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ABSTRACT
This study investigated the effect of universal adhesives on the
resin composite–composite adhesion for immediate and aged
repair with and without air-borne particle abrasion. Composite
resin specimens were fabricated by placing multiple increments
of resin composite (Clearfil Majesty Posterior) into cylindrical cav-
ities (diameter: 4mm, height: 2mm) and photo-polymerized.
Specimens (N¼ 720) were randomly assigned to 4 groups (fresh
dry specimens, 24h and 6months water storage and thermo-
cycled). These four main groups (n¼ 180) were further assigned
to 2 groups (n¼ 90) according to the surface conditioning proce-
dures; (a) Al2O3 air-abrasion and (b) No air-abrasion. Then, all sub-
groups were divided into six subgroups due to the adhesive
procedures (a) All Bond Universal: AB (Bisco Inc.), (b) Monobond
Plus: MP (Ivoclar Vivadent), (c) G-Premio Bond: GP (GC), Gluma
Bond Universal: GB (Heraus Kulzer), Clearfil Universal Bond: CU
(Kuraray), Clearfil Universal Bond Quick: SK (Kuraray). All bonding
systems were applied according to the manufacturer’s instructions
and new composite blocks were bonded to the specimens for
shear bond strength testing at the Universal Testing Machine
(0.5mm/min). Al2O3 air-abraded groups showed significantly
higher bond strength values compared to non-treated groups
(p< 0.0001). CU and SK groups showed higher bond strength val-
ues and the worst values were observed for the groups of MP.
Conditioning with Al2O3 air-abrasion and silane in universal adhe-
sives improves the bond strength of universal adhesives in com-
posite repair.
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Introduction

Adhesive systems have been developed over several decades in order to implement min-
imally invasive treatment procedures in dentistry. Therefore, to reduce the technique sen-
sitivity that decreases the bonding performance of adhesive systems and to increase
monomer diffusion, more simplified materials with fewer steps were established for den-
tists with improved chemical and mechanical properties, long term adhesive performance
and biocompatibility [1,2]. Recently, universal adhesive systems or multi-purpose adhesive
systems are known as one-step self-etching systems that are also considered as the eighth
generation of adhesive systems. Such adhesive systems are available as a single bottle,
requiring no mixing and they could not only be used in the etch and rinse, but also etch
and dry and selective-etching mode in adhesive dental treatments [2].

The preference for resin composites in dental clinics became routine with the improve-
ment of adhesive technology. However, resin-based restorations have still some drawbacks
such as fractures, chipping kind of failures, or wear, resulting in repair requirement. In
cases of failures of a resin composite restoration, the repairing protocol generally provides
a conservative technique instead of the replacement of such a restoration. The adhesion
between resin layers is realized in the existence of the oxygen inhibition layer [3].
However, during the repairing procedures, it is likely that the resin composite restoration
has been exposed to a humid environment for a longer period of time under function. In
this situation, it is known that the water saturation of resin composite has been completed
and free radical activity has ended. Water sorption of resin composite restorations softens
the resin matrix, leads to microcracks and resin degradation [3]. Due to aging, the free
radical activity ends and the oxygen inhibition layer disappears.

Several techniques are suggested to enhance the adhesion for repairing resin compo-
sites since aged resin composite restorations do not include an unpolymerized layer.
These techniques generally include mechanical surface conditioning, the use of silanes
and adhesive systems that can enhance the adhesion between the repaired substrate
and the repairing resin composites. Increasing the surface roughness [4] can be
accepted as surface pretreatment and the other surface treatment options such as the
application of silane and the adhesive systems are generally aim to increase the adhe-
sion of filler particles or cross-linked polymer matrix of repaired resin composite
[3,5–8]. It has been previously reported that increased surface roughness by using air-
borne particle abrasion and acid etching is required for better adhesion between resin
composite surfaces [4]. Many researchers worked different protocols of aging techni-
ques for better adhesion between the substrate and the repairing resin composites such
as thermocycling [9], water storage [10], citric acid immersion [11] and boiling [3].

In the literature, there is no common way for the aging protocol that simulates the
intraoral conditions. Water storage is accepted as the most commonly used aging protocol.
However, it is known to have detrimental effects because the absorbed water causes hydroly-
sis and the release of filler particles from the resin matrix [12]. The amount of absorbed
water increases over time while the bond strength between resin composites decreases [13].
During thermocycling protocol, water uptake can also degrade the physical and structural
features of resin composites which are considered a more aggressive aging method [12].

The objective of the present investigation was to assess the influence of multimode
adhesives on the resin composite–composite adhesion for immediate and aged repair
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with and without air-borne particle abrasion. The following null hypothesis tested were
tested: (a) there would be no significant difference between the aging procedures in
terms of bond strength, (b) Al2O3 air-borne particle abrasion would have no effect on
shear bond strength of repaired resin composites and (c) there would be no significant
difference between the adhesive systems in terms of bond strength.

Materials and methods

The brands, chemical compositions and manufacturers of the materials used in this study
are listed in Table 1. The distribution of experimental groups based on the substrate type
and test methods and sequence of experimental procedures are presented in Figure 1.

Specimen preparation

Standardized disc-shaped resin composite substrates (Clearfil Majesty Esthetic, Kuraray,
Japan) of 2mm height and 4mm diameter were prepared using cylindrical hollow stain-
less-steel. Teflon molds were set on a glass plate in order to get a flat surface of the speci-
men after polymerization and resin composites were carefully condensed into the hole to

Table 1. Brands, abbreviations, manufacturers and chemical compositions of the materials used in
this study.
Brands Abbreviations Manufacturers Chemical compositions

All Bond Universal AB Bisco, Schaumburg,
IL, USA

Bis-GMA, HEMA, MDP, initiators,
ethanol, water

Clearfil Universal Bond Quick SK Kuraray Noritake Dental,
Tokyo, Japan

Bis-GMA (10–25%), ethanol
(10–25%), HEMA (2.5–10%), 10-
MDP, hydrophilic amide
monomer, colloidal silica, silane
coupling agent, sodium fluoride,
camphorquinone, water

Clearfil Universal Bond CB Kuraray Noritake Dental,
Tokyo, Japan

Bis-GMA, HEMA, MDP,
camforoquinone, colloidal silica,
silane coupling agent, ethanol,
water, hydrophilic aliphatic
dimethacrylate

G-Premio Bond GP GC Corp., Tokyo, Japan 4-MET, 10-MDP, MDTP, phosphoric
acid ester monomer,
thiophosphate monomer,
dimethacrylate, butylated
hydroxytoluene, acetone, water,
photoinitiator, silicon dioxide

Gluma Bond Universal GB Heraeus Kulzer GmbH,
Hanau, Germany

MDP phosphate monomer, 4-META,
dimethacrylate resins, acetone,
fillers, initiators, silane

Monobond Plus MP Ivoclar Vivadent, Schaan,
Liechtenstein

MPTMS, 10-MDP, Disulfide
dimethacrylate, Ethanol

Clearfil Majesty Esthetic CM Kuraray Noritake Dental,
Tokyo, Japan

Bis-GMA, hydrophobic aromatic
dimethacrylate, hydrophobic
aliphatic dimethacrylate, di-
camphorquinone, initiators,
accelerators, pigments

Silanated barium glass filler,
prepolymerized organic fillers

Bis-GMA: bisphenol-A Glycidyl Methacylate; HEMA: 2-hydroksyethylmethacrylate; 10-MDP: 10-methacryloyloxydecyl
dihydrogen phosphate; 4-MET: 4-methacryloyloxyethyl trimellitic acid; MDTP: Methacryloyloxydecyl dihydrogen
thiophosphate.
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a height of 4mm. A mylar strip was used to achieve flat-surfaced specimens.
Polymerization of the resin composite specimens was achieved using a light-emitting
diode (LED) polymerization device for 20 s (LED Elipar 2, 3M ESPE, St. Paul, USA). The
light intensity of the polymerization unit was higher than 800mW/cm2, and the intensity
was measured with a radiometer (Optilux Model 100, SDS Kerr Danbury, USA) after
every 32 resin composite specimens. After the preparation of the substrates, the speci-
mens (N¼ 720) were randomly assigned into 4 main groups: (a) fresh dry, (b) 24h water
storage, (c) 6months water storage and (d) thermocycling

Aging procedures and surface conditioning

In the first group, adhesive procedures were performed immediately on the substrate
surfaces. In the second and the third groups, the specimens were stored in distilled
water at 37 �C for 24 h and 6months, respectively. Thermal cycling (5000 cycles,
5–55 �C, dwell time: 20 s, transfer time: 10 s) was applied to the fourth test group prior
to conditioning procedures.

These four main groups (n¼ 180) were randomly divided into 2 subgroups (n¼ 90)
according to the surface conditioning procedures: Al2O3 air-abrasion group and the
specimens that were not treated. Air-abrasion was performed perpendicularly with
50 lm Al2O3 at a distance of 10mm at 2.8 bar air pressure (AirSonic Mini Sandblaster,
Hager Worldwide, Inc., Hickory, USA) for 4 s [14,15]. Following air-abrasion proce-
dures, the sand remnants were removed with air-blow.

Application of adhesive systems

All of the adhesive systems (All Bond Universal: AB (Bisco Inc., IL, USA), G-Premio
Bond: GP (GC, Tokyo, Japan), Gluma Bond Universal: GB (Heraus Kulzer, Germany),
Clearfil Universal Bond: CU (Kuraray, Tokyo, Japan), Clearfil Universal Bond Quick:
SK (Kuraray, Tokyo, Japan) and the primer Monobond Plus: MP (Ivoclar Vivadent,
Schaan, Liechenstein) were applied according to the manufacturer’s recommendations

Figure 1. Flow-chart showing experimental sequence and allocation of groups regarding combina-
tions of the adhesives and surface treatments.
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for the repair of resin composite. Following polymerization of the adhesives, a teflon
matrix with the same dimensions of the repairing resin material (height: 2mm; diam-
eter: 4mm) was placed over the aged resin composite specimens and filled in two
increments with the repair composite (Clearfil Majesty Esthetic, Kuraray, Japan). Resin
composites photo-polymerized with the same polymerization device for 20 s for each
increment and the repair resin composite specimen was removed from the matrix with
slight pressure. One operator completed all adhesive procedures.

Shear bond strength test

For the shear bond test, the specimens were mounted in the jig of the Universal
Testing Machine (Shimadzu Autograph AGS-X, Japan) and the shear force was applied
using a shearing blade to the adhesive interface until failure occurred. The load was
applied to the adhesive interface, as close as possible to the surface of the substrate at a
crosshead speed of 0.5mm/min. The maximum load (N) was converted into megapas-
cal (MPa) by dividing it by the bonding surface area of the resin cement.

Statistical analysis

The statistical analysis was executed using the statistical software (SPSS Software V.20,
Chicago, IL, USA). Three-way analysis of variance (ANOVA), Bonferroni correction, and
Tamhane’s T2 tests were used where the bond strength was the dependent variable and sub-
strates types (2 levels: aged versus non-aged), conditioning method (air-abrasion versus no
abrasion) universal primer systems (6 levels: AB, GP, GB, CU, SK, MP) as the independent
variables. p-Values less than 0.05 were considered to be statistically significant in all tests.

Results

The mean shear bond strength values (MPa) of all tested groups in the present study are
shown in Table 2. The results from 3-way ANOVA indicated a statistically significant effect
of each factor namely, ‘aging procedures’, ‘surface treatments’ and ‘adhesive systems’
(p< 0.0001). Interactions were significant between the two factors ‘aging procedures’ and
‘adhesive systems’, ‘surface treatments’ and ‘adhesive systems’ and the three factors ‘aging
procedures’, ‘adhesive systems’ and ‘surface treatments’ (p< 0.0001). There were no signifi-
cant interactions observed between ‘aging procedures’ and ‘surface treatments’ (p¼ 0.283).

Regarding the effect of aging procedures, the mean bond strength values of the
thermo-cycled groups were significantly higher than those of the groups incubated in
37 �C distilled water for 24 h (p< 0.0001) or for 6months (p¼ 0.0001). There were no
significant differences between 24 h and 6months of water storage (p¼ 0.163). Fresh
dry specimens presented the lowest mean bond strength values but there were no sig-
nificant differences between these specimens after 24 h or 6months of water storage.

As regards to surface treatments, Al2O3 air-abraded groups showed higher bond strength
values than non-treated groups (p< 0.0001). AB, CU and SK adhesive systems showed
higher bond strength values and the worst values were observed for the groups of
MP (p< 0.0001).

JOURNAL OF ADHESION SCIENCE AND TECHNOLOGY 2279



Considering the interaction between the two factor ‘aging procedures’ and ‘adhesive
systems’, the lowest bond strength values were observed for MP applied on fresh dry
specimens. CU and AB applied on thermocycled specimens showed higher bond
strength values (Figure 2). Considering the interaction between the two-factor ‘surface
treatments’ and ‘adhesive systems’, while MP applied onto non-treated specimens
showed decreased bond strength values, AB applied on Al2O3 air-abraded groups pre-
sented the highest bond strength values (Figure 3).

Discussion

In reparative dentistry, meaning e repair of restorations instead of replacement, for
successful resin composite repair procedures, achieving reliable adhesion to the resin
composite restoration is the most important factor [16]. Although several repairing
procedures are recommended for resin composite restorations, some drawbacks are
still reported [17,18]. Several techniques are used to improve the adhesion of repaired
restorations such as chemical adhesion and mechanical interlocking of resin composite
restoratives but there is no certain agreement about the protocol or materials that
should be used for repairing procedures [17,18]. Thus, it was relevant to estimate the
effect of different surface conditioning protocols and adhesive procedures on the fresh
and aged resin composite restorations repaired with conventional resin composites.
The present study examined the effect of universal adhesives on the resin
composite–composite adhesion for immediate and aged repair with and without air-
borne particle abrasion with shear bond strength tests.

Repair procedures are generally evaluated in vitro based on different bond strength
measurement methods all representing specific stress distributions that make compari-
sons difficult [19]. It was mentioned in the literature that the shear bond strength test
revealed clinically more relevant than the other tests such as tensile or flexural tests
since elements of shear stresses mostly occur during chewing function. Consequently, a
shear bond test was preferred in the present study [20].

Table 2. The mean shear bond strength values (MPa) of all experimental groups.
Dry 24 h 6 months Thermocyled

All Bond Universal
No Treatment 10.67 ± 3.97 7.65 ± 2.69 9.41 ± 0.41 11.43 ± 1.08
Air-abrasion 8.81 ± 2.21 12.27 ± 2.73 11.5 ± 1.83 11.32 ± 0.78

Clearfil Universal Bond Quick
No Treatment 10.69 ± 3.58 10.61 ± 4.32 10.31 ± 0.85 10.79 ± 0.93
Air-abrasion 10.86 ± 2.57 10.47 ± 4.63 10.84 ± 064 10.85 ± 0.43

Clearfil Universal Bond
No Treatment 10.02 ± 3.66 11.76 ± 2.91 10.73 ± 0.47 11.64 ± 0.62
Air-abrasion 9.58 ± 3.01 9.22 ± 1.72 11.18 ± 0.80 12.28 ± 0.97

G-Premio Bond
No Treatment 7.27 ± 4.04 7.91 ± 3.10 9.75 ± 0.53 10.58 ± 0.66
Air-abrasion 9.09 ± 4.69 9.82 ± 3.51 10.72 ± 1.01 11.36 ± 0.73

Monobond Plus
No Treatment 5.33 ± 2.53 7.24 ± 2.60 9.43 ± 1.06 10.95 ± 0.57
Air-abrasion 7.36 ± 3.20 8.82 ± 4.25 10.27 ± 1.01 10.97 ± 0.56

Gluma Bond Universal
No Treatment 7.93 ± 2.66 9.58 ± 3.96 8.54 ± 1.22 10.09 ± 0.68
Air-abrasion 9.67 ± 3.02 10.93 ± 3.38 10.85 ± 1.42 11.02 ± 1.16
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Figure 2. The mean shear bond strength values (MPa) of all groups as a function of aging proce-
dures and adhesive systems.

Figure 3. The mean shear bond strength values (MPa) of all groups as a function of surface condi-
tioning and adhesive systems.
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Regarding the aging procedures, significant variations in shear bond strength values
were found and thus, the first null hypothesis of the present study that there would be no
differences in bond strength between different aging procedures, could not be accepted.
The repair performance between aged and freshly polymerized resin composite restora-
tions generally are related to several factors. The chemical adhesion to exposed fillers on
the polymerized resin composite surface, remaining unreacted monomers in previously
polymerized resin composite and micromechanical adhesion occurred by the infiltration
of monomers into the repaired resin composite essentially affects the repair bond strength
values [21,22].

In this study, lower shear bond strength values were observed for fresh dry speci-
mens. The existence of unreacted C¼C double bonds is an important factor in the
adhesion of fresh polymerized resin composites. Higher bond strength values of fresh
resin composite repairs might have been observed as a result of numerous unreacted
monomers in polymerized resin composites. The oxygen inhibition layer forms on
polymerized resin composites affect the chemical and mechanical properties of the
adhesion of repairing restorations as unreacted monomers in this layer can copolymer-
ize with the unreacted monomers of repairing resin composite [22]. In the present
study, repaired resin composites were prepared and polymerized after covering resin
composite surfaces with a transparent strip to reduce the formation of the oxygen
inhibition layer. In addition, when plastic films or glass slides were used during poly-
merization procedures, the fillers were not exposed at the top of surfaces and thus, it
can be anticipated that the filler particle exposure on the repaired resin composite sur-
faces was minimum [23]. The limited amount of the oxygen inhibition layer and
unreacted monomer on the repaired resin composites might be the reason for the
lower shear bond strength values of fresh dry specimens in the present study.

Altinci et al. [24] reported that the bond strength values of the repaired aged resin
composites were lower than the fresh composites differently from the present study.
However, they concluded that among the fresh specimens of their in vitro study; the
roughened specimens to remove the oxygen inhibition layer showed significantly lower
bond strengths values than the other fresh specimens similar to the present study. Both
24 h and 6months water stored groups showed higher shear bond strength values how-
ever the difference was not statistically significant. Water sorption inhibits further poly-
merization of resin composites that leads to the increased adhesion of composite to
composite [21]. Contrary to this knowledge, thermocycled specimens showed signifi-
cantly higher bond strength values in the present study which could be explained by
the higher degree (55�) of thermal cycling that might enhance the polymerization rate
and physical properties at the repair interface. The high degree of conversion of the
substrate makes the adhesion of a repair composite more difficult. However, enhanced
mechanical properties could increase the shear bond strength values [25]. To date,
there is no consensus for a protocol of repairing procedures. The controversial out-
comes of the present study put the real aging effect of thermocycling or the other aging
procedures in question.

In repairing procedures in order to create a mechanical interlocking, air-abrasion of
the resin composite surfaces with aluminum oxide (Al2O3) particles or using diamond
burs are generally preferred as mechanical surface treatments. Micro-retentive features
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created by air-abrasion on the aged resin surfaces have been reported as the gold stand-
ard protocol to achieve higher repair bond strength values [26–28]. In addition, surface
abrasion was reported as the most important feature in repairing procedures by
S€oderholm et al. [29] Thus, in the present study the effect of Al2O3 air-abrasion surface
treatment on repair bond strength was evaluated. The second null hypothesis of the
present investigation that air-abrasion surface treatment procedure would not affect
the shear bond strength of repaired resin composites, was not accepted. Al2O3 air-
abraded groups showed higher bond strength values than non-treated groups similar to
the previous studies [17,30,31].

In the present study, considering the interaction between the two factors ‘surface
treatments’ and ‘adhesive systems’, AB, CU and SK applied on Al2O3 air-abraded speci-
mens showed the highest shear bond strength values. Several studies suggested Al2O3

air-abrasion and following application of first a silane and then using an adhesive sys-
tem as effective pretreatment methods during repairing procedures [9,32,33].

Numerous surface conditioning methods and adhesive systems have been developed
to improve the adhesion between repair and substrate resin composites. While some
studies reported increased repair bond strength values with the application of adhesive
systems [3,5], other studies showed better results with mechanical conditioning of sub-
strate resin composite surfaces [34,35]. Mechanical surface treatments aim to improve
micromechanical retention between the repair and substrate resin composites, whereas
adhesive systems aim of improving chemical adhesion [17]. Investigations assessing the
influence of different adhesive systems for repair procedures have shown a difference
in bond strength values depending on the adhesive systems. Accordingly, filled adhe-
sive systems showed favorable bond strength values than those of unfilled ones [26].
On the contrary, Brosh et al. [36] explained that un-filled bis-GMA (bisphenol A-
Glycidyl Methacrylate) resin was the most effective agent for better adhesion during
repairing procedures.

The chemistry of matrix ingredients of adhesive systems might be more effective
than the matrix chemistry of resin composite restoration on the success of repair pro-
cedures. The monomer and solvent in the adhesive systems depend on the chemical
affinity of these materials and the degree of hydration of repaired resin composites.
Most resin composites are hydrophobic and they absorb some amount of water that
may increase the surface penetration by hydrophilic adhesives [37].

More recent multimode adhesive systems called ‘universal one-bottle adhesive sys-
tems’ are recently introduced for use as either etch and rinse or self-etch adhesive sys-
tems. These adhesives are also declared to show adhesion to all kinds of materials and/
or hard dental tissues [38]. They generally include silane and do not need additional
primer application to adhere to a different substrate. Therefore, the use of these adhe-
sive systems may enhance the adhesion during repair procedures [39]. Universal adhe-
sive systems have similar content to one-step etch and dry adhesive systems as specific
carboxylate and/or phosphate monomers such as 10-methacryloyloxydecyl dihydrogen
phosphate (10-MDP) which bond chemically to calcium in hydroxyapatite lead to the
formation of non-soluble calcium salts [40]. The adhesive systems including 10-MDP
are effective in repairing procedures. Furthermore, this functional monomer can dif-
fuse into the cross-linked network and provide trapped C¼C that may show adhesion
to the substrate resin composite [41,42].
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In the present study, the third null hypothesis that there would be no statistically
significant difference between the adhesive systems in terms of bond strength was
rejected. All universal adhesives include the functional monomer 10-MDP, AB, CU
and SK showed higher bond strength values. CU and SK belong to the adhesive sys-
tems that contain silane and it is mentioned in the literature that silane containing
adhesive systems increase the bond strength of resin composites during repair pro-
cedures. [9,17,33–40,43,44]. High bond strength values of these two adhesive systems
could be explained by the fact that bifunctional silane molecules adhere to the resin
composite surfaces after being hydrolyzed to silanol. Silanol groups react with the
monomers of the resin composite and increase bond strength. AB showed higher
bond strength values than CU and SK but the difference in the bond strength of
these adhesives was not statistically significant. It has also been reported that the
solvents affect the wetting ability and bond strength of adhesive systems. Due to the
better wetting ability of ethanol and 10-MDP, adhesives including these components
might have enhanced bond strength values during repair procedures [27]. High
bond strength values of the AB system could relate to the ingredients such as etha-
nol and 10-MDP. The worst bond strength values were observed for the groups of
the primer MP.

Conclusions

From this study, the following could be concluded:

1. The limited presence of an oxygen inhibition layer decreased shear bond strength
values of fresh dry repaired resin composite but thermocycle aged specimens
showed better adhesion.

2. Physical surface conditioning using Al2O3 air-abrasion enhanced the composite–-
composite adhesion in repair procedures.

3. 10-MPD and silane containing universal adhesive systems increased the composi-
te–composite adhesion.

4. Air abrasion followed by silane or primer application appears to be essential to
achieve the durable composite repair.

Clinical relevance

Surface conditioning with air-borne particle abrasion enhances the composite to com-
posite adhesion during repairing procedures regardless of the universal primer used.
Clinicians should consider the 10-MPD and silane-containing universal adhesive sys-
tems for increased composite–composite adhesion in repair procedures.
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