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a b s t r a c t

This study evaluated the effect of intermediate adhesive resin application (IAR) on tensile bond strength
(TBS) for early composite repairs in situations where substrate and repair composite bonded together
were once of the same kind with the substrate (similar) and once other than the substrate material
(dissimilar). Specimens from three types of composites (TPH Spectrum (TPH), Charisma (CHA) and Filtek
Z250 (Z250)) were fabricated. The specimens in each composite group (n¼72) were randomly divided
into six subgroups (n¼12). In each composite group, the similar and two dissimilar composites were
bonded onto the substrates once using an IAR (Adper Single Bond Plus) and once without. After water
storage for 1 week at 37 1C, substrate–adherent combinations were submitted to tensile test. Data were
analyzed with three-way ANOVA and Tukey0s tests (α¼0.05). The substrate–adherent combination
(p¼0.0001), adherent (repair) composite (p¼0.0001), and application of IAR (p¼0.0001) significantly
affected the results. Utilization of IAR improved the repair bond strength for all composite combinations.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Composite resins are routinely used in restorative dentistry due
to the improvement in the adhesive systems, polymerization
devices and physical and mechanical properties of the resin
systems [1–3]. Typically, application of direct composite restora-
tions requires minimal or no preparation of the dental tissues.
Subsequent to etching and conditioning enamel and/or dentin
with adhesive promoters, the clinician applies composite resin
using layering technique incrementally. This requires high artistic
skills and it is a difficult task to match the color and form of the
restoration with the neighboring tooth. Application of adhesives
and composite resins requires a dry environment, which is
achieved under a rubber dam but this then results in dehydration
of the tooth and may yield to color mismatch with the neighboring
tooth or dental tissues.

Traditionally, direct resin restorations that do not meet the
esthetic and functional requirements are replaced [4]. Replace-
ment of restorations is the most common practice in daily clinical

routine [5]. In fact, complete removal of restorations with minor
defects may be considered as excessively aggressive since this
procedure inevitably has the disadvantages of tooth weakening,
loss of tooth structure, injury to the pulp tissue [6], longer period
of clinical work and higher cost [7–9]. These disadvantages may be
minimized by accomplishment of repairs at the areas of failure,
instead complete replacement of the restorations [10,11]. The
concept of repairs is still not fully acknowledged by most of the
dental schools [4,5], even though utilization of surface condition-
ing methods and adhesive resins may provide 80–90% of the
cohesive strength of resin systems after repair [12–15].

Adhesion between two composite resin layers is achieved in
the presence of an oxygen-inhibited layer of unpolymerized resin
[7,16]. However, controversial opinions exist on the function of
oxygen-inhibited layer on the adhesion between two composite
resin layers [17–19]. Some studies have shown that composite
resin layers could bond even in the absence of an oxygen-inhibited
layer [18,19] but it is also speculated that the amount of the
remaining active, free radicals that is available for reacting with
resin composite monomers is a crucial factor in direct composite
repair [18].

Several surface conditioning methods have been suggested to
maximize the repair strength [1,7,16,20]. The most commonly
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used methods are based on airborne particle abrasion to increase
the surface roughness, followed by the application of a silane
coupling agent and a low-viscosity intermediate adhesive resin
(IAR) [1,13–15,20]. Silane coupling agents or IARs improve surface
wetting and chemical bonding between the substrate composite
and the new composites by activating the inhibition layer [21]. The
three possible mechanisms during composite repair with the use
of IARs are the chemical bond formation to the matrix, chemical
bonds to the exposed filler particles, and micromechanical reten-
tion caused by penetration of the monomer components to
microcracks in the matrix [21].

Even though the literature presents several comparative stu-
dies, there is no consensus to date as to which surface condition-
ing protocol would deliver optimum repair strength for composite
resins [10]. While application of an IAR was reported to activate
the interpenetrating polymer network in some studies [1,7], in
others physico-chemical activation was found to be compulsory
for durable composite–composite adhesion [13,14,22]. Airborne
particle abrasion used for physico-chemical surface conditioning
not only requires additional armamentarium in the clinical prac-
tice adding to the costs but also could impair the adhesion to
composites especially in cases when the composite is surrounded
by enamel and/or dentin, namely the particles may obstruct the
dentin tubuli [23].

One of the clinical problems faced during accomplishment of
repair procedures is the knowledge on the composite resin type
and brand employed for the particular restoration. Since commer-
cial products present different chemical compositions, the repair
strength at the restoration/repair interface may be affected
[8,9,20].

The objectives of this study therefore were to evaluate the tensile
bond strength (TBS) of similar and dissimilar substrate–adherent
composite resin combinations with and without IAR for early
composite repairs. The null hypotheses tested were (a) similar and
dissimilar substrate–adherent composite resin combinations would
not show difference in repair strength and (b) utilization of an IAR
would not affect the repair strength.

2. Experimental

2.1. Materials and methods

The brands, types, abbreviations, chemical compositions and
manufacturers of the composite resins and the adhesive resin used
for the experiments are listed in Table 1.

2.1.1. Specimen preparation
Composite specimens (n¼72 for each group) (TPH Spectrum,

Dentsply DeTrey GmbH, Konstanz, Germany; Charisma, Heraeus
Kulzer GmbH, Hanau, Germany; Filtek Z250, 3M ESPE AG, Seefeld,
Germany) (diameter: 3 mm, height: 5 mm), acting as substrate
composites, were fabricated incrementally with the aid of
machined brass rings as metallic base (Fig. 1a). The thickness of
each composite resin layer (1.66 mm) was standardized using
three machined rings with progressive taper and photo-
polymerized (Demetron LC, SDS Kerr, Orange, CA, USA) with an
irradiance of 600 mW/cm2 for 20 s. After packing the last incre-
ment with a dental spatula, a Mylar strip (KerrHawe SA, Bioggio,
Switzerland) was placed over the composite surface and covered
with a clear glass plate on the brass mold for removal of excess
material and better accommodation and smoothing of the sub-
strate surface. After smoothing, the Mylar strip (KerrHawe SA) and
the glass plate were removed before final polymerization in order
not to avoid the formation of oxygen inhibition layer [7,16]. Mylar
strip was removed sliding the strip sideways. This was done at
18 1C room temperature and with this route pull‐back of compo-
site beneath was avoided. At room temperature at 24 1C, and also
removing the strip by peeling movement, pull-back was experi-
enced in preliminary tests.

The substrate composite resin surfaces were only water
sprayed and air-dried. The specimens in each composite group
(n¼72) were randomly divided into six subgroups (n¼12). Half of
the specimens in each composite group (n¼36) was treated with
an IAR (Adper Single Bond Plus, 3M ESPE AG). IAR was applied
2 coats for 15 s using a microbrush, air-dried for 5 s and each layer
was photo-polymerized for 10 s. The other half in each composite
group (n¼36) did not receive IAR. The specimens were kept in
dark in distilled water at 37 1C for 24 h.

In each composite group (TPH, CHA and Z250), the same
composite material and the other two composite materials were
acted as adherent (repair) composites and bonded onto the
substrate composites. The shade of the adherent was the same
with the substrate. A disc-shaped split polyethylene mold with a
tapered orifice in its center was used for the application of the
adherent composite resin (Fig. 1b). Its narrowest base, allowing an
hourglass shaped specimen, joined the two orifices. Each metallic
mold, in turn, was connected to one orifice of the disc-shaped
polyethylene mold for application of the adherent composite resin.
The composite resin was inserted incrementally from the direction
of the ring having the smallest orifice to the ring with the largest
orifice. Each layer was photo-polymerized for 20 s until the
tapered orifice was completely filled (height: 5 mm). Then, by
loosening the two lateral screws that joined the two portions of

Table 1
The brands, types, chemical compositions and manufacturers of the composite resins and the adhesive resin used for the experiments.

Brand, composite resin type, abbreviation Chemical composition Manufacturer

TPH spectrum (hybrid) (TPH) Matrix: bis-GMA adduct, bis-EMA, TEGDMA
Filler: Ba–Al–B–Si glass (mean particle size 1 μm, colloidal
silica particle size 0.04 μm) 57 vol%, 77 wt%

Dentsply DeTrey GmbH, Konstanz,
Germany

Batch no: 604190E
Charisma (microhybrid) (CHA) Matrix: bis-GMA, TEGDMA
Batch no: 010513 Filler: Ba–Al–B–F–Si glass (0.02–2 mm), pyrogenic SiO2 (0.02–0.07 mm)

61 vol%, 78 wt%
Heraeus Kulzer GmbH, Hanau,
Germany

Filtek Z250 (microhybrid) (Z250) Matrix: UDMA, bis-EMA6, TEGDMA
Batch no: n14076Br Filler: ZrO2/SiO2 (mean particle size 0.6) 60 vol%, 82 wt% 3 M ESPE AG, Seefeld, Germany

Adper Single Bond Plus (Intermediate adhesive
resin) (IAR)

Matrix: bis-GMA, HEMA, dimethacrylates, ethanol, water, photoinitiator,
methacrylate functional copolymer of polyacrylic and
polyitaconic acids

3M ESPE AG, Seefeld, Germany

Batch no: 340867BR Filler: Nanofillers (5 nm in diameter, 10 wt% spherical silica particles)

Bis-GMA, bis-phenol-A-glycidyl methacrylate; bis-GMA adduct, 2,2- bis[4-(2-hydroxy-3-methacryloyloxypropoxy)-phenyl] propane with hexamethylene diisocyanate; bis-
EMA, ethoxylated bis-phenol-A-glycidyl methacrylate; UDMA, urethane dimethacrylate; TEGMA, triethylene glycol methacrylate; HEMA, 2-hydroxyethyl methacrylate.
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the split disc, the polyethylene mold was opened that allowed
removal of the hourglass-shaped specimens (Fig. 1c). The speci-
mens were photo-polymerized for an additional 60 s (Fig. 1d).

The bonded specimens were stored in distilled water for 1
week at 37 1C, and then submitted to tensile test.

2.1.2. TBS test and failure analysis
Two metal jigs were fabricated to place the specimens in the

Universal Testing Machine (EMIC, DL 1000, São José dos, Pinhais,
PR, Brazil) (Fig. 2a). Each metallic part was composed of one
stainless steel cylindrical piece with a rod for connection to the
Universal Testing Machine. Each metallic jig consisted a brass,
tapered sleeve (split through its long axis) for placement of the
end of the hourglass-shaped specimen (Fig. 2b). At the onset of
testing, when the specimen was debonded with the increase in
distance between the active arms of the machine, it was kept
loosened inside these metallic parts. The sleeves were aligned in
such a way that the adhesive interface remained perpendicular to
the axis of applied force. The TBS test was performed at a cross-
head speed of 1 mm/min with a 50 kg f load cell (Fig. 2c).

Subsequently, specimens were evaluated visually by two opera-
tors and the types of failures were categorized as Score 1: cohesive
failure in the composite substrate, Score 2: adhesive failure at the
interface, Score 3: mixed failure.

2.2. Statistical analysis

Statistical analysis was performed using SPSS System 11.0 for
Windows (SPSS Inc., Chicago, IL, USA). Bond strength data (MPa)
were submitted to analysis of variance (3-way ANOVA). Multiple
comparisons were made with Tukey‘s test (α¼0.05).

3. Results

Significant effects of the substrate–adherent combination
(p¼0.0001), adherent (repair) composite (p¼0.0001) and applica-
tion of IAR (p¼0.001) were found on the bond strength results
(Table 2).

With the use of IAR, mean bond strength (MPa) of similar
substrate–adherent combinations was significantly higher in
Z250–Z250 (41.55711.01) and TPH–TPH (35.1976.85) than those
that were bonded without the use of IAR (po0.05) (Table 3). TBS
values CHA–CHA composite bonded with and without IAR showed
no statistically significant difference. Among the similar subst-
rate–adherent combinations bonded without IAR, CHA–CHA
(34.9773.17) showed significantly higher TBS values than TPH–
TPH (21.7674.74) and Z250–Z250 (17.53710.21) combinations.
Dissimilar substrate–adherent combinations, with the use of IAR
did not show statistically significant difference (p40.05). Dissim-
ilar substrate–adherent combination groups, without the use of
IAR, revealed statistically similar TBS values, except TPH–Z250
(6.0172.39).

Failure analysis indicated no cohesive failures in the composite
substrate (Score 1: 0 out of 216). While IAR applied groups showed
exclusively mixed failures (Score 3), the groups without IAR
application demonstrated only adhesive failures (Score 2).

4. Discussion

Repair or partial replacement of direct composite resin restora-
tions without evidence of clinical or radiographic failure allows
preservation of the intact restoration and/or tooth portion that
could be considered as an option instead of complete replacement

Fig. 1. Photos of (a) machined brass ring used as metallic base for the fabrication of substrate composite, (b) disc-shaped split polyethylene mold with a tapered orifice in its
center used for the application of the adherent composite resins, (c) two lateral screws joining the two portions of the split disc, (d) hourglass-shaped specimen obtained
after removal of the polyethylene mold following photo-polymerization.

Fig. 2. Photos of (a) two metal jigs with perforated rods fabricated to place the specimens in the universal testing machine, (b) disassembled metallic part showing tapered
hemi sleeves, cylinder, perforated rod, (c) specimen under tensile loading where the sleeves aligned in such a way that the adhesive interface remained perpendicular to the
axis of applied force.
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of the restoration [2,4,5]. This study was undertaken in order to
evaluate the TBS of similar and dissimilar substrate–adherent
composite resin combinations with and without IAR for early
composite repairs.

The weak link between the substrate composite and the repair
composite is the interface between the two materials. Several
methods have been recommended to improve the adhesion
between prepolymerized composite and repair resin such as
micromechanical interlocking by roughening the surface using
diamond bur, air-abrasion with alumina particles, tribochemical
silica coating, phosphoric or hydrofluoric acid treatments, silane
and/or adhesive application [1,6,8–11,15]. In this study, no surface
conditioning procedures were applied to the substrate surfaces.
The results of this study revealed that similar and dissimilar
substrate–adherent composite resin combinations significantly
affected the bond strength results. Therefore, the first null hypoth-
esis was rejected. The obtained bond strength values were higher
than some previous studies [8–10] and comparable with some
others [1,6,14,15]. Even without any IAR application, since similar
composite–adherent combinations delivered higher results (CHA–
CHA) than those of dissimilar ones, it may be stated that the lack of
knowledge on the composite resin composition and brand puts
the success of the repair action in question for clinical situations.

The stresses at the bonded interfaces between a tooth and a
restoration could be complex and they can be identified as primarily
tensile or shear types of stresses, created by forces working either
perpendicular or parallel to the tooth surface. Because it allows
homogeneous distribution of stresses and consequently better eva-
luation of the bond strength [24,25], the tensile test method was
used in this study. Microtensile test was not used because sectioning
of the specimens in this method may lead to a considerable amount
of pre-test failures [26]. Hourglass-shaped specimens were prepared

in order to facilitate better adaptation of the specimen to the jigs of
the testing machine where adhesive interface remained perpendi-
cular to the axis of applied force. Limited information is available in
the literature using this test method for measuring repair strength of
composites [27].

IAR application increased the bond strength values in most of the
simulated composite–composite repair conditions significantly.
Therefore, the second part of the null hypothesis that the utilization
of an IAR would not affect the repair strength was also rejected. The
IAR used was in fact a dentin bonding agent which is easy to apply
compared to other conditioning systems that require additional
equipment [28,29]. The function of IAR is to create a chemical
unification with the resin matrix [1]. Some studies have demon-
strated that IARs without fillers may increase the bond strength,
regardless of the surface conditioning method employed [13,22].

In a previous study, El-Askary et al. [27] investigated the effect
of different surface conditioning methods on the immediate repair
strength of a microfine hybrid restorative composite with tensile
bond test using non-trimmed hourglass-shaped specimens. In
contrast to our results, they reported that the application of a thin
adhesive layer in one coat did not improve the immediate repair
bond strength as the other surface conditioning methods did.
In this study, the IAR was applied according to the manufacturer0s
instruction in two coats. Whether the thickness of the IAR affected
the results or not need further investigation. The IAR used in this
study contains water/ethanol solvent and it has highly-dispersed
nanofillers that might have contributed to higher bond strength.
It has been previously demonstrated that acetone-based solvent
containing IARs is more technique sensitive and did not increase
the repair bond strength of composite resins and therefore they
were not recommended for intraoral repair [16]. On the other
hand, Balkenhol et al. [30] reported that IARs based on bis-GMA/
TEGDMA with acetone are best suited for conditioning the aged
surfaces of temporary crown and bridge materials to enhance
bond strength. Since in that study only acetone-based adhesive
material was used, further studies were recommended to investi-
gate the effect of other solvents on repair bond strength of
composite resins. Moreover, the adhesive used in this study
contains both the primer and the adhesive. In the study of Rathke
et al. [15], the use of a hydrophilic primer (OptiBond FL Prime, Kerr
Corp., Orange, CA, USA) and a less hydrophobic primer–adhesive
combination (Excite, Ivoclar Vivadent AG) did not produce sig-
nificantly higher repair bond strengths than the hydrophobic filled
adhesive (Optibond FL Adhesive, Kerr Corp.). They concluded that
the use of a primer might be limited to clinical situations with
exposed dentin at the repair site. When only enamel is involved,
the use of an adhesive without primer may be sufficient. Studies
looking at composite repairs next to enamel and/or dentin require
further investigations.

For durable adhesive joints, not only the conditioning method
or the IAR type but also the mechanical properties of the substrate

Table 2
Results of 3-way analysis of variance for the substrate and adherent composite types, application of intermediate adhesive resin and the interaction terms according to bond
strength data (npo0.05). nStatistically significant difference at the level of 5%.

Source of variation DF SS MS F p

Intermediate adhesive resin (IAR) application 1 9608.6 9608.58 134.38 0.0001n

Substrate composite type (base) 2 564.5 282.25 3.95 0.0210n

Adherent composite type 2 1986.5 993.25 13.89 0.0001n

IARnsubstrate 2 979.5 489.77 6.85 0.0014n

IARnadherent 2 469.5 234.77 3.28 0.0398n

Substratenadherent 4 3257.0 814.25 11.39 0.0001n

IARnsubstratenadherent 4 763.4 190.85 2.67 0.0338n

Error 178 12,727.5 71.50
Total 195

Table 3
Mean and (7standard deviation) of TBS data (MPa) based on the substrate–
adherent composite resin combinations with or without application of an inter-
mediate adhesive resin for TPH, CHA, Z250 used as substrate (base) composite.
Different small superscript letters within each row and capital letters within each
column indicates statistically significant differences (po0.05). For group abbrevia-
tions see Table 1.

Substrate–adherent Intermediate adhesive resin (IAR)

Without With

TPH–TPH 21.7674.74a,A 35.1976.85b, A

TPH–CHA 24.5379.65a,A 31.1578.72a,A

TPH–Z250 6.0172.39a,B 28.0578.69b,A

CHA–CHA 34.9773.17a,A 41.05711.42a,A

CHA–TPH 18.3779.45a,B 28.77711.19a,B

CHA–Z250 19.5773.29a,B 29.1574.92a,A,B

Z250–Z250 17.53710.21a,A 41.55711.01b,A

Z250–CHA 15.0876.79a,A 38.44711.74b,A,B

Z250–TPH 16.7279.14a,A 28.0674.44a,B
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and the adherent composite resin are of importance. In the study
of Hamano et al. [10], repair strength of a nanofilled composite
resin (Ceram X, Dentsply, Konstanz, Germany) on the same
composite material revealed no significant difference with and
without application of an IAR (Xeno V, Dentsply). For this reason,
they stated that this nanofilled composite resin does not need any
type of conditioning as wettability of the material was superior to
other highly filled composites. Hence, composites with high
viscosity may benefit more from the application of an IAR to
increase their wettability on the substrate. In that respect, in this
study, microhybrid composite, Z250, benefitted from the IAR
application more than the hybrid composite (TPH). Although shear
tests show more cohesive failures in the substrate material, in
previous studies [13,22], cohesive failures were not observed with
IAR application when microfilled composites were repaired, in
this study.

Interestingly, when the substrate and adherent were swapped,
the bond results were not always similar (e.g. TPH‐Z250:
6.01 MPa; Z250‐TPH: 16.72 MPa). Although chemically the inter-
face was principally similar, being both methacrylate based com-
posite resins, the difference could be due to the variation in light
transmision or polymerization achieved. Z250 contains 82 wt%
fillers, whereas TPH has 77 wt% according to the manufacturers‘
information. Degree of conversion of the materials was not the
scope of this study but in case of less wettability of the adherent
on the substrate adhesion may be impaired or better polymeriza-
tion of the adherent, may present more rigidity at the interface
yielding to a brittle adhesive joint. This may then result in a
quicker crack propagation and eventually lower bond strength.
Thus, from the clinical point of view, using the same composite
resin combinations would be the best practice.

The repair model simulated in this study represents the clinical
situation for non-aged substrates, namely the early repairs. This
kind of repair is usually encountered when the form of the
restoration is not adequate or there is a mismatch with the
neighboring teeth especially in anterior Class IV or direct compo-
site veneers. Since high clinical skills are required in handling
composite resin materials, such early failures could be experienced
but they could be repaired through relayering in the subsequent
session. The surfaces of the polymeric materials change after being
exposed to the oral environment. Hence, the age of the substrate
composite should be considered to simulate late composite–
composite repair.

The higher activity of residual free radicals in composites may
be observed on the substrate surface during the first 24 h after
polymerization [10]. The results of the study of Dall0oca et al. [18]
indicated that the presence of an oxygen-inhibited layer does not
significantly affect the composite-to-composite bond strength if
coupling is performed within the first 14 days. They speculated
that the amount of remaining active free radicals within the
nitrogen-cured bonding resin layer that is available for reacting
with resin composite monomers is the most important factor for a
direct composite repair, even in the absence of oxygen. Storage of
specimens in distilled water for 1 week in this study was based on
the fact that saturation by water promotes completion of free
radical reactions, softening of the matrix [12,14,15]. Even though
composite resins are composed of bis-GMA, UDMA, TEGDMA and
inorganic matrix, variations in the amount of these components
may alter the repair strength. Although the inorganic matrix
percentages of the composite resins investigated showed simila-
rities in terms of filler particle type and size, mechanical properties
of the composites related to their filler content may still affect the
repair strength due to variations in their flexural strength, flexural
modulus, hardness, and fracture toughness [31]. Moreover, bis-
GMA adduct used in TPH is more hydrophobic than unmodified
bis-GMA due to the substitution of two hydroxyl groups [32]. Even

though 1 week may be considered short, this might have reduced
the water sorption and related detrimental effects [1,33]. There-
fore, the time of repair is important as composite resins degrade
over time [10,24,34]. Different substrate composite resin aging
periods ranging from immediate to 1 year have been used to age
restorations [10,22,27,28]. Since the activity of residual free
radicals continue to be observed longer time [35], water storage
of specimens for several months before testing increases the
predictability of the bonding performance of the tested interface.
In a recent study where a variety of surface conditioning methods
(diamond bur, air-abrasion with alumina particles, silica coating,
phosphoric and hydrofluoric acid treatment) were tested for
composite repair strength [20] on artificially aged composites no
universally applicable repair method could be recommended for
all sorts of composite resins. The composite type again affected the
results. Future studies should concentrate on identifying the aging
affect as it relates to the presence or absence of the oxygen
inhibition layer [15], and the most suitable repair method for the
specific composite. In order to make it more reliable for repair
actions, the type of composite must be recorded in the patient
files. In this study, early repair actions were simulated in situation
where the color or the form of the restoration need to be corrected
the next day or the session. In such a situation, the substrate
composite resin is not exposed to aging. Thus, no long-term water
storage or thermocycling were practiced.

In clinical practice, prior to repair actions, usually the top
surface of the composite is removed using a bur. The amount of
removal is highly operator dependent and difficult to standardize
in an in vitro study. This was not done on purpose in this study
that could still be seen as a limitation of this study.

In this study, no cohesive failures in the substrate composite
were noted indicating that the cohesive strength of the substrate
composite was not exceeded. Clinical studies are needed to
identify whether application of IAR alone or activating the sub-
strate surface with physico-chemical conditioning media is neces-
sary for durable repairs.

5. Conclusions

Within the limitations of this study, the following conclusions
were drawn:

1. Utilization of IAR on the similar substrate–adherent combina-
tions significantly increased the TBS results for Z250–Z250 and
TPH–TPH composites (po0.05) but it did not change the TBS
values of CHA–CHA (p40.05).

2. The use of IAR on the dissimilar substrate–adherent combina-
tions significantly increased the TBS results (po0.05).

3. When the substrate composites were conditioned with the
adhesive resin, failure types changed from adhesive to mixed
failures but no cohesive failures in the substrate were experi-
enced in any of the groups.
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