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Effects of primer excess
on marginal adaptation,
nanoleakage and bond
strength of adhesive
systems after aging

Suelem Chasse Barreto’, Isabel Ferreira Barbosa',
Gisele Damiana da Silveira Pereira?, Carlos Tadeu dos
Santos Dias?, Luis Alexandre Maffei Sartini Paulillo*

There is no consensus about the amount of primer inserted
into the cavity. Aim: This study aimed to evaluate the effects
of the amount of primer used on dentin microtensile bond
strength (UTBs), nanoleakage and marginal sealing, following
thermomechanical aging. Methods: 48 human third molars
were selected and a box-shaped class | cavity was constructed
to maintain enamel margins. Teeth were randomly assigned
to 6 experimental groups (n=8). For the bonding protocols of
the restorative procedure, two adhesive systems were used:
three-step etch-and-rinse and two-step self-etch. Epoxy resin
replicas of the occlusal surface were made, and the specimens
were submitted to thermomechanical aging. Newer replicas
were obtained after thermomechanical aging, and marginal
adaptation was observed using SEM. To obtain sections
(0.7 x 0.7 mm) for testing at a tension of 0.5 mm/min, teeth
were serially sectioned in the buccallingual direction, parallel
to the occlusal surface. Failure mode was then obtained.
For nanoleakage evaluation, one section of each tooth was
immersed in AgNO, and evaluated using SEM. The pTBs data
were submitted to a two-way ANOVA and Tukey's test (o= 0.05)
Results: One drop of primer promoted higher pTBs than two or
three drops. Besides, the three-step etch-and-rinse promoted
greater uTBs (19.78) than the two-step self-etch adhesive
(12.23). The increase in the amount of primer was directly
proportional to the increase of infiltration. All groups exhibited
more gaps after thermomechanical aging. Conclusion: Using an
excess of primer is not recommended because it reduces the
uTBs and forms an unsatisfactory hybrid layer.

Keywords: Tensile strength. Dentin-bonding agents. Dental
leakage.

http://dx.doi.org/10.20396/bjos.v18i0.8655289 1



Barreto et al.

Introduction

The primer serves to facilitate penetration of the hydrophilic monomers forming the
hybrid layer. It should not be applied in excess, however, because it is primarily com-
posed of hydrophilic monomers such as 2-hydroxyethyl methacrylate (HEMA). These
monomers form few crosslinks and tend to absorb water’ such that in excess, they
solubilize the primer and reduce the monomer degree of polymerization, thus plasti-
cizing the polymer matrix**.

The amount of primer inserted into the cavity during the installation of an adhesive
system after etching is not standardized. In addition, the "moist and shiny surface” rec-
ommended by the manufacturer, is not only subjective but also varies widely between
the different instructions of adhesives systems>.

The low degree of monomer conversion, the excess water and the consequent
decrease of mechanical properties of adhesive systems are the main causes of the
decline in hybrid layer quality, durability, and the failure of adhesive restorations®™=,

The majority of in vitro studies test materials under different conditions of the oral envi-
ronment. Research that seeks to simulate these conditions, for example thermome-
chanical aging, produce results with greater applications and clinical significance®'”.

The objective of this study was to investigate the effect of the amount of primer used
1o hybridize substrate, on the bond strength of the buccal wall and the restorative
material, marginal adaptation, and nanoleakage in class | type restorations following
thermomechanical aging. The tested hypotheses were: (1) the adhesive system has
no effect on microtensile bond strength; (2) the amount of primer applied to the sub-
strate affects microtensile bond strength; (3) the amount of primer affects the quality
of the hybrid layer (nanoleakage); and (4) Excess primer on the walls of the cavity
increases the formation of marginal gaps after thermomechanical aging.

MATERIALS AND METHODS

Forty-eight freshly extracted human third molars were collected with informed consent
of the patients and approval by the Institutional ethical review board (118/2013). To dis-
infect, teeth were incubated in a buffered 0.1% thymol solution at 37 °C for 24 hours.
Following cleaning, teeth were stored in distilled water until cavity preparation. The roots
were embedded in polystyrene resin, and the occlusal surfaces were sanded under run-
ning water in a polishing machine (Politriz, AROTEC, S&o Paulo, SP, Brazil) with 400-,
800-, 1200-grit sandpaper (3M ESPE 411Q, Sumaré, SP, Brazil) to expose a flat enamel
surface area without dentin exposure. Class | cavities were prepared using #56 carbide
burs (KG Sorensen, Barueri, SP, Brazil) at high-speed, under air/water cooling in a cus-
tom made apparatus that allowed the standardization of the cavity dimensions to 5 mm
mesial-distal, 4 mm buccal-lingual, and a 3 mm depth, maintaining the cavity margins
on the enamel substrate. The bur was replaced after five-cavity preparations.

For the restorative procedure, two adhesive systems were used for the bonding pro-
tocols: three-step etch-and-rinse (SBMP; 3M ESPE, Sumaré, SP, Brazil), and two-step
self-etching primer (CF; Kuraray Medical Inc., Tokyo, JHS, Japan) and one composite
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resin Charisma (Heraeus kulzer, Hanau, Germany). The composition, manufacturer,
and batch number of the materials used in this study are presented in Table 1. After
cavity preparation, the teeth were randomly assigned to 6 experimental groups (n=8)
according to factors: # of drops of primer (1, 2 or 3) and adhesive system (total-etch
versus self-etching primer). The restorative procedure is described in table 2.

The restorations were finished with 600, 1200 and 2000 grit Silicon Carbide (SiC)
paper under running water and then polished with 3, 1, and 0.5 ym diamond paste
(Arotec Ind. Com., S&0 Paulo, SP, Brazil) using a polishing machine (AROTEC, Sao

Table 1. Materials used: Composition, manufacturer and batch number of adhesive systems and
composite resin.

Materials Composition Batch number Manufacturer
L Ultradent, South Jordan,

Ultradent etchant 35% phosphoric acid B962F UT, USA.
Adper Scotch bond Primer: HEMA, polyalkenoic 3M ESPE, Sumaré, SP,

; . N468525 .
multipurpose acid copolymer, water Brazil

Bond: HEMA, bis- GMA, amines 465871
Primer: 10-MDFE, HEMA,
Clearfil SE Bond Dlmetacrlla}te hldrOfI|I(‘3, 01147A Kuraray Medical INC.
Camphoroguinone, Terciary Okayama, Japan

amine, Water

Bond: HEMA, 10- MDFE, Bis-
GMA, Dimetacrilate Hidrofilic,

Terciary amine, Silic Coloidal 0latan
silanizaded, Camphoroguinone.
BIS-GMA, barium fluoride glass
. aluminum (0.02-2pm), silicon Heraeus kulzer, Hanau,
Charisma dioxide highly dispersed (0.02- 0710603 Germany

0.07pm), camphoroquinone.

HEMA: 2- hydroxyethylmethacrilate; Bis-GMA: bisphenol glycidyl methacrylate; 10 MDP: 10-Metacriloiloxi —decil
dihidrogenado phosphatase.

Table 2. Experimental groups.

Group

Restorative Procedures

1SBMP

Total etching with 35% phosphoric acid (Ultradent Etchant, Ultradent, South Jordan, UT, USA)
for 30 s in enamel and 15 s in dentin. The surface was washed thoroughly with water for 30
s and dried with wet cotton pellet. One drop of primer (5pL) was applied to the surface of the
entire preparation for 15 g, and, after solvent evaporation, one drop of adhesive was applied and
light-cured for 15 s with Radii-cal (RD) (SDI Limited, Victoria, Australia), at 1200 mW/cmZ. For
the restoration, the cavity received 8 increments (7 obligue followed by 1 flat) with a microhybrid
composite (Charisma), and each increment was light cured for 25 s.

2S5BMP

Same procedure as 1SBMP, except with 2 drops of primer.

3SBMP

Same procedure as 1SBMP, except with 3 drops of primer.

1CF

Acid-etching with 35% phosphoric acid of cavosurface enamel for 30 s. The surface was washed
thoroughly with water for 30 s and air-dried. One drop of primer (5pL) was applied to the cavity,
and, after solvent evaporation, one drop of adhesive was applied and light-cured for 15 s with
RD. For the restoration, the cavity received 8 increments (7 oblique followed by 1 flat) with a
microhybrid composite (Charisma), and each increment was light cured for 25 s.

2CF

Same procedure as 1CF, except with 2 drops of primer.

3CF

Same procedure as 1CF, except with 3 drops of primer.

SBMP = Scotchbond Multipurpose; CF= Clearfil SE Bond; and 1, 2 or 3 = drops of primer.
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Paulo, SP, Brazil). To simulate aging of the adhesive interface, specimens were sub-
mitted to a 200.000 mechanical load at 86 N and 2 cycles/second thermal cycles
(5+1°C,37 +1°C and 55 + 1°C with a dwell time of 30 s in each bath, with an interval
of 15 s) generated by a thermomechanical device ER-37000 (ERIOS, S&o Paulo, SR,
Brazil). Load was applied perpendicularly to the center of the restoration.

Analysis of marginal adaptation

After composite polishing, impressions of the teeth were formed with a low viscosity
vinyl polysiloxane material (Express XT, 3M ESPE, Sumaré, SP, Brazil), and a first set of
epoxy resin replicas (Epoxicure Resin, Buehler, Lake BIuff, IL, USA) was produced for
SEM (LEO 435 VP, LEO Electron Microscopy Ltd, Cambridge, UK) evaluation. Following
completion of the thermomechanical cycles, new impressions of the teeth were made
and another set of replicas was constructed. The replicas were mounted on alumi-
num stubs, sputter coated with gold and evaluated using SEM at 200X magnification.

The marginal integrity between the resin composite and enamel was evaluated by
examining the walls. For example, if one wall presented gaps, the restoration was
assessed as having & 25% gap frequency. Marginal quality was classified according
1o the criteria “continuous margin” or “gap/ irregularity”'".

Microtensile Bond Strength (uTBs)

After storage in distilled water at 37°C for 24 h, specimens were prepared for the uTBs
test using a diamond saw (Isomet 1000, Buehler Ltd, Lake BIuff, IL, USA) at 300 rpm.
To obtain five 0.7 mm slabs, specimens were serially sectioned in the buccallingual
direction, parallel to the occlusal surface. Each slab was further sectioned into three
0.7 x 0.7 mm buccal dentin-composite beams.

These were individually attached to the flat grips of a microtensile tester with cya-
noacrylate glue (Super Bond gel, Loctite, Henkel, S&0 Paulo, SP. Brazil) and tested
under tension force in a Universal Testing Machine (EZ Test L, Shimadzu, S&o Paulo,
SP, Brazil) with + 500 kgf load cell at a crosshead speed of 0.5 mm/min until failure.
The cross-sectional area at the site of fracture was measured with a digital caliper
(Mitutoyo Corporation, Tokyo, Japan), and bond strengths are reported in MegaPascal
(MPa). The normality and homoscedasticity of the data had been analyzed previously
(Shapiro-Wilk and Levene's Test, respectively). The effects of the # of drops of primer
(1, 2 or 3) and adhesive system type (SBMP or CF) were analyzed via two-way ANOVA
and Tukey's test using SAS Estat 9.3. Statistical significance was preset at a = 0.05.

The fracture mode of each sample was evaluated using SEM at 90X and 450X magni-
fication and classified as adhesive, mixed, or cohesive in dentin or resin.
Nanoleakage Analysis

Eight beams from each group were immersed in a solution of ammoniacal silver
nitrate for 24 h, washed in distilled water, immersed in light developer for 8 h, and
embedded in polystyrene resin'?. Embedded samples were polished with 600-,1200-,
2000-grit SiC sandpaper and diamond paste (3-, 1-, and 0.25-um granulations).
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Samples were demineralized and deproteinized with 85% phosphoric acid and 10%
sodium hypochlorite, respectively.

Samples were dehydrated in serial ethanol solutions (25%, 50%, 75%, 90%, and 100%
for 10 min in each concentration), and dehydration was maintained by silica until the
samples were ready to be coated (with a Bal-Tec Sputter Coater SCD 050, Balzers,
Liechtenstein). Samples were visualized using SEM (LEO 435 VP, LEO Electron Micros-
copy Ltd, Cambridge, UK) operated at 20 kV under high vacuum power, yielding back-
scattered electron images.

RESULTS

Microtensile bond strength test

Analysis showed statistical significance for the factors “drops” (p= 0.0057) and "adhesive”
(p=0.0015). However the interaction between the factors (“drops” x “adhesive”) was not
significant (p= 0.3680). The results of Tukey's test are presented in Table 3 and 4.

Table 3illustrates that the highest bond strength results were obtzained when one drop
of primer was used. This group was significantly different from the two or three drop
groups, which were not different from each other.

The three-step etch-and-rinse adhesive system demonstrated greater pTBs than the
two-step self-etch adhesive, a difference that was statistically significant, as shown
in Table 4.

Fracture pattern

The most frequently observed failure mode was mixed failure in all experimental groups
(figure 1). Representative SEM micrographs of treatment groups are shown in figure 2.
Nanoleakage results

In the three-step etch-and-rinse adhesive system, it was observed that infiltration
increased when two or three drops of primer were used (figure 3). In the two-step

Table 3. Means and standard deviation of bond strength (MPa) for # of drops of primer.

# of drops of primer Means (SD) Tukey
1 22.05 (8.86) a
3 15.39 (6.53) b
2 12.98 (6.51) b

Different letters signify statistically significant differences (at the level of 5%) between groups using Tukey’s test.

Table 4. Means and standard deviations of bond strength (MPa) for adhesive systems.

Adhesive Means (SD) Tukey
Three-step etch-and-ringe 19.78 (5.83) a
Twao-step self-etch 12.23 (8.29) b

Different letters signify statistically significant differences (at the level of 5%) between groups using Tukey's test.
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Figure 1. Percentage of failure mode for each treatment group.
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Figure 2. Representative scanning electron mlcrographs (SEM) of the dentin side. RC= composite resin; A=
adhesive; D= dentin A low-power magnification (90x) of the 2 CF group demonstrates a mixed failure. B Further
magnification (450X) of the area defined by the rectangle in a. C low-power magnification (90x) of the 1SBMP
group demonstrates cohesive failure. D Increased magnification (450X) of the area defined by the rectangle in b.

self-etch adhesive system, there was little infiltration when one drop is used and
greater infiltration and the presence of water trees when two drops were used. It was
not possible to obtain images for the 3 CF group because the specimens fractured
during processing (figure 4).
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Figure 3. Representative scanning electron micrographs (SEM) show nanoleakage for the groups with
the SBMP adhesive. The arrows show little infiltration of silver nitrate in the 1SBMP group, whereas, as
indicated by the arrows, there was a moderate infiltration of silver nitrate in the 25BMP and 3 SBMP groups.
A) Lower magnification (500X) B) Higher magnification (1500X).

Marginal adaptation analysis

An analysis of marginal adaptation is presented in Table 5. Increased gap formation is
observed following thermomechanical aging for all groups. However, there are greater
gaps following aging in the groups receiving more primer. Figure 5 illustrates a repre-
sentative example of gaps/ irregularity (A) versus a perfect marginal seal (B).

DISCUSSION

The critical factor for the clinical success of adhesive restorations is the quality of
bonding to the dental substrate. The presence of gaps is considered the first resto-
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Figure 4. Representative scanning electron micrographs (SEM) show nanoleakage for the CF adhesive
group. 1CF - The arrow indicates silver nitrate infiltration in the hybrid layer. 2CF - The arrow shows the
presence of a water tree. A) Lower magnification (500X) B) Higher magnification (1500X)

Figure 5. A — The white arrows indicate the interfacial gap formed between the composite resin and enamel.
B - The white arrows indicate a continuous marginal between the enamel and composite. RC= Composite
Resin and E= enamel.

ration failure, which can lead to the infiltration of the various substances interacting
with the hybrid layer'. In addition, the presence of excess water as well as incomplete
monomer infiltration and polymerization results in the formation of a porous site at
the bonded interface, reducing the bond strength™.

In this study, three-step etch-and-rinse showed higher bond strength values than
two-step self-etch, thus rejecting the first hypothesis. The total etching technique
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Table 5. Results of gap formation/ irregularity analysis (%) of enamel margins before and after
thermomechanical aging.

GROUPS BEFORE AGING AFTER AGING % OF GAP INCREASING
1SBEMP 15.6% 40.62% 25.00%
2SBEMP 15.62% 40.62% 25.00%
3SBMP 15.62% 46.87% 31.25%
1CF 3.12% 28.12% 25.00%
2CF 21.87% 46.87% 25.00%
3CF 18.75% 59.37% 40.62%

SBMP = Scotchbond Multipurpose; CF= Clearfil SE Bond; and 1, 2 or 3 = # of drops of primer.

promotes a demineralization area ranging from 5 to 10micrometers’, versus that of
self-etching, which has an area ranging from only 1 to 3 micrometers™. The greater
area is likely because the total etching technigue uses phosphoric acid with an
extremely low pH (pH = 0.6), making it a more effective demineralization system than
self-etching, which employs an acidic monomer with a higher pH (approximately 2)°.
Therefare, three-step etch-and-rinse provides a thick and more elastic hybrid layer
than two-step self-etch, potentially improving bond strength™.

The self etching technique works through the association of its components: a primer,
composed by acidic monomers, and a hydrophilic part, composed of HEMA and sol-
vent's, HEMA's affinity for water allows for greater water abserption and consequently,
hydrolytic degradation over time'?, corroborating the results of this study that two-step
self-etch presents a lower bond strength than the three-step etch-and-rinse.

This study showed that increasing the number of drops of primer decreased bond
strength. The same trend was also observed following thermomechanical aging,
thus supporting the second hypothesis. Incorporation of the HEMA monoemer into
the primer was likely responsible because HEMA as a hydrophilic monomer has
the ability to absorb water, resulting in a flexible and porous polymer, similar to
a gel. Water evaporates relatively rapidly from the water/HEMA mixture, leaving
a greater concentration of HEMA, which reduces the water vapor pressure, thus
hindering further evaporation®. The excess of water is trapped in the collagen
network at the bonding interface, thus compromising the bond strength. This
could promote separation of the hydrophobic and hydrophilic phases of the mono-
meric components, leading to incomplete sealing of dentinal tubules, reducing
the conversion of the monomers, and plasticizing the polymer matrix22. With the
increased application of primer, the amount of HEMA in the dental substrate also
increases, leading to higher water absorption, thus explaining the bond strength
results and nanoleakage observations. This study showed that the proper applica-
tion of primer is a clinical step that cannot be neglected because when applied in
excess, it can damage the bond.

The third hypothesis was supported because, as was observed via SEM for both adhe-
sive systems, the increase in the amount of primer was proportional to the increase
of infiltrate. When one drop was used, there was a small penetration of silver nitrate
iong at the adhesive interface. The presence of these ions was increased to moderate
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upon addition of two or three drops, and a water tree was observed in the 2CF group.
It was not possible to analyze the 3CF group using SEM because the larger amount
of primer favored the accumulation of water in the hybrid layer, resulting in premature
fracture of the samples when subjected to SEM vacuum.

The fourth hypothesis was also validated as all groups exhibited a greater number of
gaps following thermomechanical aging. Thermomechanical cycling simulates aging
because it combines thermal and mechanical cycling. The first consists of repetitive
cycles alternating high and low temperatures®. This induces stress and degradation in
the tooth/adhesive system interface due to differences in the thermal- linear expan-
sion coefficient'® because rapid temperature change can promote a volumetric change
affecting the adhesive stability, forming linear fracture. These gaps allow for fluid pas-
sage, contributing to nanoleakage?. In addition, it can promote the loss of filler parti-
cles, thus favoring a reduction in bond strength. The mechanical cycling component is
enacted by exerting a weak stress, via repeated, subcatastrophic mechanical loading
to cause initial spontaneous failure. It produces tension in the composite resin that
transmits to the adhesive interface. Over time, the weak, repeated stress causes gaps
between the substrate and the dental restorative material®.

Three-step etch-and-rinse showed higher pTBs than the two-step self-etch. Fur-
thermore, the three-step etch-and-rinse adhesive system demonstrated approx-
imately 40% of cohesive failures in the resin and a lower infiltration of water,
indicating better adhesion at the adhesive interface and less nanoleakage, than
the two-step self-etch. Although thermomechanical cycling, which simulates
aging of the interface, altered the performance of both adhesives, the three-step
etch-and-rinse was legs affected.

In conclusion, the excess primer negatively affects the mechanical properties and
quality of the hybrid layer of class | type restorations when subjected to thermome-
chanical aging.
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