the amount of dental
hard tissue lost when this product is applied under episodes of erosion associated to
abrasion.
Based on these findings, the overall aim of this study was to investigate the
effectiveness of possible preventive measures for dental erosion and erosive tooth
wear. Each article has specifically evaluated:
• Article I: The effect of five different vegetable oils, in pure form or as
emulsions, applied on AEP formed in situ, on the protection of enamel against initial
erosive demineralization in vitro.
• Article II: The effect of palm oil alone or associated with a Sn-containing
solution on ETW prevention (chemical and mechanical/abrasive challenge) using an
in situ protocol.
• Article III: The protective potential against ETW of regular aspartame
solution mouthwash prior to immersion in citric and hydrochloric acids using an in situ
protocol.
• Article IV: The effect of a dentifrice that contains calcium silicate, sodium
phosphate, and fluoride on the prevention of ETW (chemical and mechanical/abrasive
challenge) using an in situ protocol.
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The articles presented in this thesis were written according to the
instructions and guidelines for article submission of the corresponding journals.
•

ARTICLE 1 – Effect of vegetable oils applied over acquired enamel pellicle on
initial erosion. Journal of Applied Oral Science.

•

ARTICLE 2 – Effect of palm oil alone or associated to stannous solution on
enamel erosive-abrasive wear: a randomized in situ/ex vivo study. Archives of
Oral Biology. (Submitted)

•

ARTICLE 3 - Protective effect of aspartame against erosive enamel wear by
intrinsic and extrinsic acids: an in situ/ex vivo study. International Dental
Journal. (Submitted)

•

ARTICLE 4 - Is the dentifrice containing calcium silicate, sodium phosphate and
fluoride able to protect enamel against chemical mechanical wear? an in situ/
ex vivo study. Clinical Oral Investigations. (Submitted)

32

2 Articles
2.1. Article 11 - Effect of vegetable oils applied over acquired enamel

pellicle on initial erosion.

1

Ionta F.Q., Alencar C.R.B., Val P.P., Boteon A.P., Jordão M.C., Honório H.M., Buzalaf M.A.R., Rios D. Effect
of vegetable oils applied over acquired enamel pellicle on initial erosion. J Appl Oral Sci, v.25, p. 420-426,
2017. Avaiable at: http://www.scielo.br/pdf/jaos/v25n4/1678-7757-jaos-25-4-0420.pdf. Accessed on: April 20,
2018
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2.2 Article 22 – Effect of palm oil alone or associated to stannous
solution on enamel erosive-abrasive wear: a randomized in situ/ex vivo study.
ABSTRACT
Objective: Palm oil has demonstrated preventive potential against initial erosive
demineralization in vitro. This in situ study evaluated the effect of palm oil alone or
associated with stannous-containing (Sn) solution on preventing enamel loss from an
erosive/abrasive challenge. Design: This single-blind, randomized, crossover in
situ/ex vivo study was developed in four phases (one per group of five days) with
sixteen volunteers. Enamel blocks (n=256) were allocated to groups according to the
treatment: Palm oil; Palm oil plus Sn solution; Sn solution – positive control; and
Deionized water - negative control. Half of the enamel blocks of each group was
subjected to erosion and the other half to erosion+abrasion. The daily ex vivo protocol
consisted of four citric acid immersions (2 minutes). Before the first and third acid
exposure, the blocks were treated with the test solutions (1 drop/block) for 1 minute
followed by acid immersion and abrasive challenge (toothpaste was applied on all
blocks and half were brushed for 15 seconds/block). Enamel loss was quantified
profilometrically and data were analyzed by two-way ANOVA and Tukey’s test
(p<0.05). Results: A significant difference was found for type of treatment (p<0.001);
wear condition (p=0.38) and the treatment x condition interaction (p=0.33) were nonsignificant. Palm oil associated or not to Sn solution significantly reduced enamel wear
in comparison with the negative control but did not differ from the positive control
(p>0.05). Conclusions: Palm oil was able to prevent enamel loss under erosive and
erosive+abrasive challenges in a similar extent to stannous-containing commercial
solution.
Keywords: palm oil; tooth erosion; dental enamel; prevention
INTRODUCTION
Erosive tooth wear is a result of a chemical-mechanical process involving
intrinsic or extrinsic acids of non-bacterial origin and mechanical forces, such as
attrition and abrasion (Carvalho, & Lussi, 2015; Shellis, & Addy, 2014). The preventive

2

Effect of palm oil alone or associated to stannous solution on enamel erosive-abrasive wear: a randomized in
situ/ex vivo study. Archieves of Oral Biology. (Submitted)
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management of this condition should start as early as possible and focus on
intercepting causal factors such as dietary habits, gastroesophageal reflux, general
medical conditions, oral hygiene habits, and functional problems (Carvalho, & Lussi,
2015; Buzalaf, Magalhães, & Rios, 2018). As the identification and reversal of the
causal factors is difficult, strategies to enhance biological protective factors can help
prevent erosive tooth wear.
Among the biological factors, saliva has a significant role in the physiological
control of dental erosion (Hara, Lussi, & Zero, 2006; Magalhães, Wiegand, Rios,
Honório, Buzalaf, 2009; Buzalaf, Hannas, & Kato, 2012). One key factor in the salivary
mechanism for erosion protection is the formation of the acquired enamel pellicle
(AEP) (Hannig, & Joiner, 2006; Siqueira, Custodio, & McDonald 2012), which protects
the enamel surface from direct contact with acids, reducing and retarding enamel
demineralization (Amaechi, Higham, Edgar, & Milosevic, 1999; Hannig, & Joiner, 2006;
Hannig, & Hannig, 2014; Vukosavljevic, Custodio, Buzalaf, Hara, & Siqueira, 2014).
However, the AEP cannot protect against severe erosive challenges (Hara et al.,
2006). As about 25% of the acquired pellicle dry weight are lipids (Hannig, Hess, HothHannig, & De Vrese 2003), lipophilic components can modulate the composition and
ultrastructure of the pellicle (Kensche, Reich, Kümmerer, Hannig, & Hannig, 2013).
Thus, it has been speculated that lipid-enriched pellicles are more resistant to acids
and might hinder dental erosion (Hannig et al., 2012; Kensche, Reich, Kümmerer,
Hannig, & Hannig, 2013).
Vegetable oils are a natural, edible, low-cost, and worldwide accessible product
and thus, have been widely studied in dental research (Buchalla, Attin, Roth, & Hellwig
2003; Hannig et al., 2012; Kensche, Reich, Kümmerer, Hannig, & Hannig, 2013).
However, only a few studies have evaluated the effect of vegetable oils on erosion
prevention (Buchalla, Attin, Roth, & Hellwig 2003; Wiegand, Gutsche, & Attin, 2007;
Hannig et al., 2012; Ionta et al., 2017). Olive oil emulsions associated or not to a
fluoride mouthwash have demonstrated a preventive potential against erosion,
however, this effect occurred in lower extent compared with fluoride compounds
(Buchalla, Attin, Roth, & Hellwig 2003; Wiegand, Gutsche, & Attin, 2007). Rinsing with
safflower oil resulted in a lipid-rich AEP, but the pellicle was more susceptible to acid
degradation than the in situ physiological AEP (Hannig et al., 2012). A previous study
demonstrated great preventive potential for palm oil applied over the AEP against initial
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erosive demineralization when compared to four other vegetable oils, deionized water,
and stannous-containing solution (Ionta et al., 2017). However, that study was
conducted in vitro and a single short-term erosive challenge was performed (Ionta et
al., 2017). An in situ erosive cycling that exposes the enamel samples to biological
factors and to mechanical forces from tongue and abrasion could better represent the
process that occurs on erosive enamel wear in vivo.
Thus, the aim of this in situ-ex vivo study was to evaluate the effect of palm oil
alone or associated with a Sn-containing commercial solution on enamel loss
prevention after 5 days of erosive and abrasive cycling regimen.
MATERIALS AND METHODS
Experimental Design
This in situ-ex vivo experiment followed a single-center, single-blind
(researcher), randomized crossover design with four phases (according to treatments)
of five days, with a wash-out period of 1 week, and 16 volunteers. A total of 256 bovine
enamel blocks were randomized by stratified allocation considering their initial surface
hardness were allocated among the volunteers and the treatments: Palm oil (Kidendê,
Dendê Light Indústria de Produtos Alimentícios Ltda, Valença, Bahia, Brazil); positive
control - Sn-containing commercial solution [Elmex® Erosion Protection Dental Rinse /
EP, 500 ppm F- (125 ppm F- from amine fluoride, 375 ppm F- from sodium fluoride)
and 800 ppm Sn2+ (from stannous chloride); pH 4.5, CP GABA GmbH, Hamburg,
Germany]; Palm oil after the application of Sn-solution; and negative control –
deionized water. Half of the enamel blocks of each group was subjected to erosion and
the other half to erosion+abrasion. In each phase, the volunteers wore a palatal
removable appliance containing 4 blocks (2 for erosion and 2 for erosion+abrasion)
eight hours per day for five days (Santos et al., 2018). The daily ex vivo protocol
consisted of four immersions of the appliance in citric acid (0.5%, pH 2.4) for 2 minutes.
Before the first and third daily acid challenges, the blocks were treated with the test
solution (1 drop per block) for 1 minute. After acid immersion, a toothpaste slurry was
applied on the four blocks (1 drop per block); two of the blocks were immediately
abraded with power toothbrushing for 15 seconds per block, totaling approximately 35
seconds. Enamel loss was quantified profilometrically. Fig. 1 shows a flowchart of the
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study according to Consolidated Standards of Reporting Trials (CONSORT) (Moher,
et al., 2010; Schulz, Altman, & Moher, 2010).
Enamel Blocks Preparation
Enamel blocks (4 x 4 x 3 mm) were prepared from the labial surfaces of the
bovine incisors crowns. The teeth were cut using a cutting device (ISOMET Low Speed
Saw, Buehler Ltd., Lake Bluff, IL, USA), with two double-sided diamond discs (XL
12205, “High concentration”, 102 x 0,3 x 12,7 mm3 Extec Corp., Enfield, CT, USA/ Ref:
12205), which were separated by a 4-mm thickness spacer.
The blocks’ surfaces were ground flat with water-cooled silicon carbide discs
(320, 600, and 1200 grade papers; Buehler, Lake Bluff, IL, USA), and polished with felt
paper wet by 1-µm diamond spray (Buehler, Ltd., Lake Bluff, IL, USA). The blocks were
cleaned using an ultrasonic device (T7 Thornton, Unique Ltda., São Paulo, SP, Brazil)
with deionized water for 2 min between each silicon carbide discs change and for 10
min at the end of the polishing procedures. Two hundred and fifty-six blocks were
selected and randomized among 8 study groups and 16 volunteers according to their
surface hardness by stratified allocation (Hardness tester from Buehler, Lake Bluff, IL,
USA; five indentations in each block using Knoop diamond with 25 g for 10 seconds;
enamel mean surface hardness of 362.34 ± 33 KHN). Before the in situ phase, the
blocks were sterilized by ethylene oxide gas exposure.
Baseline Profilometric Analysis
The surface of the enamel blocks were marked with a scalpel blade (Embramac,
Itapira, SP, Brazil) for definition of the reference areas of 1.0 mm (at the border) and
test area of 2.0 mm (at the center). Subsequently, five baseline surface profiles were
obtained from the blocks using a profilometer (MarSurf GD 25, Göttingen, Germany)
and a contour software (MarSurf XCR20). To standardize the position, blocks were
fixed to a special holder and the location was recorded allowing their exact
repositioning after the in situ phase. The surface profiles were obtained at the following
distances of relative position of the block on the y-axis: 0.5, 0.75, 1.0, 1.25 and 1.5 μm.
After the initial profilometry, the reference areas (at the border of enamel surface) were
covered with nail varnish (Maybelline Colorama, Cosbra Cosmetics Ltda, São Paulo,
SP, Brazil), to be used as a reference for intact enamel during measurements of
enamel loss.
Volunteers
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This study was conducted according to the guidelines of good clinical practice
and conformed to the Declaration of Helsinki for experiments involving humans. Ethical
approval was granted by the local institutional ethics committee (CAAE nº
45792415.8.0000.5417). Informed written consent form was obtained from each
volunteer at the beginning of the study, prior to confirmation of their eligibility. The
participants had the right to withdraw from the study at any time and for any reason
without prejudice.
For this study, a sample size of fourteen volunteers (dentistry graduation and
post-graduation students at local institution) was required considering a minimally
detectable difference of 2.5 μm of enamel wear and 1.65 μm of standard deviation
obtained in a pilot study with 2 volunteers, 5% α error and 20% β error. An extra two
volunteers were added to account for possible drop out. Sixteen healthy adult
volunteers (dental students and graduate students of the local institution, aged 18–35
years) participated in the study. The inclusion criteria were residing in the same
fluoridated area (0.70 mg F/L), stimulated salivary flow rate >1 mL/min, non-stimulated
salivary flow rate >0.25 mL/min, and adequate oral health with no caries, erosion
lesions, or gingivitis/periodontitis. The exclusion criteria were systemic illness,
gastroesophageal reflux, pregnant or breastfeeding women, current orthodontic
intervention, professional application of highly concentrated fluoride compounds in the
last 2 months, smokers, and users of acidic medications.
In situ Phase
Before starting the in situ phase, volunteers were properly trained on how to
perform the protocol. They received the study material and written instructions. Seven
days prior to and during the experimental phase, the volunteers brushed their teeth
after meals with a standard toothbrush (Curaprox 5460 ultra-soft, Curaden Swiss,
Switzerland) and fluoride toothpaste (Triple Action, 1.450 ppm F, Colgate, Brazil)
without the intraoral appliance. In addition, volunteers were informed not to use any
other fluoride product.
Four acrylic resin removal palatal appliances were made for each volunteer to
be used in each phase of the study. The appliances had four 6 × 4 × 3 mm cavities,
two on each side, for block fixation. The blocks were fixed with wax (Asfer, Asfer
Indústria Química, São Caetano do Sul, SP, Brazil) and adjusted to the level of the
appliance surface. In one side of the appliance the enamel blocks were fixed with green
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wax (erosion group) and on the other side with blue wax (erosion+abrasion group) to
identify the blocks that would to be brushed after the application of toothpaste slurry.
Volunteers were allocated to study phases (according to the treatment) following
simple randomization procedures (computerized random numbers). The data analysts
were blinded to the allocation of the volunteers and enamel blocks.
The four test treatments were conducted in different phases; erosion and
erosion+abrasion challenges were conducted in the same phase. Treatments were
done twice daily by the volunteer before the erosive and abrasive challenges. For the
Palm oil group one drop of the oil was applied on each enamel block for 1 minute; for
the positive control, one drop of Sn solution was applied over each enamel block for 1
minute; for the Palm oil + Sn solution, a drop of Sn solution, and right after, a drop of
oil were applied and maintained for 1 minute; and in the negative control, one drop of
deionized water was applied over each block for 1 minute.
The night before the beginning of each phase, the volunteers wore the intraoral
appliances overnight (11.00 until 7.00) to allow AEP formation. During the experimental
phases, the appliances were worn during 5 working days from 7.45 until 18.00 (times
could vary +/- 15 min), with a washout period of 1 week. During the experiment, the
oral hygiene was performed normally after meals, without the intraoral devices. The
participants were instructed not to eat while wearing the appliances but they were
allowed to drink water. The appliance was stored in a plastic box wrapped in wet gauze
(tap water: 0.70 mg F/L) during meals (12.00 until 13.45) and from 18.00 until 7.45 of
the next day to prevent dehydration of the enamel blocks.
The experimental protocol consisted of: 7:45 AM - appliance worn for pellicle
rehydration; 8.00 AM - treatment + erosive/abrasive challenges; 10.00 AM - erosive
challenge; 12.00 AM - lunch time (stored in wet gauze); 1.45 PM - appliance worn for
pellicle formation; 2.00 PM - treatment + erosive/abrasive challenge; 4.00 PM - erosive
challenge; 6.00 PM - appliance removal (Fig. 2).
The erosive and abrasive challenges were conducted ex vivo to protect the
volunteers from potential teeth damage. The erosive challenges (at 10.00 AM and 4.00
PM) consisted of immersing the intraoral appliance in 80 mL of citric acid (0.5%; pH
2.4) for 2 minutes (Ganss et al., 2012) and washing in tap water. This protocol was
chosen to simulate a patient at high risk of developing erosive wear. For treatment +
erosive/abrasive challenge (at 8.00 AM and 2.00 PM), the enamel blocks were treated
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according to the group under study followed by the erosive challenge. Then, the
appliance was washed and a toothpaste slurry (ratio=1:3, dentifrice Triple Action, 1.450
ppm F, Colgate, Brazil) / deionized water) was applied (1 drop/block) over the four
blocks. The two blocks fixed with blue wax were immediately brushed with an electric
brush (Oral-B Precision Clean, Brazil) during 15 seconds each, and then the appliance
was washed in tap water. The time of slurry action was approximately 35 to 40
seconds. The blocks were exposed to the oral environment (in situ exposure) for 2 h,
between the challenges. During this period, the volunteers were asked not to remove
the appliance.
Final Profilometric Analysis
After the in situ phase, the nail varnish was removed and the profilometric
analysis was performed at the same sites of the baseline measurements. Since the
enamel samples could be precisely repositioned on the profilometer table, the
respective baseline and final profiles could be matched. The graphs were
superimposed and analyzed using a specific software program (MarSurf XCR 20,
Göttingen, Germany). The vertical difference (average depth of the surface) between
the baseline and final surface profiles were analyzed to quantify the enamel loss,
reported as the mean of five graphs. The accuracy of the method was around 0.5 μm
and the standard deviation of repeated analyses of a given sample was 0.4 μm.
Statistical Analysis
Statistical analysis was performed with SigmaPlot version 12.3 (2011 Systat
Software, Germany), following the recommendations for dental research (Hannigan, &
Lynch, 2013). The assumptions of equality of variances and normal distribution of
errors were checked using Shapiro–Wilk test. Since the assumptions were met, twoway ANOVA and Tukey’s post hoc test were applied. The significance level was set at
5%.
RESULTS
Of the sixteen volunteers, two were excluded for not following the in situ protocol
properly. Table 1 contains the average and the standard deviation for enamel loss of
each experimental group.
A significant difference was observed among treatments (p<0.001). The erosion
and erosion+abrasion challenges did not yield different enamel loss (p=0.38). There
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was no interaction between type of challenge and treatment (p=0.33). Palm oil, palm
oil associated to Sn solution, and Sn solution significantly reduced enamel wear in
comparison to the negative control (deionized water) with no difference among them.
DISCUSSION
The AEP protects the hard dental tissue against acids by modulating the
demineralization/remineralization process; however, it does not prevent the acid
diffusion completely (Hannig, & Balz, 1999; Hannig, & Hannig, 2014). The basal layer
of the AEP is formed by the initial adsorption of single peptides and proteins from saliva
and other oral fluids, characterizing a densely packed zone (Carvalho, Baumann, &
Lussi, 2016; Hannig, & Hannig, 2014; Siqueira, Custodio, & McDonald 2012). Then, a
loosely arranged structure consisting of protein-protein interactions and the adsorption
of proteins and macromolecules called external layer covers the basal layer (Hannig,
& Balz, 1999). When an erosive challenge occurs, the AEP is gradually dissolved from
the external to the basal layer (Amaechi, Higham, & Edgar, 1999; Hannig, Hess, HothHannig, & De Vrese 2003; Hannig et al., 2007). Due to its densely arranged formation,
the basal layer is more difficult to dissolve than the external layer; however, it is
permeable to ions (Hannig et al., 2007). Thus, one possible strategy to improve the
protective effect of AEP consists on modifying the composition of the external layer in
an attempt to obtain a less permeable membrane during acid dissolution, or of the
basal layer, hampering the ion exchange during an erosive process.
Previous studies have shown that the outer layer of the AEP absorbs lipids
micelles when teeth are exposed to vegetable oils (Das, Adhikary, & Bhattacharyya,
1976; Hannig et al., 2012). Nonetheless, the protective effect of these oils against acid
challenge remains unclear because only a few evidence-based studies are available
in the literature (Buchalla, Attin, Roth, & Hellwig, 2003; Hannig et al., 2012; Ionta et al.,
2017, Wiegand, Gutsche, & Attin, 2007). In one of these studies, the application of
palm oil prior to a single short-term acid exposure resulted in 7.8% of enamel surface
hardness loss compared to 23.7% of the fluoride solution (positive control) and 28.1%
of the deionized water (negative control) (Ionta et al., 2017). Because of the promising
effect of the palm oil against initial erosion, the present study aimed to elucidate its
protective effect when applied alone or in association with a Sn-containing solution on
enamel loss after an erosive and erosive/abrasive cycling challenge. The profilometry
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was adopted as the response variable because it is the gold standard for in vitro
analysis of erosive wear thickness (height) (Paepegaey et al., 2013). The results
showed that both treatments protected against erosive and abrasive dental wear,
resulting in less enamel wear than deionized water. However, the effect was not
significantly different compared to the Sn-containing mouthwash solution.
Palm oil is naturally rich in carotenes, giving the oil its dark red color (Sundram,
& Sambanthamurthi, 2003), and in tocotrienols, which have demonstrated many health
benefits such as antioxidant properties (Sundram, & Sambanthamurthi, 2003). The
antioxidant effect has been attributed to the ability of tocotrienols to diffuse in the lipid
layer of the cell membrane (Ahsan, Ahad, & Siddiqui, 2015; Kamat, Sarma,
Devasagayam, Nesaretnam, & Basiron, 1997). Thus, it is hypothesized that palm oil
might have been distributed into the lipids of the AEP basal layer retarding its
disintegration (Ionta et al., 2017). One study has analyzed in situ the effect of a
vegetable oil (safflower oil) on the ultrastructure of the AEP against the exposure to
hydrochloric acid (Hannig et al., 2012). By transmission electron microscopy, the
authors showed a lipid-rich AEP surface, but with no substantial integration of the lipids
to the basal layer. In addition, the AEP modified by safflower oil rinsing was more
susceptible to acid degradation than the in situ physiological AEP. Considering the
preventive effect demonstrated in the present study, the alteration of the AEP
ultrastructure by palm oil should be assessed in the future, to better understand its
mechanism of action.
The stannous-containing mouthwash adopted in the present study as positive
control contains stannous chloride, amine fluoride, and sodium fluoride, and has
demonstrated preventive effects on dental erosion studies (Algarni et al., 2015,
Esteves-Oliveira et al., 2015; Oliveira, Scaramucci, Nogueira, Simões, & Sobral,
2015). The mechanism of action of stannous ions, such as SnF2 or SnCl2, is based on
the formation of an acid-resistant layer on the surface of teeth (Ellingsen 1986; Ganss,
Schlueter, Hardt, Schattenberg & Klimek, 2008). This might result in the incorporation
of ions into the enamel due its low pH (Schlueter, Klimek & Ganss, 2009) and high
reactivity to hydroxyapatite (Yu et al., 2010), increasing the substrate resistance. In
addition, it was shown that the association of SnCl2 and fluoride ions can modify
quantitatively and qualitatively the AEP (Algarni et al., 2015) leading to the formation
of more stable and acid-resistant precipitates on the tooth surface (Schlueter et al.,
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2009). In the present study, to test the combined treatment, the stannous-containing
solution was applied before the palm oil, considering the stannous ion incorporation
into the enamel and the hydrophobic properties of the oil, which could negatively
interfere with the preventive effect of the stannous solution. However, this association
was not able to improve significantly the protective potential in comparison with palm
oil or stannous-containing mouthwash alone. Perhaps the stannous-containing
mouthwash led to the formation of a barrier on the surface of the enamel, impairing the
penetration of the palm oil in the basal layer of the AEP.
Sound enamel is more resistant against mechanical forces than eroded enamel,
which is highly unstable and potentially more susceptible to abrasion (Eisenburger,
Shellis, & Addy, 2003). The outer zone of softened erosive lesion consists of thinned
fragile crystals separated by large spaces (Eisenburger, Shellis, & Addy, 2004), which
can be easily removed by relatively slight abrasive or frictional forces, causing further
enamel substance loss (Eisenburger, Shellis, & Addy, 2003; Shellis, Featherstone, &
Lussi, 2014). However, the inner part of the lesion is less demineralized, mainly limited
to the prism boundaries (Eisenburger, Shellis, & Addy, 2004) and requires a greater
mechanical impact (e.g. excessive brushing) to be removed (Wiegand, Wegehaupt,
Werner, & Attin, 2007; Wiegand, Köwing, Attin, 2007; Wiegand, & Schlueter, 2014). In
the present study, a slight increase in enamel wear was observed in groups subjected
to erosion and abrasion by toothbrushing; around 4% for palm oil, 4% for palm oil+Sn
solution, 21% for Sn solution and 19% for deionized water compared to the groups
subjected to erosion only. Although there was no statistical difference between erosion
and erosion+abrasion challenges, it seems that the lubricating properties of the oil may
play a role in protecting against abrasive toothbrushing, which can indicate a new
possibility of research for palm oil-containing dentifrices. A possible explanation for the
statistical similarity between erosion and erosion+abrasion is the enamel exposure to
tongue friction, since it was previously demonstrated that the tongue produces an
abrasive effect on enamel softened by erosion (Gregg, Mace, West, & Add, 2004).
Therefore, in the present protocol, the specimens were exposed to friction by the
tongue, interfering with the results. To avoid the mechanical impacts of the tongue, it
is recommended that the enamel blocks are protected by an orthodontic wire (Ionta et
al., 2017; Jordão et al., 2017; Mendonça et al., 2017); however, in the pilot study, the
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placement of a wire caused a higher oil retention and greater difficulty to remove the
oil.
Before the brushing procedures, a toothpaste slurry was applied on all enamel
blocks to simulate the daily oral hygiene. In a clinical situation, dentifrices are always
used for toothbrushing. A question that could be raised is that the fluoride dentifrice
could mask the effect of the tested treatments, because in a previous study, fluoride
dentifrice showed a protective effect on eroded enamel subjected to brushing abrasion
(Magalhães, Rios, Delbem, Buzalaf, & Machado, 2007). However, the negative control
group (deionized water) of our study, which received the dentifrice slurry, presented
worse results than the other groups, showing that the effect of the fluoride dentifrice
was neglectable.
Ideally, the abrasive procedure should be performed with the appliance in the
mouth of the volunteers. However, in a pilot study, the volunteers were unable to
distinguish the blocks that should be brushed (erosion+abrasion groups) from those
that should not (erosion groups). Thus, the abrasive procedure was conducted ex vivo.
In addition, the ex vivo erosive challenge prevented injuries to the participants teeth’s.
Due to the absence of saliva, the extraoral procedures can be considered a limitation
of the study. It is also important to bear in mind that in in situ protocols, there are
variations among individuals biological factors, resulting in different values of wear
among volunteers, this could be the reason for the high standard deviations found in
the study.
Based on these findings, palm oil and commercial fluoridated mouthwash alone or combined - presented a preventive potential against erosion and
erosion/abrasion when compared to deionized water. Thus, further studies should be
carried out to eventually create a palm oil-containing emulsion that could be used as a
mouthwash, by improving gustatory properties - as flavor and smell - and preventive
effect. Moreover, the effect of the palm oil on the physical properties, quality, and
composition of the acquired pellicle should be assessed.
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Table 1. Mean (µm) and the standard deviation (sd) of enamel loss of the studied
groups.

Treatment
Wear
Condition

Palm oil + Sn

Palm Oil

solution

erosion
erosion

plus

Sn solution

erosion
erosion

abrasion

plus

Deionized Water

erosion
erosion

abrasion

plus

erosion
erosion

abrasion

plus
abrasion

Enamel

4.78

4.99

4.26

4.45

3.93

4.75

5.97

7.12

Loss

(±1.68)

(±1.73)

(±2.12)

(±1.92)

(±1.67)

(±2.30)

(±2.05)

(±2.64)

a

a

a

a

a

a

b

b

*Distinct letters indicate significant differences among groups (two-way ANOVA
and Tukey’s test, p < 0.05).
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Fig. 1. Flowchart of the experiment according to Consolidated Standards of
Reporting Trials (CONSORT).
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Fig. 2. In situ / Ex vivo daily protocol repeated for 5 days in each phase. Treatment for
Palm oil, Deionized water and Stannous solution were done by application of 1 drop
for 1 minute; for the Palm oil + Stannous solution, a drop of Sn solution, and right after,
a drop of oil was applied and maintained for 1 minute.
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2.3. Article 33 - Effect of aspartame against erosive enamel wear by

intrinsic and extrinsic acids: an in situ/ex vivo study
ABSTRACT
Previous study suggests that the presence of aspartame as well as a slight increase
in pH are responsible for the lower erosive potential of light cola drink. The anti-erosive
potential of aspartame, regardless of its association with colas, has not been
evaluated. The aim of this study was to evaluate whether aspartame regular
mouthwash prior to erosive challenges with citric or hydrochloric acids would be able
to prevent erosive enamel wear. This randomized, single blind study was conducted
with 3 crossover phases of 5 days. Polished bovine enamel blocks (n=252) were
randomly divided among 6 groups/ 3 phases/ 21 volunteers. The groups under study
were: aspartame solution (0.024% of aspartame in deionized water - experimental
groups), deionized water (negative-control) and stannous-containing solution (Elmex®
Erosion Protection Dental Rinse; positive-control); half of the enamel blocks was
subjected to erosion on citric acid and the other half in hydrochloric acid. Four times
per day the volunteers rinsed the intraoral appliance with the respective solutions in
situ prior to extraoral immersion of half of the appliance in 0.05M citric acid and the
other half in 0.01M hydrochloric acid for 120 seconds. The response variable was
enamel loss by profilometry. Data were analyzed by ANOVA and Tukey’s test (p<0.05).
No difference on enamel loss was found between aspartame solution and deionized
water. Stannous-solution resulted in less enamel loss compared to deionized water.
Hydrochloric acid resulted in higher enamel loss than citric acid. In this model,
aspartame was not able to prevent erosive enamel wear against citric or hydrochloric
acids.
INTRODUCTION
Dental erosion can be defined as the softening of dental surface due to the
exposure of dental hard tissue to extrinsic or intrinsic acids of non-bacterial origin1.
Whether the acid exposure is prolonged or under the incidence of mechanical forces,

3

Protective effect of aspartame against erosive enamel wear by intrinsic and extrinsic acids: an in situ/ex vivo
study. International Dental Journal. (Submitted)

2 Articles

59

this vulnerable softened layer can be removed causing tooth hard substance loss2. At
routine examination, erosive wear becomes clinically visible in later stages, when the
appearance and shape of the teeth are compromised. In patients with
gastroesophageal reflux or with eating disorders such as bulimia, stomach acids can
be constantly present in the oral cavity leading to severe erosion with extensive loss
of enamel and dentine3. The risk of development of dental erosion is also related to
nutritional habits, such as high consumption of soft drinks and specific diets with
increased consumption of acid fruits (e.g. vegan, vegetarian and raw food diets)4. The
high prevalence of this condition5-8and the impact on patient’s quality of life9 is a cause
of concern to dental clinicians and researchers.
Due to the high consumption of soft drinks, researches have been
conducted regarding the erosive effects of different versions of soft drinks10,11.
Previous studies had found that light cola, which contains aspartame and a slight
increase in the pH, presents less erosive potential compared to its traditional
version12,13. It was speculated that the aspartame could be responsible for the lower
erosive potential of light cola12,13. However, the anti-erosive potential of aspartame,
regardless of its association with cola drinks, has not been previously evaluated. Thus,
the aim of this in situ/ex vivo study was to evaluate whether aspartame regular
mouthwash prior to immersion in citric or hydrochloric acids would be able to prevent
erosive enamel wear when compared to deionized water and stannous-containing
solution. The null hypothesis tested was that there is no difference among the tested
solutions against both kinds of acid challenges.
METHODS
Study Design
This experiment followed a single-blind (for research), placebo-controlled,
randomized, 3 in situ/ex vivo crossover phases in which the independent variables
were type of treatment (in three experimental levels) and type of challenge (in two
experimental levels). A washout period of 7 days was established between each
phase. Polished bovine enamel blocks (n=252) were random divided among groups
(n=6) and volunteers (n=21). The groups under study were: 0.024% of aspartame in
deionized water (experimental groups), deionized water (negative-control) and
stannous (Sn)- containing solution (Elmex® Erosion Protection Dental Rinse; positive-
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control); half of the enamel blocks was subjected to erosion in citric acid and the other
half in hydrochloric acid (both Sigma Alderich - Merck, Darmstadt, Germany). The
dependent variable was enamel loss (in µm) quantified profilometrically.
Enamel Blocks Preparation
Enamel blocks (4 x 4 x 3 mm) were prepared from the labial surfaces of
bovine incisors crowns. The teeth were cut using a cut device (ISOMET Low Speed
Saw, Buehler Ltd., Lake Bluff, IL, USA), with two double-sided diamond discs (XL
12205, “High concentration”, 102 x 0,3 x 12,7 mm3 Extec Corp., Enfield, CT, USA/ Ref:
12205), which were separated by a 4- mm thickness spacer.
The blocks’ surfaces were ground flat with water-cooled silicon carbide
discs (320, 600, and 1200 grade papers; Buehler, Lake Bluff, IL, USA), and polished
with felt paper wet by 1 µm diamond spray (Buehler, Ltd., Lake Bluff, IL, USA). The
blocks were cleaned using an ultrasonic device (T7 Thornton, Unique Ltda., São Paulo,
SP, Brazil) with deionized water for 2 min between each silicon carbide discs change
and for 10 min at the end of the polishing procedures. Two hundred and fifty-two blocks
were selected and randomized among 8 studied groups and the 16 volunteers
according to their surface hardness (Hardness tester from Buehler, Lake Bluff, IL, USA;
five indentations in each block using Knoop diamond with 25 g for 10 seconds; enamel
mean surface hardness of 341.20 ± 33 KPa/mm2). Before the in situ phase, the blocks
were sterilized by ethylene oxide gas exposure.
Baseline Profilometric Analysis
The surface of the enamel blocks were marked with a scalpel blade
(Embramac, Itapira, SP, Brazil) for definition of the reference areas of 1.0 mm (at the
border) and test area of 2.0 mm (at the center). Subsequently, five baseline surface
profiles were obtained from the blocks using a profilometer (MarSurf GD 25, Göttingen,
Germany) and a contour software (MarSurf XCR20). Blocks were fixed to a special
holder to standardize the position and the location was recorded allowing their exact
repositioning after the in situ phase. The surface profiles (3.0 mm in length) were
obtained at the following distances of relative position of the block on the y-axis: 0.5,
0.75, 1.0, 1.25 and 1.5 μm. After the initial profilometry, the reference areas (at the
border of enamel surface) were covered with nail varnish (Maybelline Colorama,
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Brazil), to be used as a reference for intact enamel during measurements of enamel
loss.
Volunteers and In situ/Ex vivo phase
This study was conducted according to the guidelines of good clinical
practice and conformed to the Declaration of Helsinki. The experiments were
undertaken with the understanding and written consent of each subject and according
to the mentioned principles. The participants had the right to withdraw from the study
at any time and for any reason without prejudice. The study has been independently
reviewed and approved the local institutional ethics committee (CAAE nº
48729115.0.0000.5417).
For this study, a sample of nineteen healthy volunteers was required
considering a minimally detectable difference of 0.35 μm of enamel loss and 0.34 μm
of standard deviation obtained in a pilot study with 3 volunteers, an 5% α error, and
20% β error was adopted. Two extra volunteers were added to account for possible
drop out. Twenty-one healthy adult volunteers (dental students and graduate students
of the local institution, aged 18–35 years) participated in the study. The inclusion
criteria were residing in the same fluoridated area (0.70 mg F/L), stimulated salivary
flow rate >1 mL/min, non-stimulated salivary flow rate >0.25 mL/min, and adequate
oral health with no caries, erosion lesions and gingivitis/periodontitis. The exclusion
criteria were systemic illness, gastroesophageal reflux, pregnant or breastfeeding
women,

current

orthodontic

intervention,

professional

application

of

highly

concentrated fluoride compounds in the last 2 months, smokers, and users of acidic
medications.
Before starting the in situ phase, volunteers were properly trained on how
to perform the protocol. They received the study material and written instructions.
Seven days prior to and during the experimental phase, the volunteers brushed their
teeth after meals with a standard toothbrush (Curaprox 5460 ultra-soft, Curaden Swiss,
Switzerland) and fluoride toothpaste (Triple Action, 1.450 ppm F, Colgate, Brazil)
without the intraoral appliance. In addition, volunteers were informed not to use any
other fluoride product.
Three acrylic resin removal palatal appliances were made for each
volunteer to be used in each phase of the study. The appliances had four 6 × 4 × 3
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mm cavities, two on each side, for block fixation. The blocks were fixed with wax (Asfer,
Asfer Indústria Química, São Caetano do Sul, SP, Brazil) and adjusted to the level of
the appliance surface. In one side of the appliance the enamel blocks were fixed with
green wax (citric acid) and on the other side with blue wax (hydrochloric acid) to identify
which blocks should be immersed in citric or hydrochloric acids. Volunteers were
allocated to study phases (according to the treatment: aspartame, stannous-containing
solution, or deionized water) following simple randomization procedures (computerized
random numbers). The data analyst was kept blinded to the allocation of the volunteers
and enamel blocks.
Each type of treatment was conducted in different study phases; erosion
with citric and hydrochloric acids were performed in the same phase. A washout period
of 7 days was established between the phases. The night before the beginning of each
phase, the volunteers wore the intraoral appliances overnight (11.00 until 7.00) to allow
formation of acquired enamel pellicle. Thereafter, volunteers wore the appliance for 5
working days from 7.45 to 18.00 (times could vary +/- 30 min). The experimental
procedure was as follows (all times +/- 15 min): at 7.45 the appliance was worn for
pellicle formation; at 8.00 and 10.00 the treatment + erosive challenge was performed;
at 12.00 the appliance was removed and stored in wet gauze during lunch; at 13.45
the appliance was worn for pellicle formation; at 14.00 and 16.00 the treatment +
erosive challenge; and at 18.00 the appliance was removed and stored in wet gauze
during night sleep. The participants were instructed not to eat while wearing the
appliances; drinking water was allowed.
Four times per day the volunteers rinsed the respective solutions (10 mL
for 60 seconds) with the intraoral appliance in situ. Immediately after the mouthwash,
the volunteers placed the appliance into an ethylene vinyl acetate dipositive that allows
the immersion of half of the appliance in acid, while the other half floated without
contacting the acid (Figure 1)14. Therefore, half of the appliance were immersed in 80
mL of 0.03M citric acid (natural pH 2.4)15,16 and the other half in 80 mL of 0.01M
hydrochloric acid (adjusted with NaOH pH 2.3, to approximate that found in stomach
acid17,18), both for 120 seconds without agitation and then washed in tap-water.
A 2-hour period was planned for in situ exposure between challenges,
during which the volunteers were asked not to remove the appliance19-21.
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Final Profilometric Analysis
After the in situ phase, the nail varnish was removed and the profilometric
analysis was performed at the same sites of the baseline measurements. Since the
enamel samples could be precisely repositioned on the profilometer table, the
respective baseline and final profiles could be matched. The graphs were
superimposed and analyzed using a specific software program (MarSurf XCR 20,
Göttingen, Germany). The vertical difference (average depth of the surface) between
the baseline and final surface profiles were analyzed to quantify the enamel loss,
reported as the mean of five graphs.
Statistical Analysis
Statistical analysis was performed with SigmaPlot version 12.3 (2011
Systat Software, Germany), following the recommendations for dental research22.
The assumptions of equality of variances and normal distribution of errors were
checked using Shapiro–Wilk test. Since the assumptions were satisfied, two-way
ANOVA and Tukey’s post hoc test were applied. The significance level was set at
5%.
RESULTS
Of the twenty-one volunteers, one was excluded for not following the in situ
protocol properly. Table 1 contains the average and the standard deviation for enamel
loss of each experimental group.
A significant difference was observed among treatments (p=0.000) and
between type of acid (p=0.001). There was no interaction between type of acid and
treatment (p=0.14). Hydrochloric acid promoted higher enamel loss than citric acid.
Aspartame did not differ from negative control (deionized water) on enamel loss. Sncontaining solution significantly reduced enamel wear in comparison to the negative
control and aspartame.
DISCUSSION
The prevention of erosive tooth wear can be challenging since it is a
multifactorial condition in which patient-related and nutritional factors are involved5.
Specific anti-erosive products could be useful when is not possible to intercept and
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reverse these causal factors. The present study evaluated the effect of an aspartame
mouthwash against enamel erosive challenges by citric and hydrochloric acids,
however it was not able to prevent enamel loss. Therefore, the null hypothesis that
there was no difference in the preventive effect for the tested solutions was partly
rejected, due to a reduction in enamel loss by the stannous-solution.
Since 1981 to the present days, the Food and Drug Administration Agency
(FDA) approves the use of aspartame and considers it safe as a general-purpose
sweetener in food23, being used as a non-nutritive sweetener in low-calorie products.
Aspartame is a synthetic dipeptide formed by the reaction of L-aspartic acid with Lphenylalanine methyl ester, which can be released in contact with saliva24. Amino
acids, such as phenylalanine, may present potent antioxidant effect and may protect
against inflammatory diseases 25. Phenylalanine has showed to attenuate ulcerogenic
parameters and to improve the gastric hemorrhagic erosion in acid-irrigated stomachs
of rats

26

. Light cola – which contains aspartame – had demonstrated less erosive

potential than regular cola12,13. In the present study, the experimental aspartame
mouthwash prior to acid challenge showed a reduction of only 16% of enamel loss in
comparison with deionized water, without statistical differences. The stability of
aspartame depends on pH and temperature; in acquous solution, when the pH ranges
between 4 and 5, the degradation is minimal27. However, under extremely acidic
conditions with pH below 4, aspartame can be degraded in phenylalanine, aspartic
acid and methanol. Phenylalanine is considered to be an aromatic amino acid, having
a carboxylic group and the amino group28. Light cola soft drink has pH around 3 and
thus, the protons of the acid might be possibly captured by the carboxylic (COO-) or
aminic (NH2) groups of phenylalanine, diminishing deleterious action on the tooth
enamel12,13. In the present study, the pH of aspartame solution was 5.6, which may
have impaired its anti-erosive effect. Different results might be obtained in solutions
with lower pH (<4.0) which should be tested in future studies. Previous studies have
found that at high concentrations, aspartic acid can bind to the N-methyl-D-aspartate
receptor, causing an influx of calcium ions into brain cells29. Also, the hydrogen
peroxide and peroxyl radicals formed during the ingestion of aspartame seem to be
involved in enhanced calcium mobilization in brain cells28,30. Perhaps, in higher
concentration, it could have some effect on tooth remineralization by enhancing
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calcium mobilization to acquired enamel pellicle, this hypothesis needs to be further
evaluated.
The Sn-containing solution was the only treatment able to prevent enamel
loss from citric and hydrochloric acids. This mouthwash solution contains 800 ppm of
Sn2+ from stannous chloride, 125 ppm of F- from amine fluoride, and 375 ppm of F- from
sodium fluoride and was adopted as positive control since it has previously showed
preventive effect against tooth erosion31-33. The stannous ions can form an acidresistant layer on the surface of teeth increasing the substrate resistance34,35. When it
is associated with fluoride ions, the acquired enamel pellicle can be quantitatively and
qualitatively modified31 forming a more stable and acid-resistant precipitates36.
Considering the pH of the Sn-solution (4.5), it could be interest to investigate in future
studies its association with aspartame in order to improve the anti-erosive effect.
Considering the endogenous sources of acids, the mainly compound of
gastric contend is hydrochloric acid37, being frequently adopted in experimental studies
simulating this condition3,38-43. Citric acid is one of the main acidic compound of
exogenous sources, such as foodstuffs and drinks11; thus, it is frequently adopted in
laboratorial studies to represent extrinsic causes of dental erosion38,44-46. In the present
study, citric and hydrochloric acid were adopted with the pH of 2.4 and 2.3 respectively,
since many acidic drinks range at this level11 and gastric juice has been simulated in
this range of pH38-43. It should be considered that in this experimental setup, acidic
solutions of similar pH but different concentrations (0.01M for hydrochloric acid and
0.03M for citric acid) were used for characterization of erosive effect of intrinsic and
extrinsic acids. Different acidic concentrations can impair the comparison with data,
however previous study has found that concentration of the acids and the amount of
titratable acid are of minor importance to determine the acidic erosive capacity when
compared to pH and type of acid44. Each erosive challenge was set in 120 seconds as
in previous studies14,40-42; it was demonstrated that the pH on tooth surfaces stays low
during this time after exposition to an acid until the salivary clearance47,48. Hydrochloric
acid is considered as a strong monovalent acid (pKa = −6.3 – HCl) and can dissolves
and removes the mineral surface more quickly than weaker polyvalent acids, such as
citric acid (pKa1 = 3.15; pKa2 = 4.77; pKa3 = 6.40)45. Thus, tooth erosion from intrinsic
acids seems to be more severe than from extrinsic acids3,49. In the present study,
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hydrochloric acid promoted higher enamel loss than citric acid for all tested solution,
which confirm this hypothesis.
Researches about preventive measures for dental erosion should be
ideally conducted in vivo50,51. However due to the difficult to yield very precise intraoral measurement of the progression of erosive wear in vivo50,51; the present study was
conducted in situ/ ex vivo. The intraoral appliance was exposed to the oral environment
and the mouthwash was performed intra-orally, but the acid challenge was conducted
extra-orally to avoid damage to the volunteer’s teeth. The enamel loss was measured
by profilometry since it is considered a suitable method to measure the erosive wear
thickness in vitro51-54 The present study adopted bovine teeth, which is widely used in
enamel erosion studies and it is easier to obtain in large quantities with a more uniform
structure54-57 compared to human teeth. However, the presence of some chemical and
structural differences should be taken into account when extrapolling the results to the
clinical practice54-57.
Based on the results of this study, the aspartame solution was not able to
prevent the enamel loss when used before an erosive challenge independently of type
of acid. Sn-solution promoted less enamel loss than deionized water and aspartame
solution. Hydrochloric acid promoted higher enamel loss than citric acid. Further
studies should be conducted evaluating the anti-erosive effect of an aspartame
solution with lower pH.
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TABLE
Table 1. Means and standard deviations values of enamel loss (µm) of the studied
groups.
TREATMENT

CITRIC ACID A

HYDROCLORIC
ACID B

Aspartame a

2.60 (± 1.28)

3.59 (± 1.84)

Deionized Water a

3.09 (± 0.99)

4.27 (± 1.49)

0.87 (± 0.76)

0.99 (± 0.96)

Sn-containing
Solution b

*Different lower-case and uppercase letters show significant differences among
the treatment and between the types of acid, respectively (two-way ANOVA and
Tukey’s test, p < 0.05).

2 Articles

73

FIGURE LEGEND
Figure 1. Intraoral appliance placed into an ethylene vinyl acetate dipositive allowing
the immersion of half of the appliance in acid, while the other half floated without
contacting the acid.
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FIGURE 1
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2.4. Article 44 - Is the dentifrice containing calcium silicate, sodium
phosphate and fluoride able to protect enamel against chemical mechanical
wear? an in situ/ ex vivo study.
ABSTRACT
Objectives: The aim of this study was to investigate the effect of a dentifrice that
contains calcium silicate, sodium phosphate, and fluoride on erosive-abrasive enamel
wear. Material and Methods: This randomized, single-blind in situ/ex vivo study was
conducted with 4 crossover phases of 5 days (1 group tested per phase). Bovine
enamel blocks (n=256) were allocated to 16 volunteers and 8 groups. The groups
under study were: test dentifrice, with calcium silicate, sodium phosphate, and 1450
ppm sodium monofluorophosphate; tin dentifrice, with 3500 ppm stannous chloride,
700 ppm amine fluoride, and 700 ppm sodium fluoride; conventional dentifrice, with
1450 ppm sodium monofluorophosphate; and control (deionized water). Half of the
enamel blocks was subjected to erosion and the other half to erosion plus abrasion.
The daily extraoral protocol consisted in 4 citric acid exposures (2 minutes) and two
applications of dentifrice slurry on all blocks for 30 seconds; after, half of the blocks
were brushed for 15 seconds. The response variable was enamel loss. Data were
analyzed by two-way ANOVA and Fisher’s test (p<0.05). Results: For erosion, the test
dentifrice promoted less enamel loss than water (4.7±3.1 and 5.8±2.5µm, respectively,
p<0.05), and did not differ from tin (4.8±2.5µm) and conventional (4.8±1.4µm)
dentifrices (p>0.05). However, the test dentifrice (7.7±3.8µm) promoted higher wear
after erosive plus abrasive procedures than tin (5.4±1.5 µm) and conventional
(6.2±1.7µm, p<0.05) dentifrices, and did not differ from water (6.9 ±2.0µm).
Conclusions: The test dentifrice reduced enamel loss against acid challenge but had
no effect against acid and brushing challenge.
Clinical Relevance: Little is known regarding the preventive effect of dentifrices
indicated for dental erosion. The tested anti-erosive dentifrice was unable to protect
enamel when erosion was associated to toothbrushing abrasion.
Keywords: Tooth Erosion, Tooth Abrasion, Calcium Silicate, Stannous Fluoride
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Is the dentifrice containing calcium silicate, sodium phosphate and fluoride able to protect enamel against
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INTRODUCTION
Erosive tooth wear (ETW) is defined as a chemical-mechanical process mainly
induced by intrinsic or extrinsic acids of non-bacterial origin [1, 2]. The prevalence of
ETW has been increasing in the last decade, affecting about half of the population
under 18 years of age [3, 4]. Specific measures are required to prevent the initiation
and progression of erosive lesions [5]; however, since patient-related and nutritional
factors are involved in the development of erosive tooth wear, prevention can be
complicated [6]. Therefore, when causal factors are not identified and reversed, the
use of specific protective products could be beneficial.
Routinely used once or twice a day by most individuals, dentifrices could work
as suitable delivery systems for dental erosion preventive therapies [6-10]. However,
data about the role of fluoride dentifrices on ETW process are controversial [11],
because on one hand, fluoride or any other anti-erosive agent can be delivered through
it, but on the other hand, the mechanical impact of toothbrushing commonly enhances
the loss of demineralized tissue [2]. In addition, toothbrushing abrasive forces can
disrupt or partially remove the mineral precipitation promoted by fluoride action [12,
13]. Since eroded enamel is more susceptible to toothbrush abrasion than sound
enamel [14], dentifrices for tooth wear prevention must have a mechanism to
compensate the impact of brushing forces.
The use of oral hygiene products containing calcium is one of the strategies to
increase the availability and retention of fluoride in the oral cavity [15]. In vitro studies
have demonstrated that specific types of calcium silicate – such as Ca3SiO5 – can
induce the formation of hydroxyapatite in saliva, which is deposited on the acid-eroded
enamel forming a remineralizing layer, suggesting a protective effect against erosive
demineralization [16,17]. When considering the pH cycling model of erosive
demineralization, the efficacy of calcium silicate seems to be similar to that of 1000
ppm sodium fluoride solution; better results were obtained when Ca3SiO5 was
associated with fluoride [18].
Dentifrices containing calcium silicate, sodium phosphate, and fluoride have
shown greater rehardening capacity of eroded enamel than conventional fluoride
dentifrices [6-8]. However, the evidence about the mechanism and the protective
capacity of calcium silicate is limited since only a few studies were reported, which
were conducted under highly artificial conditions. In addition, those studies assessed
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the effect of calcium silicate applied as slurry, without assessing the impact of
toothbrushing. Only one study evaluated erosion and toothbrushing in situ, but the
efficacy of the dentifrice was measured by hardness recovery, not by the decrease of
enamel loss. Thus, although the evidence is limited, these dentifrices are available in
the market for patients with or at risk of erosive tooth wear. Therefore, the objective of
this study was to evaluate the effect of a dentifrice that contains calcium silicate,
sodium phosphate, and fluoride on the prevention of ETW, simulating a clinical
condition by associating erosion to abrasion using an in situ protocol.
SUBJECTS, MATERIAL AND METHODS
Experimental Design
This experiment followed a single-blind, placebo-controlled, randomized,
crossover in situ/ex vivo design in which the independent variables were type of
treatment (in four experimental levels) and type of challenge (in two experimental
levels). The 256 bovine enamel blocks were randomly allocated into groups (n = 8)
and volunteers (n = 16). The groups under study were: test dentifrice with calcium
silicate,

sodium

phosphate,

and

1450

ppm

sodium

monofluorophosphate

(REGENERATETM ENAMEL SCIENCE, France); tin dentifrice with 3500 ppm stannous
chloride, 700 ppm amine fluoride, and 700 ppm sodium fluoride (elmex® EROSION
PROTECTION,

Austria);

conventional

dentifrice

with

1450

ppm

sodium

monofluorophosphate (Colgate Tripla Ação®, Brazil); and control (deionized water).
Half of the enamel blocks was subjected to erosion and the other half to erosion and
abrasion. The protocol comprised four phases and the groups were randomly divided
according to the type of dentifrice, since erosion and erosion+abrasion conditions were
evaluated in the same phase. A wash-out period of 7 days was established between
each phase. The dependent variable was enamel loss (in µm) quantified
profilometrically.
Enamel Blocks Preparation
About 300 enamel blocks (4×4×3 mm) were prepared from the labial surfaces
of bovine incisor crowns. The blocks were cut using an ISOMET low speed cutting
machine (Buehler Ltd., Lake Bluff, IL, USA) with two diamond disks (XL 12205, “High
concentration”, 102×0.3×12.7 mm3 Extec Corp., Enfield, CT, USA/ Ref: 12205)
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separated by a 4 mm spacer. The blocks’ surfaces were ground flat with water-cooled
silicon carbide discs (320, 600, and 1200 grade papers; Buehler, Lake Bluff, IL, USA),
and polished with felt paper wet by diamond spray (1 µm; Buehler, Ltd., Lake Bluff, IL,
USA). The blocks were cleaned using an ultrasonic device (T7 Thornton, Unique Ltda.,
São Paulo, SP, Brazil) with deionized water for 2 min between each silicon carbide
disc change and for 10 min at the end of the polishing procedures. Two hundred and
fifty-six blocks were allocated by stratified randomization according to their surface
hardness (Hardness tester from Buehler, Lake Bluff, IL, USA; five indentations in each
block using Knoop diamond with 25 g for 10 seconds; enamel mean surface hardness
of 342 ± 26 KPa/mm2) among the 8 groups and the 16 volunteers. Before the in situ
phase, the blocks were sterilized with ethylene oxide gas.
Initial Profilometric Analysis
Enamel blocks were marked with a scalpel blade (Embramac, Itapira, SP,
Brazil) to indicate two reference areas with 1.0 mm (at the border) and a test area with
2.0 mm (at the center). Subsequently, five baseline surface profiles were obtained from
the blocks using a profilometer (MarSurf GD 25, Göttingen, Germany) and a contour
software (MarSurf XCR20). To standardize their position, samples were fixed to a
special holder and their locations were recorded allowing their exact replacement after
the in situ phase. The surface profiles were obtained at the following distances of
relative position of the block on the y-axis: 0.5, 0.75, 1.0, 1.25, and 1.5 μm. After the
initial profilometry, the reference areas (at the border of enamel surface) were covered
with nail varnish (Maybelline Colorama, Cosbra Cosmetics Ltda, São Paulo, SP,
Brazil), serving as a guide for measurement of enamel loss.
Volunteers and In Situ /Ex Vivo Phase
This study was conducted according to the guidelines of good clinical practice
and conformed to the Declaration of Helsinki. Ethical approval was granted by the local
institutional ethics committee (CAAE nº 48753115.0.0000.5417). Informed written
consent form was signed by volunteers at the beginning of the study, prior to eligibility
confirmation. The participants had the right to withdraw from the study at any time and
for any reason without prejudice.
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For this study, sixteen healthy volunteers (aged 20–30 years) were recruited,
considering a minimally detectable difference of 2 μm of enamel loss and 1.55 μm of
standard deviation obtained in a pilot study with 2 volunteers, 5% α error, and 20% β
error. The inclusion criteria were: reside in the same fluoridated area (0.70 mg F/L),
stimulated physiological salivary flow rate >1 mL/min and non-stimulated physiological
salivary flow rate >0.25 mL/min, and adequate oral health with no caries, erosion
lesions, or gingivitis/periodontitis. The exclusion criteria included systemic illness,
presence of reflux conditions, pregnant or breastfeeding women, current orthodontic
intervention, use of fluoride compounds in the last 2 months, smokers, and users of
acidic medications.
The volunteers were properly trained prior to the experimental in situ/ex vivo
phase and received all the necessary material for the study and written instructions.
Seven days prior to and during the experimental period, the volunteers brushed their
teeth with a standardized toothbrush (Curaprox 5460 ultra-soft, Curaden Swiss,
Switzerland) and a non-fluoride commercial dentifrice (Cocoricó baby care, Bifufo,
Itupeva, SP, Brazil) and they were asked not to use any fluoride product.
Four palatal appliances for each volunteer were made of acrylic resin on plaster
models of the upper arches. Each appliance had four cavities (6×4×3 mm) for block
fixation, two on the right side and two on the left. The enamel blocks were fixed with
green wax (Asfer, Asfer Indústria Química, São Caetano do Sul, SP, Brazil) in one side
of the appliance (erosion groups) and with blue wax (erosion+abrasion groups) on the
other side, leveled to the resin surface of the appliance.
The volunteers wore the appliances for 4 crossover phases, each one with a
different dentifrice or water. A randomization schedule was followed to indicate the
dentifrice order for the study phases. Each phase consisted in wearing the appliance
for 5 working days from 7.45 to 18.00 (times could vary +/- 30 min), with a washout
period of 7 days. The participants were instructed not to eat while wearing the
appliances; drinking water was allowed. They were asked to wrap the appliance in wet
gauze and store it in a plastic box during meals (12.00 to 13.45) and from 18.00 to 7.45
to prevent dehydration of the enamel. One night before the beginning of each phase,
the appliances were worn during sleep (11.00 to 7.00) to allow the formation of
acquired enamel pellicle. On the following 5 days, the experimental procedure was as
follows (all times +/- 15 min): at 7.45 the appliance was worn for pellicle formation; at
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8.00 the erosive+abrasive challenge was performed; at 10.00, erosive challenge; at
12.00 the appliance was stored in wet gauze during lunch; at 13.45 the appliance was
worn for pellicle formation; at 14.00, erosive+abrasive challenge; at 16.00, erosive
challenge; at 18.00, appliance was stored in wet gauze during night sleep. The erosive
and abrasive challenges were conducted extraorally.
For the erosive challenge, the appliances were immersed in 80 mL of citric acid
(0.5%; pH 2.4) for 2 minutes without agitation and then washed in tap-water. For the
erosive+abrasive challenge, the appliance underwent the acidic exposure and then a
dentifrice slurry (1:3 ratio of dentifrice and deionized water) was applied (2 drops/block)
on the 4 enamel blocks for 30 seconds. Two of the blocks were then immediately
brushed with a power toothbrush (Oral-B Precision Clean, Queimados, RJ, Brazil)
during 15 seconds per block and the appliances were washed with tap water. Thus,
the time of action of the dentifrice was 1 minute per application. A 2-hour period was
planned for in situ exposure between challenges, during which the volunteers were
asked not to remove the appliance.
The dentifrice slurry of the calcium silicate dentifrice was prepared twice a day
(at the time of the erosion-abrasion challenge) by the researcher to avoid reactions
(hydroxyapatite formation) before the contact with enamel. The dentifrice composition
and the pH of slurries are described in Table 1.
Profilometric Analysis
After the in situ phase, the nail varnish was removed from the reference areas
and the profilometric analysis was performed at the same sites of the initial
measurements. Baseline and final profiles were perfectly matched, since the enamel
samples could be precisely repositioned in the profilometer wells. The enamel wear
was quantitatively determined using a specific software (MarSurf XCR 20) by
calculating the vertical difference (average depth of the surface) between baseline and
final surface profiles.
Statistical Analysis
Statistical analysis was performed with SigmaPlot, version 12.3 (2011 Systat
Software, Germany), following the recommendations for dental research [19]. The
assumptions of equality of variances and normal distribution of errors were satisfied;
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therefore, two-way ANOVA and Fisher's exact test were applied. The significance level
was set at 5%.
RESULTS
All volunteers completed the study and followed the protocol. Table 2 shows the
results for enamel loss of each experimental group. A significant difference was found
for type of treatment (p=0.002), and type of challenge (p=0.000); their interaction was
also significant (p=0.006). The dentifrice with calcium silicate, sodium phosphate salts,
and fluoride (test dentifrice) presented significantly less enamel loss compared to the
negative control (deionized water) after the erosive challenge. The other two dentifrices
(tin and conventional) did not differ from the test dentifrice and water.
The use of stannous fluoride (tin) dentifrice resulted in less enamel loss after
the

erosive+abrasive

challenge

compared

to

the

control

and

calcium

silicate/phosphate fluoride dentifrice (p<0.05), which resulted in the highest wear
among the tested toothpastes and did not differ from the control.
In respect to wear condition, the calcium silicate/phosphate fluoride and
monofluorophosphate dentifrices resulted in higher enamel loss after the erosionabrasion procedure compared to erosion alone (p<0.05). For stannous dentifrice and
deionized water, enamel loss did not differ between erosion-abrasion and erosion
alone (p>0.05).
DISCUSSION
Patients with erosive tooth wear are advised to use any fluoride toothpaste;
however, dentifrices specifically indicated for the prevention and treatment of dental
erosion are available in the market. The effect of toothpastes containing calcium and
phosphate on dental erosion have been studied due to their potential to provide a
topical source of calcium and form of hydroxyapatite [7]. A new dentifrice containing
calcium silicate, sodium phosphate, and fluoride has now been available with the
proposal to regenerate the enamel lost due to erosive acids. In the present study, the
effectiveness of this product was evaluated and compared to two other commercial
dentifrices, one specifically indicated for dental erosion and the other for general use.
The purpose was to compare commercial brands and not the effect of specific
compounds of each dentifrice because we used commercial products with different
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overall compositions. We aimed to determine the best preventive product and better
orient patients.
The results showed that the calcium silicate/phosphate and fluoride dentifrice
presented limited protective action against erosion, reducing enamel loss by
approximately 18% after erosive challenges, which was better than deionized water
but did not differ from the other two dentifrices analyzed. In previous studies, the use
of calcium silicate dentifrice caused a higher gain in surface hardness and greater
formation of hydroxyapatite on the tooth surface [6-8, 18]. Although these variables
were not analyzed in our study, we believe that clinically the amount of hydroxyapatite
formed on enamel might be similar or higher than the amount that might be lost by acid
exposure, as a mechanism to guarantee enamel soundness. Therefore, it is
hypothesized that the erosive challenge applied was able to demineralize the
hydroxyapatite both from the calcium silicate dentifrice and the enamel, leading to
tissue loss.
The partially demineralized eroded enamel is extremely fragile and susceptible
to physical forces of the oral environment, such as soft tissue and tongue friction and
toothbrushing abrasion [2, 20]. In situ studies demonstrated that the thickness of
enamel removed by erosion associated to toothbrushing abrasion is greater than the
losses resulting from erosion or abrasion alone [20, 21]. Most dentifrices provide a
degree of protection against erosive demineralization when applied as slurries, but this
cannot predict their effect against combined erosive and brushing challenges [22]. In
the present study, when erosion and abrasion episodes were associated, the calcium
silicate dentifrice resulted in higher enamel loss than the other evaluated dentifrices,
showing similar effect to deionized water. This result was not expected, but the
hydroxyapatite layer that supposedly is formed by the dentifrice could be easily
removed by abrasive forces, hindering a preventive effect. In addition, this limited effect
could have been a result of the short 60-second contact between enamel blocks and
the dentifrice slurry. Previous studies showed that 1 to 3 minutes application of calcium
silicate dentifrice slurry resulted in better erosion protection [6, 8]. Therefore, longer
exposures of the enamel to the dentifrice might lead to a more resistant layer of
hydroxyapatite.
The stannous-containing dentifrice [1400 ppm F (700 amine fluoride and 700
sodium fluoride) and 3500 ppm Sn2+ as stannous chloride], was used as the positive
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control. The addition of tin to solutions as SnF2 or combinations of different fluorides
with SnCl2 has been extensively studied [12, 23, 24]. The mechanism of action of tin
is based on its deposition on enamel surface, resulting in the formation of a stannouscontaining layer, which may incorporate insoluble stannous compounds into the
softened enamel during erosive challenges [25, 26]. In previous studies, a solution
containing Sn, amine fluoride, and NaF was able to reduce enamel loss when
subjected to an in vitro erosive cycling protocol, even under severe erosive challenges
[27, 28]. Nonetheless, the preventive effect of Sn-containing dentifrices against tooth
erosion has not been well studied [22-24, 29].
It is known that Sn can be adsorbed by silica reducing the availability of Sn-ions
on the mouth, differing from Sn solutions, which do not contain silica and could act as
a great reservoir of Sn-ions. [22, 24]. When the enamel blocks were subjected to
erosion alone, the Sn-containing dentifrice promoted limited protection, similar to
deionized water. On the other hand, when erosion was followed by brushing abrasion,
only the Sn dentifrice resulted in less enamel wear than the negative control. Probably,
the Sn-containing layer formed by this dentifrice presented higher mechanical stability
against toothbrushing abrasion when compared to the other dentifrices tested. A
previous in situ study that tested the effect of two dentifrices containing Sn against
erosive and abrasive challenges (3×/day 0.05 M citric acid, pH 2.3 for 5 min and 2×/day
application of slurry for 2 min and brushing 10 strokes with 150 g) showed 24 and 35%
increased protection compared to water, which was similar to the 21% observed in the
present study [29]. However, other studies found higher protective potential (67-69%)
[23, 24]. The differences in enamel loss reduction might be due to methodological
variations between in vitro and in situ studies, since in vitro studies seem to provide
greater protection values than in situ ones [12, 30-34]. Additionally, the erosive and
abrasive cycling protocols are extremely variable among studies; methodology
standardization is required for effective comparisons of results.
Conventional dentifrices used in daily oral care usually have 1100-1450 ppm
monovalent fluoride [35]. There is some evidence about the preventive potential of
these dentifrices on dental erosion [15], although this effect seems limited. Some
studies, especially in situ ones, demonstrated limited or no protection to enamel and
dentin erosion of conventional fluoride formulations with 1000-1500 ppm NaF [30, 32,
36, 37]. In in situ models, enamel blocks are exposed to tongue friction in addition to
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the acid challenge, removing the softened enamel layer [38], which can explain the
greater protection obtained in in vitro studies. It was previously shown that the in vitro
application of fluoride dentifrice slurries was able to protect 18 to 39% more that the
control against erosive tooth wear [12, 33, 34, 39]. When erosion was associated with
abrasion, the effect varied between none to 17-26% protection [12, 31, 33, 34]. In situ
studies have demonstrated a lower protection; two studies did not show any protective
effect [30, 32], one study showed 7% protection [29], and two studies showed around
21% protection [40, 41]. In the present study, when compared with the negative control,
conventional fluoride dentifrices demonstrated a 10% reduction on erosive and
abrasive wear.
Besides active ingredients such as fluoride and Ca3SiO5, other dentifrice
components are important in the erosion/abrasion process, like the abrasives [42].
Abrasives vary in size and shape according to specific properties expected for each
product [22]. The role of abrasives on enamel wear seems to be controversial. On one
hand, a recent study showed that the amount of particles interferes on dentifrice
efficacy under erosion and abrasion conditions; very low or very high radioactive
enamel abrasion (REA) values influenced enamel loss whereas a broad range of REA
was not very relevant [22]. On the other hand, another study have demonstrated no
interference on enamel loss by dentifrices with low or high abrasivity [43]. The present
study did not evaluate amount of particles and the radioactive dentin/enamel abrasion
(RDA and REA) values of the dentifrices, but tin-containing and conventional fluoride
dentifrices are both classified as having medium abrasivity according to RDA values
by ADA classification. In vitro methods are commonly used for dental erosion studies
due to the difficulties found in in vivo studies, such as lengthy time scale and inability
to promote accurate measurements of tooth wear [44]. Nevertheless, in vitro studies
cannot replicate the biological characteristics of the oral cavity [44]. The in situ
methodology used in this study partially overcomes these limitations having the
advantage of exposing specimens to the oral environment while allowing the sensitivity
and accuracy of laboratory analysis [21, 44]. The present study was conducted in situ
but the erosive and abrasive procedures were performed ex vivo to avoid any injuries
to participants and to guarantee that toothbrushing was performed in the designated
blocks. The extraoral procedures can be considered a limitation due to the absence of
saliva. The phosphatases present in saliva play an important role on enzymatic
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hydrolysis of sodium monofluorophosphate [45]. This fluoride compound is covalently
bound to Na2FPO3 and its hydrolysis is essential for the release of fluoride ions [45].
This aspect may have influenced the results for the dentifrices with sodium
monofluorophosphate (test and conventional dentifrices), which showed limited
protective effect in the present study. In addition, artificial saliva could have been used
for the dilution of the dentifrice. However, the different formulations of the available
options can influence the level of enamel softening [46, 47]; thus, to eliminate the bias
of saliva type used, the slurries were prepared with water in the present study.
Nevertheless, most studies testing dentifrices with calcium silicate and sodium
monofluorophosphate were conducted in vitro and with deionized water for slurry
preparation, and found positive results in the demineralization and remineralization
process [6, 8]. Another limitation of the present study is the use of bovine enamel, as
it is known that bovine teeth present some chemical and structural differences to
human teeth [48-52] that should be considered when projecting the results to human
enamel. However, bovine enamel has been largely adopted as a substrate for in vitro
and in situ dental erosion experiments [48-52], since it is easier to obtain in large
quantities and their structure is more uniform than human teeth.
Based on our findings, we conclude that the application of dentifrice containing
calcium silicate, sodium phosphate, and fluoride was able to diminish enamel loss after
erosive acid exposure. Nevertheless, when toothbrushing abrasion was combined, this
dentifrice promoted higher enamel wear than the other dentifrices and did not differ
from water. The tin-containing toothpaste showed the best preventive effect against
erosive and abrasive challenges.
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Table 1. Composition of dentifrices and pH of slurries under study.
Dentifrices
REGENERATE

Composition
TM

ENAMEL
SCIENCE
France

Glycerin, Calcium Silicate,

Batch

pH of

number

Slurries

L:53078OB

9.60

6052GB3411

4.54

5003BR122I

9.15

PEG-8, Hydrated Silica,
Trisodium Phosphate,
Sodium Phosphate, Aqua,
PEG-60, Sodium Lauryl
Sulfate, Sodium
Monofluorphosphate (1450
-

ppm F ), Aroma/Flavour,
Synthetic Fluorphlogopite,
Sodium Saccharin,
Polyacrylic Acid, Tin Oxide,
Limonene, CI77891
Elmex® EROSION
PROTECTION
Austria

Aqua, Hydrated Silica,
Glycerin, Sorbitol,
Hydroxyethylcellulose,
Aroma, Cocamidopropyl
Betaine, Olaflur (700 ppm F

-

from amine fluoride), Sodium
Gluconate, Stannous
2+

Chloride (3500 ppm Sn ),
Alumina, Chitosan (0,5%),
Sodium Saccharin, Sodium
-

Fluoride (700 ppm F ),
Potassium Hydroxide,
Hydrochloric Acid, CI 77891
Colgate Tripla

Aqua, Calcium Carbonate,

Ação

Sorbitol, Sodium Lauryl

Brazil

Sulfate, Sodium
Monofluorphosphate (1450
-

ppm F ), Aroma, Cellulose
Gum, Tetrasodium
Pyrophosphate, Sodium
Bicarbonate, Benzyl Alcohol,
Sodium Saccharin, Xantan
Gum, Sodium Hydroxide, CI
74260, CI 75160, Limonene
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Table 2. Means and standard deviations of enamel loss (µm) according to the
groups.
Calcium

Groups

silicate, sodium

Stannous

phosphate and

chloride, amine

sodium

fluoride and

monofluoropho

sodium fluoride

Sodium

Deionized Water

monofluorophos

- Negative

phate

Control

sphate

Enamel
loss

ERO

ABR

ERO

ABR

ERO

ABR

ERO

ABR

4.7

7.7

4.8

5.4

4.8

6.2

5.8

6.9

(±3.1)

(±3.8)

(±2.5)

(±1.5)

(±1.4)

(±1.7)

(±2.5)

(±2.0)

a

e

ab

abc

ab

cd

bcd

de

* ERO corresponds to erosive challenge and ABR corresponds to erosive plus abrasive
challenge. Different letters show significant differences among the groups (two-way ANOVA and
Fisher’s Exact test, p < 0.05).
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3 Discussion
The discussion was divided into methodology, results and clinical relevance
to better elucidate the ideas.
3.1. Methodology
The present study proposed to evaluate possible preventive measures for
dental erosion in two distinguished aspects. Initially, when the acid is in contact with
the tooth surface it can promotes loss of structural integrity and mechanical strength,
corresponding to enamel softening which allows mineral redeposition (HUYSMANS;
CHEW; ELLWOOD, 2011; SHELLIS et al., 2014). Whether the softening events are
repeated the irreversible loss of dental hard tissues occurs, what is known as erosive
tooth wear (HUYSMANS; CHEW; ELLWOOD, 2011; SHELLIS et al., 2014). The initial
aspect of dental erosion (enamel softening) was evaluated in article 1 and thus, the
study protocol differs from the other articles that evaluated the loss of dental hard tissue
(erosive tooth wear).
The article 1 required an in vitro methodology since some of the vegetable
oils assessed had not been previously evaluated regarding their anti-erosive potential.
In vitro studies are widely used for evaluation of dental erosion, although some
disadvantages are present because they are not able to resemble the biological
characteristics of the oral cavity, such as the presence of human saliva and the
formation of AEP. In vitro formed AEP has some differences from natural AEP, as it is
known that the natural pellicle is more hydrophobic than in vitro ones (VAN DER MEI
et al., 2002). Thus, a combined in situ/in vitro protocol was chosen in this study to allow
the physiological formation of the AEP in situ prior to the in vitro application of the
vegetable oils. The enamel blocks were protected by an orthodontic wire to avoid the
mechanical impacts of the tongue (JORDÃO et al., 2017; MENDONÇA et al., 2017;
SANTOS et al., 2018). A single short-term erosive challenge with citric acid was
performed to more precisely evaluate the protective ability of the AEP modified by the
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studied oils against initial enamel erosion. The response variable adopted in this study
was percentage of surface hardness loss. Previous studies have considered hardness
test as an adequate method to evaluate the initial softening of enamel surface (HARA;
ZERO, 2008; STENHAGEN et al., 2010; YOUNG; TENUTA, 2011).
The articles 2, 3 and 4, adopted an in situ/ ex vivo methodology, which have
the advantage of controlling erosive challenge while exposing the samples to the oral
environment (YOUNG; TENUTA, 2011). Besides, the response variable was enamel
loss analyzed by profilometry because it is considered an adequate method for in vitro
analysis of erosive tooth wear (PAEPEGAEY et al., 2013; ATTIN; WEGEHAUPT,
2014; SCHLUETER et al., 2011). In those studies (2, 3 and 4), the enamel blocks were
not protected by an orthodontic wire because in pilot studies it induced higher oil
retention (article 2) and accumulated dental plaque (articles 3 and 4).
One difficulty of in situ studies is volunteers’ protocol compliance (ZERO et
al., 1995). In order to obtain greater commitment to the study protocol, the volunteers
selected were dentistry undergraduate and graduate students. Also, in situ daily
protocol only involved working hours (8AM to 12PM and 14PM to 18PM) and days
(Monday to Friday) (SANTOS et al., 2018). Even though, two volunteers from study 2
and one from study 3 had to be excluded because they did not correctly follow the
protocol.
Besides erosive challenges, the abrasion procedures were added to studies
2 and 4. Appropriate toothbrushing is recommended as twice daily for approximately 2
minutes (GANSS et al., 2009), however any tooth surface might be contacted for a
maximum of 10 to 15 seconds twice daily. Thus, the contact time for each specimen
to toothbrushing filament was defined in 15 seconds twice daily (30 seconds/day)
(GANSS et al., 2011; GANSS et al., 2012; SCHLUETER et al., 2017; GANSS;
MÖLLERS; SCHLUETER, 2017) and it was conducted ex vivo. In attempt to decrease
the inter and intra volunteer variation, they were trained just to touch the toothbrush
filament on enamel block trying not to perform additional force, since power toothbrush
was used. Ideally, the abrasive procedure should be performed with the appliance in
the mouth of the volunteers. However, in a pilot study, the volunteers were unable to
distinguish the blocks that should be brushed (erosion+abrasion groups) from those
that should not (erosion groups). In addition, in order to prevent injuries to the
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participants teeth’s the erosive challenge was also performed ex vivo (JORDÃO et al.,
2017; MENDONÇA et al., 2017).
There are many erosive and abrasive cycling protocols in the literature and
it can impair the comparison of the data among the studies, which demonstrates the
need for standardization. However, there is no established protocol regarding this
aspect. In the present study, we opted to perform an erosive and abrasive challenge
design that would better resemble everyday life with four acid exposure and twice
toothbrushing daily. The acid challenge used in studies 2 and 4 was based in other
studies that tested oral health products and adopted citric acid 0.5% in natural pH for
2 minutes and brushing for 15 seconds (GANSS et al., 2012; DA SILVA et al., 2017).
The study 3 was also conducted with citric acid exposure (extrinsic challenge), with a
concentration of 0.03M. The measure unit was transformed to facilitate the comparison
with 0.01M hydrochloric acid (intrinsic challenge). Experimental studies simulating
intrinsic erosion causes, also adopted 0.01M hydrochloric acid in this pH range (2.2 to
2.3) (HOVE et al., 2006; HOVE et al., 2007; HOVE et al., 2008; YOUNG; TENUTA,
2011; OLIVEIRA et al., 2015; OLIVEIRA et al., 2017). Different acidic concentrations
of citric and hydrochloric acids can influence the comparison of the data, however
previous study has found that concentration and the amount of titratable acid are of
minor importance to determine the erosive potential when compared to pH and type of
acid (HANNIG; HAMKENS; BECKER, 2005). Each erosive challenge was set in 120
seconds as previous studies (HOVE et al., 2007; HOVE et al., 2008; GANSS et al.,
2012; OLIVEIRA et al., 2015) since it was demonstrated that the pH on tooth surfaces
stays low during this time after exposition to an acid until the salivary clearance
(MILLWARD et al., 1997; ORR et al., 2003). The 2-hour period for in situ exposure
between challenges was determined because previous studies have shown that
acquired pellicle formed up to 2 hours offers the maximum protection against erosive
demineralization without significantly improving with longer maturation periods
(AMAECHI et al., 1999; HANNIG et al., 2003; WETTON et al., 2006; MENDONÇA et
al., 2016; MENDONÇA et al., 2017). Thus, 4 acid exposures were done daily, to allow
the 2 hours interval of salivary exposition between them. In the in vitro study (article 1),
the acid challenge was also performed with the citric acid and natural pH. However, it
was a short-time single exposure of 30 seconds. The time of exposure was determined
in a pilot study aiming to result in enamel softening without loss of enamel surface; the
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initial hardness indentation was still present at this time and after longer acid
exposures, it was not possible to identify the initial indentation. Due to the absence of
saliva, the extraoral procedures can be considered a limitation of the study.
Another limitation of all the four studies is the use of bovine enamel,
because they have some chemical and structural differences compared to human teeth
(MEURMAN; FRANK, 1991; RIOS et al., 2006; ATTIN et al., 2007; TURSSI et al.,
2010; YASSEN; PLATT; HARA, 2011; ORTIZ-RUIZ et al., 2018) which must be taken
into account, when projecting the results to clinical practice. However, bovine teeth are
widely used as a substrate for in vitro and in situ enamel erosion studies because it is
easier to obtain in large quantities with a more uniform structure compared to human
teeth (MEURMAN; FRANK, 1991; RIOS et al., 2006; ATTIN et al., 2007; TURSSI et
al., 2010; YASSEN; PLATT; HARA, 2011; ORTIZ-RUIZ et al., 2018).
3.2 Results
The prevention of erosive tooth wear can be challenging since it is a
multifactorial condition in which patient-related and nutritional factors are involved
(LUSSI; CARVALHO, 2014; BUZALAF; MAGALHÃES; RIOS, 2018). Specific antierosive products could be useful when is not possible to intercept and reverse these
causal factors. The present study evaluated the effectiveness of possible preventive
measures for dental erosion.
Acquired pellicle can protect the dental hard tissue against acids by
modulating the demineralization/remineralization process; nonetheless, it does not
prevent the acid diffusion completely (HANNIG; BALZ, 1999; HANNIG; HANNIG,
2014). Lipid-rich pellicles seems to be more resistant to acids (KENSCHE et al., 2013)
thus it could reduce dental erosion. Previous studies have shown that the outer layer
of the AEP absorbs lipids micelles when teeth are exposed to vegetable oils (DAS;
ADHIKARY; BHATTACHARYYA, 1976; HANNIG et al., 2012). Vegetable oils are
commonly used in foods, cosmetics, and medical products (KENSCHE et al., 2013).
However, the protective effect of vegetable oils against acid challenge remains
unclear, because only a few evidence-based researches are available in the literature
(BUCHALLA et al., 2003; WIEGAND; GUTSCHE; ATTIN, 2007; HANNIG et al., 2012;
KENSCHE et al., 2013) and their anti-erosive potential might be different according to
their composition, including the types of fatty acids and other components. To date,
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three of the vegetable oils (sunflower, coconut and palm oils) evaluated on this thesis
have not been previously reported regarding the preventive effect against dental
erosion. Thus, after conducting a pilot study, we opted to compare these oils with olive
and safflower oil in 5% and 100% concentration. The concentration of 5% was chosen
because it was higher than the concentration previously analyzed of 2% (WIEGAND;
GUTSCHE; ATTIN, 2007) and also because at this concentration it is possible to added
the oil into a mouthwash. The effect of safflower oil on the protective properties of the
AEP formed in situ against the exposure to hydrochloric acid for 2 min was previously
described (HANNIG et al., 2012). By transmission electron microscopy, the authors
showed a lipid-rich AEP surface, but with no substantial integration of the lipids to the
basal layer. In addition, the AEP modified by safflower oil rinsing was more susceptible
to acid degradation than the in situ physiological AEP (HANNIG et al., 2012). Olive oilbased emulsions (100%, 2%, and 2% associated with mouthwash) had been
previously evaluated regarding the preventive effect against erosive enamel wear
being subjected to erosive cycle protocol and assessed using profilometry analysis
(WIEGAND; GUTSCHE; ATTIN, 2007). The results have showed that pure olive oil did
not offer protection and 2% olive-oil emulsion or 2% olive-oil containing mouthrinse
offered some protection against dental erosion, but in a lower extent than the positive
control (250 ppm acidic fluoride solution) (WIEGAND; GUTSCHE; ATTIN, 2007).
Different from these findings, our results of study 1 showed that pure palm oil was able
to protect enamel against initial erosion demineralization, but the same was not found
for the 5% palm oil emulsion. No protective effect was observed to 5% emulsion and
pure form of coconut, safflower, sunflower, and olive oils. The application of palm oil
prior to a single short-term acid exposure resulted in 7.8% of enamel surface hardness
loss compared to 23.7% of the Sn-containing solution (positive control) and 28.1% of
the deionized water (negative control).
Considering the promising results of palm oil in study 1, an in situ study that
exposes the enamel samples to biological factors and to mechanical forces from
tongue and abrasion by an erosive-abrasive cycling could better represent the process
that occurs on erosive enamel wear in vivo. Thus, study 2 evaluated the effect of palm
oil alone or associated with a Sn-containing commercial solution on enamel loss
prevention after 5 days of erosive and abrasive cycling regimen. Both studied
treatments (palm oil and palm oil + Sn-containing solution) were able to protect against
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erosive and abrasive enamel wear compared to deionized water. Nonetheless, it was
not significantly different from the effect of Sn-containing solution. Palm oil presents
low production cost and rich nutritional content and is the second largest produced and
consumed vegetable oil in the world (SUNDRAM; SAMBANTHAMURTHI, 2003). It is
rich in tocotrienols that have presented health benefits (AHSAN; AHAD; SIDDIQUI,
2015). The antioxidant effect has been attributed to the ability of tocotrienols to diffuse
in the lipid layer of the cell membrane (AHSAN; AHAD; SIDDIQUI, 2015; KAMAT et
al., 1997). Thus, despite the ultrastructure of the AEP not being analyzed, it could be
inferred that palm oil might have been distributed into the lipids of the AEP basal layer
retarding its disintegration. The possible alteration of the AEP ultrastructure by palm
oil should be assessed in the future, to better understand its mechanism of action. The
results of study 2 also showed a slight increase in enamel wear in groups subjected to
erosion and abrasion by toothbrushing compared to the groups subjected to erosion
only; around 4% for palm oil, 4% for palm oil+ Sn-containing solution, 21% for Sncontaining solution and 19% for deionized water. Besides no statistical difference
found between erosion and erosion+abrasion challenges, it seems that the lubricating
properties of the oil may play a role in protecting against abrasive toothbrushing, which
can indicate a new possibility of research for palm oil-containing dentifrices. One
possible hypothesis for the statistical similarity between erosion and erosion+abrasion
is the enamel exposure to tongue friction, since the tongue can produces an abrasive
effect on enamel softened by erosion (GREGG et al., 2004).
Another substance that can contributes to reduction on erosive tooth wear
is aspartame (RIOS et al., 2009; RIOS et al., 2011). It is a dipeptide formed by the
reaction of aspartic acid with phenylalanine, which can be released in contact with
saliva. Phenylalanine could present potent antioxidant effect protecting against
inflammatory diseases (GRAFF, 1992); also, it has showed to attenuate ulcerogenic
parameters and to improve the gastric hemorrhagic erosion in acid-irrigated stomachs
of rats (HUNG; HUNG, 1999). Light cola presents aspartame in its composition and
demonstrated less erosive potential than regular cola (RIOS et al., 2009; RIOS et al.,
2011). Our results of study 3 showed that the experimental aspartame mouthwash
prior to acid challenge resulted in a reduction of only 16% of enamel loss in comparison
with deionized water, without statistical differences. Sn-containing solution promoted
less enamel loss than deionized water and aspartame solution. Light cola soft drink
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has pH around 3 and thus, the protons of the acid might be captured by the carboxylic
(COO-) or aminic (NH2) groups of phenylalanine, diminishing deleterious action on the
tooth enamel (RIOS et al., 2009; RIOS et al., 2011). The pH of aspartame solution was
5.6, which could have impaired its anti-erosive effect. Different results might be
obtained in solutions with lower pH (<4.0) which should be tested in future studies.
Additionally, the results also showed that hydrochloric acid promotes higher enamel
loss than citric acid for all tested solution. Hydrochloric acid is a strong monovalent
acid (pKa = −6.3 – HCl) that can dissolve and remove the mineral surface more quickly
than weaker polyvalent acids, such as citric acid (pKa1 = 3.15; pKa2 = 4.77; pKa3 =
6.40) (SCHLUETER; KLIMEK; GANSS, 2013). Thus, tooth erosion from intrinsic acids
seems to be more severe than from extrinsic acids (BARTLETT; EVANS; SMITH,
1996; MOAZZEZ; BARTLETT, 2014), which is in accordance with the results from
study 3.
Stannous solution was able to diminish erosive tooth wear in studies 2 and
3. However, it did not present any protective effect against initial erosive lesion in study
1. The mechanism of action of stannous ions, such as stannous chloride, is based on
the formation of an acid-resistant layer on the surface of teeth (ELLINGSEN 1986;
GANSS et al., 2008). This might increase the substrate resistance due to incorporation
of ions into the enamel (SCHLUETER; KLIMEK; GANSS, 2009) and to the high
reactivity to hydroxyapatite (YU et al., 2010). When it is associated with fluoride ions,
the acquired enamel pellicle can be quantitatively and qualitatively modified (ALGARNI
et al., 2015), forming a more stable and acid-resistant precipitates (GANSS et al.,
2008). This mouthwash solution contains 800 ppm of Sn2+ from stannous chloride,
125 ppm of F- from amine fluoride, and 375 ppm of F- from sodium fluoride. It was
adopted as positive control in studies 1, 2 and 3 since it has showed preventive effect
against tooth erosion (ALGARNI et al., 2015; OLIVEIRA et al., 2015; DA SILVA;
NAZELLO; DE FREITAS, 2017).
Patient-related factors, such as the performance of daily oral hygiene and
products used to this purpose, also present an impact on dental erosion process
(WIEGAND; SCHLUETER, 2014; HELLWIG; LUSSI, 2014). A new dentifrice
containing calcium silicate, sodium phosphate, and fluoride has now been available
with the proposal to regenerate the enamel lost due to erosive acids. Greater
rehardening capacity of eroded enamel and formation of hydroxyapatite on tooth
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surface have been previously demonstrated by dentifrices containing calcium silicate,
sodium phosphate, and fluoride than conventional fluoride dentifrices (WANG et al.,
2012; HORNBY et al., 2014; JOINER et al., 2014; JONES et al., 2014). The main
purpose of study 4 was to determine the best preventive product to better orient
patients. The new dentifrice containing calcium silicate, sodium phosphate, and
fluoride was evaluated and compared to two other commercial dentifrices, one
specifically indicated for dental erosion and the other for general use. Limited protective
action against erosion, reducing enamel loss by approximately 18% after erosive
challenges was demonstrated to the calcium silicate/phosphate and fluoride dentifrice,
which was better than deionized water but did not differ from the other two dentifrices
analyzed. It is hypothesized that the tissue loss occurred because the erosive
challenge applied was able to demineralize the hydroxyapatite both from the calcium
silicate dentifrice and the enamel. Also, the calcium silicate dentifrice resulted in higher
enamel loss than the other evaluated dentifrices, when abrasion episodes were added
to erosion. The effect of this dentifrice was similar to deionized water, showing no
protective role against erosion associated to abrasion. It seems like the supposedly
hydroxyapatite layer formed by the dentifrice may be easily removed by abrasive
forces. Furthermore, short 60-second contact between enamel blocks and the
dentifrice slurry could have influenced on the results. Better erosion protection were
obtained by previous studies with 1 to 3 minutes application of calcium silicate
dentifrice slurry (HORNBY et al., 2014; JOINER et al., 2014; JONES et al., 2014)
Perhaps, a more resistant layer of hydroxyapatite could be formed with longer
exposure of the enamel to the dentifrice.
Sn-containing dentifrice was adopted as positive control. Besides the
promising effect of Sn-containing solution against dental erosion, the effect of Sncontaining dentifrices has not been well studied (HUYSMANS et al., 2011; GANNS et
al., 2012; CARVALHO; LUSSI, 2014; GANNS et al., 2016). Sn-ions can be adsorbed
by silica reducing its availability on the mouth (GANNS et al., 2012; GANNS et al.,
2016). On erosive challenge, the results of study 4 showed that Sn-containing
dentifrice promoted a borderline behavior, presenting similar enamel loss than calcium
silicate denfrice but also to conventional fluoride dentifrice and deionized water. At the
same time, regarding erosive plus abrasive challenges, the Sn dentifrice was the only
one to result less enamel wear than negative control. In this way, the Sn-containing
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layer formed by this dentifrice seems to present higher mechanical stability against
toothbrushing abrasion when compared to the other dentifrices tested. In accordance
with the 21% reduction of enamel loss in comparison with deionized water observed in
the present study, one in situ study have tested two Sn-containing dentifrices against
erosive and abrasive challenges (3×/day 0.05 M citric acid, pH 2.3 for 5 min and 2×/day
application of slurry for 2 min and brushing 10 strokes with 150 g) and found 24 and
35% increased protection compared to water (HUYSMANS et al., 2011). Conventional
dentifrices used in daily oral care usually have 1100-1450 ppm monovalent fluoride
(HUYSMANS; YOUNG; GANSS, 2014). Limited or no protection to enamel and dentin
erosion of conventional fluoride formulations with 1000-1500 ppm NaF have been
demonstrated by some studies, especially in situ ones (ATTIN; ZIRKEL; HELLWIG,
1998; TURSSI et al., 2004; LUSSI et al., 2008; RIOS et al., 2008). In the study 4,
conventional fluoride dentifrices resulted in 10% reduction on erosive and abrasive
wear when compared with deionized water. Two in situ studies found in the literature
did not show any protective effect (TURSSI et al., 2004; RIOS et al., 2008), one study
showed 7% protection (HUYSMANS et al., 2011), and two studies showed around 21%
protection (MAGALHÃES et al., 2007; SCHLUETER; KLIMEK; GANSS, 2013). The
erosive and abrasive cycling protocols are extremely variable among studies;
methodology standardization is required for effective comparisons of results.
3.3 Clinical Relevance
Stannous fluoride has demonstrated preventive effects against tooth
erosion (ALGARNI et al., 2015; OLIVEIRA et al., 2015; DA SILVA; NAZELLO; DE
FREITAS, 2017; DA SILVA et al., 2017). However, there is no ideal therapy established
for the prevention and inhibition of erosive dental wear (HUYSMANS; YOUNG;
GANSS, 2014; BUZALAF; MAGALHÃES; WIEGAND, 2014). Articles 1, 2 and 3 can
be considered as the first steps for the development of intraoral products to prevent
against ETW. While article 4 is helpful to guide patients about dentifrices available in
the market regarding erosive enamel wear.
In this view, vegetable oils could be an interesting option since it is a natural,
edible,

low-cost

and

worldwide

accessible

source

(SUNDRAM;

SAMBANTHAMURTHI; TAN, 2003). In articles 1 and 2, palm oil showed promising
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results for the prevention of enamel erosion and abrasion. Thus, strategies to enhance
this effect should be developed.
Aspartame could be the responsible for the lower erosive potential of light
cola drink (RIOS et al., 2009; RIOS et al., 2011). Despite no statistical difference
regarding the prevention of enamel loss between aspartame and deionized water, the
results of the article 3 showed a numerically reduction of 16% of enamel loss when
aspartame mouthwash was performed prior to intrinsic or extrinsic erosive challenges.
The aspartame solution should be improved regarding concentration and pH and
tested in future studies, in order to develop a low-cost product to dental erosion
prevention. Also, it seems that intrinsic causes of erosion, such as hydrochloric acid
exposition, results in higher enamel loss than the extrinsic causes, such as citric acid
exposition. Thus, it should be important that health professionals dealing with eating
disorders and gastroesophageal reflux guide their patients to seek for oral health care.
Dentifrices specifically indicated for the prevention and treatment of dental
erosion are now available in the market. However, patients with erosive tooth wear are
advised to use any fluoride toothpaste. Thus, we aimed to determine the best
preventive product and better orient patients. In article 4 it was elucidated that the
tested anti erosive dentifrice with calcium silicate, sodium phosphate and fluoride was
unable to protect enamel, when erosion was associated to toothbrushing abrasion.
Better preventive effect was showed for stannous-containing dentifrice against erosive
and abrasive challenges.
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Considering the hypothesis raised before, it is possible to conclude that:
•

Article 1: Only pure palm oil demonstrated preventive effect against
initial erosive demineralization among all types and concentrations of
vegetable oils evaluated.

•

Article 2: Palm oil and Sn-containing solution, alone or combined,
presented a preventive effect against erosive and erosive plus
abrasive challenge when compared to deionized water.

•

Article 3: The aspartame solution did not inhibit enamel loss when
used before erosive challenge by hydrochloric and citric acids. Snsolution promoted less enamel loss than deionized water and
aspartame solution. Higher enamel loss was induced by simulated
intrinsic (hydrochloric) acid than extrinsic (citric) acid.

•

Article 4: The dentifrice containing calcium silicate, sodium
phosphate, and fluoride was able to reduce enamel loss after erosive
acid challenge. Nevertheless, when toothbrushing abrasion was
combined, the application of this dentifrice resulted in higher enamel
wear than the other dentifrices and did not differ from water. The Sncontaining dentifrice had the best preventive potential against
erosive and abrasive challenges.
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