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ABSTRACT

The purpose of this study is to compare the shear bond strength of repaired composite resin with
different bonding agents and evaluate the effect of bonding agents on composite repair strength.
Forty composite specimens (Z-250) were prepared and aged for 1week by thermocycling between 5
and 55T with a dwell time of 30s. After air abrasion with 50 im aluminum oxide, following different
bonding agents were applied (n = 10); SB group: Scotchbond multipurpose adhesive (3 step Total-
Etch system): SE group: Clearfil SE bond (2 step Self-Etch system): XP group: XP bond (2 step
Total-Etch system): XE group: Xenoll (1 step Self-Etch system). After bonding procedure was com-
pleted, new composite resin (Z2-250) was applied to the mold and cured. For control group, 10 speci~
mens were prepared. Seven days after repair, shear bond strength was measured. Data was statisti-
cally analyzed using one-way ANOVA and Tukey s test (p ¢ 0.05). The means and standard devia-
tions of shear bond strength (M» = S.D.) per group were as follows: SB group: 17.06; SE group:
19.10; XP group: 14.44; XE group: 13.57: Control Group: 19.40. No significant difference found in
each group. Within the limit of this study, it was concluded that the different type of bonding system
was not affect on the shear bond strength of repaired composite resin. (J Kor Acad Cons Dent
33(2):125-132, 2008)
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[. INTRODUCTION

Composite resin restoration has been increasing-
ly used in restorative dentistry with patient s
demands, and also composite resin materials as
well as bonding agents have been developed con-
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tinuously. Despite of these developments, several
factors, such as inadequate form, wear, color mis~
match, chipping or bulk fracture may still present
concerns”’. In case of failure, the clinician must
determine whether to replace the whole restora-
tion or repair the part of restoration.

When the restoration is completely replaced, it
is inevitable that further tooth loss lead to the
weakening of tooth structure or pulp damage.
Therefore, if we could obtain adequate bond
strength between old and new composite resin,
the repair instead of the replacement could be
better treatment option from minimally interven-
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tion approach.

Gordan et al.? studied about two-year clinical
evaluation of repair versus replacement of com-
posite restoration. They concluded that resin-
based composite restorations that present less-
than-ideal marginal adaptation and stained mar-
gins were better off being repaired.

Many laboratory studies®® reported that the
aged composite resin restoration provided suffi-
cient bond strength by adequate surface treat-
ment and bonding agent. Various pre-treatment
methods have been suggested to produce ade-
quate bond strength between old and new com-~
posite’®*™®  These methods include the aluminum
oxide sandblasting, roughening with diamond
instrument, acid etching, silanization, application
of bonding agent, etc. In several in vitro studies
84910 it was concluded that aluminum oxide
sandblasting, followed by application of a bonding
agent, proved to be a reliable method for enhanc-
ing composite repair strength.

Aluminum oxide sandblasting is surface treat-
ment that causes microretentive feature and
increasing the surface area available for wetting
by adhesive resin®. By penetrating the adhesive
resin into the surface microirregularities, micro-
mechanical interlocking is produced.

Some researchers’®' investigated about the
effect of different bonding agents on bond
strength between old and new composite resin.
Cavalcanti et al.* reported that Clearfil SE Bond
as a self-etching system showed higher repair
bond strength than Single Bond as a 3 step total-
etching system. They explained that it was
because the Clearfil SE Bond contained the pro-
prietary acid phosphate monomer 10-metha-
cryloyloxydecyl dihydrogen phosphate and the
acidic monomer might have a role in the higher
capacity to wet the composite surface. Teixeria et
al." studied about shear bond strength of various
seif-etching bonding systems. In their study,
Optibond Solo Plus SE showed the higher bond
strength compared to some other self-etching sys-
tems. Shahdad et al.'® said that long-established
bonding agents based on chlorphosphate esters of
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bis-GMA have proven to be acceptable choices as
intermediate materials. Lucena et al.” described
that low-viscosity filled adhesives have been
demonstrated to have a high capacity to wet com-
posite surfaces and penetrate the organic phase of
the composite.

However, there were few studies about the dif-
ference of repair bond strength among various
bonding systems. Currently available bonding
systems include 3 step total-etch system, 2 step
total-etch system, 2 step self-etch system and 1
step self-etch system. Presumably, 2 step total-
etch system and 1 step self-system might have
lower repair bond strength because of their prim-
ing components.

Therefore, the purpose of this study is to com-
pare the shear bond strength of repaired compos~
ite resin with different bonding systems and eval~
uate the effect of bonding systems on composite
repair.

I. MATERIALS AND METHODS
1. Specimen Preparation

The materials used in this study are listed in
Table 1. Forty composite resin discs were made
from hybrid composite resin (Z-250, Shade A3;
3M ESPE, St. Paul, MN, USA). Cylindrical
teplon mold with an inner diameter of 8 mn and a
height of 2 mm was used. Composite resins were
inserted into the mold, and then they covered
with glass cover plate placed perpendicular to the
long axis of the cylinder and cured for 20 s at 90
degrees to the top surface with a light curing unit
(Bluephase: Ivoclar Vivadent, Shann, Liechte-
nstein). After the specimens were removed from
the mold, they were cured for a further 20 s on
the portions of the specimens that were in contact
with the mold, in order to ensure uniform and
complete polymerization.

Aging was achieved by thermocycling for 1 week
between 5T and 55C with a dwell time of 30 s.



The effect of different bonding systems on shear bond strength of repaired composite resin

Table 1. Materials used in this study

Material Composition Manufacturer
zirconia/silica filler (60 vol% without silane treatment,
7Z-250 (A3) particle size range of 0.01 to 3.5 um), 3M ESPE,
BIS-GMA, UDMA, BIS-EMA S¢. Paul, MN, USA
Scotchbond Adhesive: BIS-GMA, HEMA. photoinitiator 3M ESPE,
Multipurpose St. Paul, MN, USA

Clearfil SE Bond

SE Bond: N,N-Diethanol-p-toluidine, MDP,
BIS-GMA, HEMA, hydrophobic dimethacrylate,
DL-camphorquinone, silanated colloidal silica

Kurary Co.,
Osaka, Japan

XP Bond

carboxylic acid modified dimethacrylate
phosphoric acid modified acrylate resin (PENTA),
UDMA, TEGDMA, HEMA,
butylated benzendiol (stabilizer)
Ethyl-4-dimethylaminobenzoate, camphorquinone
Functionalized amorphous silica

Dentsply Caulk,
Milford, DE, USA

Xenoll

Liquid A: HEMA, water, ethanol, silicon dioxide

Liquid B: phosphoric acid modified methacrylate resin,

UDMA, BHT, camphorquinone,
ethyl-4-dimethylaminobenzoate

Dentsply Caulk,
Milford, DE, USA

* Abbreviations: BIS-GMA = bisphenol-A-glycidyl ether dimethacrylate; UDMA = urethane dimethacrylate: BIS-EMA
= ethoxylated bisphenol-A-dimethacrylate; HEMA = 2-hydroxyethyl methacrylate: MDP = 10-methacryloyloxydecyl
dihydrogen phosphate: PENTA = dipentaerythritol penta acrylate monophosphate, TEGDMA = triethylene glycol

dimethacrylate; BHT = butylhydroxytoluene.

2. Surface Treatment

All specimens were air abraded for 10 s from a
distance of approximately 5 mm perpendicular to
the specimen surface using an intraoral air abra-
sion device (Danville Engineering Inc., Danville,
CA, USA) filled with 50 um aluminum oxide parti-
cles. Then they were rinsed with distilled water,
and dried with oil-free compressed air.
The specimens were randomly assigned to four
groups for different bonding agents (n = 10).
Each group was following:
@ SB group: Scotchbond Multi-Purpose (3M
ESPE, St. Paul, MN, USA)

® SE group: Clearfil SE Bond (Kurary Co.,
Osaka, Japan)

® XP group: XP Bond (Dentsply Caulk, Milford,

DE, USA)
@ XE group: Xenoll (Dentsply Caulk, Milford,
DE. USA)
Directions for bonding procedure of each group
are described in Table 2.
Ten more specimens were prepared for control
group and these were not treated with bonding
agent.

3. Application of the Repair Composite

After completion of bonding procedure as above,
each specimen was positioned into the mold, and
fresh resin, same as respective composite sub-
strate (Z-250, Shade A3), was applied in 2 mm
increments to the substrate surface using a poly-
ethylene mold with a diameter of 3 mm. Then they
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Table 2. Bonding procedures

Bonding agent

Procedures

Scotchbond Multi-Purpose
(3 step total-etch system)

Scotchbond Multi-Purpose adhesive resin was applied, gently air
dried and cured for 10 s.

Clearfil SE Bond
(2 step self-etch system)

SE Bond was applied, gently air dried, and light cured for 10 s.

XP Bond
(2 step total-etch system)

XP Bond was applied and leaved the surface undisturbed for 20 s.
Solvent was evaporated by thoroughly blowing with air from an air

syringe for at least 5 s. Light cured for 10 s.

Equal amounts of liquid A and B was dispensed into dispensing

Xenoll dish and mixed for approximately b s. They were applied for 20 s

(1 step total-etch system)

and dried by a gentle stream of air pressure for at least 2 s.

Then light cured for 10 s.

Figure 1. Shear bond test machine.

were cured for 20 s.

The specimens were removed from the mold and
thermocycled for 1week between 5T and 55T
with a dwell time of 30 s.

4. Shear Bond Strength Test

Following this aging process, shear bond test
was performed using a shear bond test machine
(R&B Inc., Daejeon, Korea) (Figure 1). The spec-
imens were fixed in a mounting jig, and then they
were loaded exactly at the intermaterial interface.
The load at failure was recorded in newton (N)
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and divided into cross section area (m?). Then,
shear bond strength was expressed in wr.

5. Fracture mode investigation

Fracture mode was also investigated under
operating microscope (OPMI pico: Carl zeiss,
Obercohen, Germany). It was classified as cohe-
sive within the substrate or the repairing compos-
ite, adhesive within the bonding agent, or mixed
failure. '

6. Statistical analysis

Statistical analysis was performed with one-way
ANOVA using SPSS 12.0 software (SPSS,
Chicago, IL, USA). Tukey test was used for post-
hoc multiple comparison. The level of significance
was set at p € 0.05.

. RESULTS

The mean and standard deviation of the shear
bond strength of all tested group were presented
in Table 3. Different bonding agents had no sig-
nificant effect on shear bond strength between old
and new resin. And all experimental groups were
not significantly different with control group.

Fracture mode was presented in Table 4. Only
in control group, 100% cohesive failure was
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Table 3. Mean shear bond strength, each group n = 10

Table 4. Failure mode

Mean = SD (un)* Cohesive Mixed Adhesive
SB Group 17.06 + 6.33 SB Group 4 5 1
SE Group 19.10 £ 5.29 SE Group 5 5 0
XP Group 14.44 £+ 3.53 XP Group 0 9 1
XE Group 13.567 = 3.65 XE Group 4 6 0
Control Group 19.40 + 4.06 Control Group 10 0 0

*There was no significant difference between groups
(p?0.05).

occurred. In SB and XP group, only one specimen
respectively presented adhesive failure, all other
specimens showed cohesive or mixed failure.

V. DISCUSSION

Repairing failed composite restorations could be
considered as a minimal invasive and cost-effec-
tive treatment option. During composite resin
repair, two critical factors must be considered:
surface treatment and intermediate agent. While
surface treatment promotes mechanical interlock-
ing, the intermediate agent improves surface wet-
ting and chemical bonding with the new compos-
ite.

Subject of adequate surface treatment was sug-
gested by many investigators®'?
ods, such as aluminum oxide sandblasting, rough-
ening with diamond bur and silanization. It was
demonstrated that aluminum oxide sandblasting
of aged composite resin surface was most effective
surface treatment method®*¥. It was said that alu-
minum oxide sandblasting caused microretentive
feature and increasing the surface area available
for wetting by adhesive resin. So, in this study,
aluminum oxide sandblasting was selected for
surface roughening.

The primary focus of this study was to evaluate
the effectiveness of different adhesive systems for
repairing aged composites. Several previous stud-
ies***'" have recommended application of inter-
mediate materials to improve bond strength for
repairs. Bonding agents are used for penetrating
into the microirregularities and increasing bond

in various meth-

strength. There are several bonding systems
available in dentine bonding procedure. They are
divided into 3 step, 2 step, and 1 step, and 2 step
is subdivided into self-etching primer and self-
priming adhesive. Generally, it have been known
that the 3 step etch and rinse adhesives remained
the ‘gold standard’ in terms of adhesion durabili-
ty in dentine bonding and any kind of simplifica-
tion in the clinical application procedure resulted
in a loss of bonding effectiveness. To investigate
that the general concepts about dentine bonding
systems are also applicable to composite repair,
we used four different adhesive systems for exper-
imental group in this study. : Scotchbond
Multipurpose (3 step total-etch system), Clearfil
SE bond (2 step self-etch system), XP bond (2
step total-etch system), Xenoll (1 step self-etch
system). In this study, it was concluded that dif-
ferent bonding systems had no significant effect in
repair bond strength.

In XP and XE group, we assumed that they had
lower shear bond strength than SB and SE group
because of their priming components containing
both hydrophilic and acidic resin monomer. Like
our expectation, it was resulted that XP and XE
group had lower shear bond strength than SB and
SE group, but no significant difference found in
each group. From this result, priming components
of XP and XE group might not be critical factor in
composite resin repair bond strength.

For measuring of repair bond strength, shear
bond test was used in this study. Shear bond test
is a method used in many studies to investigate
the bond between adhesive materials and dentin
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or enamel. In this study, .arge percentage of all
groups showed a cohesive failure. And the cohe-
sive shear strengths of the control group had not
significant difference with the shear bond
strength of the experimental groups. From this
result, it is thought that the repairing procedure
used in this study was adequate for aged compos-
ite resin repair. If a composite repair tends to
fracture within the original composite (cohesive
fracture), one can assume the selected protocol to
be appropriate to bear the occlusal loads. The
location of the repair failure within the repaired
material itself, rather than at the adhesive sur-
face, suggests a better bond'®. Nevertheless,
shear bond strength tests may cause cohesive
fractures of the substrate. This must be taken
into account in the interpretation of the results.
Tezvergil et al.'® reported that storage condi-
tions did not show any significant effect. On the
other hand, Ozcan et al.” reported that thermocy-
cling seemed to be more effective in degradation
of the composite tested. In addition to the weak-
ening effect on physiochemical properties, temper-
ature alterations could decrease the number of
unreacted double bonds on the surface or within
the composite which in turn may affect the com-
posite-composite repair strength. Therefore, for
producing the similar clinical condition, specimens
were submitted to a themocycling in this study.
According to the Soderholm’s study'”, it has
been suggested that the greatest residual free
radical activity of the substrate can be found on
the surface of the substrate during the first 24h
after polymerization. But, Boyer et al.'"¥ reported
that the adhesion between aged composite resin
and repairing composite resin gradually decreased
up to 24 hours, and when comparing the adhesion
after 1 day and 7 days, those after 7 days showed
little decrease from the adhesion than those after
1 day. This decrease in adhesion is because of
decrease in number of un-reacted monomers on
the surface of restored resin as polymerization
occurs®. So, this experimental study was tested
after 1 week thermal cycling. However, Sau et
al.’™ reported that there were general increases in
the repair shear bond strengths at 1 week and
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general deteriorations at 4 weeks. Hence, further
studies are required to address the effect of long-
term storage in a moist environment on repair
shear bond strength.

Consequently, repairing procedure selected in
this study, air abrasion followed by the bonding
agent, was provided the sufficient bond strength
for aged composite resin repair. But, there was no
significant difference between all experimental
groups. From this result, bond strength of
repaired composite resin seems to have no differ~
ence regardless of bonding system used.

For both dentine bonding and re-bonding for
repairs, it is crucial that the intermediate system
wet the substrate surface and employ a solvent
that encourages bonding system monomer to pen-
etrate into the substrate. Both of these key fac-
tors are influenced by the application protocol
that might include multiple applications, longer
dwell times and more careful solvent drying.'”
Therefore, it is required that the clinician should
apply the bonding agent carefully according to the
manufacturer s instruction.

From the result of this study, the bonding sys-
tem had no significant effect on the composite
repair bond strength, but clinically, it should be
also considered the enamel and dentine bonding.
It is because that enamel and dentine wall often
might be contained with prepared cavity during
the repair of restoration. Therefore, the bonding
system should be selected considering enamel and
dentine bonding as well as composite repair
strength.

V. CONCLUSIONS

Under the condition of application of aluminum
oxide sandblasting followed by the bonding agent,
different bonding systems seem to have no effect
on the shear bond strength of repaired composite
resin.
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