
The aim of the study was to evaluate the effect of erosive pH cycling with solutions that 
simulate dental erosion on Martens hardness (HMV) and elastic modulus (Eit) of dentin 
restored with fluoride-releasing adhesive systems. Twenty-seven bovine dentin slabs were 
restored with three adhesive systems: Adper Single Bond 2 total-etch adhesive system, 
One Up Bond F and Clearfil SE Protect fluoride-containing self-etching adhesive systems. 
The restorations were made with Filtek Z250. The HMV and Eit values at distances of 10, 
30, 50 and 70 µm from the interface were evaluated using a dynamic ultra microhardness 
tester before and after immersion in deionized water, citric acid and hydrochloric acid 
(n=9). Data were submitted to repeated-measures ANOVA and Fisher's PLSD tests (a=0.05). 
After erosive cycling, HMV values of dentin decreased in all groups. For dentin restored 
with Adper Single Bond 2, the lowest values were found closer to the hybrid layer, while 
for One Up Bond F and Clearfil SE Protect, the values remained unaltered at all distances. 
For dentin restored with fluoride-releasing adhesive systems, a decrease in Eit was found, 
but after 30 µm this difference was not significant. The acid substances were able to alter 
HMV and Eit of the underlying dentin. For fluoride-releasing adhesives, the greater the 
distance from bonded interface, the lower the Eit values. The fluoride in One Up Bond F 
and Clearfil SE Protect was able to protect the underlying dentin closer to the materials. 
In this way, the fluoride from adhesive systems could have some positive effect in the 
early stages of erosive lesions. 
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Introduction
Since the 19th century, an increase in both the 

incidence and the prevalence of dental erosion has been 
well documented, especially among young adults (1,2). 
The contact of the dental surface with known acids from 
extrinsic or intrinsic origins may promote irreversible loss 
of this substrate, which in turn leads to the formation of 
non-carious lesions, such as dental erosion (1). This is a 
multifactorial condition with a complex etiology (3).

Among the extrinsic etiological factors causing dental 
erosion, the most important is diet, which may include 
beverages and foods with erosive potential for the dental 
surface. Citric acid is the main acid contained in fruit 
juices and soft drinks and has high dissolving power. In 
addition to diet, certain occupations, such as working in a 
battery factory or lead sealing industry, and sports drinks 
can result in tooth erosion (3-5). The intrinsic factors 
causing dental erosion are caused mainly by stomach acid 
in contact with the oral cavity due to chronic vomiting 
or regurgitation. Gastroesophageal reflux occurs because 
of an involuntary movement of gastric contents towards 
the mouth due to some anomaly in the gastrointestinal 
tract. In general, the loss and demineralization of dental 

mineralized tissues occur when the hydrochloric acid from 
the gastric content reaches the oral cavity and remains 
there for a period of time (3).

Initially, erosive wear causes softening of the enamel. 
This process dissolves continuously the layers of enamel 
crystals, leading to a permanent loss of tissue that could 
reach the dentin (3). Dentin is a much more soluble 
substrate than enamel, since its mineral content is much 
lower (47% by volume) and its organic content is higher 
(>33% by volume) (6), making it sensitive to thermal and 
tactile stimuli. In these situations, the patient requires 
restorative treatment. It would be desirable if the used 
restorative materials addressed the erosive challenges and 
protected the dentin.

Many recent studies have sought to understand the 
remineralization of enamel after a cariogenic challenge 
(7). Based on this, several fluoride-releasing restorative 
materials have been introduced as an attempt to prevent 
demineralization (8). The fluoride released by adhesive 
systems could exert anticariogenic activity by increasing 
the strength of dentin against the acid attacks in the oral 
environment (9). Nakajima et al. (10) suggested that slow-
release fluoride in adhesive systems could increase the 
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concentration of fluorapatite in the hybrid layer underlying 
dentin. Furthermore, they also reported that fluoride linked 
to apatite could show a prolonged effect, since fluorapatite 
is less soluble than sodium fluoride. Ferracane et al. (11) 
and Han et al. (12) detected fluoride from adhesive systems 
in the hybrid layer and its adjacent dentin, even after 
several weeks of immersion in water. These studies seem 
to speculate that fluoride in these adhesive systems could 
prevent degradation of dentin and result in stability of the 
adhesive interface. However, the mechanisms and efficacy 
of fluoride derived from restorative materials are still 
uncertain. Costa et al. (13) quantified the fluoride ions in 
demineralization/remineralization solutions and concluded 
that fluoride from these materials was released in very low 
concentrations, probably restricted to a small portion of 
dentin/composite interface exposed in the solutions.

It is thus important to evaluate whether this same 
fluoride could act in the process of demineralization/
remineralization of erosive lesions in early stages. Therefore, 
the aim of this study was to evaluate the Martens hardness 
(HMV) and elastic modulus (Eit) values of the underlying 
dentin from adhesive systems containing fluoride, which 
would then be subjected to a model of erosive pH cycling 
that simulated the early stages of erosion from either 
extrinsic or intrinsic factors. The tested hypotheses were: 
1) the acid substances (citric and hydrochloric acid) could 
modify the HMV and Eit values of the underlying dentin 
from adhesive systems; 2) differences in the mechanical 
properties of dentin could be found at different distances 
from the adhesive interface; and 3) the difference in the 
composition of restorative materials may interfere in the 
HMV and Eit values of the underlying dentin. 

Material and Methods
Sample Preparation

Twenty-seven bovine teeth, freshly extracted and stored 
in a 0.1% tymol solution at 4 °C for a maximum of 30 days, 

were selected for this study. Dentin blocks measuring 6.0 × 
6.0 mm were obtained using a metallographic cutter (Isomet 
2000, Buehler, Aurora, OH, USA). The enamel was removed 
with #320 abrasive silicon carbide sandpaper (Extec Corp., 
Enfield, CT, USA) to complete the exposure of dentin.

Teeth were divided into three groups, according to the 
used adhesive system (Table 1).

Group 1: Teeth were etched with 32% phosphoric acid 
(Bisco Inc., Schaumburg, IL, USA) for 15 s, washed with 
deionized water and dried with smooth air jet. Two layers 
of Adper Single Bond 2 adhesive system (3M ESPE Dental 
Products, St. Paul, MN, USA) were applied on the etched 
surface, then the material was light-cured for 20 s using 
Ultraled (Dabi Atlante, Ribeirão Preto, SP, Brazil), with light 
intensity output of 500 mW/cm2. 

Group 2: Teeth received One Up Bond F self-etching 
adhesive system containing fluoride (Tokuyama Dental 
Corp, Tokyo, Japan). Bonding material A was mixed with 
bonding material B, then applied on the dentin surface and 
light-cured for 20 s with Ultraled (Dabi Atlante). 

Group 3: Teeth received Clearfil SE Protect self-etching 
adhesive system containing fluoride and antibacterial agent 
(Kuraray Medical Inc, Kurashiki, Japan). The primer and 
bond were applied on the dentin surface and light-cured 
for 20 s using Ultraled (Dabi Atlante). 

Three 2-mm increments of Filtek Z250 composite resin 
(3M Espe Dental Products) were inserted on the dentin 
and each increment was light-cured for 40 s. After 24 
h of storage in distilled water at 37 °C, the blocks were 
cut into three longitudinal slices using an Isomet 2000 
metallographic cutter (Buehler). Samples were embedded 
in acrylic resin (Clássico, São Paulo, SP, Brazil), worn out 
manually with #600, #800 and #1200-grit silicon carbide 
sandpaper, and polished with wet felt containing diamond 
pastes for 4 min on each step. Finally, the samples were 
cleaned in an ultrasonic cube containing deionized water 
for 5 min between the sandpapers, and again at the end of 

Table 1. Composition of adhesive systems

Material Composition Manufacturer

Adper Single Bond 2
Etchant: 35% phosphoric acid. Primer & Adhesive resin: bisphenol A diglycidyl 

methacrylate, 2-hydroxyethyl methacrylate, ethanol, water, urethane dimethacrylate, 
bisphenol A glycerolate, polyalkenoic acid copolymer, dimethacrylate, camphorquinone.

3M ESPE, St 
Paul, MN, USA

One Up Bond F

Bonding A: Water, methyl methacrylate, 2-hydroxyethyl methacrylate, 
coumarin dye, metacryloyloxyalkyl acid phosphate, methacryloxyundecane 

dicarboxylic acid. Bonding B: multifuntional methacrylic monomer, 
fluoraluminosilicate glass, photoinitiator (arylborate catalyst).

Tokuyama Dental 
Corp, Tokyo,

Japan

Clearfil SE Protect

Primer: 10-methacryloyloxydecyl dihydrogen phosphate, 12-methacryloyloxydodecylpyridinium 
bromide, hydrophilic aliphatic dimethacrylate, water, initiators, accelerators, dyes, 
others. Bond: bisphenol a diglycidyl methacrylate, 2-hydroxyethyl methacrylate, 

sodium fluoride, 10-methacryloyloxydecyl dihydrogen phosphate, hydrophobic aliphatic 
dimethacrylate, colloidal silica, dl-camphorquinone, initiators, accelerators, others.

Kuraray Medical 
Inc, Kurashiki, 

Japan
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the process to remove residue from previous granulation 
sandpaper. 

Mechanical Properties of Dentin
After polishing the samples, the restored dentin blocks 

were examined by a dynamic ultra micro hardness tester 
(DUH-211S; Shimadzu, Kyoto, Japan) to check the HMV 
(Martens hardness obtained with the Vickers indenter) and 
elastic modulus (Eit values) of dentin under a load of 3 mN 
at a speed of 0.2926 mN/s, for 5 s, at the following distances 
from restorative interface: 10 µm, 30 µm, 50 µm and 70 μm 
m. Three indentations in all the studied regions were made 
with a Vickers tip. The HMV value (N/mm2) was defined as 
the maximum force (F max) divided by the surface area of 
the indenter x squared penetration depth (h):

The Eit value was calculated according to the equation:

where v and vi are the Poisson’s coefficient (defined 
as the property between the transverse and longitudinal 
specific deformations) of the sample and the indenter, 
respectively, and Ei is the elastic modulus of the indenter. 
The reduced Eit (Er) was calculated by the equation: 

where A is the designed area for contact printing, S 
is the material stiffness obtained from the slope of the 
unloading curve, and π is 3.14. 

In this study, HMV and Eit values were automatically 
calculated by the equipment software.

Erosive pH-Cycling
After initial measurements, each of the 3 slices 

was subjected to a specific cycle of demineralization/
remineralization.

The demineralization of the slices was performed 
individually in 3 different solutions (n=9): (1) 25 mL 0.3% 
citric acid, pH = 3.25 (adjusted with sodium hydroxide) 
under continuous stirring (70 rpm) at room temperature; 
(2) 25 mL 0.01M hydrochloric acid, pH = 2.0 (adjusted with 
sodium hydroxide) under continuous stirring (70 rpm) at 
room temperature; and (3) deionized water. The groups 
were submitted to alternate periods of demineralization 
in 30-s steps and 1-h remineralization steps until 150 s 
of demineralization was completed. The remineralization 
was performed at 37 °C in a way that the remineralization 
solution could be continuously stirred and samples would 
remain static. The remineralization solution contained 

0.7 mmol CaCl2, 4.0 mmol/L/KH2PO4, 0.2 mmol/L, MgCl2, 

30 mmol/L KCl and 20 mmol/L of 2-[4-(2-hydroxyethyl)
piperazin-1-yl]ethanesulfonic acid (HEPES) buffering 
solution at pH = 7 and a Ca/P molar rate of 0.125 (14). 

After cycling, the HMV and Eit values were calculated 
as described above.

Statistical Analysis
Data of mechanical properties were submitted to a 

normality test and the means were compared using both 
three-way repeated-measures analysis of variance (ANOVA) 
and Fisher’s protected least significant difference tests 
(α=0.05)

Results
Martens Hardness

The results related to HMV values are in Table 2. After 
cycling with acidic solutions, the HMV values of dentin 
restored with all the evaluated adhesive systems decreased 
at all analyzed distances, regardless the presence of fluoride 
in the composition in these materials. For the samples 
restored with Single Bond 2, the lowest HMV values were 
found near the hybrid layer (at 10 µm) compared to the 
other distances, especially before the erosive cycling. These 
HMV values increased starting from the interface area, but 
after 30 µm, this difference was not statistically significant. 
Generally, for the One Up Bond F and Clearfil SE Protect 
self-etching adhesive systems, the HMV values did not 
show significant differences at the examined distances 
(p>0.05), except for One Up Bond F before pH cycling and 
for Clearfil SE Protect after cycling with hydrochloric acid.

When the materials were compared, dentin restored 
with Adper Single Bond 2 showed the lowest HMV values 
before cycling at a distance of 10 µm, compared to the self-
etching adhesive systems (p<0.05). However, at 70 µm from 
the adhesive interface, the difference was not statistically 
significant (p>0.05). After cycling in water, the HMV value 
of dentin restored with One Up Bond F adhesive was higher 
compared to Clearfil SE Protect at 10 µm, 30 µm and 50 
µm (p<0.05). After immersion in hydrochloric acid, the 
dentin hybridized with One Up Bond F had a higher HMV 
value compared to the hybridized dentin with Adper Single 
Bond 2 (p=0.02) at 10 µm distance. At the other distances 
(30 µm, 50 µm and 70 µm), no significant differences in 
HMV values were found among dentin samples restored 
with different materials (p>0.05).

Elastic Modulus
The results related to the Eit values are in Table 3. In the 

restorations with the Adper Single Bond 2 adhesive system, 
only citric acid caused a significant decrease in the Eit 
values of dentin, especially at 50 µm and 70 µm from the 
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bonded interface (p<0.05). After cycling with hydrochloric 
acid, dentin restored with One Up Bond F adhesive showed 
lower Eit values at 30 µm, 50 µm and 70 µm from the 
bonded interface, compared to samples stored in distilled 
water (p<0.05). The samples restored with Clearfil SE 
Protect did not show significant difference in the Eit values 
either before or after immersion in hydrochloric acid and 
citric acid (p>0.05). When the distances of dentin restored 
with Adper Single Bond 2 were compared, no statistically 
significant differences in the Eit values among the analyzed 
distances were found (p>0.05). For the samples restored 
with One Up Bond F, there was a decrease in the Eit values 

from the bonded interface after cycling in hydrochloric 
and citric acids, but beyond 30 µm the difference was not 
statistically significant (p>0.05). For the samples restored 
with Clearfil SE Protect, immersion in water and citric acid 
caused a decrease in the Eit values at 10 µm and 30 µm 
from the bonded interface (p<0.05), but beyond 30 µm 
these differences were not statistically significant (p>0.05). 
Before the erosive cycling, no statistically significant 
differences (p>0.05) were found in the Eit values among the 
samples restored with different adhesives systems. However, 
after cycling in water, the hybridized dentin treated with 
the Single Bond 2 adhesive system showed lower Eit values 

Table 2. Martens hardness (GPa) values (mean ± standard deviation) of dentin before and after erosive pH cycling

Material Distance Before Deionized water HCl Citric acid

Adper Single Bond 2

10 µm 0.50±0.16 Ba C 0.49±0.19 Aa AB 0.31±0.12 Bb B 0.34±0.16 Ab A

30 µm 0.62±0.22 Aa B 0.64±0.28 Aa AB 0.43±0.14 ABb A 0.40±0.15 Ab A

50 µm 0.63±0.20 Aa B 0.64±0.20 Aa AB 0.49±0.18 Aab A 0.42±0.13 Ab A

70 µm 0.72±0.19 Aa A 0.64±0.20 Aab A 0.48±0.21 Abc A 0.40±0.14 Ac A

One Up Bond F

10 µm 0.64±0.14 Ba B 0.66±0.25 Aa A 0.45±0.13 Ab A 0.35±0.10 Ab A

30 µm 0.70±0.17 ABa AB 0.75±0.19 Aa A 0.45±0.15 Ab A 0.34±0.10 Ab A

50 µm 0.69±0.12 ABa AB 0.81±0.34 Aa A 0.47±0.15 Ab A 0.41±0.12 Ab A

70 µm 0.78±0.22 Aa A 0.77 0.18 Aa A 0.48±0.09 Ab A 0.39±0.10 Ab A

Clearfil SE Protect

10 µm 0.76±0.25 Aa A 0.44±0.15 Ab B 0.41±0.10 Bb AB 0.30±0.09 Ab A

30 µm 0.76±0.24 Aa A 0.49±0.16 Abc B 0.52±0.13 ABb A 0.33±0.11 Ac A

50 µm 0.79±0.24 Aa A 0.55±0.19 Ab B 0.49±0.09 ABbc A 0.35±0.12 Ac A

70 µm 0.78±0.22 Aa A 0.60±0.22 Ab A 0.60±0.15 Ab A 0.39±0.17 Ac A

Means followed by different letters (uppercase letters in the columns inside each material, lowercase letters in the rows and superscript letters for 
comparison among the materials in the same experimental condition), differ statistically from each other (p<0.05).

Table 3. Elastic modulus values (GPa) (mean ± standard deviation) of dentin before and after erosive pH cycling

Material Distance Before Water HCl Citric acid

Adper Single Bond 2

10 µm 26.35±11.43 Aa A 25.11±13.59 Aa B 23.40±8.20 Aa A 21.23 ± 9.94 Aa C

30 µm 24.21±6.55 Aab A 26.71±10.73 Aa B 24.75±5.65 Aab A 19.84 ± 5.80 Ab B

50 µm 23.15±5.51 Aa A 23.81±7.20 Aa B 22.44±4.08 Aa A 18.58 ± 4.87 Ab B

70 µm 24.42±6.70 Aa A 23.60±6.62 Aa B 22.60±3.95 Aa A 17.98 ± 4.80 Ab B

One Up Bond F 

10 µm 29.44±13.11 Ab A 33.91±8.18 Ab B 33.32±17.20 Ab A 49.69 ± 13.38 Aa A

30 µm 26.24±5.92 ABb A 31.98±7.80 Aa AB 22.64±6.90 Bb A 27.39 ± 6.44 Bab A

50 µm 24.93±4.24 Bb A 29.89±8.04 Aa AB 22.03±6.00 Bb A 26.29 ± 4.40 Bab A

70 µm 26.16±5.14 ABab  A 29.19±3.91 Aa AB 21.57±2.96 Bc A 23.84 ± 3.61 Bbc A

Clearfil SE Protect

10 µm 26.63±6.23 Ab A 52.90±28.11 Aa A 38.49±26.12 Aab A 35.58 ± 13.77 Ab B

30 µm 25.36±5.21 Ab A 40.04±18.59 ABa A 29.16±17.66 Ab A 25.60 ± 6.61 Bb AB

50 µm 25.68±5.48 Ab A 34.38±11.31 Ba A 23.43±4.65 Ab A 23.52 ± 4.68 Bb A

70 µm 25.01±4.58 Ab A 34.12±12.55 Ba A 25.26±4.80 Ab A 26.03 ± 6.54 Bb A

Means followed by different letters (uppercase letters in the columns inside each material, lowercase letters in the rows and superscript letters for 
comparison among the materials in the same experimental condition), differ statistically from each other (p<0.05).
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compared to dentin hybridized with Clearfil SE Protect 
(p<0.05). After cycling in citric acid, the hybridized dentin 
treated with the Single Bond 2 adhesive system showed 
lower Eit values compared to dentin hybridized with One 
Up Bond F (p<0.05).

Discussion
The design and conduction of this study were based on 

evidence that dental erosion occurs after repeated exposure 
of the dental substrate to gastric contents or acidic foods 
and drinks (14,15). It was assumed that this acid exposure 
might also have an effect on restorative materials and their 
bonding interfaces. Since the conventional repair of eroded 
tooth surfaces usually involves enamel restoration with 
direct restorative materials, the effects of acid exposure 
on materials that contain fluoride should be investigated, 
as well as the effect of fluoride ion these materials in the 
underlying substrate. Studies that evaluated the effect of 
acid on dental surface and restorative materials used citric 
acid to simulate dental erosion of extrinsic origin, since 
this is the main acid in fruit juices, soft drinks and some 
confections, which justifies its use in this study (16). The 
0.01 M hydrochloric acid solution with a pH of 2.0 simulates 
a severe, high-risk condition for the formation and 
progression of erosive lesions (15). Additionally, although 
pure gastric acid has pH between 0.9 and 1.5 after episodes 
of vomiting into the oral cavity, seldom is this pH less than 
1.5, due to esophageal buffering and saliva dilution (17). 
Thus, the use of hydrochloric acid in this concentration 
simulates more realistic clinical conditions.

After cycling with hydrochloric and citric acids, the HMV 
values of hybridized dentin decreased for all studied groups 
at all the analyzed distances. Therefore, the acid solutions 
used in the study were able to erode the samples, confirming 
the first hypothesis of the study. The low pH values of 
citric acid (pH=3.25) and hydrochloric acid (pH=2.0) are 
below the critical pH for dentin demineralization (pH=6.7), 
resulting in a reduction of the mineral concentration (18). 
Furthermore, the citric acid in soft drinks and fruit juices, 
a tricarboxylic acid, is able to dissolve the dentin substrate 
by its reaction with hydroxyapatite. The citrate ion is a 
chelating ligand and forms a soluble complex with calcium 
ions, which promotes further dissolution (16).

The assessment methods used in the research are useful 
for quantifying changes in dentin subjected to erosive 
challenges. Ultramicroindentation was used in the study 
because it is an extremely sensitive measurement for 
detecting the initial stages of dental tissues dissolution. 
In comparison to traditional microhardness test, the 
current depth-sensing indentation equipment in load 
and displacement resolutions allows the use of ultra-low 
loads (19). With this technique, it is possible to distinguish 

the dissolution of a substrate after smooth episodes 
of acid exposure and therefore this method has a high 
clinical relevance. The HMV and Eit values are mechanical 
properties that could be used to assess indirectly both 
demineralization and remineralization of hard tissues (20). 
This study evaluated the localized HMV value, which is 
based on both elastic and plastic deformation, and the Eit 
value of subjacent dentin to adhesive systems containing 
fluorides (at 10 µm, 30 µm, 50 µm and 70 µm from the 
adhesive interface). In general, the results show that the 
distance from the bonded interface was determinant in 
both HMV values for the Adper Single Bond 2 conventional 
adhesive system, and the Eit values for the One Up Bond 
F and Clearfil SE Protect adhesive systems, confirming the 
second hypothesis of the study. 

For dentin restored with Adper Single Bond 2, it was 
observed that the lowest HMV values were found at 10 
µm from the bonded interface before and after cycling 
with hydrochloric acid (Table 2). After cycling in deionized 
water as well as citric acid, the same phenomenon occurred, 
but no statistical difference could be found among the 
distances. The conventional adhesive systems, like Adper 
Single Bond 2, require prior etching of the dentin with 
37% phosphoric acid, which may cause removal of the 
smear layer, the smear plug and the intertubular dentin 
mineral content to a depth of approximately 2–7 µm (21). 
After washing the etched substrate, the spaces around 
the collagen fibers are filled with water, through which 
the hydrophilic monomer of material could diffuse to 
form the hybrid layer (22). This demineralization, caused 
by phosphoric acid, is probably responsible for the lower 
HMV values in the regions closer to the bonded interface. 
Furthermore, the fact that the dentin demineralization is 
relatively small (approximately 7 µm) might also explain the 
higher HMV values found at distances greater than 10 µm. 
Unlike the conventional adhesive systems, the self-etching 
adhesive systems do not require the preliminary stage of 
acid etching the dentin. These materials have the so-called 
“self-etching primer” in their composition; their relative 
acidity is able to permeate between the constituent particles 
of the smear layer and penetrate into the subjacent dentin 
(22). This acid primer is not rinsed from the surface, so the 
demineralized smear layer is incorporated to the hybrid 
layer (23). Such differences in material composition and 
the consequent dentin demineralization could explain 
the maintenance of HMV values from 10 to 50 µm, for 
the dentin restored with One Up Bond F and Clearfil SE 
Protect for all evaluated groups (Table 2). In relation to the 
Eit values, different behavior was found between dentin 
restored using the self-etching adhesive systems, with their 
ability to release fluoride ions (One Up Bond F and Clearfil 
SE Protect) and the dentin restored using a conventional 
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bonding system (Adper Single Bond 2). In the latter, there 
was a decrease in the dentin Eit values after immersion 
in citric acid as compared to the initial measurements, 
with statistically significant difference at the 50 and 70 
µm (Table 3). For dentin restored with Clearfil SE Protect, 
a significant decrease was found in the Eit values after 
immersion in acid solutions at all distances from the bonded 
interface compared to storage in distilled water (Table 3). 
After cycling in water, the dentin restored with Clearfil SE 
Protect showed higher Eit values compared to the dentin 
restored using Adper Single Bond 2 (p<0.05). After cycling 
in citric acid, the dentin restored with One Up Bond F 
showed higher Eit values compared to the dentin restored 
using Adper Single Bond 2 (p<0.05). These findings may be 
related to the possible ability of One Up Bond F and Clearfil 
SE Protect to release fluoride ions. According to Ferracane 
et al. (11), these released ions would penetrate and diffuse 
easily through the dentin walls, resisting the secondary 
caries lesions and erosion. Thus, the third hypothesis of 
the study was also confirmed. 

After cycling in deionized water, the dentin restored 
with One Up Bond F showed higher HMV values than the 
dentin restored with Clearfil SE Protect (Table 2). According 
to Rawls (24), the different effects that materials have on 
the inhibition of demineralization depend on the solubility, 
the type of active component, and the phase (organic or 
inorganic) at which fluoride is added. The One Up Bond 
F adhesive system has a dicarboxylic acid radical at the 
end of the 11-methacryloyloxy1,1-undecanedicarboxylic 
acid (MAC-10) monomer molecule. The hydrophilicity 
provided by this radical probably allowed the dissociation 
of fluoride ions from the particles of fluorosilicate in an 
aqueous environment. Furthermore, the dicarboxylic acid 
radical has a buffering potential due to the capture of H+ 
and OH- ions, and this property may prevent the dentin 
demineralization after pH cycling (25).

The Clearfil SE Protect contains fluoride particles, 
while One Up Bond F contains fluoraluminosilicate glass 
particles. In cariogenic conditions or erosive challenges, 
these materials can release fluoride ions that improve 
mineralization and reduce demineralization of the dentin 
structure (1,7). However, the release of fluoride ions 
decreases over time, thereby decreasing the protective 
capacity of these materials (1,7). In the present study, the 
fluoride released has a more pronounced protective effect 
in the regions closer to the bonded interface. Itota et al. (9) 
and Han et al. (12) described this region as the acid-resistant 
layer and showed that with self-etching adhesive systems, 
inhibition of demineralization occurs mainly in the region 
adjacent to these restorations.

Despite the fact that fluoride released from adhesive 
materials could control demineralization and enhance 

its ability to prevent secondary caries and erosive lesions 
(25), their real effectiveness in a clinical setting is still 
questionable. Additionally, the adhesive system alone 
is not able to inhibit demineralization completely. The 
combination with other prevention methods must be 
considered for the prevention and control of the enamel 
erosion development.

Resumo 
O objetivo deste estudo foi avaliar o efeito da ciclagem 

de pH erosiva com soluções que simulam a erosão dental, 
na dureza Martens (HMV) e módulo de elasticidade 
(Eit) da dentina restaurada com sistemas adesivos 
contendo fluoretos. Vinte e sete blocos de dentina foram 
restaurados com três sistemas adesivos: sistema adesivo 
de condicionamento total Adper Single Bond 2 e sistemas 
adesivos autocondicionantes contendo fluoreto One Up 
Bond F e Clearfil SE Protect. As restaurações foram realizadas 
com resina Filtek Z250. Os valores de HMV e Eit nas 
distâncias de 10, 30, 50 e 70µm da interface foram avaliadas 
em ultramicrodurômetro dinâmico antes e após a imersão 
em água deionizada, ácido cítrico e ácido clorídrico (n=9). 
Dados foram submetidos à ANOVA para medidas repetidas 
e Fisher PLSD (α=0,05). Após a ciclagem erosiva, os valores 
de HMV da dentina diminuíram em todos os grupos. Para a 
dentina restaurada com Adper Single Bond 2, os menores 
valores foram encontrados próximo a camada híbrida 
enquanto que, para os sistemas adesivos One Up Bond F e 
Clearfil SE Protect, os valores permaneceram inalterados 
em todas as distâncias. Para a dentina restaurada com os 
materiais que liberam fluoretos, uma redução nos valores 
de Eit foi encontrada, mas após 30µm essa diferença não 
foi mais significante. As substâncias ácidas foram capazes 
de alterar a HMV e o Eit da dentina subjacente. Para os 
adesivos que liberam fluoretos, quanto maior a distância 
da interface adesiva, menor os valores de Eit. O fluoreto 
presente no One Up Bond F e Clearfil SE Protect foi capaz de 
proteger a dentina subjacente próxima aos materiais. Dessa 
maneira, a presença do flúor em sistemas adesivos pode ter 
algum efeito positivo em estágios iniciais de lesões erosivas. 
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