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Abstract

Background: This study evaluated the effect of different mechanical surface preparation methods, as
well as different adhesives including universal bonding agents, on the shear bond strength of composite
repairs.

Methods: This study was experimentally performed on 64 Z250 composite discs (3M, ESPE) with 6

mm diameter and 2 mm height. A total of 60 samples were randomly divided into 6 groups as follows:
Group A) diamond milling + Adper Single Bond 2, group B) diamond milling + Single Bond Universal,
group C) diamond milling + All Bond Universal, group D) sandblast + Adper Single Bond 2, group E)
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sandblast + Single Bond Universal, group F) sandblast + All Bond Universal. Then, the new composite
was placed on the bonding layer, cured, and underwent aging again. The samples were assessed
for shear bond strength by universal testing machine and their failure mode was investigated under
the light microscope (20x and 100x). Finally, 4 remaining samples, which were surface-prepared by
diamond milling and sandblasting, were evaluated for qualitative analysis of surface roughness using
scanning electron microscopy (SEM) and atomic force microscopy (AFM). Data were analyzed by one-
way ANOVA and Fisher’s exact tests.

Results: There was no statistically significant difference in shear bond strength and failure mode among
the groups (P>0.05). However, diamond milling + Single Bond Universal group showed the highest
and Adper Single Bond 2 had the lowest bond strength.

Conclusions: There was no significant difference in bond strength using different methods. Therefore,
diamond milling + Single Bond Universal was suggested as the best and most available method
compared to sandblasting.
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Background Highlights
Composite resins had been introduced as an alternative
restoration instead of amalgam in dentistry because of > Singlg bond universal had the best performance in composite
their better esthetics. Chemical and mechanical damages o

. 8 »  Adhesive generation does not influence composite repair success.
can destroy composite restorations during their service »  Adhesive affinity to silica filler of composite may influence repair.
period. Clinical studies revealed 5%-45% failure rate

during a 5-year period in this regard (1-3). It has been
demonstrated in a clinically simulated study that more
than twice as much tooth structure is lost when removing
composite restorations than comparable amalgam
restorations (4). The repair of composite restoration can
reduce the cavity preparation size, preserving intact tooth
structure, prevent pulpal damage, increase the longevity of
the restoration and reduce costs (3-6). A successful repair
cannot occur between the two layers without any surface
preparation (chemical or mechanical) (7-9). One of the

mechanical surface preparation techniques is increasing
surface roughness, which improves bond strength by
creating micro or macro interlock (8-13). Sandblasting by
50 um alumina particles, milling by diamond bur (14-16),
sandpaper, pumice abrasion (17), lasers irradiation (4)
and using tribochemical silica coating (4,5,18) are some
of the mechanical methods.

The adhesion between fresh and old composite surfaces
is achieved by an oxygen-inhibited layer (5,9,10). The
oxygen-inhibited layer has unreacted double covalent
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bonds (C=C) during the first 24 hours, that enable this
layer to polymerize with new composite monomers.
Aging of composite restoration with various agents in the
oral environment removes this active layer (19); therefore,
old composite surface preparation is critical for repairing
restoration (20). This procedure removes the surface layer,
exposes the fresh surface to higher energy, and increases
the surface area by forming irregularities (18).

Chemical preparation methods include etching by
hydrofluoric acid (19,21), phosphoric acid (4,22), 38%
hydrogen peroxide (17), and silane (4,17,21,23,24).

Previous studies showed that the bond will be so weak
if the adhesive is not applied after surface preparation
(16,25). Despite many studies, there is still no agreement
on the best composite repair protocol (2,11,26,27).
Therefore, a combination of mechanical/chemical
preparation and bonding agents has been used in this
regard (28,29).

In recent decades, some new adhesive materials have
been introduced called “universal” or “multipurpose”
which can be used on different substrates including
enamel, dentine, ceramic, metal, or composite. They
make the bonding process easier and also reduce chair-
time and technical sensitivity (30). These adhesives
may contain MDP (methacryloyloxydecyl dihydrogen
phosphate) as functional acidic monomers which
improve the bond strength between different substrates
such as metal and zirconia (31). Some of these universal
bonds, such as Single Bond Universal, contain silane
(5,24). Silane is a coupling agent that can bond to silica
fillers in many of old composite matrices. Additionally, it
may react as bi-functional molecules in order to increase
surface wettability in organic materials such as composite
or inorganic materials such as porcelain (4,24). There are
a few studies on the composite repair by this bonding
generation (3).

The aim of this study was to investigate the effect of
different mechanical surface preparation methods and
universal bonding agents on the bond strength of the
repaired composites.

Materials and Methods
The present study was conducted using in-vitro

Table 1. The Ingredients of Materials Used in the Study

experimental method. Table 1 shows the composite and
bonding agents used in this study. Based on the pilot and
similar studies, the number of groups was estimated to
be 6 with 95% confidence interval (a = 0.05). The sample
size was determined to be 10 samples for each group for
multiple group comparisons using Minitab software.

Therefore, 60 samples were investigated in this study.

The samples were allocated to six groups randomly. In

addition, 4 additional samples were provided for SEM

and AFM to investigate the quality and quantity of surface
roughness resulting from sandblasting and diamond
milling, respectively.

7250 composite discs (shade A1/3M, ESPE ST, Paul,
MN, USA) were prepared with a diameter of 1 mm and
a height of 1 mm using a metal mold in one layer and
a celluloid strip was placed on the packed composite. A
glass slab was placed on the samples to plan the surface
of the composite. Then, the glass slab was removed and
the samples were cured from the upper surface by a
Demetron Optilux 401 light curing device (Demetron/
Kerr, Danbury, USA) for 40 seconds. The samples were
stored in distilled water and placed in an incubator
(Pars Azma Co, Iran) for 24 hours at 37°C. Afterwards,
the samples underwent thermocycling (5000 cycles) at
5-55°C (TC_300, Vafaei Industrial, Iran) for 30 seconds
in each bath with 10 seconds of transition time.

The samples were randomly divided into two groups of
32 and received one of the following surface preparations.
1. Surface grinding with coarse grit diamond bur

(Fissure 008, Teeskavan, Iran): the bur was
changed for each 5 samples to ensure that they
are sharp.

2. The surface of the samples was sandblasted with an
intraoral sandblasting device (Micro etcher Danvill,
USA) using 50 pum particles of aluminum oxide
(AL203) for 10 seconds at a constant distance of 5
mm with 3 bar pressure (Psi45) perpendicularly. The
samples were then washed with water for 10 seconds
and air-dried for 1 minute.

Two samples were separated from each group for
surface roughness evaluation by SEM and AFM. Then,
from both groups, 30 samples were randomly divided into
3 sub-groups (10 per each) and bonding was applied to

Material Composition

Company

Canmpesiie 2250 (filler volume: 60%)

(A1-A3) (filler size: 0.01-3.5 p)
Schotchbond i 9
Eiching o Phosphoric 35%

All Bond Universal

Single Bond Universal :
copolymer, Silane

Adper Single Bond 2 copolymer of polyacrylic, Vitrebond copolymer

Bis-GMA, Bis-EMA, TEGDMA, Zirconia/Silica fillers

10-MDP Phosphate monomer, HEMA, Bis-GMA. Ethanol

HEMA, Dimethacrylates, MDP Phosphate monomer, Ethanol, initiators, water, Vitrebond

HEMA, Bis-GMA, water, Ethanol, Dimethacrylates, novel photo initiator, polyitaconic acids,

3M, ESPE, St Paul, MN, USA

3M, ESPE, St Paul, MN, USA
BISCO, Schaumburg, IL, USA

3M, ESPE, St Paul, MN, USA

3M, ESPE, St Paul, MN, USA
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each group as follow:

o Adper single bond 2 (3M, ESPE ST, Paul MN, USA)
«  Single Bond Universal (3M, ESPE ST, Paul MN, USA(
o All Bond Universal (BISCO, USA)

Light-curing was done for all six groups by Demetron
Optilux 401 light curing device for 10 seconds with an
intensity of 1200 mw/cm?.

Then, A3 shade of Z250 composite was used as 2
mm layers on the bonding surface of the samples in a
transparent silicon tube (Tygon, Norton performance)
with 3 mm diameter and 4 mm height and each layer
from the occlusal surface was cured for 40 seconds.
Afterwards, the composite cylinders were cured for an
additional 120 seconds (from the occlusal surface and
two arcs of irradiation from each side at a 45° angle).
The plastic cylinders were cut with a sharp blade under a
stereomicroscope (SMZ_10, SERIAL NO. 68100. Nikon,
Japan). Then, the samples were placed in distilled water
in the incubator at 37°C (Pars Azma Co, Iran) for 24
hours. After incubation, the samples were placed in a
thermocycling machine again under 5000 cycles as before.

Shear Bond Strength Measurement

The samples were mounted in metal molds by cold-
cure acrylic resin (ACROPARS 200, Iran). The mounted
samples were then transferred to the Universal Testing
Machine (Instron 5566, USA). The machine blade was
applied to the interface of samples with 5N force and
speed of 1 mm/cm?’. Shear bond strength was recorded
in MPa.

The failure mode of all samples was evaluated by
stereomicroscope (SMZ_10, serial no.68100. Nikon,
Japan) with a magnification of 20x and 100x, and they
were classified into fracture groups of Mixed, Cohesive
and Adhesive.

SEM and AFM were done on the 4 additional samples
whose surfaces were prepared by sandblasting and
diamond milling in order to evaluate surface roughness
(Ra).

The collected data were analyzed by SPSS version 17.0
(IBM, USA).

In this study, descriptive-analytic statistical methods
were used. To investigate the data distribution, Shapiro-
Wilk test was used. Levene test was used to evaluate the
equality of variances of the qualitative variables in groups.
One-way ANOVA was used to compare the means of
quantitative variables, such as bond strength, and Fisher’s
test was used for comparing qualitative variables, such as
failure mode of samples.

Results

Shapiro-Wilk test was used for evaluating data distribution.
According to the probability values, the distribution of
data in all six groups with a minimum probability value
of P=0.489 was accepted. Table 2 shows the mean bond
strength of each experimental group. Diamond milling

+ Single Bond Universal had the highest, while diamond
milling + Adper Single Bond 2 group had the least bond
strength.

The similarity of the variance of the groups was
evaluated by Levene test and this hypothesis was
confirmed with P=0.864. Therefore, one-way ANOVA
was used to compare the groups with each other. There
was no significant difference in bond strength among the
6 groups (P=0.162).

Table 3 presents the distribution of the fracture types in
each group. Given that this variable is qualitative, Fisher’s
test was used with a probability value of P=0.07 for
group comparison. There was no significant difference in
fracture type among the 6 groups (P> 0.05).

Mixed and Cohesive failure modes were seen in the
samples (Figures 1 and 2), and these samples were also
evaluated by SEM (x20, x100). Figure 3 illustrates
the surface roughness through diamond milling and
sandblasting by AFM.

Discussion

Old composite restorations do not have an oxygen-
inhibited layer due to intraoral factors such as saliva,
repeated temperature change, and also nutritional
chemical alterations. Therefore, if restoration is damaged,
we need chemomechanical methods to activate the surface
of old restoration (23) in order to obtain the proper bond

Table 2. Descriptive Data of the Experimental Groups

Group Mean Star}da}rd Minimum  Maximum
Deviation

Diamond milling +

Adbor Single Bond 2 98710 065320 6.72 12.60

Diamond milling + 12.3930  0.83655 8.35 16.26

Single Bond Universal

Diamond milling +

Al B s 12.1680  0.78795 8.41 15.82

Sandblast + Adper 10.9800  0.69599 7.10 14.09

Single Bond 2

Seliell e = Sllirgle 11.9470  0.71230 7.85 14.92

Bond Universal

Sandblast + All Bond 1, (o0 67081 7.86 14.41

Universal

Table 3. Distribution of Failure Modes in Experimental Groups

Mixed  Cohesive Adhesive
Group

Fracture  Fracture Fracture

Diamond milling + Adper Single 80 20 0
Bond 2

DlaAmond milling + Single Bond 100 0 0
Universal

Diamond milling + All Bond Universal 60 40 0
Sandblast + Adper Single Bond 2 70 30 0
Sandblast + Single Bond Universal 80 20 0
Sandblast + All Bond Universal 40 60 0
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Figure 1. Failure Mode Analysis by SEM; A) Mixed (x20
magnification) B) Cohesive (x20) C) Mixed (x100) D) Cohesive
(x100).

It should be noted that there was not any adhesive fracture in this
study.

Figure 2. Surface Roughness Analysis by SEM in x100 magnification;
A) Diamond Milling B) Sandblasting.

Figure 3. Surface Roughness Analysis by AFM; A) Diamond milling
B) Sandblasting.

between the two composite layers (19).

We selected 5000 rpm thermocycling for our study
in order to simulate oral conditions based on previous
studies (22). Additionally, we decided to use the same
composite for repaired composite discs in order to reduce
factors affecting the bond strength (5,13,32).

Shahdad and Kennedy reported that using similar
composites would not increase the bond strength
between the two layers (13), and the chemical formula
of the bonding adhesive used between the two composite
layers is much more important than the chemical formula
of composites (22). Nevertheless, in the present study,
the same composites were used to minimize the effect of
any dissimilarity. In the present study, Z250 composite
was used due to its silica fillers which may interact with
adhesives containing silane. One of our adhesives was
Single Bond Universal that contained silane. Moreover,
Adper Single Bond 2 contained nano-spherical silica
particles (%10 weight) which were silane-treated to
prevent agglomeration (33). Silane can react with the
silica fillers in the composite and improve the bonding
between the composite and the adhesive (17,34).

The bonding between the two layers of old and new
composites is obtained by the following three mechanisms:
1. Through chemical bond with organic matrix
2. Through the chemical bond with the exposed fillers
3. Through micromechanical bond with the prepared
surface (18).

Surface preparation can be done by mechanical or
chemical approaches. Diamond milling (4,6,18,21-24)
and sandblasting with 50 um particles (15,18,21,24)
are mechanical; however, etching with phosphoric acid
gel 37% (6,17,24) or hydrofluoric acid (3,4,22,24) is a
chemical method. In many studies, acid etchant is used
before the adhesion. However, the acid invasion is not
the same for all composites and it depends on the type
of its filler particles (18). For example, hydrofluoric acid
has no effect on a composite containing zirconia (17).
According to Fawzy et al, acid alone does not affect the
morphological deformation of the composite surface
(34), and it is only used for cleaning. Therefore, we used
these two mechanical methods in this study.

Applying adhesive after surface roughening has a great
effect on the improvement of repair bond strength. This
effect may be due to the penetration of adhesive into the
surface layer and this micro-mechanical interlock has a
positive effect on the repair bond strength (16).

Three adhesives have been used in this study. Single
Bond Universal and All Bonds Universal are the two
universal brands of multipurpose composite bonding
used for enamel, dentin, metal alloy, amalgam, porcelain,
and composite. The third brand is Adper Single Bond 2
which is a hydrophilic total etch adhesive (5th generation).

Diamond milling had slightly higher bond strength
compared to sandblasting. However, there was no
significant difference between the two methods. This
result is similar to that found by Yesilyurt et al (22).
Joulaei et al (17) revealed that diamond had better
performance in improving bond strength; however, da
Costa et al (21) and Hemadri et al (15) believed that
sandblasting is more effective than diamond milling.
Although a specific surface preparation may not have the
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same effect on different types of composite materials or
varijous fillers, the use of diamond milling may provide
greater bond strength. Surface roughness analysis by SEM
showed that diamond milling provided rougher and more
available exposed surface for the macro-mechanical bond
compared to sandblasting. However, micro-retentive
grooves were more irregular, with an average depth of
15 um, in sandblasted samples and composite fillers or
matrix structures were damaged greatly (16).

There were no significant statistical differences in the
bond strength of experimental groups in the study. It is
consistent with previous studies (6,16,18,23,24,35). It was
found that adhesive generation is not important for having
a successful composite repair. Single Bond Universal and
Adper Single Bond 2 have silane in their structures and
it is more likely to bond with silica filler of composite
material. However, this was not confirmed statistically.

In order to recognize the type of failure mode, we used
two different color composites (A1, A3) (7). The failure
mode of the samples exhibited either cohesive (28.3%)
or mixed fractures (71.7%). The adhesive pattern was
not observed. There was no significant difference in the
failure mode of different groups. Adhesive failure is the
fracture in the adhesive layer between two composite
layers while the cohesive fracture is a fracture within
each composite matrix (8,9,36). The higher incidence of
mixed fracture in the present study showed that the bond
strength of composite repair is average.

One of the strong points of this study is the use of AFM
along with SEM analysis. AFM data are more detailed
compared to SEM because it contains information in
three spatial dimensions. Therefore, AFM can exhibit
irregularities better than SEM. SEM should be done under
vacuum condition while AFM can be done in liquid.
The samples may be more preserved in AFM methods;
however, SEM may damage them greatly. In addition,
AFM is less time-consuming (37,38).

Conclusion

There was no statistically significant difference in bond
strength using diamond milling or sandblasting as surface
preparation methods or using different generations of
adhesives. However, two universal bonds had slightly
better performance. Finally, diamond milling + Single
Bond Universal is suggested as the best protocol related to
the composite repair.
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