Brazilian Dental Journal (2015) 26(5): 497-502
http://dx.doi.org/10.1590/0103-6440201300260

Influence of Organic Acids from the
Oral Biofilm on the Bond Strength
of Self-Etch Adhesives to Dentin

Cristiane Mariote Amaral, Danielly de Sa Correa, Luciana Meirelles Miragaya,
Eduardo Moreira da Silva

The aim of this study was to evaluate the microtensile bond strength of self-etch adhesive
systems to dentin after storage in acids from oral biofilm. Three adhesive systems were used
in the study: a two-step self-etch adhesive for use with a silorane-based resin composite
(Filtek P90 adhesive system - P90), a two-step self-etch adhesive (Clearfil SE Bond - CSE)
and a one-step self-etch adhesive (Adper Easy One - AEQ). The bond strength of these
products was evaluated by bonding resin composite (Filtek Z350 for CSE and AEO; and
Filtek P90 for P90) to 90 bovine dentin tooth fragments, according to the manufacturer's
instructions. After 24 h of water storage at 37 °C, the specimens were sectioned into
beams (1 mm?) divided and stored in distilled water, lactic acid and propionic acid, for
7 and 30 days. After storage, the specimens were tested for microtensile bond strength.
Data were analyzed by three-way ANOVA and Tukey's test (=0.05). CSE presented the
highest microtensile bond strength after storage in distilled water for 7 and 30 days.
The microtensile bond strength of all adhesive systems was lower after storage in lactic
acid and propionic acid than after water storage. Significant difference was not found
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between storage times.

Introduction

Although the success of dental adhesive restorations
depends on several factors (1), a stable bond between resin
composites and tooth substrates seems to be one of most
important aspects in dental practice (2), as a poor adhesive
interface can trigger various deleterious effects that may
lead to loss of restoration in long-term observation (3).

Irrespective of the hybridization technique, using
total-etch or self-etch adhesive systems, the hybrid layer
obtained by the interaction between collagen fibers of the
demineralized dentin and the resin monomers in dental
adhesives, is the main coupling mechanism between
tooth and restorative composites (2). Although extremely
important for the success of adhesive restorations, the
hybrid layer is known to be very susceptible to hydrolysis,
which leads to weakening of the dentin-adhesive interface
(4). This phenomenon occurs when using the etch-and-rinse
strategy due to the persistence of unprotected collagen
at the bottom of the hybrid layer, which can undergo a
harmful enzymatic action (2,5). Despite expectations that
this condition would not occur with the self-etch adhesive
system (6), a study has shown the existence of partially
demineralized non-infiltrated zones under the hybrid
layer obtained using these materials (6). This unexpected
condition was found to be caused by the buffering effect
of the tooth mineral content on the adhesive acidic
monomers (5).

strength, organic acids.

Despite the simplified clinical application of self-etch
adhesives (6), the one-step self-etch systems have shown
lower bond strengths (7) compared with other bonding
techniques. This may occur due to the high concentration of
solvents present in the adhesive system, which may impact
negatively the polymerization reaction (8). As consequence,
the permeability and the mechanical properties of the
adhesive layer are compromised with these systems (8).

Restorative materials have various challenges in the
oral environment, since they are subjected to several
chemical and mechanical stresses. The most significant and
detrimental chemical stressor is the hydrolytic degradation.
Hydrolysis is a biomolecular reaction, the intensity and
speed at which it occurs depends on the type of chemical
bond, pH, copolymer composition and water uptake (9).
The pH affects degradation rates through catalysis and is
more unlikely for hydrophilic resins (10) like the self-etch
adhesives.

Most of the previous studies analyzing enamel/
dentin-adhesive degradation have used immersion media
such as water (11) or artificial saliva (12,13). The gingival
margins of some restorations, including class V and Il
composite restorations and ceramic crowns, are close
to areas constantly exposed to oral biofilm. Therefore, it
seems important to analyze dentin-adhesive degradation
resulting from the organic acids in oral biofilm (14), which
has a high concentration of lactic acid (LA) and propionic
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acid (PA) (15). Earlier studies have shown that these acids
have detrimental effects on surface degradation (16),
solubility and sorption (17) of dimethacrylate resins and
resin composites. It has also been observed that PA and
LA may affect the bond strength of adhesive systems to
human dentin (14). Therefore, the aim of this study was to
evaluate the effect that organic acids from the oral biofilm
have on the microtensile bond strength (uTBS) of self-etch
adhesive systems to dentin, 7 days after placement and
after 30 days of storage.

Material and Methods
Tooth Preparation

Ninety freshly extracted bovine incisors were stored
in a 0.5% aqueous chloramine solution for 1 week and
kept in distilled water until use in this study. The buccal
surface of all teeth was polished with 100-grit SiC abrasive
paper (DPU 10; Struers, Struer, Denmark) under constant
irrigation until the exposure of dentin. In order to enlarge
the area of exposed dentin (4x6 mm), 400-grit abrasive
paper was then used. The teeth were viewed under a 20x
stereomicroscope (SZ40; Olympus, Tokyo, Japan) to confirm
the complete absence of enamel. The dentin surface was
then wet-polished with 600-grit SiC abrasive paper for
20 s to standardize the smear layer. Afterwards, all teeth
were cut with a diamond blade (KG Sorensen, Sao Paulo,
SP, Brazil) into 4x6 mm fragments.

Bonding Procedures

The tooth fragments were randomly assigned to
three groups (n=30) according to the adhesive systems
described in Table 1. The adhesive systems were applied
strictly according to the manufacturers' instructions and

Table 1. Composition of the used self-etching adhesive systems

composite blocks were fabricated on the dentin surfacesin
four 1-mm increments. The composite Filtek P90 (3M-ESPE,
St Paul, MN, USA) shade A3, was used for the P90 adhesive
system group and Filtek Z350 (3M-ESPE) shade A3, was
used for the other groups. Each increment of composite
was light activated for 40 s at 510-540 mW/cm? using a
quartz tungsten halogen unit (Optilux 501; Demetron/Kerr
Corporation, Orange, CA, USA). The curing unit irradiance
was monitored using a radiometer (Model 100; Demetron).

Specimen Preparation

After 24 h storage in distilled water at 37 °C, the teeth
were serially sectioned in the "x" and "y" directions across
the bonded interfaces (IsoMet 1000; Buehler, Lake Bluff,
IL, USA) at 200 rpm to obtain beams with a cross-sectional
area of 1 mm?2 The cross-sectional area at the adhesive
interface of all beams was rounded up to the nearest 0.01
mm? using a digital caliper (MPI/E-101; Mitutoyo, Tokyo,
Japan), before microtensile bond strength testing.

Storage Media and Microtensile Bond Strength
(uTBS) Test

The specimens from each adhesive system group were
further divided into six subgroups (n=>5 teeth) according to
medium and period of storage. The specimens were stored
at 37 °C for 7 days or 30 days, in distilled water (pH=7),
lacticacid 0.1 M (pH=2.6) or propionic acid 0.1 M (pH=2.9).

After the storage period, the beams were removed
from the media, washed with distilled water and gently
dried with absorbent paper. Next, the beams were fixed
to a microtensile device (ODMT03d; Odeme Biotechnology,
Joacaba, SC, Brazil) with cyanoacrylate glue (Superbonder
Gel; 3M, Sdo Paulo, SP, Brazil) and loaded under tension

Adhesive Composition Manufacturer
system
Primer: HEMA, BIS-GMA, water, ethylalcohol, acid-methacryloxy-hexilesters, phosphoric
acid, silic treated with silicon, 1,6-hexanedioldimethacrylate, copolymer of acrylic
P90 Adhesive anditaconic acid,2-dimethylaminoethylmethacrylate, CQ, phosphine oxide 3M-ESPE,

System? (P90) St Paul, MN, USA
Adhesive: TEG-DMA, Dimethacrylate substitute, treated silica silanedimethacrylate,
methacryloxy-hexilesters, phosphoric acid, CQ, 1,6-hexanedioldimethacrylate
HEMA, glycol bismethacrylate(1-methylethylidene) bis [4,1-fenilenooxi (2-hydroxy-3,1-

Adper Easy propanediyl)], water, ethylalcohol, phosphoric acid, 6-methacryloxy-hexilesters, silicon- 3M-ESPE,
One' (AEO) treated silica dimethacrylate,1,6-hexanediol, copolymer of acrylic anditaconic acid, St Paul, MN, USA

2-dimethylaminoethylmethacrylate, CQ, diphenyl (2,4,6-trimetilbenzoil) - phosphine oxide

Primer: 10-MDP, HEMA, CQ, hydrophilic dimethacrylate, N,N-diethanol-p-toluidine, water.

Kuraray

Clearfil SE Medical -Inc
Bond (CSE) Adhesive 10-MDP, HEMA, Bis-GMA, hydrophobic dimethacrylate, CQ, "

N,N-diethanol-p-toluidine, silanated colloidal silica

Osaka, Japan

' Also known as Adper Easy Bond. 2 Also known as Silorane System Adhesive and Filtek LS System Adhesive. 10-MDP: 10-methacryloyloxydecyl
dihydrogen phosphate; HEMA: 2-hydroxyethyl methacrylate; CQ: camphorquinone; Bis-GMA: bisphenol A diglycidyl ether dimethacrylate; TEG-DMA:

triethylene glycol dimethacrylate.
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using a universal testing machine (Emic DL 2000, S&o Paulo,
SP, Brazil) at a crosshead speed of 1.0 mm/min until failure
occurred. The uTBS value (MPa) was obtained dividing the
load at failure (N) by the cross-sectional area (mm?) of the
beams. The bond strength of each experimental unit (tooth)
was the mean of bond strengths of the respective beams.

Failure Mode

Failure mode was analyzed under a stereomicroscope
(SZ40; Olympus) at 40x magnification and classified as:
adhesive (failure at the resin-dentin interface); cohesive
on dentin (failure exclusively in dentin); cohesive on resin
(failure exclusively in the composite); and mixed (failure
at the resin-dentin interface that included cohesive failure
of the neighboring substrates).

Statistical Analysis

The obtained data were analyzed using Statgraphics
5.1 Software (Manugistics, Rockville, MD, USA). Initially,
the normal distribution of errors and the homogeneity of

Table 2. Means (pooled 7- and 30-day storages) and standard deviations of

WTBS (MPa) of the adhesive systems to dentin
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variances were checked using Shapiro-Wilk’s and Levene’s
tests, respectively. Based on these preliminary analyses,
the uTBS data were analyzed by three-way ANOVA and
Tukey’s HSD test for multiple comparisons. The analyses
were performed at a significance level of a=0.05.

Results

Three-way ANOVA showed a statistical significance for
the three independent factors: time (p=0.03), immersion
medium (p=0.000) and adhesive system (p=0.000), as well
as for the interaction of adhesive system vs. immersion
medium (p=0.0027). On the other hand, no statistical
significance (p>0.05) was observed for the interactions:
time vs. immersion medium, time vs. adhesive system and
time vs. immersion medium vs. adhesive system.

The results of uTBS are in Table 2 as pooled average of
UTBS of the adhesive systems after 7 and 30 days storage.
No significant difference was observed between 7 days or
30 days of storage. All adhesive systems presented lower
UTBS after storage in propionic and lactic acid compared

to water storage after 7 days or 30 days storage.
CSE after water storage presented the highest
UTBS, followed by P90 and AEQ. The lowest puTBS
was observed for P90 and AEO after immersion in

Adhesive system

propionic and lactic acid, after 7 days or 30 days

of storage.
The failure mode analysis is shown in Figure

Storage

medium CSE P90 AEO
Water 37.97 (5.85) Aa  21.39 (5.41)Ba  16.66 (4.36) Ba
Lactic acid 24.86 (2.81) Ab  13.48 (4.48) Bb  9.09 (3.40) Bb

Propionic acid 29.06 (4.59) Ab 11.35 (3.82) Bb

9.51 (4.06) Bb

1 (7 days storage) and Figure 2 (30 days storage).
CSE presented the highest percentage of cohesive
failuresin dentin after 7 days immersion in propionic
and lactic acids. Meanwhile, a large amount of

Means followed by different letters (uppercase - row, lowercase - column) differ

among them by Tukey’s test at 0.05 confidence level.

P30 +Water

P20+ Latic Acid
P90 + Propionic Acid
AEQ + Water

AEO + Latic Acid

AEOQ + Propicnic Acd

cohesive failures in resin was observed for the CSE
specimens after immersion in water. Most failures

W Adhesive
H Mixed
O cohesive in dentin

O Cohesive in resin

CSE + Water

CSE +Latic Acid

CSE + Propionic Acid

0% 10% 20% 30% a0%

60% 70% BO% 90% 100%

Figure 1. Failure mode (percentage) of adhesive systems after 7 days of storage.
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for the other adhesive systems were adhesive. For the 30-
day evaluation, in all groups adhesive failures prevailed,
even in the CSE groups.

Discussion

Adhesive polymer structures are largely exposed to
oral fluids and to organic acids in the oral biofilm. Several
studies have shown that adhesive systems present hybrid
layer degradation and a decrease in bond strength after
aging in artificial saliva and water (11-13). The present
study included lactic acid (LA) and propionic acid (PA) as
immersion media before the bond strength evaluation
to increase the knowledge regarding the degradation of
adhesive systems in the oral environment. All adhesive
systems were observed to have lower bond strength values
after immersion in LA and PA when compared to water
immersion. This occurred for both the 7 days and 30 days
of storage, with no statistically significant differences
between the two periods. This means that, irrespective of
formulations, a common degradation ing mechanism was
present for all the tested adhesive systems.

LA has been reported to increase absorption of the
dentin-resin interface (18) and cause further damage to
the bonded area (18) compared to immersion in water. Silva
et al. (14) showed that the bond strength between dentin
and some adhesives decreased after immersion for 7 days
in LA and PA compared to immersion in artificial saliva. On
the other hand, the results of Miranda et al. (9) indicate
that LA and PA did not increase the sorption or solubility
of the self-adhesive materials, while one bottle self-etch
adhesive specimens presented more surface degradation
and the highest sorption and solubility in that study.

P90 +Water

P90+ Latic Acid
P90+ Propionic Acid
AEO + Water

AEO + Latic Adid
AEO + Propionic Acid
CSE + Water

CSE +Latic Acid

CSE + Propionic Acid

It was inferred that the deleterious action of LA and
PA on pTBS occurs by two mechanisms. First, the -OH
and -COOH functional groups from the molecules can
establish a high level of hydrogen bonds with polar sites of
methacrylate monomers present in the adhesive system, for
example, -OH- in Bis-GMA, -0- in TEGDMA, and -NH- in
UDMA, thus increasing the acid uptake by the polymeric
phase of the hybrid layer (19). The findings of da Silva et al.
(17), showing that LA diffused quicker in a resin composite
than distilled water and artificial saliva, may reinforce this
possibility. Second, the low pH of these entrapped acid
molecules may have acted on the adhesive polymer by the
catalysis of ester groups from the methacrylate monomers,
thereby increasing degradation of the dentin-adhesive
interface (19,17,14). Moreover, the hydrolysis of these ester
groups may produce alcohols and carboxylic molecules,
which may accelerate adhesive polymer degradation by
lowering the pH within the adhesive polymer (17).

Presence of HEMA in the adhesive systems may also have
affected the water movement inside the adhesive polymer
networks (20). Although HEMA is necessary as a co-solvent
to improve the miscibility between the hydrophilic and
hydrophobic monomers, it also acts as a wetting agent
to help the monomer diffuse into the dentin collagen
network, retaining water within the adhesive structure (21).
This retained water can act as a plasticizer and decrease
the adhesive mechanical properties with time (20). This
change in mechanical properties may result over time in
poor load transfer across the bonded interface, leading to
catastrophic failure (20,21). The exact concentration of
HEMA contained in the adhesive systems in the current
study was not disclosed by the manufacturers. The amount

M adhesive
EMixed
O Cohesive in dentin

O Cohesive in resin

T T T T T
0% 10% 20% 30% 40%

T T T T
60% 70% B80% 90% 100%

Figure 2. Failure mode (percentage) of adhesive systems after 30 days of storage.
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of this component can be seen as a decisive factor for the
lowest bond strength presented by AEO after 30 days of
immersion.

The adhesive systems P90 and AEO had lower bond
strength compared to CSE after 7 days, regardless of
immersion medium. However, there was no significant
difference between P90 and AEO. On the other hand,
after 30 days of immersion in water, AEO presented lower
bond strength values compared to P90 and CSE. The worst
performance presented by AEO can be directly related to its
composition, which contains a complex mix of acidic and
non-acidic monomers. Differencesin the molecular weight
and solubility parameters may have created differential
monomer infiltration. These differences may have increased
the monomer phase separation, which can create sites
of acidic but non-polymerizable hydrolytic adhesive
components, increasing the degradation at the dentin-
adhesive interface (5). Furthermore, the low performance
of AEO may be related to the high permeability of the
bond interface created by one-bottle self-etch adhesives,
thereby contributing to its hydrolytic instability (14). This
degradation may occur due to water absorption that can
interfere with Van der Waals forces (9).

The bond strength of self-etch adhesive systems to
dentin has been considered acceptable, but it is material-
dependent (22). CSE presented the best results, which is
not surprising, as this result has previously been published
(11,22). The probable reason for that performance is the
presence of 10-MDP. Due to its long carbonyl chain, this
functional methacrylate monomer is hydrolytically stable,
which can contribute to its higher bond stability (23).
Additionally, the high chemical bonding potential of 10-
MDP to hydroxyapatite (23) may also provide an explanation
for the better results of CSE, since chelates are formed
between the -COOH groups of 10-MDP and the ++Ca ions
of the residual hydroxyapatite between collagen fibers (11).

It is known that hybrid layer degradation is related
to a decreased effectiveness of the chemical bonds after
water storage. Water can infiltrate into and decrease the
mechanical properties of the polymer matrix by causing
swelling and reducing the frictional forces between
the polymer chains in a process known as “plasticizing”
(24). There is also a decrease of the bonding strength in
the presence of water as consequence of the hydrolytic
degradation of collagen (13). It is likely that 30 days
immersion in water was insufficient to cause degradation
in the current study, which explains the absence of a
statistically significant difference between the two storage
periods.

CSE presented a higher percentage of cohesive failures
in dentin compared to the other adhesive systems after 7
days of immersion. However, after 30 days of immersion, an
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increase in the number of adhesive failures was observed for
all adhesive systems, irrespective of the immersion media.
It is speculated that immersion for a longer time can lead
to weakening of the adhesive layer, which could lead to
an increase in adhesive failures at the dentin-adhesive
interfaces. Chiaraputt et al. (25) also found a large number
of cohesive failures during the immediate evaluation of
CSE specimens, while a larger number of adhesive failures
was observed after increasing the storage time (3 months).
Those authors attributed the findings to the deleterious
effect of water molecules at the bond interface of micro
specimens.

In conclusion, the results of this current study showed
thatacidsin the oral biofilm may negatively affect the bond
strength of self-etch adhesive systems to dentin. Moreover,
the two-step self-etch adhesive system (CSE) presented
higher bond strengths to dentin, followed by a two-step
adhesive system for use with silorane based-composites
(P90) and a one-step self-etching adhesive system (AEQ),
in all immersion media.

Resumo

O objetivo deste trabalho foi avaliar a resisténcia de unido de
sistemas adesivos autocondicionantes apo6s estocagem em acidos
presentes no biofilme oral. Foram utilizados trés sistemas adesivos: um
autocondicionante de dois frascos indicado para uso com a resina composta
a base de silorano (P90 System Adhesive- P90), um autocondicionante de
dois frascos (Clearfil SE Bond - CSE) e um autocondicionante de frasco
nico (AdperEasyOne - AEQ). Para avaliacdo da resisténcia de unifio a
dentina, 90 fragmentos de dentes bovinos foram restaurados de acordo
com as recomendacdes dos fabricantes. Apds a confeccdo de blocos de
resina composta (Filtek Z350 para os sistemas adesivos AEO e CSE; Filtek
P90 para o sistema adesivo P90) e estocagem em agua destilada por 24
h a 37 °C, os fragmentos foram seccionados para a obtencéo de palitos
(1 mm?) que foram divididos e estocados nos trés diferentes meios de
imersdo (agua destilada, acido latico e acido propidnico) por periodos de
7 dias e 30 dias (n=5). Em seguida, foi realizado o ensaio de resisténcia a
microtragdo. Os dados foram submetidos & Analise de Variancia (3 fatores)
e ao Teste de Tukey (x=0,05). O sistema adesivo CSE apresentou maior
resisténcia de unido apds imersao em agua por 7 ou 30 dias. A resisténcia
de unido de todos os sistemas adesivos foi menor apos imersdo em acido
latico e propionico do que apos imersdo em agua. Nio foi observada
diferenca significativa entre os tempos de imersao.
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