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ORIGINAL ARTICLE

Repair bond strength of nanohybrid composite resins with a universal
adhesive

Pinar Altincia,b, Murat Mutluayb,c and Arzu Tezvergil-Mutluayb,c

aFinnish Doctoral Program in Oral Sciences, Turku, Finland; bDepartment of Restorative Dentistry and Cariology, Institute of Dentistry,
University of Turku, Turku, Finland; cTurku University Hospital, TYKS, University of Turku, Turku, Finland

ABSTRACT
Objective: To investigate the repair bond strength of fresh and aged nanohybrid and hybrid
composite resins using a universal adhesive (UA).
Materials and methods: Fresh and aged substrates were prepared using two nanohybrid
(Venus Pearl, Heraus Kulzer; Filtek Supreme XTE, 3M ESPE) and one hybrid (Z100, 3M ESPE) com-
posite resin, and randomly assigned to different surface treatments: (1) no treatment (control),
(2) surface roughening with 320-grit (SR), (3) SRþUA (iBOND, Heraus Kulzer), (4) SRþ Silane
(Signum, Ceramic Bond I, Heraeus Kulzer) þ UA, (5) SRþ Sandblasting (CoJet, 3M ESPE) þ
SilaneþUA. After surface treatment, fresh composite resin was added to the substrates at 2mm
layer increments to a height of 5mm, and light cured. Restored specimens were water-stored for
24 h and sectioned to obtain 1.0� 1.0mm beams (n¼ 12), and were either water-stored for 24 h
at 37 �C, or water-stored for 24 h, and then thermocycled for 6000 cycles before microtensile
bond strength (mTBS) testing. Data were analyzed with ANOVA and Tukey’s HSD tests (p¼ .05).
Results: Combined treatment of SR, sandblasting, silane and UA provided repair bond
strength values comparable to the cohesive strength of each tested resin material (p< .05).
Thermocycling significantly reduced the cohesive strength of the composite resins upto 65%
(p< .05). Repair bond strengths of UA-treated groups were more stable under thermocycling.
Conclusions: Universal adhesive application is a reliable method for composite repair.
Sandblasting and silane application slightly increases the repair strength for all substrate types.
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Introduction

Improvements in restorative composite resin formula-
tions as well as improved clinical techniques increased
the predictability of composite resin restorations,
making it an indispensable option both for anterior
and posterior regions. Even though performance of
the materials are satisfactory, maintenance procedures
are required for discolorations, microleakage and par-
tial fractures of the restorations [1,2]. Since every
replacement would lead to larger cavity preparations,
repair procedure is preferable to avoid further damage
to sound dental hard tissues and reduce the overall
cost of dental treatment to the public health care
system [1–4].

Successful repair procedure requires a durable
bond between the old restoration and the new com-
posite resin. Bonding to aged composite resin restora-
tions can be highly challenging due to the water
absorption over time and the diminished number of

accessible C¼C bonds to react with the new resin
material [4,5]. The surface of old restoration serving
as bonding substrate should be modified with proper
treatment methods [1–7]. Many techniques have been
tested previously to improve the repair bond strength
of composite resins including etching with phosphoric
or hydrofluoric acids, tribochemical silica coating, dia-
mond bur-roughening and silane treatment followed
by the application of etch-and-rinse or self-etch adhe-
sive resins [1,7,7–12]. However, there are limited
information regarding the use of these techniques
with different type of composite resin materials.

Nanohybrid composite resins offer the advantages
of durability, low polymerization shrinkage, high pol-
ishability, easy handling and superior esthetic proper-
ties due to their nano-sized filler particles and higher
filler content [13–15]. Previous studies reported that
the repair bond strength of nanohybrid composites
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fell behind the cohesive strength of the original mater-
ial itself [7,7,16]. Pretreatment applications such as
mechanical roughening and silane treatment followed
by adhesive resin application were found to be quite
efficient in the repair of microhybrid resins, however,
similar improvements could not be achieved in the
repair of nanohybrid composites [1,12]. This has been
explained with the high conversion degree of the
polymerized resin, limiting the number of available
unreacted C¼C bonds. Repair bond strength of
nanohybrid composites may mainly rely on the
micro-mechanical retention between old and new
composite layers [16].

Universal adhesives (UA) have been developed to
be used in a wide variety of direct and indirect
restorative applications including bonding to compos-
ite resins, dental ceramics and alloys [17,18]. It has
been claimed that stable and reliable bond strength to
enamel and dentin can be achieved in etch-and-rinse,
self-etch or selective-etch modes [19–21]. In principle,
this would enable bonding to various surfaces without
the need for dedicated and separately placed primers
such as silanes, or other surface primers. Considering
that defective composite restorations may contain
dentin, enamel and composite borders, these adhesives
may be more user-friendly in repair procedures. Thus,
this study aimed to investigate the efficacy of different
surface treatments and UA application on the strength
and durability of repair procedures of fresh and aged
nano or microhybrid composite resins.

Materials and methods

The materials used in this study and their application
techniques are listed in Table 1. The schematic dia-
gram of study protocol is shown in Figure 1. A total
of 300 composite resin blocks (8mm� 8mm� 5mm)
were prepared as bonding substrates using three dif-
ferent composite resins (Venus Pearl [VP]; Z100;
Filtek Supreme XTE [FS]) by light-curing (Elipar S10,
3M ESPE 1186Mw/cm2 measured with CheckMARC,
Blue Light Analytics, Halifax, Nova Scotia, Canada) in
silicone molds according to the manufacturers recom-
mendations. Considering the time required for final
adjustments while building up a composite resin res-
toration, polymerizing the last layer of resin approxi-
mately within 5min can be regarded as reasonable,
which was also previously reported to give the same
bond strength values as the immediate layering [22].
Therefore, for the fresh substrates, the oxygen inhib-
ition layer was maintained, and the repair specimens
were built 5min after the polymerization of final

layer. In the aged substrates, the oxygen inhibition
layer was prevented by covering the top surface with
a mylar strip during polymerization. After polymeriza-
tion, the blocks were first water-stored at 37 �C for
48 h, boiled for 8 h in water, and again water-stored at
37 �C for 3weeks according to the aging method
described previously [8]. Before aging, the substrate
surfaces were wet-ground with 320-grit abrasive paper
corresponding to the roughness obtained by diamond
bur grinding in order to remove the superficial resin-
rich layer and create standardized repair surfaces
[23,24].

The fresh and aged substrates were randomly allo-
cated to the groups according to the surface treat-
ment: (1) no treatment (control), (2) surface
roughening with 320-grit (SR), (3) SRþUA (iBOND),
(4) SRþ Silane (Signum, Ceramic Bond I)þUA, (5)
SRþ Sandblasting (CoJet Sand, 3M ESPE)þ
SilaneþUA. In the fresh no treatment control
groups, new composite layers were directly placed
over the substrate surfaces after 5min of polymeriza-
tion. For all the groups, fresh resin layers were applied
incrementally up to 5mm using the same resin with
the substrate, and light-cured. Build-ups were sec-
tioned into beams (1mm �1mm �10mm) under
water cooling by using a low-speed saw (Isomet saw,
Buehler Ltd., Lake Bluff, IL) to obtain microtensile
bond strength (mTBS) specimens (n¼ 24/group) fol-
lowing water storage at 37 �C for 24 h. After section-
ing, the beams were randomly divided into two
subgroups. The first group was water-stored for 24 h
at 37 �C and tested. The second group was addition-
ally thermocycled between 5–55 �C for 6000 cycles
with a dwell time of 30 s. The mTBS was measured
using a microtensile tester (Bisco Microtensile Tester;
Bisco, Schaumburg, IL) at a crosshead speed of
0.5mm/min.

The fractured specimens were gold sputter-coated
and examined under scanning electron microscope
(SEM) at different magnifications using Phenom ProX
(Phenom-World, Eindhoven, The Netherlands) oper-
ating at 10 kV to detect the fracture types as cohesive
in composite, adhesive in interface or mixed. In add-
ition, one representative specimen from each group
was polished with 180-, 320-, 600- and 1200-grit SiC
papers and 1mm (MetaDi Ultra, Buehler, D€usseldorf,
Germany) 0.1 mm (MetaDi Supreme, Buehler,
D€usseldorf, Germany) and 0.05mm (MasterPrep,
Buehler, D€usseldorf, Germany) polishing suspensions,
respectively, and gold sputter-coated. Then, the
morphological distribution of filler particles, and their
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Si-Zr concentration ratios were analyzed on the repair
surfaces by SEM and EDS analysis.

The mTBS data were analyzed for normality
(Kolmogorov–Smirnov test) and homoscedasticity
(modified Levine test) and since these were not vio-
lated, a multivariate (three-way) ANOVA was used
for the parameters ‘treatment type’, ‘composite resin
type’ and ‘storage conditions’. Further for interactions,
two-way ANOVA and Tukey Post-hoc analysis were
performed. (IBM SPSS v0.23 (NY) at p¼ .05.)

Results

The interactions among composite resin type, surface
treatment and aging procedure were found to be sig-
nificant for mTBS (p< .05). Therefore, two-way
ANOVA was performed. The mean mTBS of (±SD)
fresh control composite samples were 79.38 (± 10.60)
MPa for VP, 79.20 (± 15.09) for Z100 and 45.89
(± 10.89) MPa for FS as shown in Figures 2, 3 and 4.
In the fresh groups of VP, Z100 and FS without ther-
mocycling, the decrease in bond strength due to the
repair procedure ranged between 9 and 28%, 30 and
49%, and 18 and 66%, respectively. Aging significantly
decreased the cohesive strength of all the tested com-
posite resins approximately up to 65% (p< .05).
Thermocycling also reduced the cohesive strength of
fresh resins; however, the difference was only signifi-
cant for VP (p< .05). Compared to the fresh controls,
the bond strength of the aged controls had signifi-
cantly lower mTBS with and without thermocycling
(p< .05).

Regarding the effect of surface treatments on mTBS,
SR treatment alone was not adequate to improve the
repair bond strength for none of the agedþ theymo-
cycled subgroups. Multiple comparisons showed that
SRþ sandblastingþ silaneþUA provided comparable
bond strength with the control. In addition, there

were no significant differences between the treatments
of SRþUA and SRþ silaneþUA (p< .05). For FS,
SRþUA treatment showed significant improvement
in the repair bond strength compared to the SR alone.

Representative SEM images of fractured VP speci-
mens are shown in Figure 5. It was observed that the
percentage of ‘cohesive in composite’ type fractures
increased when the higher repair bond strength values
were achieved. Similar fracture types were also seen if
the cohesive strength of the composite resin signifi-
cantly dropped with aging and thermocycling. On the
repaired resin surfaces, the atomic concentration
ratios (%) of Si and Zr were 98.21 and 1.79 for VP,
69.25 and 30.75 for Z100, and 79 and 21 for FS,
respectively.

Discussion

Longevity of composite resin repair mainly depends
on the strength and durability of the repair interface.
Up to date, there is no consensus regarding a stand-
ard treatment protocol of aged composite resin sur-
face during repair procedures. Some studies have
stated that macro- or micro-mechanical surface
roughening of substrate surface is more important
than the application of an adhesive agent [9,25], while
the others have recommended an intermediate resin
[8,26]. However, most clinicians prefer simpler proce-
dures. Therefore, the feasibility of using a UA only
was evaluated with or without micro-mechanical sur-
face treatment and additional silane primer for differ-
ent types of composite resins in this study.

Aging is one of the important factors limiting the
longevity of adhesive restorations. During aging, water
molecules absorbed by the resin structure both
plasticize the polymer matrix and also diffuse into
silane-treated filler-matrix interface, resulting in the
hydrolysis within the resin matrix and/or at the resin-

Figure 1. Schematic diagram of study protocol.
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filler interface [27–29]. Moreover, emerging stresses
caused by the recurring thermal expansion and con-
tractions undermine the durability of adhesive interfa-
ces [30]. Therefore, the effects of aging on both
restorative resin structure and the repair interface
should be taken into account while assessing the over-
all success of repair procedures. However, in in vitro
studies, the acceleration of the aging process in com-
posite resin structure can be challenging, the results of
which could be seen after years of clinical use. Since
there is currently no consensus on an aging method
completely imitating the clinical conditions, the pre-
sent study employed two substrate conditions (fresh
and aged) and two aging regimes (testing after 24 h
and after thermocycling). With the fresh groups,
immediate repair procedures were simulated while the
aged substrate groups subjected to thermocycling

represented the long-term performance of a repaired,
aged restoration. In accordance with a previous study
[6], the repair bond strength of the aged control
groups were lower than the fresh ones in the present
study. Among the fresh subgroups, the bond strengths
of repair specimens, in which the oxygen inhibition
layer was removed by SR, were also significantly lower
than the corresponding controls. These findings show
the necessity of surface conditioning techniques dur-
ing resin repair procedures.

Present study investigated four different surface
treatments systematically from only macro-mechanical
roughening (SR) to the combination of macro- and
micro-mechanical roughening (SRþ sandblasting),
chemical conditioning (silane) and intermediate resin
application (UA). It was found that SR treatment
alone did not provide any improvement in the repair
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bond strength of tested resin materials. When add-
itionally combined with UA, only FS, nanofilled resin
showed an increase in the repair bond strength, which
was also stable after thermocycling. In comparison to
SRþUA treatment, the silanization of the bonding
surface did not show any significant improvement
effect. On the other hand, the combined treatment of
SRþ sandblastingþ silaneþUA was found effective in
improving the repair bond strength for all tested res-
ins, almost reaching to the cohesive strength of the
aged resin material itself. Hence, it can be suggested
that, considering the average immediate bond strength
values to enamel and dentin, such bond strength val-
ues could result in a reliable restoration that will likely
to survive as long as the bonding interface to enamel
and dentin stays sound.

Three different composite resins were tested in this
study with variations in their resin matrix and filler

compositions. Nanofilled resin FS containing mainly
bis-GMA and UDMA monomers in the matrix com-
position showed the lowest cohesive and repair bond
strength. A recent study showed that Bis-GMA- and
UDMA-based resin formulations showed the highest
water sorption compared to the TEGDMA-based for-
mulations [31]. Therefore, it was thought that the
hydrolyzation and softening of resin matrix in FS sub-
groups impaired the chemical bond between the filler
particles and resin matrix [32]. If one assumes that
the fresh composite resin either chemically or mech-
anically retains to the aged repair surface mainly by
means of filler particles, the loose particles in hydro-
lyzed FS resin matrix could easily detach, which might
explain the obtained low bond strength results with
FS. Z100 mainly contains Bis-GMA and TEGDMA
monomers with zirconia/silica fillers ranging from 3.5
to 0.01 micron in size. Therefore, it can be assumed
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Figure 3. Repair bond strengths and fracture analysis of fresh and aged Z100 groups before and after thermocycling. The same
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that water sorption level of Z100 could be less than
FS. Moreover, the bigger particle sizes can provide
higher degree of conversion, filler percentage by
weight, dynamic and static modulus of elasticity, and
Vickers microhardness in comparison to FS [33].
It can be also suggested that, the bigger filler particles
of Z100 may provide extra retentive areas after SR
treatment, thereby the new composite layer can be
easily retained.

MDP monomers can chemically bond to zirconia
surface [34]. Considering the zirconia content of fill-
ers in both FS and Z100, it could be assumed that
MDP monomers within UA would be beneficial for
the promotion of the repair bond strength by provid-
ing additional chemical bonding. Accordingly, the
enhanced repair strength of the aged FS subgroups
following UA application could have been attributed
to such a bonding mechanism, rather than tighter

mechanical interlocking. However, similar results
could not be obtained with Z100, although the relative
zirconia quantities of both composite resins were
within the same range as detected by EDS. In line
with the previous studies [35,36], these comparisons
showed that the main role of intermediate resin appli-
cation was to provide better mechanical interlocking
between substrate surface and new resin layer, rather
than a possible chemical interaction between MDP
monomers and zirconia fillers.

Silane treatment during resin repair procedures
basically aims to promote chemical bonding by form-
ing siloxane bonds between silicate-containing filler
particles exposed on the repair surface and the resin
matrix of fresh resin layer. It is well-known that sur-
face wettability is also increased, which can improve
the micro-mechanical bonding in the repair interface
[37,38]. For the repair procedure of a nanofilled resin,
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it has been recently reported that a silane-containing
UA combined with a separate silane application and
air abrasion treatment provided the highest repair
bond strength, and the efficacy of the UA varied
depending on the used silane type [38]. In accordance
with this study, the combined treatment of SR, sand-
blasting, silane and UA was the most efficient surface
treatment method in our study.

According to the fracture type analysis, fresh con-
trols demonstrated 100% ‘cohesive in composite’ type
fractures while the predominant failure type was
‘adhesive interface’ in the aged ones. This finding
indicates an adhesive interface bonding which is
weaker than the cohesive strength of the material in
all the aged subgroups. After thermocycling, there
were shifts in the fracture types from ‘adhesive inter-
face’ to ‘cohesive in composite’, which were most
probably related with the decreasing cohesive strength
of the resin materials due to aging, rather than a sig-
nificant increase in the strength of adhesive interface.
With the SRþ sandblastingþ silaneþUA treatment,
VP and FS showed a higher percentage of ‘cohesive in
composite’ type fractures as compared to the other
surface treatments. In Z100, mainly fractures occurred
at the adhesive interface since the strength of the
adhesive interface was not higher than the high cohe-
sive strength of the material.

Conclusions

Within the limitations of this study, following conclu-
sions were drawn:

1. For the fresh and aged nanofilled resin (FS),
macro-mechanical roughening of the repair sur-
face alone was not adequate for a durable repair
bonding, and adhesive resin application was
required to improve the repair bond strength.

2. Repair bond strength of aged nanohybrid (VP)
and hybrid (Z100) resins could be improved only
with SR, sandblasting, silane and adhesive resin
application.

3. Only the combined treatment of macro- and
micro-mechanical roughening, silane and UA
provided repair bond strength values comparable
to the cohesive strength of each tested resin.

4. Universal adhesive with MDP monomer content
may improve the mechanical interlocking to the
repair surfaces similar to conventional adhesive
resins, rather than providing noticeable additional
chemical bonding.
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