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ABSTRACT

Aims: To evaluate the tensile bond strength of self-etching and total-etching adhesive systems
to the different dentin surfaces of primary molars and to analyze the resin-dentin interface.

Methodology: In this in vitro study, dentin samples 35 to 65% distant from the pulp
(intermediate dentin) were obtained from buccal and lingual surfaces at the middle third of the
crown of first and second primary molars. Dentin surfaces were prepared with 400 and 600-grit
silicon carbide paper. Three adhesive systems (Prime & Bond NT, AdheSE and Clearfil SE Bond)
were tested on the first and second primary molar surfaces (n=15); inverted truncated cones of resin
composite with a 2.0 mm bonding diameter were built. After 24 hour storage in distilled water at
37°C, the specimens were submitted to the tensile bond strength test. To analyze the resin-dentin
interface under scanning electron microscopy, samples were prepared with the same three adhesive
systems (n=5).

Results: No differences between first and second primary molar dentin substrates could
be observed in mean bond strength values (ANOVA; p>0.05). The following mean bond strength
values (MPa) were obtained: 15.65+3.70 (Prime & Bond NT), 19.47+7.09 (AdheSE) and 17.14
+5.35 (Clearfil SE Bond). There were no statistically significant differences between the self-etching
adhesive systems. The presence of hybrid a layer and tags were observed in all groups.

Conclusions: Contemporary adhesive systems showed similar behaviors on both dentin
tubular surfaces of primary molars. Follow-up studies of the clinical performance of these materials
are needed.
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Diferentes padrdes tubulares dentinarios de molares deciduos
interferem na forca de uniéo de adesivos baseados
no condicionamento acido total e autocondicionantes?

RESUMO

Objetivos: Avaliar a resisténcia de unido, pelo ensaio de tragdo, de sistemas adesivos
autocondicionantes e baseados no condicionamento acido total em diferentes superficies dentinarias
de molares deciduos e analisar a interface de unido adesiva.

Metodologia: Neste estudo in vitro, amostras de dentina de 35 a 65% de distancia pulpar
(dentina intermedidria) foram obtidas do terco médio das faces vestibular e lingual/palatina
de primeiros e segundos molares deciduos. As superficies dentindrias foram polidas com
lixas de carboneto de silicio de granulagdo 400 e 600. Trés sistemas adesivos (Prime & Bond
NT, AdheSE e Clearfil SE Bond) foram empregados nas amostras dos primeiros e segundos
molares (n=15); corpos de prova foram confeccionados em resina composta com uma area
de adesdo de 2 mm de diametro. Apds 24 horas de armazenagem em agua destilada a 37°C,
fez-se o ensaio de trag@o. Para a analise da interface de unido adesiva entre sistema adesivo
e dentina usando microscopia eletronica, as amostras foram preparadas com os mesmos trés
sistemas adesivos (n=5).

Resultados: Nao foram observadas diferengas estatisticamente significantes nos valores de
adesdo entre primeiros e segundos molares (ANOVA; p>0,05). Os seguintes valores médios de
adesdo em MPa foram obtidos: 15,65+3,70 (Prime & Bond NT), 19,47+7,09 (AdheSE) e 17,14+5,35
(Clearfil SE Bond). Nao foram observadas diferencas estatisticamente significantes entre os adesivos
autocondicionantes. A formacao de camada hibrida e tags foi observada em todos os grupos.

Conclusdes: Os sistemas adesivos contemporaneos apresentaram comportamentos similares
em ambos os tipos de superficies tubulares dentinarias dos molares deciduos. Estudos de seguimento
sd0 necessarios para o acompanhamento do desempenho clinico desses materiais.

Palavras-chave: Agentes de Adesdo Dentinaria; Dentina; Dente Deciduo.

INTRODUCTION

Dentistry has evolved considerably throughout the years, not only concerning
techniques, but especially in the development of adhesive materials. In vitro tests, such as
bond strength tests (tensile, shear, microtensile and microshear tests), have been developed
with the purpose of analyzing the performance of adhesive systems on dental tissues and
predict their clinical performance (1).

The bonding protocol of conventional adhesive systems involves dentin acid-
etching, followed by application of the primer and the adhesive. Some of these functions
have been combined in the form of single-bottle adhesive systems. Adhesive bonding
to the dentin is obtained by the formation of resin tags within tubules and also by the
hybrid layer resulting from impregnation of the adhesive system into demineralized
dentin (2-4).

Self-etching adhesive systems were developed with the purpose of eliminating
the surgical steps of acid etching, washing and drying, which can be critical and
interfere with the final quality of adhesion, due to the instability on the demineralized
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dentin matrix (3,5). The presence of a hybrid layer and tags in primary teeth has
been observed with the use of total-etching and self-etching adhesive systems
(1,3,6-12).

The study of the structural characteristics of the dentin tissue and a better
understanding of the structure of mineralized tissues of primary teeth are extremely
important to understand bonding mechanisms and interactions on this tissue (13).
The dentin structure is formed by several tubules that do not have a uniform pattern
throughout their extension. Few studies have evaluated dentin tubular pattern and its
variations in primary teeth (14,15). In a previous study of the tubular pattern in first
and second primary molars, we compared the dentin of the middle third of the crown
of these teeth at a depth of 35 to 65% from the pulp (15). A comparison between the
values obtained in the two types of dentin substrate showed statistically significant
differences for tubule diameter and density in these teeth, with higher values on
second molars when compared with first molars.

Correlations between dentin tubular pattern and dentin bond strength values
have been reported in permanent teeth (16-19). Thus, it could be questioned if the
different dentin tubular patterns found in primary molars described in our previous
study (15) would not interfere with bond strength values of adhesive systems.

Therefore, the present study aimed to evaluate tensile bond strength of total-
etching and self-etching adhesive systems to the dentin of first and second primary
human molars. Additionally, the adhesive interface (resin-dentin) was analyzed by
scanning electron microscopy (SEM).

METHODOLOGY
Tooth selection

Sixty-five primary human molars (33 first molars and 32 second molars) obtained
at the Human Tooth Bank of the School of Dentistry of University of Sao Paulo were
used. All teeth were healthy and showed complete root resorption. Selected teeth
should not show clinically visible resorption on the pulp-chamber internal walls.
Teeth were stored in distilled water cooled at 4°C, which was changed weekly until
the experiment was performed.

The present study was approved by the Research Ethics Committee of FOUSP
(protocol no. 76/03).

Dentin sample collection

Selected primary molars were divided into two groups (first and second
primary molars) and fixed with their occlusal surfaces facing the upper central
portion of acrylic resin blocks. Teeth were fixed with the same acrylic resin used
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in the manufacturing of the blocks; molar occlusal surfaces were previously etched
with 37% phosphoric acid gel (Condicionador Dental Gel; Dentsply, Petropolis, RJ,
Brazil) for 60 seconds.

Dentin samples were obtained according to the methodology employed in our
previous study (15) and described below. The dentin surfaces on which adhesive
procedures were performed were the same in all specimens and had similar tubular
patterns as previously described by the authors (15). Based on that study, the crowns
of the primary molars were divided into three equal parts in occlusal-cervical
direction, corresponding to the cervical, middle and occlusal thirds of the crown.
Then the cervical third of the crown was separated from the remainder of the crown
by sectioning with a double-sided diamond disc (KG Sorensen, Cotia, Sdo Paulo,
Brazil), under cooling conditions (Figure 1a).

FIGURE 1 — Cervical third separated from the remainder of the crown (a); buccal and lingual
dentin samples cut in cervical-occlusal and mesiodistal direction at the middle portion between
the dentinoenamel junction and the pulp-chamber wall (b); dentin thickness quantification from

the pulp-chamber wall to the exposed dentin surfaces (arrow) at the cutting site (c); dentin samples
embedded in resin blocks (d).

Dentin thickness at the buccal and lingual surfaces of the middle third of the
crown of primary molars was quantified using a micrometer (Microdurometer HM V-
2000, Shimadzu, Kyoto, Japan). Measurements were taken at the central portion of
each surface, considering a straight line extending from the dentinoenamel junction
to the pulp-chamber wall.

Subsequently, each surface was cut in cervical-occlusal and mesiodistal direction
with a diamond disc, at the middle portion between the dentinoenamel junction and
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the pulp-chamber wall, under cooling conditions (Figure 1b). Dentin thickness from
the pulp-chamber wall to the exposed dentin surfaces at the cutting site was measured
using a micrometer. Measurements followed the same procedure as that used for
determining total dentin thickness at each surface (Figure 1c).

Based on total dentin thickness and on the distance between the exposed dentin
surface and the pulp-chamber wall, the percentage of the distance from these surfaces
to the pulp was determined. Only surfaces that were 35 to 65% distant from the pulp
remained in the study, with total dentin thickness corresponding to 100%. Thus,
it was possible to standardize the depth of the dentin samples on the tensile bond
strength tests carried out.

Next, the sequence of cuts was completed to generate dentin samples for
subsequent use in tensile bond strength tests and bonding interface analysis.

After these procedures, 77 and 81 dentin samples were obtained from first and
second primary molars, respectively, all 35 to 65% distant from the pulp. Of this
total sample, 45 were used in tensile tests and 15 in SEM analysis for each dentin
substrate, i.e., first and second primary molars. The remaining samples were stored
in case there was the need of repeating some of the experiments due to failure.

Preparation and distribution of dentin samples into groups

Dentin samples were embedded in resin blocks (Figure 1d), and the surfaces of
the blocks were ground to expose the dentin surface using 400 and 600-grit silicon
carbide papers (EXTEC Corp, Enfield, Connecticut , USA) on a polisher machine
(Ecomet 3, Buehler Ltd., Lake Bluff, Illinois, USA) for about 10 seconds for each
grinding under 400 rpm. This procedure exposed the dentin surface embedded in the
block and standardized the smear layer formed.

Samples were distributed into three groups, according the adhesive system
used: a single-bottle adhesive system, based on the total-etching technique, and
two self-etching adhesive systems. Additionally, Filtek Z250 composite resin was
used to build the specimens (Table 1). Each group was formed by two subgroups,
corresponding to the two tooth types (first and second primary molars). Fifteen dentin
samples were used in each subgroup for each adhesive system (total of 90 samples).
Dentin surfaces were treated according to the adhesive system used, following the
recommendation provided by the manufacturer.
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TABLE 1 — Adhesive systems and composite resins used in the study.

Trade name Material Manufacturer Batch

Condicionador Dental Gel 37% phosphoric acid gel Dentsply (Petropolis — Rio de 77726
Janeiro — Brazil)

Prime & Bond NT Single-bottle adhesive system  Dentsply (Petropolis — Rio de 0304000270

. . . Janeiro — Brazil)
Previous acid-etching

AdheSE Two-bottle adhesive system Ivoclar Vivadent (Schaan — F24403 (primer)
(two steps) Liechtenstein) .
F26978 (bonding)
Self-etching
Clearfil SE Bond Two-bottle adhesive system Kuraray Medical Inc. (Kurashiki  00330A (primer)
(two steps) — Okayama — Japan) .
00422A (bonding)
Self-etching
Filtek Z250 Composite resin 3M/ESPE (Saint Paul — 2RE

Minnesota — USA)

Building of specimens for the tensile bond strength test

Following application of the adhesive system corresponding to each group, the
resin block/dentin fragment was adjusted and fixed to a metallic clamping device
together with a bipartite cylinder matrix measuring 3 mm in height. The two juxtaposed
parts of the matrix formed a cone-shaped central cavity, with its vertex facing the
dentin fragment. Filtek Z250 composite resin was inserted into the central cavity of
the matrix in three increments, with each increment light-cured for 20 seconds. Hence,
the set obtained comprised the resin block with the dentin fragment embedded and,
attached to the latter, a specimen in the shape of a conical trunk with the smaller base
in contact with the dentin. This base had 2.0 mm of diameter, with a bonding area of
0.0314 cm?.

Tensile bond strength evaluation

After 24-hour storage in distilled water at 37°C, specimens were submitted to the
tensile bond strength test using a universal testing machine (Mini-Instron — Model 4442,
Instron Corp., Norwood, Massachusetts, USA) running at a crosshead speed of 0.5 mm/
min. Tensile strength values were recorded in Newton (N) and then converted into Mega
Pascal (MPa), considering the already described bonding area.

Mean values for the tensile bond strength test were compared by analysis of variance
(ANOVA) and Tukey’s test. The GMC software, version 2002, was used to analyze the
results.
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Preparation of samples for SEM analysis

The 30 dentin samples (15 primary first molars and 15 primary second molars) were
divided into the same three groups according to the adhesive system employed. Samples
were fixed with wax onto a glass plate, with the dentin surface facing up. Adhesive systems
were applied and Filtek Z250 composite resin was placed in two increments, each of them
measuring 2 mm and light-cured for 20 seconds. Samples were then stored in distilled
water at 37 °C for 24 hours. Subsequently, dentin/resin samples were split in two, and
one of the halves was used for SEM analysis of the resin-dentin interface.

Samples were immersed in HCI 2N for 2 minutes, then washed in distilled water
with ultrasound for 10 minutes and immersed in 10% sodium hypochlorite solution for
5 minutes at room temperature. Next, samples were washed again in distilled water with
ultrasound for 10 minutes and dehydrated in increasing concentrations of ethanol —25%
(20 minutes), 50% (20 minutes), 70% (20 minutes), 95% (30 minutes) and 100% (1 hour).
Afterwards, samples were immersed in hexamethyldisilazane (HMDS) for 10 minutes
and let dry on absorbent paper for 2 hours.

Samples were fixed in stubs with the fractured surface facing up and covered
with a 20 nm layer of gold-palladium (BALTEC MED 020 — Coating System, Balzers,
Liechtenstein). The entire extension of the bonding area between dentin and resin
was analyzed with SEM (Philips XL 20, Amsterdam, The Netherlands), using a
voltage of 20 Kv.

RESULTS

The values obtained showed a normal, homogeneous distribution. Therefore,
mean values between the groups were compared using ANOVA and Tukey’s test. The
comparison between the different types of adhesive systems tested showed a statistically
significant difference at 5% (ANOVA; p=0.003). However, when comparing mean
bond strength values according to dentin substrate, i.e., dentin samples of first and
second primary molars, no statistically significant differences were found (ANOVA;
p=2987) (Table 2).

TABLE 2 — Mean and standard deviation for tensile bond strength values (MPa) corresponding to the adhesive
systems versus substrates assessed.

Tooth Prime & Bond NT AdheSE Clearfil SE Bond
First molar 15.79+4.11 18.4246.82 17.20+46.39
Second molar 15.52+3.39 20.52+7.44 17.07+4.29

Values obtained on the dentin of primary molars (35 to 65% distant from the pulp).
Adhesive system vs. substrate interaction: not significant (p>0.05; ANOVA).
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When analyzing the different adhesive systems tested, AdheSE presented higher
mean bond strength values (19.47+7.09 MPa) than the other groups, at a statistically
significant difference with regard to Prime Bond NT. Clearfil SE Bond, with a mean bond
strength value of 17.14+5.35 MPa, did not show statistically significant differences in
relation to AdheSE or Prime Bond NT (Table 3).

TABLE 3 — Mean and standard deviation for tensile bond strength values (MPa) according to adhesive system.

Tensile bond strength
Tukey’s test at 5% significance level

Adhesive system (Mpa)

Prime & Bond NT 15.65+3.70%

AdheSE 19.47+7.094 3.47
Clearfil SE Bond 17.14+5.3548

Values obtained on the dentin of primary molars (35 to 65% distant from the pulp).
Values followed by the same letter are statistically similar.

A descriptive analysis of the resin-dentin interface revealed the presence of a hybrid
layer and resin tags within dentinal tubules in all adhesive systems. This aspect was
evidenced in both types of dentin substrates, and no differences were observed between
them. Hybrid layer thickness was not uniform throughout the adhesive interface, with
values ranging from 1 to 3 um. The AdheSE adhesive system showed a higher number
and length of resin tags (Figures 2 to 4).

FIGURE 2 — Formation of a hybrid layer (arrow) and tags (*) with the use of Prime & Bond NT adhesive system.
Adhesive (A), composite resin (R) and dentin (D).
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FIGURE 3 — Formation of a hybrid layer (arrow) and tags (*) with the use of AdheSE adhesive system.
Adhesive (A), composite resin (R) and dentin (D).

10 pm

FIGURE 4 - Dentin tubules with tags with the application of Clearfil SE Bond adhesive system.
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DISCUSSION

The lack of standardization in the methods used to test bond strength and the high
number of variables assessed hindered the comparison between our results and those
of other studies. In this sense, some aspects of the methodology adopted should be
discussed.

The teeth used in this study were obtained at the same Human Tooth Bank used in
the study by Bengtson et al. (1). According to those authors, due to difficulties obtaining
teeth, many studies on bond strength in primary teeth include specimens with different
times of exfoliation and storage. Nevertheless, these variables do not seem to interfere
with tensile dentin bond strength values (1). The first and second molars used in this
study were in the same range of the dental biological cycle, with all showing complete
tooth resorption.

According to Pashley et al. (5), several variables can influence bond strength tests,
and one of such factors is the size of the area to be tested. This is because the higher the
area the greater the possibility of defects in the dentin-resin interface (5). In the present
investigation, a 2.0 mm-diameter matrix was built, because dentin samples, mainly those
from first primary molars, had a very reduced size. The use of a 2.0 mm-diameter matrix
favors a smaller bonding area (0.0314 cm?), reducing the risk of adhesive interface failures
(1,20). Studies with a 2.0 mm-diameter bonding area, similar to that used in the present
investigation, did not quantify the depth between dentin and pulp at the bonding site
(1,20,21). These aspects make it difficult to compare the results from these studies.

Most studies obtain dentin samples by superficial grinding of a dental surface until
exposing an area sufficient for adhesion (1,20-22). However, this methodology does not
allow to analyze the actual depth of the dentin surface at the bonding site. In this study,
due to the sample collection method employed (15), it was possible to standardize this
variable and analyze only the intermediate dentin (35 to 65% distant from pulp). Some
previous studies have already described bond strength tests performed in primary teeth
and focusing on the intermediate dentin (10,12). However, in those studies, this location
was estimated rather than quantified, as sample preparation did not allow for such
quantification.

Microtensile and microshear bond strength tests yield smaller bonding areas (23,24).
In the present study, because the main purpose was to standardize dentin depth at the
bonding site, the methodology employed to obtain dentin samples would not allow for
the microtensile test to be performed.

The use of buccal and lingual dentin allowed us to obtain a flat dentin area sufficiently
large for adhesion. Additionally, the majority of tubules were disposed perpendicularly to
the surface, as also observed in our previous study (15). Other studies have demonstrated
the interference of tubular orientation on bond strength values (25,26).

Ruschel and Chevitarese (15) found higher tubule density and diameter in second
molars compared to first molars. Because some studies associate bond strength values and
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tubular pattern at the bonding site in permanent teeth (16-19), we hypothesized whether
these differences between primary molars would interfere with bonding interaction
with these substrates. Therefore, in this study, dentin samples were obtained following
the same methodology of our previous study (15). The results showed that the values
did not differ between the two types of dentin substrate. This is highly important for
standardizing the methodology employed in the collection of dentin samples for in
vitro bond strength tests.

Some studies have reported differences in adhesion due to variations in tubular
pattern in permanent teeth (16,19), while other studies did not confirm this finding (17,18).
Considering the lack of information on this aspect in primary teeth, this study contributes
to demonstrate that the different tubular patterns of primary molars (15) do not interfere
with the bond strength of adhesive systems to these teeth. Thus, it could be suggested
that the composition and the action mechanism of the adhesive system employed is more
important in the final product of the bonding process than the tubular pattern at the bonding
site. The components of adhesive systems act differently on the smear layer and the
underlying dentin. Therefore, the interaction between the adhesive system and the dentin
may vary depending on the pH of the etching agent and on the capacity of the bonding
agent to penetrate into demineralized dentin, especially in primary teeth (11,20).

This investigation found a hybrid layer and tags within dentinal tubules regardless
of the action mechanism of the adhesive system employed. This was also observed in
other studies assessing the dentin of primary teeth after the use of total-etching and
self-etching systems (1,6-12). There may be a co-participation of both (hybrid layer
and tags) in the bonding mechanism (27-29). Perhaps the smaller diameter and tubule
density observed in primary first molars would result in a more solid dentin structure,
in which the bonding process would more easily induce the formation of a hybrid layer
in intertubular dentin. Conversely, in second molars, which show a greater number
and diameter of dentinal tubules, it is possible that the tags could contribute to the
bonding process.

Marquezan et al. (30) also failed to find differences in bond strength in primary
teeth with the use of AdheSE vs. Clearfil SE Bond. In permanent teeth, Sensi et al.
(31) found higher bond strength values for AdheSE, but again not statistically different
from those associated with Clearfil SE Bond. The higher bond strength values obtained
for AdheSE could be partially explained by the higher number of tags associated with
this adhesive system, as the hybrid layer was present in all groups in this study, and the
variation in its thickness has not been associated with bond strength values in primary
dentin (7-10).

The present analysis of bond strength values led us to conclude that new self-
etching systems show good bonding performance in vitro in the dentin of primary
teeth. In fact, in primary teeth, some self-etching adhesives have shown higher bond
strength values when compared to previous acid-etching adhesives (10,21), whereas
others have shown lower values (11,12). Similar bond strength values have also been
reported in primary and permanent teeth (4,7,9,20,30,32).
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In pediatric dentistry, the development of adhesives requiring lower operative
time is extremely important. With the purpose of reducing the number of surgical
steps, single-bottle adhesive systems, based on total-etching, have been introduced
into the market. In addition, self-etching systems have considerably reduced the
time required for the clinical procedure. Finally, their indication is reinforced by the
results of this study. However, etch-and-rise bonding systems are often preferred
when large areas of enamel are still present (3). Thus, it is important evaluate the
clinical performance of these self-etching systems on primary teeth, especially
over time.

CONCLUSIONS

The present study showed that the different tubular patterns found in first and second
primary molars did not interfere with bond strength values, and that self-etching adhesive
systems shoed good bonding to the dentin of primary teeth. More follow-up studies of
the clinical performance of these materials are needed.
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