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Can surface protection
prevent damage in margins
of composite resin
restorations after simulated
endogenous erosion?
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José Pimenta Lima?, Roberto Paulo Correia de Araujo?,
Richard Mark Foxton? Andrea N6brega Cavalcanti™

Aim: The study investigated the effect of using surface
protection agents in the adaptation of external and internal
margins of restorations subjected to simulated erosion.
Methods: Cavities with margins in dentin were prepared in
bovine incisors (n=120). Adhesive restorations were placed
using a three-step etch&rinse adhesive system and nanofilled
composite resin. The specimens were divided into four groups,
according to the surface protection: negative control, topical
application of fluoride (TAF), resin sealant and resin-modified
glass ionomer varnish (RMGI varnish). Afterwards, they were
divided into three sub-groups, according to the exposure to
a simulated solution of gastric acid (DES) (5% HCI, pH=2,2)
and subsequent remineralization (RE): negative control, 9 and
18 cycles of DES-RE. The evaluation of the tooth-restoration
interface was performed on the internal and frontal images with
the aid of a stereoscopic microscope (15x), and the percentage
of continuous margins without adhesive failures was quantified.
Results: In the external margins, only those groups with surface
protection using sealants (resin and glass-ionomer) did not
exhibit a significant decrease in the percentage of continuous
margins after the erosive challenges. After 18 cycles of DES-RE,
the use of resin-modified glass ionomer varnish resulted in the
highest percentage of continuous margins. Conclusion: It was
concluded that physically covering the surfaces with a sealing
agent preserved the marginal adaptation of composite resin
restorations exposed to endogenous erosive challenges.
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Introduction

Erosion is defined as a localized loss of hard dental tissue caused by exposure of
dental surfaces to extrinsic or intrinsic acids, unrelated to bacterial metabolism’.
This demineralization by acid can have an endogenous etiology, characterized
by intrinsic factors, such as gastric acid; an exogenous etiology, characterized by
extrinsic factors, such as; sugar, dietary soft drinks, fruit juices, carbonated bever-
ages; and an idiopathic etiology, when the diagnosis is not possible through anam-
nesis or clinical examination.

The erosive challenge occurs in a progressive way and results in the loss of surface
structure. It initially affects enamel followed by dentin, making the tooth brittle and
more susceptible to wear by brushing or masticatory forces?, also compromising the
dental anatomy and the vertical dimension of occlusion?®.

Resin composite restorative materials represent one of the many biomaterial research
successes* and are frequently used for the rehabilitation of sequels resulting from
endogenous erosion®. Composite resin is considered to be less susceptible to ero-
sive challenges when compared to dentin and other restorative materials, but the acid
attack can still induces matrix degradation and loss of filler particles®. There is evi-
dence that chemical degradation of the composite resins can occur because of the
diffusion of un-reacted monomers molecules and ions’. An increase in surface rough-
ness and softening can occur, resulting in alterations by ruptures of small fragments,
as well as accumulation of bacterial plaque®.

Endogenous erosion is a condition, which is difficult to control, and preventive mea-
sures are necessary for the preservation of both the remaining dental structure and
the surface of restorative materials used for rehabilitation. One option is to use fluo-
ride ions in various sources, or physical barriers against the contact of acids, such as
glass ionomer and resin sealants, however the most appropriate treatment has yet to
be determined®'®. Therefore the aim of the present study to evaluate the effectiveness
of different methods of surface protection in maintaining the quality of the margins
of restorations in the composite resin, submitted to acid challenges of endogenous
origin, in order to extend the longevity of restorative materials in the oral environment.
The hypothesis tested was that a resin-modified glass ionomer varnish, a resin seal-
ant and a topical application of 2% neutral fluoride would have potential to prevent
damages in the dentine-composite resin interface of adhesive restorations, in situa-
tions of endogenous dental erosion.

MATERIALS AND METHODS

Obtaining the test specimens

120 bovine incisors were obtained, cleaned with scalpel blades to remove organic
debris and polished with pumice paste, using Robson’s brushes in counter angle of
low rotation. The teeth were visually examined for confirmation of the absence of
physical damage that would compromise the study, such as discoloration, cavities,
and cracks.
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The selected teeth were stored in 0.1% thymol solution (Cromato Produtos Quimicos
LTDA, Diadema — SP — Brazil) until the moment of use, when they were placed in saline
solution. The teeth were cut with a double-sided diamond disc (n.7020, KG Sorensen,
Cotia — SP — Brazil), casting aside the root and sectioning the vestibular face in the
mesial-distal and incisor-occlusal directions to obtain similar sized fragments.

Each fragment was individually mounted in polystyrene resin and the enamel of
the vestibular face was ground until dentin was exposed using abrasive discs of
descending grit (#400 e #600, Vonder — ODV, Feira de Santana — BA - Brazil), in
a polishing machine (Arotec, S/A Industria e Comercio, Cotia — SP — Brazil) under
constant cooling.

The area exposed to erosion challenge was delimited using a 6mm diameter adhesive
tape. The entire surface of the dentin, besides this delimitation was covered with 2 lay-
ers of nail polish in red color. After drying the varnish, the adhesive tape was removed
and, at the center of the dentine delineation, 2x2 mm cylindrical cavities were made
with diamond burs (n.2294, KG Sorensen, Cotia — SP — Brazil), which were replaced
every 10 cavity preparations. At the end, a limit of 2 mm around each cavity was
established for the erosion challenge.

The adhesive procedure was performed using a three-step etch & rinse system
(Scotchbond Multipurpose Plus, 3M-ESPE, Sumaré — SP - Brazil), according to the
manufacturer's recommendations. Conditioning of the cavities was performed using
37% phosphoric acid for 15 seconds (Biodinamica Quim, e Farm. LTDA, Ibiporad - PR
- Brazil), washing and drying with absorbent paper. The application of the primer was
done actively, followed by drying with a light jet of air for 5 seconds at 10 cm. After
application, the adhesive was photo-activated for 10 seconds with a light-curing unit
of 7500 mW/cm? light intensity (Radii Plus, SDI Brasil Industria e Comercio LTDA, S&o
Paulo — SP — Brazil).

The composite resin restorations (FiltekZ350, color A3B, 3MESPE, Sumaré - SP —
Brazil) were performed in a single layer. After insertion of the composite, a polyester
matrix tape was placed on the surface and photoactivation was performed. Polishing
of the restorations was performed 24 hours later using sandpaper discs in a descend-
ing sequence of abrasiveness (Sof-Lex Pop-on, 3M-ESPE, Sumaré — SP - Brazil). The
quality of the margin finishing was verified with a stereoscopic microscope (Opton,
Parque Industrial San José, Cotia — SP — Brazil), with 15x magnification.

After specimens were fabricated, they were randomly allocated into twelve experi-
mental groups (n=10) in accordance with the method of preventing the effects of
erosive challenge and the intensity of erosive simulation by gastric acid (Figure 1).
Methods of preventing the effects of erosive challenge

The methods were performed as described below:

Negative control: The units belonging to this group did not suffer any changes in
their restored surfaces, only maintained at relative humidity at 37°C.

Topical application of fluoride (TAF): On each surface, 1 ml of NaF gel (neutral
fluoride gel, 2%, DFL Industria e Comercio SA, Jacarepagua — RJ — Brazil) was ap-
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Figure 1. Distribution of the control method and levels of erosive challenge.

plied for T minute, then washed with distilled water in an ultrasonic bath (UNIQUE
Industria And Comercio LTDA, Sdo Paulo — SP — Brazil) for 2 minutes. Afterwards,
they were stored in relative humidity of 37°C.

+  Resin-modified glass ionomer varnish (RMGI Varnish): The application of the ma-
terial (Clinpro XT Varnish, 3M-ESPE, St Paul, MN, USA) followed the manufacturer’s
recommendations. The components of the RMGI Varnish were applied to a paper
surface and quickly mixed for 15 seconds and applied in a thin layer on the surfa-
ce with the aid of a disposable applicator. Then, photoactivation was performed
for 20 seconds, after which time, they were stored at relative humidity at 37°C.

Resin sealant: The restored surface was conditioned with 37% phosphoric acid
for 15 seconds, washed abundantly and dried with air jets, at a distance of 10
cm. A thin layer of the resin sealant (Fortify, BIOSCO Inc., Shaumburg - USA) was
actively applied to the surface of the composite resin, and then the surface was
photo-activated for 10 seconds.

Simulation of erosion by gastric acid

After applying the respective preventive method, the treated specimens were ran-
domly distributed according to the conditions of the simulated erosion. Therefore, the
4 experimental groups were subdivided into 3 subgroups (n=10), as follows:

Exposure control: the cavities in this subgroup were immersed in 10 ml of distilled
water at 37°C and were not subjected to any solution during execution of cycles
of the other subgroups.

Frequency of 9 cycles of DES-RE: Each complete cycle consisted of immersion in
10 ml of hydrochloric acid solution (5% HCI pH=2.2) for 2 minutes at room tem-
perature. After demineralization, the specimen was washed in 20 ml of distilled
water in an ultrasonic bath for 2 minutes and immersed for 60 minutes in the
remineralizing solution (1.5 mmol/L Ca, 0.9 mmoll/L PO4, 0.15 mol/L KCI, and
20 mmol/L TRIS buffer at pH 7.0)'. Then, the specimen was washed in 20 ml of
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distilled water in an ultrasonic washer (UNIQUE Industria e Comercio LTDA, S&o
Paulo — SP - Brazil) for 2 minutes. Between the cycles, the units were stored in
relative humidity, at 37°C.

Frequency of 18 cycles of DES-RE: The specimens of this subgroup were sub-
jected to double the frequency of cycles in order to promote a more aggressive
challenge. Each cycle was performed as previously described.

The methodology about simulation of erosion the use in present study was based on
the work of de Queiroz et al.’®.

Evaluation of marginal adaption

Examination of the specimens was mediated by a calibrated examiner, who recorded
the percentage of continuous margins using a stereoscopic microscope, which cap-
tured the images at 15x magnification. The margin was first analyzed with the aid of
CorelDRAW, an image processing program.

The method of this evaluation was adapted from the work of Bortolotto et al.’®, and the
captured images were classified in percentages of “continuous margins” - absence of
gaps, interruptions and total continuity of margin and percentage of “non-continuous
margins” - presence of gaps by adhesive and cohesive failure, fracture of restorative
material or dental substrate.

After the analysis of the external margins, the specimens were adapted to an acrylic
plate with the aid of sticky wax (NewWax, Technew Com. Ind. Ltda, Rio de Janeiro —
RJ — Brazil) and sectioned in two parts, dividing the center of the cavity with the aid
of a diamond cutting disc adapted to a precision cutter (Extec Corp. ®, Enfield CT
- USA), with a diamond disk (Extec Corp. ®, Enfield CT - USA). This procedure was per-
formed to reveal internal margins for the purpose of analyzing them, using the same
image-processing program previously described.

STATISTICAL ANALYSIS

Initially the exploratory analysis of the data was performed to verify the homogene-
ity of the variances and to determine if the experimental errors presented a normal
distribution (parameters Analysis of Variance). Inferential statistical analysis was per-
formed by 2-Way ANOVA and Tukey's test for multiple comparisons. This analysis
was done using SAS statistical software, version 9.1, with significance level of 5%.

RESULTS

External margin

Table 1 shows the average and standard deviation of the % of external continuous
margin found in the experimental groups. According to the statistical analysis of
the data, a significant interaction was observed between the factors “prevention
method” and “erosive challenge” (p=0.04), indicating dependence between levels of
one factor on the results of the other. This statistical interaction was deployed by
the Tukey's test.
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Table 1. Mean (standard deviation) of experimental groups — External margin

Erosive Challenge

Erosive challenge control methods

Negative control 9 cycles 18 cycles
Negative control 99.2 (1.7)Aa 90.8 (5.1)Ab 84.1(6.7)Bb
Topical application of fluoride 97.8 (3.3)Aa 89.9 (5.4)Ab 89.8 (8.8)ABb
Resin-modified glass ionomer varnish 99.0 (3.0)Aa 95.8 (2.8)Aa 93.1 (7.8)Aa
Resin sealant 94.6 (5.2)Aa 92.3(2.3)Aa 89.9 (5.4)ABa

Mediums followed by letters representing their statistical significance (Anova 2-criteria/Tukey, alfa=5%).
Capital letters compare control methods in the challenge factor’s levels and lowercase letters compare the
erosive challenges in the control method'’s level.

When erosive challenges were analyzed within each level of preventive methods,
it was verified that in the groups exposed to the negative control (absence of pro-
tection) and to topical application of fluoride, there was a significant reduction in the
percentage of continuous margins after 9 and 18 DES-RE cycles, compared to the
absence of challenge. In the groups treated with the resin-modified glass ionomer var-
nish and resin sealants, no differences were observed in the percentage of continuous
margins between the three challenges.

In relation to the preventive methods at each level of erosive challenge, the percent-
age of continuous margins in the absence of an erosive challenge and after 9 cycles
was similar between the methods of surface protection. However, after 18 cycles,
the number of continuous margins protected with resin-modified glass ionomer var-
nish were higher than those of the negative control. The groups protected with topical
application of fluoride and resin sealant presented intermediate values, with no signif-
icant differences among the groups.

Internal margin

The % of internal data of continuous margins found in the experimental groups are
shown in Table 2. No significant effects were observed internally; neither between the
statistical interaction among factors under study (p = 0.97), nor between the levels of
each factor (preventive method p = 0.86, erosive challenge p = 0.85).

Table 2. Mean (standard deviation) of experimental groups - Internal margin

Erosive Challenge

Erosive challenge control methods

Negative control 9 cycles 18 cycles
Negative control 99.4(1.2) 99.3(1.5) 99.4(1.1)
Topical application of fluoride 99.8 (0.7) 99.4(1.2) 99.5(1.0)
Resin-modified glass ionomer varnish 99.8 (0.6) 99.6 (0.8) 99.4(1.2)
Resin sealant 99.4(1.2) 99.7 (0.8) 99.5(1.0)

Mediums (standard deviation) of continuous internal margins percentage in experimental groups.
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DISCUSSION

A higher frequency of regurgitation, which consequently increases the frequency of a
lowering in the pH of the oral cavity over a period of time, may be present in individu-
als with gastroesophageal tract disorders. In these patients, the DES-RE mechanism
is initiated at each episode of regurgitation, which can last between 1 and 2 minutes
in the awake patient and between 15 and 20 minutes during sleeping. Saliva helps to
buffer the pH®. In the present work, the DES-RE mechanism, adapted from the meth-
odology of Austin et al.*, was used with the addition of 18 cycles of DES-RE, simulat-
ing moments of gastroesophageal crisis.

The evaluation of the restored margins through a stereoscopic microscope can por-
tray possible maladaptation of the composite resin'”'8. This technique allows possible
faults in the tooth-restoration interface to be determined and measured. However, the
use of a stereoscopic microscope has limitations. The technique only demonstrates
that there is maladaptation, but not the origin of the failure and whether it was due to
an operative error, adhesive failure or the erosive challenge that caused material wear,
as in the present study.

The present study revealed signs of external degradation at the interface between
tooth and restoration, even if minimal, in all the groups. The obtained images were
enlarged to visualize the defects produced by the acids', which gave confirmation
that exposure to hydrochloric acid at pH=2.2 promotes irreversible changes in the
external restoration margins.

When teeth affected by dental erosion are restored, it is important that the adhesive
system exhibits good bonding ability to enhance the longevity of the restoration.
A three-step etch & rinse adhesive system was used in the present study. In previous
studies, this material was more effective when compared to other systems™2%,

The defects found on the eroded margins portray the hydrochloric acid’s ability
to penetrate the dentin, dissolving the calcium crystals. The hybrid layer formed
by the adhesive system seemed to be incapable of containing such damage'®?'.
Thus, it is noted that even with the adhesive system of proven performance, mar-
ginal maladaptation is likely to occur due to factors such as morphology and com-
position of the dental tissue, the intensity of acid challenge episodes and lack of
surface protection™?",

In the present study, the amount of external marginal defects increased significantly
after erosive challenges in the groups without surface protection (negative control)
and in those exposed to topical application of fluoride. However, there was no signif-
icant difference in the number of marginal defects when the erosive challenge was
increased. Therefore, it was not possible to determine whether the defects exist-
ing after 9 DES-RE cycles become more intense after 18 DES-RE cycles, since the
methodology only measured the length of the defects, and not in other dimensions.
Further studies are therefore indicated to categorize the amplitude of the damage
with more precision.

The degradation of the composite subjected to acid exposure can result in soften-
ing the monomer, such as Bis-=GMA and UDMA?2. These compounds constitute the
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organic matrix of the composite resins, for example the nanofilled material tested in
the present investigation. The softening of the monomers, degradation of the silane
interface and the loss of fillers due to the irreversible damage caused by the acid can
explain the failures found in the margins of restorations of the present study?®.

In the present investigation, the hypothesis that methods of surface protection could
minimize and prevent damage at the adhesive interface was partially accepted. In the
groups where the surface covering was a mechanical barrier using the resin and res-
in-modified glass ionomer varnish, no significant decrease in the percentage of con-
tinuous external margins was observed with the exposure to DES-RE cycles. Unfortu-
nately, the same result was not found using a topical fluoride application.

There are reports that a topical application of fluoride performed with neutral sodium
fluoride gel can promote the control and minimization of dental demineralization?+25,
The fluoride ion, in contact with saliva, forms crystals of calcium fluoride, which can
act as a physical barrier to prevent penetration of the acid in the exposed dentin??.
Some studies report that high amounts of fluoride can be retained in dentin, depend-
ing on their porosity and water content??%% However, the findings of the restored
outer margins protected using topical fluoride in the present investigation contradict
those of previous studies. The fluoride ion did not prevent the increase of the marginal
defects after 9 cycles of DES-RE, although it gave intermediate values after 18 cycles.
It is therefore suggested that the frequency of the challenges, the dissolving ability
of NaF and the low pH of the gastric acid tested may be related to this result?>®.
Moreover, it should also be considered that clinically there would be the additional,
effect of mechanical brushing forces, which would make a continual presence of flu-
oride deposits even more difficult to maintain?. Also, the hypothesis that the acidity
of some fluoride gels may influence the degradation of the surface of the restorative
material should be taken into account, especially in patients with aesthetic resto-
rations of composite resin’®.

In the present investigation, the percentage of continuous margins in the group with
a physical barrier provided by the resin sealant did not significantly alter even after
erosive challenges. This result might be related to the ability of the sealant to pen-
etrate into irregularities present in the tooth-restoration interface, thus delaying the
degradation of the margin and preventing possible marginal infiltration®'™. The use of
a resin sealant could have decreased the progression of surface wear and acted as a
physical barrier against acid attacks®?,

However, there are conflicting results in the literature regarding the effectiveness of
resin sealants. It has been reported that sealants cannot minimize marginal infiltra-
tion because of their relatively high viscosity and incomplete wetting at the composite
resin restoration interface®. The thickness of the applied material will also be low,
which may also facilitate its’ vulnerability to removal because only superficial defects
are filled®2.

It is important to note that although the percentage of continuous margins for the
resin sealant remained unchanged throughout the different challenges, after 18
cycles of DES-RE, the result was intermediate. Due to the monomeric nature and
absence of filler particles in the resin sealant, it is possible that a greater absorption



Dias et al.

of water triggered the hydrolysis of the polymers’. This effect has already been doc-
umented previously, being associated with staining and pigmentation of the com-
posite resin restoration’.

The resin-modified glass ionomer varnish was also able to preserve the adhesive
margins, even after the erosive challenges. However, an interesting result with this
material was that it presented a significantly higher number of continuous margins
after 18 DES-RE cycles. In dental enamel, a resin-modified glass ionomer varnish
exhibits good remineralization and demineralization control'"13252 probably due
to the mechanism of long-term release of calcium, phosphorus and fluoride, adhe-
sion to enamel and dentine and consequent sealing ability®'?%. The glass-ionomer
sealant modified by resin has important properties that enable maintenance of
the dental organic matrix and conservation of the remaining substrate after the
erosion process'?5%8,

The manufacturer of Clinpro XT Varnish gives its composition as; polyalkenoic acid
patented and modified by methacrylate, 2-hydroxyethyl methacrylate (HEMA), water,
calcium glycerophosphate, Bis-GMA and fluoraluminiosilicate glass. The instant
release of fluoride from the glass-ionomer modified by composite resin is triggered
by chemical bonds carried out on the surface of the particle of a compound called flu-
oroaminosilicate, also described by the manufacturer. Calcium glycerophosphate is
present throughout the lifespan of the material, forming a reservoir until its’ complete
disappearance from the surfaces of composite resin and tooth?3334 Thus, there is a
need for more in vivo studies on its behavior in clinical settings.

The polyalkenoic acid present in the varnish can also occlude dentin tubules by the
formation of an amorphous mineral similar to apatite, providing less exposure of the
organic demineralized organic matrix (DOM) to acid degradation'. Therefore a seal-
ant provides a physical and mechanical reduction in the diameter of the canaliculi that
protect the dentin from future acid attacks, through this acid-resistant layer formed
within the substrate™3,

There is an important relationship between the preservation of the demineralized
organic matrix layer and the progression of dental erosion. The proteolytic degrada-
tion of the DOM results in an increase in the rate of erosion, since this layer has the
capacity of to buffer acids, which prevents the aggravation of the demineralization?.
The resin-modified glass ionomer varnish component of the barrier material may also
have the ability to penetrate into the organic matrix of the dental substrate, promoting
stabilization of the collagen against the acidic environment?535,

When analyzing the condition of the margin of the restorations, the loss of struc-
ture from the composite resin and the dentin must be taken into account, since they
maybe affected differently by the exposure to acid, as they react differently to the
acid™. In this sense, it is believed that, in the present study, the good results obtained
with the glass-ionomer sealant after 18 cycles of DES-RE are due, mainly to the pres-
ervation of the dental structure in the eroded margin. However, further studies regard-
ing the use of this material should be performed.

Considering the limitations of the present in vitro study, it can be concluded that, in the
face of simulated endogenous erosion, resin and resin-modified glass ionomer var-
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nish have the potential to prevent damage to the margins of composite resin adhesive
restorations. However, the glass ionomer varnish material seems to be less affected
by the erosive challenge intensity, which is relatively important in the control of dental
erosion in patients with gastroesophageal disorders.
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