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Abstract

Objective: This study evaluated the effect of two different universal adhesives on
the repair bond strength of aged resin composite.

Materials and Methods: Forty-four composite resin disks were prepared (5 mm
x 3 mm). The composite disks randomly assigned into four groups after aging.
Specimens were repaired with resin composite using four different repair procedure;
Porcelain primer + Clearfil S3 Bond Plus, Single Bond Universal, Clearfil Universal
Bond, Clearfil S3 Bond Plus, then they were subjected to micro-shear bond strength
testing. Data were analyzed using ANOVA and Tukey's HSD (p<0.05).

Results: Additional silane treatment significantly affected the repair bond strengths
(p<0.05). No statistical difference was found in repaired groups with universal
adhesives. One-step self-etch adhesive showed lower bond repair strength values
in aged composite repair (p<0.05).

Conclusion: Repair of composite restorations with universal adhesives cannot
suggest without additional silane application.

0z

Amac: Bu calisma iki farkli tiniversal adeziv sistemin vyaslandirilmis rezin
kompozitlerin tamir baglanma dayanimi Gizerindeki etkileri incelemektedir.

Gereg ve Yontemler: Kirk dort adet kompozit disk hazirlanmistir (5 mm x 3 mm).
Kompozit disklerin yaslandiriimasinin ardindan (isil-déngi 10.000), rastgele dort
gruba aynlmistir. Ornekler rezin kompozit ile dért farkli tamir prosediirii izlenerek
tamir edilmistir: Porselen primer + Clearfil S3 Bond Plus, Single Bond Universal,
Clearfil Universal Bond, Clearfil S3 Bond Plus, ardindan mikro-makaslama baglanma
dayanimi testi uygulanmistir. Veriler ANOVA ve Tukey's HSD kullanilarak analiz
edilmislerdir (p<0,05).

Bulgular: ilave silan uygulanmasi tamir baglanma dayanimini énemli élciide
etkilemistir (p<0,05). Universal adezivler ile tamir edilen gruplar arasinda
istatistiksel olarak anlami bir fark yoktur. Tek-basamakli kendinden asitli adeziv
diger gruplardan daha distik tamir dayanimi gostermistir.

Sonug: Universal adezivlerin, ilave silan uygulamasi olmaksizin tek basina kompozit
rezinlerin tamirinde kullaniimasi dnerilmez.
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Introduction

Following the improvements in the bonding
systems, curing systems and enhanced mechanical
and physical properties of the resin systems,
composite resin restorations have become routine
in restorative dentistry. However, similar to other
restorative materials, composite resin restorations
have limited longevity (1). Failed restorations are
generally totally replaced and results in considerable
amount of tooth structure loss (2). Consistent with
"minimum intervention" dentistry philosophy, it is
suggested that the defective restorations should first
be evaluated for the repair options rather than total
replacement (3).

In general, bonding between two composite layers
is achieved in the presence of an oxygen inhibited
layer of unpolymerized resin (4). Aged composite
restorations do not contain unpolymerized surface
layer. In order to successfully repair such aged
composite restorations, a strong bond should be
create between the old composite restoration and the
new repair material.

Mechanical retention can be created with several
methods. These methods include creating retention
holes and undercuts, roughening the surface with
diamond burs, applying phosphoric or hydrofluoric
acid to the surface and applying air abrasion with
silica coated alumina particles.

In addition, chemical bond between aged
composite and repair material may be achieved by
applying special primers as silane coupling agents (5-
8).

Currently repair systems with various conditioning
protocols and adhesive systems are commercially
available. “Universal adhesives” are simplified systems,
usually containing all bonding components in a single
bottle (9-11). They can be applied either in etch-and-
rinse or self-etching bonding protocols according
to manufacturer’s instructions. Some universal
adhesives may contain silane in their composition and
eliminates the silanization step when bonding to glass
ceramics, hybrid materials and resin composites.

The studies investigating the (12-14) different
repair systems and protocols are available; however,
there is lack of information regarding the use of
universal adhesives to repair the aged composite
restorations. Therefore, the aim of this study is to
investigate the micro-shear bond strength (uSBS) of
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different universal adhesive systems applied on aged
composite resins.

Materials and Methods

Specimen Preparation

Forty-four resin composite disc shape sample
(5 mm diameter, 3 mm height) were prepared in
a custom-made stainless steel mold with a resin
composite (Clearfil Majesty Esthetic, Kuraray, Osaka,
Japan). Each increment was cured for 20 s with a light
emitting diode curing unit (SDI Radii Plus, SDI Limited,
Australia). Light intensity was assured to be higher
than 1000 mW/cm? (Hilux Ledmax curing lightmeter
Benlioglu Dental, Turkey).

To create a uniform surface, top surfaces of the
samples were abraded with 600 grit silicon carbide
papers (P1000-P4000Metkon, Gripo 2v Grinder-
Polisher, Turkey). All discs were cleaned in ultrasonic
cleaner. Cleaned specimens were kept in distilled
water at 37 °C for 24 h. All specimens were aged
for 10.000 cycles, between 5 and 55 °C, dwell time
30 s, transfer time 10 s (Thermocycler THE-1100, SD
Mechatronik, Feldkirchen-Westerham, Germany).
Then, each top surface of the samples roughened
with a new diamond bur (150 um grit size). Diamond
burs was used with five back and forth strokes for
a total of 10 s using a high-speed hand-piece under
water-cooling. Samples were cleaned with water and
air-dried. Subsequently, forty-four samples of each
composite material were randomly assigned into four
groups for surface treatments (n=11).

Group 1: Phosphoric acid gel (35%) + Porcelain
primer + Clearfil S3 Bond Plus (positive control)

Group 2: Phosphoric acid gel (35%) + single bond
universal

Group 3: Phosphoric acid gel (35%) + Clearfil
Universal Bond

Group 4: Phosphoric acid gel (35%) + Clearfil S3
Bond Plus

Materials used in the study are shown in Table 1
and the application steps are presented in Figure 1.

For the repair procedure, polyethylene tube (1.5
mm length, 0.8 mm internal diameter, (Unomedical,
ConvaTec Limited, UK) was placed on the bonding area.
Then, the same composite used in the preparation
of discs, was packed into tube and cured for 20 s.
Thereafter, all samples were subjected to additional
thermal cycling procedure as previously described.
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Table 1. Adhesive compositions and application procedures, as described in safety data sheets and instructions
Material type | Chemical composition Application Manufacturer
Single Bond Muti-mode MDP phosphate monomer, Applied the one coat adhesive with | 3 M ESPE, St. Paul,
Universal universal Dimethacrylate resins, HEMA, disposable applicator to the entire USA
adhesive vitrebond™ copolymer, filler, sample surface, rub it in for 20 s
ethanol, water, initiators, silane and air dried the solvent with an
air syringe 5 sec. Light cured 10 s
Clearfil Muti-mode 10 MDP, Bis-GMA, HEMA, Applied the one coat adhesive with Kuraray, Okayama,
Universal universal ethanol, hydrophilic aliphatic disposable applicator to the entire Japan
Bond adhesive dimethacrylate, colloidal silica, sample surface, rub it in for 10 s
camphorquinone, silane coupling and air dried the solvent with an
agent, accelerators, initiators, air syringe 5 sec. Light cured 10 s
water
Clearfil S3 One-step self- | MDP, HEMA, Bis-GMA, hydrophilic | Applied the one coat adhesive with Kuraray, Okayama,
Bond Plus etch adhesive | aliphatic dimethacrylate, disposable applicator to the entire Japan
hydrophobic aliphatic sample surface, leaved in place for
methacrylate, colloidal silica, 10 s. Air dried the solvent with an
dL-camphorquinone, accelerators, air syringe 10 s. Light cure for 10 s
initiators, water
Porcelain Silane with ethanol and acetone Applied the one coat porclain Bisco Inc.,
primer primer with disposable applicator Shaumburg, IL, USA
to the entire sample surface,
allow to dwell for 30 seconds and
air dried the solvent with an air
syringe
Clerarfil Nano-hibrit Bis-GMA, hydrophobic aromatic Placed the A2 shade product into Kuraray, Okayama,
majesty composite dimethacrylate, hydrophobic the stainless steel mold as two Japan
esthetic aliphatic methacrylate, increments, and each intrement
silanated barium glass filler, cured for 20 s
pre-polymerized organic filler,
dL-camphorquinone, initiators,
accelerators, pigments
K-etchant gel Phosphoric acid, water, colloidal Applied it to the entire Kuraray, Okayama,
silica, dye sample surface for 60 s. Washed Japan
thoroughly and dried with an air
syringe
HEMA: Hydroxyethyl methacrylate, MDP: Methacryloyloxydecyl dihydrogen phosphate, Bis-GMA: Bisphenol A-glycidyl methacrylate

The polyethylene tube was removed using a

scalpel blade and each samples was surveyed with
stereomicroscope to verify that no bonding defects,
air bubble inclusions, or interfacial gaps were present.

Micro-Shear Bond Strengths (uSBS) and Failure
Analysis

Bond strength was tested with a universal testing
machine (2010, Zwick, Ulm, Germany). A shear force
was applied to the adhesive interface through a chisel-
shaped loading device at a crosshead speed of 1 mm/
min. Load at debonding was recorded, and uSBS o
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Figure 1. Application steps of repairing aged composite
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was calculated using the load at failure F (N) and the
adhesive area A (mm?): o=F/A.

The debonded area was inspected for failure mode
analysis with a stereomicroscope at 25x magnification
(M3Z, Leica Microsystems, Wetzlar, Germany).

The failure mode was classified as, cohesive in
aged composite, adhesive at interface, cohesive in
new composite (including failures within the adhesive
layer and/or composite), mixed adhesive-cohesive.

One-way analysis of variance (ANOVA) and post
hoc Tukey’s multiple comparisons were used to
determine statistical differences in uSBS within groups
at a significance level of 0.05.

Results

The results of the uSBS test are presented in Figure
2. Positive control group (Porcelain primer + Clearfil
S3 Bond Plus) showed highest repair strength values
and there is significant difference compared to the
other groups (p<0.05). Single Bond Universal and
Clearfil Universal Bond groups showed similar bond
strength values (p>0.05). Clearfil S3 Bond Plus showed
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Figure 2. Micro-shear bond strength (MPa: Mega Pascal) of
tested adhesives
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Figure 3. Failure mode (%) for all groups of the composite
specimens
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lowest repair strength values and there is significant
difference compared to the other groups (p<0.05).

Failure Mode

For positive control group most failures were
"cohesive" in aged and new composite (81.8%) and
only a few fractures as "adhesive interface". On the
contrary, in Clearfil S3 Bond Plus group most failures
were adhesive interface (63.6%). For universal
adhesive groups (Single Bond Universal and Clearfil
Universal Bond), similar to the positive control group,
most failures were "cohesive" in aged and new
composite (resp. 63.6% and 72.7%) (Figure 3). No
voids or porosities in the interface were detected.

Discussion

Repairing old composite restorations would
be considered as a less invasive and cost-effective
treatment approach to extend the service period of
aged composite.

A great number of surface conditioning methods
and adhesion promoters have been introduced to
increase the repair strength of composites, such as
roughening with burs, acid etching with hydrofluoric
or phosphoric acid, air-borne particle abrasion with
aluminium oxide with or without silane coupling
agents and resin based adhesive systems (8,15-
18). Nevertheless, there is still no universal repair
technique recommended for repairing the aged
composite restorations (7).

Generally phosphoric or hydrofluoric acids are used
as a conditioning agent for substrates. Phosphoric
acid is effective on enamel and dentin but has no
direct effect on surface characteristics of restorative
materials (6). Moreover, studies have shown that
phosphoric acid is not capable of increasing the
micro-retentiveness of the surface (19,20). However,
some studies revealed that phosphoric acid treated
specimens have higher repair bond strength compared
to the negative control (7,16).

Using hydrofluoric acid as a conditioning agent
is another approach for repairing old composite
restorations. Hydrofluoric acid dissolves glass
particles in most of the composites resins but does
not affect the resin matrix. Nevertheless, the effect
of hydrofluoric acid is influenced by the composition
of the filler particles in the composite material. For
example, the effect of hydrofluoric acid on zirconium
fillers is less than barium-glass fillers (6). Furthermore,
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several studies demonstrated that hydrofluoric acid
have no effect in repairing composite restorations.
(21-23). In addition, phosphoric acid etching is much
safer than hydrofluoric acid for clinical use in patient
mouth (24-26).

Following surface conditioning, chemical adhesion
might be create using special primers (27). For this
purpose, the most preferred material is a silane
coupling agent which can function as mediators and
promote adhesion between dissimilar, inorganic and
organic, matrices through dual reactivity (28). Two
types of Silanes are used in the dentistry; hydrolyzed
and non-hydrolysed. The hydrolyzed silanes are ready-
to-use materials and they applied as a separate step
in the bonding procedure. The nonhydrolized silanes
must be activated with acid before use, therefore,
depending on the adhesive system used, they are
mixed with primer or adhesive (6). Researchers
reported that the use of silane coupling agents
significantly increased the bond strength of repaired
composite resins (18,27).

Repairing composite resins with phosphoric acid,
followed by a silane application, probably combines
best effectiveness with safety and seems to be the
most feasible for dentists to use (7). Therefore, in this
study the additional silan application was used as the
positive control group for composite repair.

Recent trend in adhesive dentistry is to simplify
bonding procedures by reducing the application steps
(29). Universal adhesives contain many ingredients,
suchasbisphenol Aglycidyl methacrylate, hydroxyethyl
methacrylate, 10-methacryloyloxydecyl dihydrogen
phosphate, and/or silane. The manufacturer of
universal adhesives claims that containing silane
improved bonding to glass ceramics or resin
composites without additional priming procedures.

According to the results of this study the repair
strength is significantly higher when a separate step
of silane is applied (p<0.05). The application of silane-
containing universal adhesives alone was as not
effective asthe tested silane and adhesive combination
(p<0.05). However there is no significant difference
between tested universal adhesives (p>0.05).

Repairing old composite restoration is a minimally
invasive approach that protects sound tooth structure
and increases the longevity of restorations. However,
chemical bonding between the repair composite

and aged composite must be maximized to ensure
an effective repair. According to the results of the
study, in order to increase the restoration strength it
is suggested to apply an additional silane step during
the repair of composite restorations with universal
adhesives. Further investigations with different
composites, adhesive systems, and surface treatments
should be conducted to improve this technique and
provide awareness of this treatment option among
dentists.
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