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ABSTRACT

AIMS: Microleakage is important for assessing the success of adhesive restorative materials. The aim
of this study was to evaluate the microleakage of resin composite restorations bonded with three types
of adhesive systems. MATERIALS AND METHODS: Twenty four sound human third molars were
used. Class V cavities were prepared on the buccal surface by a diamond cylinder bur No. (1543M).
Samples was assigned randomly to three groups (N = 8): Group I: Cavities were treated with total etch
adhesive system (Adper Single Bond 2Adhesive, 3M ESPE, USA). Group Il: Cavities are treated with
one step self-etch adhesive system (OptiBond All In One, kerr, USA). Group IlI: Cavities were treated
with two step self-etch adhesive system (CLEARFIL SE BOND, kurary, Japan). Cavities were restored
in bulk technique withresin composite (Ceram X, DENTSPLY, USA). Restorations were polished and
after storage in water for 24 hours at 37°C the samples were thermocycled between 5-50°C for 300
cycles in water baths then immersed in methylene blue solution for 24 hours. Dye leakage was assessed
by examining longitudinal sections in a stereomicroscope at X10magnification. Data were analyzed
with Kruskal-Wallis test and Mann-Whitney test at 5%significant level. RESULTS: A significant dif-
ferences in microleakage were observed among restorations (p < 0.05).0ne step adhesive bonded resto-
rations demonstrate significantly higher leakage value than two step. No significant differences were
observed between total etch adhesive and self-etch adhesive (p>0.05).CONCLUSIONS: The microle-
akage of resin composite restoration was influenced by adhesive type. One step self-etch bonded resto-

ration was more prone to leakage than total etch and two step bonded restoration.
Keyword: Adhesive systems, microleakage, resincomposite.

Abdulkadir EA, Nayif MM. Influence of Adhesive Systems on Micro-leakage Pattern of Composite
Resin Restorations. Al-Rafidain Dent J. 2013; 13(3): 547-554.

Received: 16/7/2012 Sent to Referees: 18/7/2012 Accepted for Publication: 23/10/2012
INTRODUCTION enamel upon impregnation into the acid

In 1968, Buonocore et al. introduced produced etch pits. Today, this technique
the so called ‘acid-etch technique’ to mi- is still the most effective for reliable and
cro mechanically interlock resin within durable bonding to enamel.®) The integrity
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and durability of the marginal seal is an
important factor in the longevity of adhe-
sive dental restorative materials, particu-
larly for resin composites. The absence of
a seal at restoration margins permits the
entry of oral bacteria and fluids, which can
result in postoperative sensitivity, adverse
pulpal responses and recurrent caries.)

Technological advancements of dentin
adhesives have evolved into two trends:
total acid-etching techniques (5™ genera-
tion dentin bonding agents) and self-
etching primer technique (6™ and 7™ gen-
eration).® Total etch adhesives are availa-
ble as a three stepsystems (etchant, primer
and adhesive) and two-step systems (com-
bine the primer and adhesive materials
into one component).Total etch adhesive
system contains hydrophilic/ hydrophobic
primers with the ability to penetrate into
the demineralized enamel and dentin cre-
ated after phosphoric acid etching and
smear layer removal. A zone of interdiffu-
sion is formed, and the resin dental sub-
strate is defined as the hybrid layer. If the
surface to which the adhesive will be ap-
plied consists of significantly more enamel
than dentin total etch system is preferred.
In comparison, self-etch adhesives gener-
ally demonstrate better adhesion to dentin
than to enamel.®

The basic mechanism for bonding
with total etch system consists of deminer-
alization of the enamel and dentin surfaces
by the acid (etchant) then adhesive applied
to penetrate the microscopic spaces creat-
ed by the etchant. Curing of the adhesive
will result in formation of resin tags that
microscopically provide a mechanical
bond and seal to dentin and enamel.”
While self-etch system does not require a
separate etching procedure. Thus there is
no need to rinse and then dry the prepara-
tion prior to application of the adhesive.
For these reasons, their popularity is in-
creasing.””) Self-etch adhesives, composed
of aqueous mixture of acidic functional
monomers that are generally phosphoric
acid esters. Phosphoric acid esters, with a
pH relatively higher than that of phosphor-
ic acid etching gels.®) Self- etch adhe-
sivesproduce simultaneous conditioning
and priming effects on dental substrates
and do not remove the smear layer, but
penetrate and modify it, creating a thin
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hybrid layer dependent on pH, composi-
tion, and concentration of polymerizable
acids and/or acidic resin monomers.®
Self-etch adhesives are available as two
step systems and one step systems. In two
step systems etch primer is applied with-
out rinsing then a layer of adhesive resin is
applied.” A possible advantage of apply-
ing the etchant and primer in a premixed
solution is that the demineralization of
dentin occurs concurrently with primer
infiltration and the risk of leaving demin-
eralized dentin that was insufficiently in-
filtrated by resin is thought to be much
smaller.®) One step self-etch systems is
more simplified including a single applica-
tion to the tooth.”” This system is ex-
tremely hydrophilic as they contain high
concentrations of both ionic and hydro-
philic monomers. Due to their high hydro-
philicity, one step self-etch adhesives be-
have as semipermeable membranes, allow-
ing fluids to pass through and seriously
jeopardizing bond durability.® 1%

The hypothesis to be tested in this
study is that no differences in the microle-
akage among the different adhesive sys-
tems .The objective of this study was to
evaluate the microleakage in resin compo-
site restoration following bonding with
three different adhesive systems (Total
etch, One and two step self- etch adhe-
sives).

MATERIALS AND METHODS
Samples collection and mounting:

Twenty four extracted sound human
third molar were stored approximately for
one week in distilled water until their use.
Teeth were cleaned and polished. Roots of
the teeth were covered with two layers of
nail varnish and apices sealed with a
sticky wax. Roots were embedded in cold
cure acrylic resin (lvoclarvivadent, Liech-
tenstein) inside polyvinyl plastic rings up
to a cemento-enamel junction.

Cavities preparation:

Class V cavities (4 mm width and 2
mm in height and depth) were prepared in
the middle third of the buccal surfaces of
the teeth with abutt joint margins using a
diamond cylindrical bur No. (1543M).In
order to standardize cavity preparation the
outline of the cavity was drawn on the
tooth surface with the help of digital ver-
nia to measure the dimensions Figure (1).
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The handpiece of turbine was adapted to
the arm of surveyor (Qualye Dental, Eng-
land) in such a way that the long axis of
the bur being perpendicular to the buccal

surfaces of the teeth and moves at a fixed
horizontal and vertical plane within a cer-
tain space Figure (1).

Figure (1): Sample fixed on the base of surveyor andturbine handpiece fixed on surveyor

Cavity restoration:

Samples were washed thoroughly un-
der running waterfor one minute after-
preparation. Samples were dried and ran-
domly allocated into three groups accord-
ing to the bonding agents systems used
(n=8) .Three adhesive systems used in this
study: A total etch system (Adper Single
Bond 2Adhesive, 3m ESPE, USA); one
step self-etch system (OptiBond All In

One, kerr, USA); andtwo step self-etch
system (CLEARFIL SE BOND, kurary,
Japan)Figure (2).

Group I: Cavities were treated with total
etch adhesive system.

Group II: Cavities are treated with one step
self-etch adhesive system.

Group IlI: Cavities were treated with two
step self-etch adhesive system.

Figure (2): Adhesive systems used in the study: a) Adper Single Bond 2Adhesive; b) Opti-
Bond All In One adhesive; c) CLEARFIL SE BOND adhesive .

The application technique, time and
curing protocol of bonding systems were
used in accordance to the manufacturer's
instructions. Cavities were restored with
nanoceramic hybridresin composite in bulk
technique (Ceram X, DENTSPLY, USA)
Figure (3). Restorations were light cured
for 40 seconds using LEDitionlight cure
device at 530mw\cm (lvoclar, vivadent,

Austeria). The intensity of light monitored
with curing radiometer (Cromatest 7041-
Megaphysik,Germany). Restorations were
finished and polished using finishing disks
of composite (KENDA DENTAL POL-
ISHERS, Liechtenstein) from tooth surface
toward restoration direction for 5 minutes.
Table(1) show the composition of the ma-
terials used in the study.

Figure (3): Resin composite
restorative material used in
the study.
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Table (1): Demonstrates compositions of the adhesives and resin composite used in this study.

Materials Compositions

Adper Single Bond Silica, BisGMA, HEMA, dimethacrylates, ethanol and a methacry-
2Adhesive late functional copolymer of polyacrylic and polyitaconic acids.

Monomers: Glycerol phosphate dimethacrylate (GPDM), Sol-

OptiBondAll.In .One

vents: water, acetone, and ethanol , Fillers: including a
nano_silica, Fluoride_releasing and Sodium hexafluorosilicate

CLEARFIL SE BOND

Primer: MDP, HEMA, dimethacrylate monomer, water, catalyst.
Bond: MDP, HEMA, dimethacrylate monomer, microfiller, catalyst.

Methacrylate modified polysiloxane,ethyl-4(dimethylamino) boro-

Ceram X, Duo

silicate glass methacrylate functionalised silicon dioxide nano filler,
Iron oxide , Glass filler size is 1.1-1.5um ,nanofiller size is 10

nm,nanoparticle size is 2.3 nm, Filler content 76 Wt.% , 57 Vol.%.

Thermocycling:

Samples were stored in water at
37°C for 24 hours then subjected to a
thermal cycling of 300 cycles between 5°C
(x2°C) and 55°C (x2°C) using water baths
with 30 seconds in each bath . Samples
were covered with two coats of nail var-
nish leaving a 1 mm window around the
cavity margins and immersed in 2% meth-
ylene blue solution (HiMedia lab. Mumbia,
india) at 37°C temperature for 24 hours.
Dye was carefully rinsed under tap water.

Sectioning and scoring:

Samples were fixed to plastic ring fixture
which is adapted on the surveyor to ensure
uniform sectioning of the teeth.The samples
were bisected longitudinally in a buccolingual
direction with a low speed diamond disc
(HoRico, Italy) under water coolant. The sec-
tioned teeth were evaluated under Stereomi-
croscope (Motic, Italy) at x10 magnification.
The degree of microleakage using dye pene-
tration was scored in a blinded manner as
show in the Table (2).

Table (2): The Microleakage scores of dye penetration

Scores Content

0 No leakage

QDN =

Leakage through the cavity margin within the enamel only.
Leakage within the enamel and dentin not reaching axial cavitywall.
Leakage reaching axial wall.

Statistical analysis:

A statistical analysis was performed
using Statistical Package for the Social
Sciences (SPSS 13.0, SPSS Inc. USA).

1. Descriptive statistics including mean,
standard deviation (SD) value.

2. Kruskal-Wallis test used to test the
difference in microleakage among
adhesive types.

3. Mann-Whitney test used to test the
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difference in microleakage between
each two adhesives.
All the statistical tests were computed
at 5% significant level.

RESULTS
Mean and standard deviation (SD) of
microleakage for restorations are shown in
Table (3).
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Table (3): Microleakage of bur prepared restoration bonded with three adhesives.

Type of Total etch  One step Two step
adhesives adhesive self-etch adhesive self-etch adhesive
No. 8 8 8

Mean 0.25 0.5 0.031

SD 0.377 0.267 0.231

Kruskal-Wallis test show a significant
difference among the groups (p<0.05) Ta-
ble (4). Mann Whitney test comparison of
microleakage between adhesives show that
there was significant difference in micro-

leakage between one step self-etch adhe-
sive and two step self -etch adhesive only
(p<0.05) while no differences between
other groups (p>0.05) Table (5).

Table (4): Result of Kruskal-Wallis test leakage comparison among different adhesives

Group Kruskal-Wallis Test value df p-value

cavities bonded with dif-
ferent adhesives

6.167 2 0.046*

*significant difference existed at P<0.05.

Table (5): Result of Mann-Whitney test leakage comparison between different adhesives

Groups comparison Mann-Whitney test value p-Value
Group I X Group II 18.000 0.105
Group I X Group III 27.000 0.519
Group Il X Group Il 11.000 0.013*

*significant difference existed at p<0.05.

The restorations bonded with one step
show higher microleakage than restora-
tions bonded with two step. While those
bonded with total etch adhesive demon-

strate no significant differences in micro-
leakage than restorations bonded with
self-etch adhesives regardless of number
of step application Figure (4).

C

Figure (4): Representative images of microleakage scores for all types of adhesives used in
the study. a)Score0 of cavity restored with two step self-etch adhesive (CLEARFIL SE
BOND). b)Score 1 of cavity restored with total etch adhesive (Adper Single Bond 2). c)Score

2 of cavity restored with one step self-etch adhesive (Optibond All In one).

DISSCUSION
Cavities prepared with a high-speed
drill have a layer of debris (smear layer).®
This smear layer can be removed or modi-
fied/ infiltrated to achieve micromechani-
cal retention of composite restorative ma-

terial to the dental substrate, depending on
the adhesive protocol used and the bond-
ing mechanism.®

Microleakage is one of the possible
drawbacks of composite restoration due to
polymerization shrinkage of the composite
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resinresult in stresses on the bond between
composite and tooth structure result in gap
formation and leakage.*” The clinical
symptoms associated with the occurrence
of microleakage are breakdown and dis-
coloration of margins, secondary caries,
increase in postoperative sensitivity, and
pulp pathology. Although many tech-
niques have been used to demonstrate mi-
croleakage, such as chemical and radioac-
tive tracers, electrochemical investiga-
tions; scanning electron microscopy, how-
ever the most common of all is dye pene-
tration which is applied in our study be-
cause of easy use and reliable results im-
ply the obvious improvement in the bond-
ing process of current adhesives sys-
tems.*?

The results of our study showed that
most of the scores were within enamel or
show no penetration; this low level of mi-
croleakage in all types of adhesives tested
in this study may be due to a significant
factor which is thepresence of fillers in
adhesives used in this study. Reduction
inmicroleakage score has been reported by
previous studies when using filled adhe-
sives. ®® ' Because the adhesive layer
obtained with these types of adhesives was
thicker, with better ability of the interfaces
to maintain adhesion during the critical
early stages of polymerization so improv-
ing the resistance to dimensional chang-
es."® |n additionthis resin coat helps to
reduce the amount of hydrophilic and acid-
ic resin component in the bonded dentin
interface, rendering these adhesives less
permeable.®* ¥

On the other hand, Owens and John-
son “® found that none of the dentin bond-
ing agents (SINGLE BOND total etch ad-
hesive, ADPER PROMPT two step self-
etch adhesive, CLEARFIL S3 one step self
-etch adhesive and G-BOND one step self
-etch adhesive )can completely prevented
the microleakage at the restoration-tooth
interface.Moezizadeh and  Moayedi®”
concluded that none of the latest genera-
tions of adhesive resin bonding systems
(one and two step self -etch adhesive sys-
tems) can create gap free margins in class
V composite restorations.

Although our study show low possibil-
ity of the microleakage meanwhile when
comparing the microleakage pattern
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among the adhesive systemsthe results
shows a lowestmicroleakage value associ-
ated with two step (CLEARFIL SE
BOND).The probable explanation may
related to the fact that although Clearfil SE
Bond is a mild twostep self-etch adhesive
with a pH very close to 2 ) mild self- etch
adhesives that produce thin hybrid layer
withsmear plugs occlude the orifice of the
dentinal tubules which are partially infil-
trated by resin. Such observation was re-
ported by various studies.® *® Generally in
self-etch adhesives collagen fibrils within
the hybrid layer are not completely de-
prived of hydroxyapatite; it was hypothe-
sized that the residual hydroxyapatite may
serve as a receptor for additional intermo-
lecular and chemical interaction with
monomers of the mild self-etch adhe-
sive,® therefore improving bonding effec-
tiveness due to a combined micromechani-
cal and chemical interaction with tooth
substrate.™*¥ The chemical component
may be able to compensate for the reduced
bonding effectiveness from decreased mi-
cromechanical interlocking as the chemi-
cal interaction may result in bonds that
better resist hydrolytic degradation (micro-
leakage).®

The results show more leakage in one
step self-etch system (optibond All In One
adhesive) than two step self-etch adhesive
system (CLEARFIL SE BOND).such find-
ing was supported by Nayif etal when
compared the nanoleakage of same self-
etch adhesive systems with similar re-
sults.®® Authors observed multiple drop-
lets within the adhesive and hybrid layer
of one step system during SEM examina-
tion. Upon polymerization, the droplets
become entrapped within the adhesive,
potentially jeopardizing bond durability."
However, increased hydrophilicity and
water permeability of one step self-etch
adhesive system due to hydrophilic mon-
omer included act as semi permeable
membrane. There are water channels that
originate from the surface of the hybrid
layer and extend through the adhesive lay-
er to reach the adhesive composite inter-
face. These water channels have been giv-
en the term water trees by Tay and Pashley
in 2004, %)

Result show no significant difference
in leakage between total etch (Adper Sin-
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gle Bond 2) and one step self-etch (Opti-
bond All In) adhesives the probable expla-
nations were associated with both adhe-
sives permeability were more extensive
due to the presence of higher concentra-
tions of hydrophilic monomers due to mix-
ing of bonding agent with primer in total
etch adhesive and with acidic monomer
and primer in one step self-etch adhesive
lead to incomplete polymerizations. As
partially cured adhesives were more per-
meable to fluid movement® they may
expedite water sorption and compromise
the long term integrity of the adhesive-
composite bond. Conversely, dentin bond-
ing systems that utilize the separated non
solvated hydrophobic bonding agents as in
two step self- etch adhesive system
showed higher extents of polymerization
and were correlated with less permeability
to water.*¥ Leakage of total etch adhesive
may be associated with excessively air-
dried dentin.® 2" The major reason for this
is presumed to be the effect of collapsing
the collagen network at the bonding inter-
face. The collapsed collagen prevents
complete infiltration of the resin mono-
mers into the demineralized dentin, lead-
ing to gaps and voids within the adhesive
interface .also several studies have report-
ed the discrepancy between etching depth
and adhesive penetration for etch & rinse
adhesives.®

On the other hand no significant dif-
ference between total etch adhesive and
two step self-etch adhesive. These adhe-
sive systems contain HEMA which is a
hydrophilic monomer that penetrates into
the collagen network. HEMA molecules
are usually dissolved in different solutions
with acetone, alcohol and/or water which
work as chasers. These chasers compete
with water present at the dentin surface by
promoting a union of the water molecules
and displacing water when compressed air
is applied, permitting the penetration by
the monomer.®® The removal of water
from the collagen fibrils may stabilize the
structure by increasing the amount of in-
teraction of weak forces between adjacent
collagen molecules. Water removal may
also permit additional hydrogen bonds to
form between collagen molecules that
were previously bonded to water mole-
cules.®® The results of our study was in

agreement with Deliperiet al that reported
one-step self-etching adhesives exhibited a
significant level of microleakage com-
pared to total etch and two-step self-
etching adhesive systems.?”” Also when
considering the adhesives behavior regard-
ing bond strength Sensi et al reported that
one-step self-etching adhesives exhibited a
lower bonding force to dentine compared
to total-etch and two step self-etching ad-
hesive systems.?®

CONCLUSIONS

Microleakage of class Vresin compo-
site restorations was influenced by the type
of adhesive system .One step self- etch
adhesive was more prone to microleakage
than two step self- etch and total etch ad-
hesive systems. Two step self- etch adhe-
sive has lowest leakage when compared
with total etch and one step self- etch ad-
hesives.
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