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ABSTRACT
Objective: Erosive challenges are capable of 
demineralizing dentin and promote physical and 
mechanical changes in restorative materials. The 
present study investigates the water sorption 
and solubility of one nanofilled composite resin 
submitted to erosive challenges. It also studies 
procedures that can protect these surfaces. Material 
and Methods: 120 specimens were used. It was 
divided into four experimental groups according to 
the type of surface protection used (negative control, 
topical application of fluoride, resin-modified 
glass ionomer varnish and resin-based sealant). 
Subsequently, they were randomly assigned to three 
subgroups (n = 10), (negative control, 9 and 18 
cycles of DES-RE). According to the exposure to the 
simulated solution of gastric acid (DES) (5% HCl, pH 
= 2.2) and subsequent remineralization (RE). The 
specimens were dehydrated until a constant mass 
was obtained and immersed in deionized water for 
7 days, when they were weighed and submitted to 
a new dehydration. The values of water sorption 
and solubility were calculated according to the ISO 
4049:2000 specifications and analyzed statistically 
(2-way ANOVA / Tukey, alpha = 5%). Results: 
The water sorption and solubility averages after 
18 cycles of DES-RE were statistically higher than 
negative control. Independently of the erosive 
challenge received, the specimens protected with 
the resin-modified glass ionomer varnish presented 
a significant increase in the values of loss and mass 
gain in relation to the other groups. Conclusion: 
No control method presented promising surface 
protection capacity of composite resin against to 
erosive challenges.

ReSumo
Objetivo: Os desafios erosivos capazes de 
desmineralizar o esmalte também podem promover 
alterações físicas e mecânicas nos materiais 
restauradores. O presente trabalho investigou a 
sorção de água e solubilidade de uma resina composta 
nanoparticulada submetida a desafios erosivos. 
Também estudou procedimentos que possam 
proteger estas superfícies. Material e Métodos: 
Foram confeccionados 120 corpos de prova. Foram 
divididos em quatro grupos experimentais, de 
acordo com o tipo de proteção superficial empregada 
(controle negativo, aplicação tópica de flúor, verniz 
de ionômero de vidro modificado por resina e selante 
resinoso). Após, foram aleatoriamente distribuídos 
em três subgrupos (n=10) (controle negativo, 9 
e 18 ciclos DES-RE). De acordo com a exposição 
à solução simulada de ácido gástrico (DES) (HCl 
a 5%, pH=2,2) e posterior remineralização (RE). 
Os espécimes foram desidratados até obtenção de 
massa constante e imersos em água destilada por 7 
dias, quando foram pesados, e submetidos à nova 
desidratação. Os valores de sorção e solubilidade 
foram calculados de acordo as ISSO 4049:2000 e 
analisados estatisticamente (2-way ANOVA /Tukey, 
alfa = 5%). Resultados: Independentemente 
do desafio erosivo recebido, os corpos de prova 
protegidos com o verniz de ionômero de vidro 
modificado por resina, apresentaram aumento 
significativo dos valores de perda e ganho de 
massa em relação aos demais grupos. Conclusão: 
Nenhum método de controle apresentou promissora 
capacidade de proteção superficial da resina 
composta frente aos desafios erosivos.
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INTRoDuCTIoN

D ental erosion has as etiological agent 
acids of different nature, which leads to 

the inorganic matrix demineralization of the 
tooth. [1] These acids might have endogenous 
origin (intrinsic erosion), commonly related 
to the gastric acid from reflux and other 
disorders. Alternatively, it may be exogenous 
(extrinsic erosion), usually associated with 
dietary components and environmental factors. 
However, the acids may have unknown origin 
(idiopathic erosion), when there is no conclusive 
diagnosis, even after anamnesis and / or clinical 
exams. [2].

Endogenous and exogenous acids are the 
mainly responsible for the increased incidence 
and prevalence of dental erosion. [3] However, 
the erosive potential prevenient from gastric acid 
may be more severe than exogenous acids due to 
its low pH and high frequency of dental contact in 
patients with gastroesophageal disorders. [3,4] In 
addition, gastric juice has a higher acidity, which 
leads to a severe erosion pattern. [5]

Intrinsic or extrinsic acids, beyond being able 
to demineralize dental structure, may also affect 
restorative materials present in the oral cavity. [2] 
Around composite resin, the acidic challenges can 
affect several aspects, among them, the physical 
and mechanical properties. [6]

Knowing the possible effects of dental 
erosion, some agents of dental protection and 
restorative materials have been studied. [7,8] 
Among them, the best known and used are fluoride 
compounds, which act in the remineralization of 
dental tissues. [7,8] Although, it is believed that 
the most effective techniques are lacquers and 
surface sealants, capable of acting as a barrier 
to erosive injury. [1] Therefore, there is limited 
scientific evidence of the effect of such materials 
on the surface protection of restorative materials, 
aiming for a longer life for the technique.

Analysis of water sorption and solubility is 
an important tool to predict the clinical behavior 
of a material. Also more particularly, its stability 

in a humid environment such as the oral cavity. 
Water exposure may result in irreversible changes 
in composite resin, such as fissures, cracking and 
hydrolytic degradation of the matrix chemical 
components. [9,10] Therefore, the present study 
proposes to investigate the dynamics the water 
sorption and solubility of a composite resin 
submitted to erosive challenges and protected 
with different materials. The experimental 
hypotheses is than there would be influence of 
the method of surface protection of the composite 
resin in the sorption of water and solubility in 
front of erosive challenges.

mATeRIAl AND meThoDS
Sample preparation 

Initially, molds were made in addition 
silicone (Nova DFL, Taquara, RJ, Brazil) with 
internal diameter of 8mm and 1mm in depth. 
Each mold was used in the preparation of 30 
samples. For the preparation of the 120 samples 
in composite resin (Filtek Z350 XT A3B; 3M ESPE, 
Sumaré, SP, Brazil), the material was inserted 
into the mold until it was completely filled. Then, 
a polyester strip followed by a glass plate was 
then placed on the sample. After 5s of material 
accommodation, the glass plate was removed 
and the composite resin was photopolymerized 
with LED photoactivator a 1500 mW/cm² light 
intensity (Radii Plus; SDI, SP, Brazil) for 40s. 

The samples were removed from the 
mold and finished with 400 mesh granulation 
sandpaper (Vonder - ODV, Feira de Santana, 
BA, Brazil) for edges regularization. Individually 
they were inserted into light-free Eppendorf 
closed, preventing any interference during the 
experiment, and stored in an incubator (Quimis, 
Diadema, SP, Brazil) at 37°C without humidity.

Samples Surface protection

Randomly, the samples were numbered 
and distributed in four control groups (n = 10) 
to the posterior erosive challenge. (Figure 1)
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Figure 1 - Division of experimental groups.
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- Negative Control: the samples were not 
submitted to any form of erosion control, only 
being kept without humidity at 37°C for 24h. 

- Topical Application of Fluoride (TAF): 
the samples were immersed in 30ml of neutral 
NaF gel (Nova DFL, Taquara, RJ, Brazil) for 1 
min. Afterwards, washed thoroughly with water 
for 10s to remove the gel excesses, and also, 
washed in 30 ml of deionized water for 4 min 
in an ultrasonic washer (UNIQUE Industria e 
Comércio LTDA, São Paulo, SP, Brazil). Finally, 
they were dried with absorbent paper and 
returned to individual storage at 37°C without 
humidity for 24h. 

- Resin-modified glass ionomer varnish 
(RMGI Varnish): product (Clinpro XT Varnish, 
3M ESPE, St Paul, MN, USA). Initially, the all 
surfaces were conditioned with 37% phosphoric 
acid (Biodynamic Chemistry and Farm LTDA, 
Ibiporã, PR, Brazil) for 15s. After that they were 
washed with water for 30s, and then dried with 
absorbent paper. The two pastes of the ionomer, 
base and catalyst, were dispensed equally in a 
place, and manipulated for 15s. Subsequently 
a thin layer of the product was applied on all 
sample surfaces, and photoactivated for 20s. 
After, stored at 37°C without humidity for 24h.

- Resin Sealant: product (Fortify, Bisco, 
Schaumburg, USA), the all surfaces were 
conditioned with 37% phosphoric acid for 15s, 
followed by washing with water for 30s and 
drying. The Fortify thin layer was applied on the 
all surfaces of sample and the photoactivation 
occurred according to the previous group. After, 
stored at 37°C without humidity for 24h.

Simulation of surface erosion

After using the respective erosion 
challenge control methods, the samples surfaces 
were subdivided into three groups according to 
the gastric acid erosion simulation frequency 
[11] (n=10). 

- Negative exposure control: this subgroup 
was immersed in 10ml of deionized water 
at 37ºC and were not submitted to any acid 
solution during the execution of the cycles of the 
other subgroups.

- 9 cycles of DES-RE: each complete cycle 
consists of immersing the all sample surfaces 
into 10 ml of hydrochloric acid solution (5% Hall 
with pH = 2.2) for 2min at room temperature. 
Afterwards, the specimens were washed 
with a disposable syringe containing 20ml of 
deionized water and immersed for 60 min in 
remineralizing solution. [12] The composition 
included 1.5mmol/L Ca, 0.9mmoll/L PO4, 
0.15mol/L KCl, and 20mmol/L TRIS buffer at 
pH 7.0. [11] Between the cycles, the units were 
stored at relative humidity at 37ºC.

- 18 cycles of DES-RE: the samples of 
this subgroup were subjected to the double 
cycle frequency to promote a more aggressive 
challenge. Each cycle was performed as 
previously described.

Evaluation of water sorption and 
solubility

The water sorption and solubility test 
were performed based on ISO 4049: 2000. [13] 
The thickness of the samples was measured in a 
digital caliper, with an accuracy of 0.01 mm, and 
these values were used to calculate the volume 
(V) of each specimen (mm³). All weighing was 
performed on analytical balance (Analytical 
Plus, Ohaus® Corporation, Florham Park, 
Switzerland), with precision of one hundredth 
of a thousandth of a gram.

After 24h the erosive challenge, the samples 
were placed in a desiccator and transferred 
to preconditioning at 37ºC. The samples were 
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repeatedly weighed at 24 h intervals until a 
constant mass (m1) (variation of less than 0.2 
mg in a 24 h period) was obtained. After mass 
stabilization in m1, the specimens were stored 
individually in sealed vials containing 2ml of 
deionized water (pH 7.2) at 37ºC for seven 
days. [10] After this storage period, the samples 
were weighed again (m2). For this, after being 
removed from the water, the specimens were 
washed in running water, and the excess water 
removed with absorbent paper until the water 
was no longer visualized, and then the weight 
was noted (m2). The specimens were returned 
to dry, flasks open and returned to the desiccator 
at 37ºC for removal of absorbed water. The 
sample was weighed daily until a constant 
mass of water released (m3) was obtained, as 
previously described.

The water sorption (Ws) and solubility 
(Sol) in the seven days of water storage were 
calculated using the following formulas [10]:

Sol = M1 – M3
V

Ws = M2 – M3
V

Where m1 is the mass of the samples in 
μg before immersion in deionized water, m2 is 
the mass of the samples in μg after immersion in 
deionized water for seven days, m3 is the mass 
of the samples in μg after release of water in a 
desiccator with silica gel and V is the volume of 
the samples in mm³ [10].

Statistical analysis

Initially the exploratory analysis of the data 
was performed to verify the homogeneity of the 
variances. Also, to determine if the experimental 
errors had normal distribution (Variance Analysis 
Parameters). Inferential statistical analysis was 
performed using 2-way ANOVA and Tukey’s 
test for multiple comparisons. This analysis was 
done in the statistical program SAS, version 9.1, 
with significance level of 5%.

ReSulTS
According to the data statistical analysis, 

no significant interaction between the factors 

“control method” and “erosive challenge” 
(water sorption p=0.65 / solubility p=0.61) 
was observed, indicating independence between 
them. The main factors were analyzed separately 
by the Tukey test.

Tables 1 and 2 show the mean and 
standard deviation of the water sorption and 
solubility obtained in the experimental groups.

Table 1 - Mean (standard deviation) of the water sorption data 
in the experimental groups.

Table 2 - Mean (standard deviation) of the water solubility data 
in the experimental groups.

Method for 
controlling 
the erosive 
challenge 

Erosive challenge

Negative 
Control 

9 DES-RE 
cycles

18 DES-RE 
cycles 

Negative 
Control 57.74 (4.66) 58.42 (3.95) 62.18 (3.48) B

TAF 55.33 (6.51) 58.61 (6.23) 59.08 (4.20) B

RMGI Varnish 
(Clinpro XT) 67.53 (7.36) 70.47 (5.79) 68.92 (5.64) A

Resin Sealant 
(Fortify) 60.79 (4.77) 59.37 (6.86) 63.60 (6.14) B

b ab a

Method for 
controlling 
the erosive 
challenge 

Erosive challenge

Negative 
Control 

9 DES-RE 
cycles

18 DES-RE 
cycles 

Negative 
Control 56.92 (4.81) 57.60 (3.81) 59.74 (4.82) B

TAF 53.95 (7.24) 58.56 (5.60) 58.33 (4.26) B

RMGI Varnish 
(Clinpro XT) 67.18 (7.90) 69.33 (5.89) 66.78 (5.21) A

Resin Sealant 
(Fortify) 58.75 (5.61) 58.43 (6.80) 62.13 (6.01) B

b ab a

Distinct letters represent statistically significant differences (2-way 
Anova/Tukey, alfa=5%). Uppercase letters compare methods of 
control and lowercase ones compare the erosive challenges.

Distinct letters represent statistically significant differences (2-way 
Anova/Tukey, alfa=5%). Uppercase letters compare methods of 
control and lowercase ones compare the erosive challenges.
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Statistical differences between the levels 
of factor “control method” were observed in both 
variables (p<0.001). Regardless of the erosive 
challenge received, the samples protected with 
RMGI Varnish presented higher averages than 
the other groups. Statistically different values 
were also observed among the means of erosive 
challenges (p = 0.04). According to the data, 
in all erosion challenge control groups, water 
sorption and solubility averages after 18 cycles 
of DES-RE were statistically higher than those of 
the negative control.

DISCuSSIoN
While caries disease has decreased in its 

incidence over the last decades, non-carious 
lesions, such as those from dental erosion, 
have suffered a significant increase in its 
occurrence. [12,14] It should be noted that, the 
restorative materials present in the oral cavity 
are also under the effect of erosive challenges. 
Therefore, it is important that there is clinical 
artifice capable of acting to prevent deleterious 
effects on restorations, avoiding discomfort for 
the patient and promoting the longevity of the 
restorative material.

The erosion phenomenon induces loss of 
substances, surface degradation and reduction 
of abrasion resistance of restorative materials. 
[15] In addition, the surface of restorative 
material is more susceptible to erosive attacks 
than when compared to dental enamel. [15] 
Previous studies have shown that when the 
restorative material, especially the composite 
resin, is exposed to the erosive challenge, for 
example there is loss of hardness, greater wear 
and marginal infiltration. [15,16] When exposed 
to chemicals substances, the resin matrix of 
the composite resin can be softened and its 
constituents can be filtered out of the structure, 
causing functional and aesthetic damage to the 
restoration. [17]

The chemical composition of the organic 
matrix of the restorative material has a direct 
effect on its degradation. Apparently, the extent 
and rate of water absorption is dependent on the 

density of the polymer network and the potential 
binding of hydrogen and polar interactions. [9]

The composite resin used in this study has, 
as part of its composition, BISGMA, UDMA and 
TEGDMA, which are popular monomers present 
in most of the composite resins commercialized 
in the current market. After being evaluated in 
a recent study, it was verified that the structures 
of these monomers are composed of polymers of 
different atoms (carbon, oxygen and nitrogen). 
In addition to the presence of hydrolytically 
sensitive groups, such as ester, urethane and 
hydroxyl groups. Besides of does not being 
considered extremely hydrophilic, those groups 
are certainly capable of absorbing and losing 
water easily, to a potentially harmful extent, 
thus causing the sorption phenomenon and 
water solubility in the composite resin. [9]

One of the findings of the present 
investigation reveals that, regardless of surface 
protection, all specimens had increased water 
sorption and solubility with exposure to 
erosive challenges. The sorption phenomenon 
in composite resins is a controlled diffusion 
mechanism responsible for causing chemical 
degradation of the material due to the release 
of residual monomers and loss of adhesion 
of the polymer matrix. Already solubility is 
characterized by the amount of non-reactive 
monomers that are lost to the medium. Both 
mechanisms are capable of promoting the 
degradation of the composite, inducing the 
weakening of the mechanical properties of the 
material, formation of microcracks, plasticization 
of the polymer matrix, as well as the reduction 
of the wear resistance. [18]

The water solubility of the composite resin 
is mainly attributed to the lost amount of residual 
free monomers, additives, fillers and fillers. [19] 
The amount of monomers that do not react and 
which are consequently lost is highly dependent 
on the degree of conversion, that is, the higher 
the value of the conversion degree, the lower 
the amount of non-reactive monomers, resulting 
in a lower solubility. [18,20,21] In the present 
work, all specimens were submitted to identical 
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methods of photoactivation, in an attempt to 
standardize the number of unreacted species 
among them.

However, the susceptibility of free 
monomers to be lost is also related to the 
hydrophilic and mobility capacity of compounds 
in general, and those that contain TEGDMA 
are the most susceptible to leaching, as is the 
case of the composite resin used in this study. 
[22,23] However, water in the study in question 
was less damaging to composite resin than other 
substances tested, such as ethanol and acidic 
substances at different concentrations (lactic, 
propionic and acetic acid). [23]

The particle size of the composite resin 
may also influence its possible structural 
modification after erosive events. [24] However, 
larger particle composites may suffer more 
from this effect than nanoparticles, as used in 
this study. In a study that compared changes 
in microhybrid and nanoparticulate resins after 
immersion in solutions that simulated two types 
of wines, it was verified that the nanoparticulate 
resin presented a less rough and eroded surface 
in relation to the microhybrid. [24]

Acid cycles simulating surface erosion 
were characterized by a low pH, around 2.2, 
totally critical to the integrity of the composite 
resin. [11] In the present study, the acid cycles 
were characterized by specimens that randomly 
suffered 9 DES-RE cycles or those who received 
a doubled dose of DES-RE cycles (18) to 
promote a more aggressive challenge. [12] 
Therefore, in the current study, it was observed 
that, independently of the surface protection 
received, all specimens showed a significant 
increase in water sorption and solubility after 
18 cycles of DES-RE.

The experimental hypothesis tested in 
the present study was denied since the surface 
protection method was able to adequately 
protect the surface of the composite resin, 
preventing its loss and gain of mass in contact 
with humidity. Both topical application of 
fluoride and resin sealant presented similar 
results to the absence of surface protection at 

different levels of simulated erosion. However, 
in the same situations, the resin-modified glass 
ionomer varnish presented significantly higher 
values of water sorption and solubility. 

Studies demonstrated satisfactory action 
of NaF based vehicles in the prevention of 
dental erosion in vitro. [25,26] On the teeth, 
NaF added to the calcium from the saliva leads 
to the formation of calcium fluoride, which 
generates a protective barrier, reducing the 
acid contact with the dental structure. [25,26] 
However, it was not possible to define whether 
the fluoride protection layer could also be 
formed on composite resin surfaces. [27] In 
addition, fluoride has a short life in the oral 
environment, as it is easily removed through the 
action of cheeks, tongue, saliva, chewing and by 
the usual oral hygiene procedures. [28]

There are evidences that shows a possible 
damaging effect of fluoride on restorative 
materials, causing changes in morphological and 
abrasion resistance. [15] In addition, fluoride 
can cause depolymerization of the matrix-body 
constituent interface, causing loss of important 
constituents of the composite resin. [15] In the 
present study, this fact can be confirmed, since 
the topical application of fluoride presented 
a similar result to the absence of surface 
protection, in the different levels of simulated 
erosion.

Similarly, to the TAF, the resin sealant 
veneer was also not able to alter the water 
sorption and solubility of the composite resin 
at different degrees of erosive challenge. This 
protective material, due to its low viscosity, is 
able to flow into the dentinal tubules, as a result 
obtaining part of its mechanical retention and 
providing depth to the sealant. [27] However, 
it is not possible to state that the same result 
occurs on the surface of the restorative material.

In a previous study that tested, the action 
of different resin sealants. Among them Fortify, 
on the nanoparticulate composite resin (Filtek 
Z350) after 30.000 simulated brushing sessions 
presented no improvement in the rugosity of the 
composite resin. Fortify Plus had its performance 
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reduced when compared to the control group (it 
did not receive resin sealant protection) after 6 
months of brushing, as it allowed a potential loss 
of load that resulted in a rougher surface. [29]

In relation to the action of the RMGI 
Varnish, a relevant finding of the present 
investigation was that in all levels of erosive 
challenge, presented statistically superior values 
of water sorption and solubility. Therefore, 
the loss and mass gain in this protective 
material exceeded the others. Nevertheless, 
it was expected to find favorable results when 
the action of this sealant on the surface of the 
composite resin, since many studies have proved 
the efficacy of the product when applied on the 
dental surface.

The most recent studies evaluating 
the potential of protection of some materials 
against enamel demineralization, among them 
the ionomer varnish obtained the highest mean 
remineralization potential and better inhibition 
of dental tissue softening when exposed to 
acidic challenges. This can be explained by the 
fact that calcium triphosphate technology has 
been developed to deliver fluoride, calcium and 
phosphate continuously and accurately. The 
calcium triphosphate particles are involved with 
sodium lauryl sulfate and included in a dental 
veneer containing 5% sodium fluoride. During 
its production process, a protective barrier is 
created around calcium, allowing it to coexist 
with fluoride. After applying to the desired 
surface, in contact with saliva, calcium and 
fluoride are released. [30] In addition, due to 
its micromechanical adhesion to the dentin after 
conditioning with phosphoric acid, a barrier 
with a greater permanence capacity is formed 
on the surfaces. [1,31] The efficacy of these 
fluoride based materials against to the DES-RE 
depends on the concentration, type of fluoride 
ion and its release form.  The ionomer base 
materials are more durable, and it still present 
calcium and phosphate, which are useful 
supplements in the remineralization process. In 
addition to the high release of fluoride, derived 
from the fluoraluminiosilicate glass, present in 
the sealant composition. [1,32]

However, it is important to note that, in 
all these previous studies, the RMGI Varnish was 
tested on the dental surface, having experimental 
conditions different from the present study. In 
this way, it is not possible to know if the same 
sealant action process or the results found occur 
when the varnish is applied on the surface of the 
composite resin. 

In other studies, many compounds 
containing radiopaque glasses, such as the 
ionomer varnish in question, have shown 
great dissolution capacity in water and saline 
solutions. [9] This potential for deterioration is 
one of the reasons why it is important to create 
an organic layer, typically of silane molecules, 
on the surface of restorative materials in 
order to protect them from the environment. 
[33] The same RMGI Varnish presented the 
lowest hardness value in comparison to the 
other groups. In protected areas with different 
covering materials. This fact can be explained 
by the 35% phosphoric acid attack prior to the 
application of the sealant. [34,35] In the dental 
enamel, the acid attack increases the solubility of 
the tissue and exposes the enamel prisms. [36] 
However, the present finding has an important 
clinical implication. Uncertainty the surface 
attacked by the acid is not completely covered 
by the sealant, it will facilitate the penetration 
of undesirable substances, culminating in the 
increased incidence of caries disease in the 
edges of the coating material. [34]

The same, this mechanism is believed 
to occur on the surface of the composite resin 
protected with the ionomer varnish in question. 
Therefore, possibly, this fact explains the result 
found in the present in vitro study, in which the 
ionomer varnish presented the highest sorption 
and water solubility values, when compared to 
other protection materials. 

A challenging factor in the present study 
was that, many studies show the action of the 
ionomer varnish on the dental surfaces enamel or 
the dentin, revealing its potential of protection. 
However, when it comes to its mechanism of 
action on the surface of the restorative material, 
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in this case, the composite resin, no papers are 
found that could support its use. In this way, 
this study exerts a great influence on the clinical 
behavior of the professional and reveals the 
need for new studies in the area.

One limitation of the present study is 
that it can’t detect higher sorption of water and 
solubility found in the groups where the RMGI 
Varnish was used was due to loss and mass gain 
of the ionomer varnish or the composite resin. 
The composite resin used in this study (Filtek 
Z350 XT) has its composition as TEGDMA, a 
compound that presents a higher hydrophilic 
and mobility capacity, thus exerting a great 
influence on the solubility, that is, it favors 
the loss of components of the composite resin 
and not of the covering material. In addition, 
nanoparticulate resins are able to accumulate 
a greater amount of water particles along the 
interfaces of the polymer matrix due to the non-
agglomerated particles of 2nm of silica present 
in their composition. [18,20] However, it is 
concluded that the effect occurred on the surface 
of cover since the ionomers are less resistant to 
the conditions of humidity. In a way, this can be 
considered a positive result regarding the use of 
the material, since coverings can be redone, and 
the important thing is that there is no damage 
to the restorative material. However, given the 
lack of literature regarding conditions similar 
to those tested in the present investigation, 
it is fundamental that more studies be carried 
out, with complementary variables, and that 
can determine the real effectiveness of these 
materials in patients subjected to erosive 
challenges.

CoNCluSIoN
According to the limitations of the present 

in vitro study, it is possible to conclude that the 
more aggressive erosive challenge (18 cycles 
DES-RE) significantly altered the physical 
properties of the composite resin, increasing 
water sorption and solubility, thus affecting 
longevity of the composite resin as restorative 
material.

Regarding the protection of composite 
resin surfaces, no control method presented 
a promising ability to protect the composite 
resin surface against erosive challenges. This is 
due to the fact that even the effect of fluoride 
varnish presented the highest averages for water 
sorption and solubility, it is not known whether 
this result occurred on the surface of the covering 
material or the restorative material.
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