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Abstract

Aim and goals: The aim of this study was to evaluate and compare the shear bond strength of six adhesive
systems to enamel of primary teeth.

Method: This experimental in vitro study was performed on 72 extracted primary molars. The teeth were
randomly divided into six groups. In each group one of the adhesives; Tetric N-Bond, AdheSE, AdheSE One F,
Single Bond 2, SE Bond, and Adper Prompt L-Pop, were used. After preparing the flat enamel surfaces on buccal or
lingual and applying adhesives, composite was adhered to the surfaces and after 24 hours storage and
thermocycling (500 cycles, 5-500°C), shear bond strength was tested with a universal testing machine and mode of
failure was evaluated by a stereomicroscope. Data was analyzed by SPSS18 using Anova, tukey and fisher's exact
test. P<0.05 was considered as the level of significance.

Results: The shear bond strength of Teric N-Bond was significantly higher than SE Bond (P=0.012), AdheSE
(P=0.000), AdheSE One F(p=0.001) and Adper Prompt L-Pop(P=0.001). Shear bond strength of Single Bond 2 was
significantly higher than AdheSE(P=0.004), AdheSE One F(P=0.006) and Adper Prompt L-Pop (P=0.006). Mode of
failure in all groups was mostly adhesive.

Conclusion: The shear bond strength of etch-and-rinse adhesive systems were higher than self-etch adhesives

except for one adhesive (SE bond) and the bond strength of self-etch adhesives were not significantly different.

Keywords: Primary teeth; Shear bond strength; Adhesive; Etch and
rinse; Self etch

Introduction

Investigations for finding an ideal material for teeth restoration lead
to significant progress in restorative materials and their applying
methods. Composites and adhesives are two important progresses in
dentistry. Today composite restorative materials have common clinical
applications. The reasons for wide and increasing application of
composites are their conservative tooth preparation, good physical
properties, esthetics and also their improvement in adhesive capability
to tooth tissues. Adhesive materials which have higher bond to enamel
and dentin is preferred because of longer clinical performance [1,2].
Different adhesive systems are introduced for bonding to tooth
structures. The present adhesive systems are divided to etch-and-rinse
and self-etch [2].

The etch-and-rinse systems are divided to two or three step
techniques that have separate acid etch step with 32-37% phosphoric
acid. In three-step etch-and-rinse systems, primer and adhesive are
applied in separate steps. In two-step etch-and-rinse adhesives, primer
and adhesive resin are combined in one solution and are used after
etching enamel and dentin. These systems are technique sensitive and
time consuming. Etch, rinse and drying steps are important and

caused their technique sensitivity. Self adhesive systems are introduced
to simplify clinical steps, reduce technical sensitivity, decreased clinical
mistakes and reduced clinical chair time. Self-etching systems in form
of self-etching primers, etch enamel and dentin simultaneously, infuse
into micromechanical pores, and then adhesive resin is applied. In "all
in one" self-etching systems, acidic primer and adhesive are combined
with each other and applied in one step [2-4].

In pediatric dentistry, it is very important to decrease chair time
and clinical steps because of inadequate coordination of children with
dentist in ways such as using self-etch adhesives and elimination of
etching, rising and drying steps.

In clinical success of adhesive material, the bond strength is very
important. The high bond strength helps adhesive to resist against
stresses caused by resin contraction and forces which are applied in
area between tooth and restoration. For longer time and thus later
bond failure and its problems such as recurrent caries, tooth sensitivity
and restoration failure [5].

The shear bond strength is one type of tests used for evaluating
bond strength. The shear bond strength (SBS) is the maximum force
which adhesive joint can tolerate before fracture. This force is applied
to adhesive area between two materials [6].
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Because of the differences in primary and permanent enamel
structure, their bonding characteristics are not the same. Most of the
studies in comparing different adhesive systems were done on enamel
structure of permanent teeth and not primary teeth. The aim of this
study was to evaluate shear bond strength of six different adhesive
system applied on enamel of deciduous teeth from 72 human teeth.

Six adhesive systems including two Step etch-and-rinse adhesives,
Tetric N-Bond (IvoclarVivadent,Schaan, Liechtenstein) and Single
Bond 2 (3M, ESPE, St.Paul, MN, USA), two type of two step self-etch
adhesives, AdheSE (IvoclarVivadent, EtsSchaan Liechtenstein) and SE
Bond (Kurary, Tokyo, Japan) and two type of one-step self-etch
adhesives, Adper Prompt L-Pop (3M, ESPE, St.Paul, MN, USA) and
AdheSE One F (IvoclarVivadent, EtsSchaan Liechtenstein) on enamel
of primary teeth. The null hypothesis was there were not significant
differences in shear bond strength between these six adhesives.

Material and Method

This experimental study was performed on 72 extracted first and
second primary molars, which had intact buccal and lingual surfaces
without any decay, cracks or defects. Teeth were cleaned up of soft
tissues and debries, and they were kept in 0.5% chloramine-T solution
(Fisher chemical, Fair lawn, NJ, USA) for 24 hours, and then in water
and also in room temperature.

Byusing a diamond fissure bur (Tizkavan, Iran) buccalor lingual
enamel surfaces were freshen under air-water coolant spray to reach a

smooth surface which were checked by a surreyour’s perpendicular
rod. The teeth were mounted in self-cure acrylic resin
(Acropars,Marlic Co., Iran) up to CEJ region, with the help of a
surveyor vertical barin the way that enamel smooth surface were
placed perpendicular to the horizon. The teeth were randomly divided
into six groups (A to F, n=12 each group representing one adhesive
system). Table 1 show the materials used in this study.

The bonding steps and composite adhesion were performed as
follow according to manufactures' instruction:

Group A: Enamel was etched with phosphoric acid 35%
(Ivocalrvivadent, Schaan, Leichtenstein) for 20 seconds and then it was
washed for 30 seconds and was dried by a cotton bullet one layer of
Tetric N-Bond (IvoclarVivadent, Schaan, Liechtensteien) was applied
on enamel for 10 seconds, thinned with air pressure, and then cured
with a  Quartz-Tungsten-Halogen ~ light  cure  device
Coltolux75(ColteneWhaledent, USA) with the 600-650 mW/cm?
intensity for 20 seconds. The intensity of the curing device was
measured periodically with radiometer (Optilux, SdS, Kerr).

Group B: The primer ofAdheSE(IvoclarVivadent, Schaan,
Liechtenstein) was applied on enamel for 30 seconds, and its excess
was thinned with strong pressure of air, then adhesive AdheSE was
placed on enamel surface for 20 seconds, air driedand was cured for 20
seconds.

Materials | Type Composition Manufacturer
Tetric  N-| Etch-and- HEMA, Bis GMA, urethane dimethacrylates, phosphonic acid acrylate, Ethanol(<20% wt), nano-filler(Sio,) (<1% | IvoclarVivadent,
Bond rinse adhesive | wt), film-forming agent, Catalysts and stabilizers Schaan,
Liechtenstein
AdheSE Two-step self- | Primer: dimethacrylate, phosphonic acid acrylate, initiators and stabilizers in an aqueous solution. IvoclarVivadent,
etch adhesive Bonding: HEMA, dimethacrylate, silicon dioxide, initiators and stabilizers. S‘chaan, .
Liechtenstein
AdheSE Self-etch Derivates of bis-acrylamide, water, bis-methacrylamidedihydrogen phosphate, alcohol, amino acid acrylamide, | IvoclarVivadent,
One F adhesive hydroxy alkyl methacrylamid, alkyl sulforic acid acrylamide, highly dispersed silicon dioxide, initiators, stabilizers | Schaan,
and potassium fluoride Liechtenstein
Single Etch-and- BisGMA, HEMA, dimethacrylates, ethanol, water, a novel photoinitiator system and a methacrylate functional| 3M, ESPE,
Bond 2 rinse adhesive | copolymer of polyacrylic and polyitaconic acids St.Paul, MN, USA
SE Bond self etch | Primer: MDP, HEMA, hydrophilic dimethacrylates, N,N-diethanol p-toluidine, CQ, water Kuraray,  Tokyo,
adhesive Band: MDP, HEMA, Bis-GMA, hydrophobic dimethacrylates, silanated colloidal silica, N,N-diethanol p-toluidine, | Y2P2"
cQ
Adper self etch | Liquid 1: Methacrylated phosphoric esters 3M, ESPE,
E;t;mpt L-| adhesive Bis-GMA, Initiators based on camphorquinone StPaul, MN, USA
Stabilizers
Liquid 2: Water, 2-Hydroxyethyl methacrylate (HEMA), Polyalkenoic acid, Stabilizers
Z 250 Light cure | Bis-GMA, UDMA andBis-EMA; 3M, ESPE,
composite « 66% of filler: Zirconium/ Silica St.Paul, MN, USA
N-Etch etchant 37% Phosphoric acid , thickeners and pigments IvoclarVivadent,
Schaan,
Liechtenstein

Tablel: Materials used in this study

Group C: AdheSE One F adhesive (IvoclarVivadent, EtsSchaan,
Liechtenstein) was applied on enamel surface for 20 seconds, then with

strong pressure of air its excess was removed, and finally it was cured
for 20 seconds.
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Group D: Enamel was etched by phosphoric acid 35% for 15
seconds then it was washed for 10 seconds, dried by a cotton bullet.
Then immediately 2-3 layers of Single Bond 2 (3M, ESPE, St.Paul, MN,
USA) were applied on enamel for 15 seconds. In next step mild air
pressure was applied and bonding was cured for 20 seconds.

Group E: The Primer of SE Bond (Kurary, Tokyo, Japan) was
applied on enamel surface for 20 seconds, and it was dried with mild
air pressure. Then SE Bond adhesive was placed on enamel surface and
thinned with gentle air pressure. Finally it was cured for 20 seconds.

Group F: Adper Prompt L-Pop (3M, ESPE, St.Paul, MN, USA)
which was uni-does type was applied according to manufacturer's
instruction with a brush on enamel for 15 seconds. Then it was gently
air dried and cured for 20 seconds.

Composite (Z250, shade: Al, 3M, ESPE, St. Paul , MN, USA) was
placed on bonded enamel surface in two increments using a clear
plastic cylindrical mold with internal diameter of 2 mm and height of
3 mm. Each layer was cured for 20 seconds. Then plastic mold was
removed and composite was cured for 40 seconds again. The samples
were stored in 37°C waterfor 24 hours and then thermocycled (500
cycles between 5-55°C with a 30 second dwell time and a transfer time
of 10 seconds) with a thermocycling machine (BaradaranPoya, Iran).

The samples were placed in Testomeric machine (Testomeric,
M350-10CT, England) and the bonding surface of tooth was parallel to
device chisel-shape blade. The blade was placed in composite-enamel
interface, and force was applied tosamples with the cross-head speed
of 0.5 mm/min and with the load cell of 50 kgf, when break down was
occurred.

The force needed to breakdown each samples was recorded in
Newton and converted to megapascal (MPa) with below equation:

Shear bond strength (MPa): Peak load in break zone (Newton)/
bond surface (mm?)

Mode of failure of each sample was observed with stereomicroscope
(Olympus, DP12, Germany) with 40X magnification.

Cohesive failure in enamel (90-100% of failure was in enamel) 2-
Adhesive failure (failing in bonded interface): 90-100% of the bonded
interface failed. 3- Cohesive failure in composite (90-100% of the

failure was in composite). 4- Mixed failure (partially adhesive and
partially cohesive).

SPSS v18 was used to evaluate and analyze the data. The significant
level was considered 0.05 in all calculations. After checking the
normality of the data with Kolmogrov-Smirnov test, Two- way
ANOVA and Tukey, HSD were used. For assessing "Mode of failure",
fisher’s exact test was used.

Results

Results were summarized in Table 2. There were significant
differences between groups (P=0.000). The difference between Tetric
N-Bond and Single Bond 2 was not statistically significant (p=0.191).
The mean SBS of Tetric N-Bond was significantly higher than AdheSE
(p=0.000), AdheSE One F (p=0.001), SE Bond (p=0.012) and Adper
Prompt L-Pop (p=0.001). The mean of SBS of Single Bond 2 was
significantly higher than AdheSE (p=0.004), AdheSE One F (p=0.006),
and Adper Prompt L-Pop (p=0.006). The difference between Single
Bond 2 and SE Bond was not statistically significant (p=0.099). There
were not significant differences among self-etch groups. Adhesive
failure was the most common mode of failure (Table 3).

Group N Mean Standard Deviation (SD)
(MPa)
Tetric N-Bond 12 | 23.3622 3.65
AdheSE 12 | 17.540P 2.84
AdheSE One F 12 | 17.69° 3.04
Single Bond 2 12 | 21.54a¢ 2.21
SE Bond 12 | 18.81bc 4.26
Adper Prompt L-Pop 12 | 17.39° 3.29
Total 72 | 19.59 3.97

Table 2: Comparison of SBS of six adhesives to
tooth

enamel of primary

Group Mode of failure

Cohesive enamel Cohesive composite Adhesive Mix

Count(%) Count(%) Count(%) Count(%)
Tetric N-Bond 1(8.3%) 0(0%) 7(58.3%) 4(33.3%)
AdheSE Count 0(0.0%) 0(0%) 9(75%) 3(25%)
AdheSE One F Count 0(0.0%) 0(0%) 8(66.66%) 4(33.33%)
Single Bond 2 Count 0(0.0%) 0(0%) 7(58.3%) 5(41.7%)
SE Bond Count 2(16.66%) 0(0%) 8(66.66%) 2(16.66%)
Adper Prompt L-Pop 0(0.0%) 0(0%) 11(91.66%) 1(8.33%)
Total 3(4.91%) 0(0%) 43(70.49%) 15(24.59%)

Table 3: The mode of failure in six adhesives
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Discussion

Restoration in mouth is exposed to different forces. During
composite polymerization, resin contraction induces stress in bonded
area and pulls it from cavity walls. Stresses caused by chewing and
thermal and chemical situations can affect the quality of bond [6].
Bond strength tests evaluate adhesive potential in resisting against
these stresses during services.

The aim of this study was to evaluate SBS of composites to enamel
with using different etch-and-rinse and self-etch adhesives. The null
hypothesis was rejected in some parts. The highest SBS to enamel of
primary tooth in this study belongs to Tetric N-Bond adhesive.

Research reported that SBS to enamel of primary teeth are less than
permanent teeth. Higher density, more regular structure of enamel in
permanent tooth and presence of specific direction and higher number
of enamel prisms and higher crystal density in permanent teeth
compared with primary teeth are the reasons [7].

We did not find significant difference in SBS of two studied etch-
and- rinse adhesives and SBS of Tetric N-Bond was higher than self-
etch adhesives. The SBS of Single Bond 2 was higher than all self-etch
adhesives except SE Bond. Tetric N-Bond and Single Bond 2 are
ethanol-based adhesives with similar technique sensitivity which can
explane the present result.

The results of present study are similar to some other studies which
compared self-etch and etch-and-rinse adhesive systems [8-10].
According to one SEM study, resin tags which formed in enamel after
self-etch adhesives' application was lesser and with lower depth of
penetration in comparison with etch-and-rinse adhesives [11].
Another SEM analysis in enamel showed that the depth of echant
penetration and resin infiltrations are directory related with bond
strength [12].

According to the results of this study, there were not significant
differences in SBS between self-etch adhesives.

Generally self-etch adhesives are divided in three groups based on
their acidity level; mild (pH>2), moderate (1<pH<2) and strong
(pH<1) [13]. Enamel etching by self-etch adhesives depends on
adhesive's pH. The lower the pH, the higher enamel etching capacity.
Etching effects of self-etch adhesives on enamel surface has important
role in strength of bond to enamel [14,15].

pHs of self-etch adhesives examined in this study, are 2(SE. Bond),
1.5 (AdheSE), 1.4 (AdheSE one F) and 0.8 (Prempt l-pop). But
according to Ebrahimi et al. study, the different acidity of self-etch
adhesives necessarily does not cause higher amount of bond strength
to enamel and for better interaction between self-etch adhesives and
enamel, it was recommended to apply them on cutted enamel and also
use phosphoric acid for few seconds before [16].

The other factors that affect SBS of self etch adhesives, besides
acidity included type of solvent, type of functional monomer, presence
of filler and technical sensitivity [14]. The most common solvents are
ethanol, acetone and water. The high steam pressure of acetone is its
main advantage. In some of self etch adhesives acetone is with water.
The ethanol higher steam pressure compared with water cause better
evaporation of ethanol by air drying.

Water is part of self adhesives used for ionization of acidic
monomers. Since water boiling temperature is high and its steam
pressure is low, removing water from tooth surface after its application
is hard. Molecules like HEMA reduce water steam pressure which may

also interrupt removing water. Excessive water decrease bond strength
of adhesives by forming water blisters, dilute the primer which reduce
it its effects. Furthermore, excessive water prevents optimum
polymerization of adhesives [17].

For strengthening of adhesive layer, fillers are added fillers prevent
thinning of adhesive layer, the thin adhesive layer by forming oxygen
inhibition layer cause incomplete resin polymerization; also the thin
adhesive layer cannot resist contraction forces during polymerization,
and break from inside (adhesive failure). On the other hand adhesives
with filler have less contraction inside themselves [17,18]. Some
studies reported higher bond strength for adhesives with filler [14,15],
while others stated no differences [19,20]. In present study SE Bond
(with 10% filler), AdheSE (with 2% filler), and AdheSE One F (with
less than 5% filler) are adhesives with filler, and Adper Prompt L-Pop
is from adhesives without filler [21].

In two-step self-etch adhesives, application of hydrophobic resin
layer can cause higher bond strength than one-step self-etch adhesives
[22]. In addition this adhesive has 10-MDP functional monomer
which provides stable chemical bond with hydroxyapatitie and
increase resistance against hydrolytic failure [23]. 10-MDP is an
etching monomer from di-hydogen phosphate group that is
separatedin water and produce two protons. Yoshida showed that this
monomer is able to make a strong ionization bond with calcium [24].
In present study the difference between SBS of Single Bond 2 and SE
Bond was not significant. Some other studies reported similar results
[25,26].

In our study the SBS of Adper Prompt L-Pop to primary tooth
enamel compared with other studied adhesive did not have significant
difference. Adper Prompt L-Pop is a one-step adhesive with high
concentration of phosphoric acid ester methacrylate (80%). Its pH is
0.8 and has strong etching power. Some studies showed that its acidic
property is high enough to produce etching pattern similar to
phosphoric acid 32-40% [18]. This acidity induce rough etch pattern
in enamel.

2-metacryloyloxyethyl-dihydrogen-phosphate  is  hydrolytically
unstable and breaks down in a water solution to HEMA and
phosphoric acid which cause its acidic property. Adper Prompt L-Pop
produce apparent demineralization pattern in enamel and dentin. This
adhesive have polyalkenoic copolymer which stabilize it in moist. Of
course the role of this compound in bond strength is unclear [27].

In present study the dominant type of mode of failure in all the
groups was adhesive. It was reported in studies that in adhesive
systems with lower bond strength, the mode of failure is mainly
adhesive, while cohesive and mix modes of failure are occur in systems
with higher bond strength [28,29]. On the other hand, they are studies
which stated that mode of failure is not related with bond strength
(30,31].

Conclusion

The shear bond strength of etch and rinse adhesives (Tetric N-
Bond and Single bond 2) were significantly higher than self-etch
except for Single Bond and SE Bond adhesives, which deference was
not significant, and the shear bond strength of self-etch adhesives were
not significantly different.
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