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ABSTRACT

Background: The optimal surface treatment is an important factor in repairing
failed restorations.

Purpose: The aim of this study was to compare the effect of different surface treatments in
combination with bonding agents on the repair of an aged nano-filled resin composite.

Materials and Methods: Resin composite disks (N = 180; Filtek Supreme XT, 3M ESPE, St.
Paul, MO, USA), 6 mm in diameter and 2 mm in height, were prepared. After accelerated aging
of 300 hours in a weathering tester, the specimens were randomly divided into six groups of
30 each, according to the following surface treatment methods: no surface treatment (control
group, C), 38% phosphoric acid gel (PA), 9.6% hydrofluoric acid gel (HF), abrasion with
sodium bicarbonate particles (SB), aluminum trioxide particle abrasion (AT), and diamond bur
(DB). Fresh resin composite was bonded to the treated surfaces with one of two bonding agents
(Prime&Bond NT, Dentsply/Caulk, Milford, DE, USA; Clearfil SE Bond, Kuraray Co./J.,
Morita, Japan). The effect of each surface treatment on the bond strength was determined by a
shear bond test. Data were analyzed by two-way analysis of variance and Tukey’s post hoc test
(p = 0.05).

Results: Significant differences were found between the groups, for both surface treatment and
bonding agent (p < 0.05). For all surface treatments, the shear bond strengths (SBSs) with
Clearfil SE were higher than those with Prime&Bond (p < 0.05). The mean SBS values for the
surface treatment groups were, from highest to lowest, 19.3 (DB), 18.7 (AT), 17.4 (SB),
15.2 (HF), 9.2 (C), and 8.8 MPa (PA).

Conclusions: Surface treatment with DB or AT was more effective than with the other surface
treatments tested for the repair of nano-filled composites. The adhesive used as an intermediate
agent is also important in composite repair.
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CLINICAL SIGNIFICANCE
Surface treatment with a diamond bur plus a proper adhesive agent is a simple, efficient,
and cost-effective procedure for enhancing the shear bond strength of a repaired nano-hybrid
resin composite.

(J Esthet Restor Dent 21:251–261, 2009)

I N T R O D U C T I O N

Composite resins are widely
used in restorative dentistry

and continue to evolve with the
development of more wear-
resistant filler particles, better
resin bonding systems, curing
refinements, and improved sealing
systems.1 Although the properties
of composites have been
enhanced, factors such as wear,
discoloration, polymerization
shrinkage, and microleakage still
limit the longevity of composite
restorations.2,3 Failures of compos-
ite restorations can occur in clini-
cal practice, resulting in the need
for replacement or repair of
the restorations.

Replacement of failed composite
restorations is often undesirable,
especially if the existing restoration
is close to the pulp, is retained by
pins, or is large.4 Repairing the
defective restoration is often pre-
ferred, to preserve healthy tooth
structure and to reduce cost and
chair-side time.5

Successful composite resin repair
requires an adequate interfacial
bond between the old and fresh

composite resins.5–9 Many surface
conditioning methods and adhe-
sion promoters have been pro-
posed to improve the repair
strength of composite resins; these
include roughening with burs,
etching with hydrofluoric or phos-
phoric acid (PA), and airborne
particle abrasion with aluminum
oxide, with or without silane
coupling agents or resin-based
adhesive systems.4,7,9

Many variables such as the curing
process, time of bonding after
original curing of the substrate,
surface preparation, and use of
adhesive resins or silanes affect
the bond at the repair site.10 In
previous studies, it was suggested
that the effect of a surface treat-
ment on bond strength depended
on the substrate surface to be
repaired.11 In particular, hydrof-
luoric acid (HF) seemed to have
had little effect on repairing
microfilled composite resins.6,12

Lucena-Martín et al. reported that
the relative efficacy of air abra-
sion treatments was different on
the surfaces of microhybrid and
microfilled composites.6 Hannig
et al. stated that, although air
abrasion with sodium bicarbonate

(SB) particles was effective in
repairing hybrid composites, the
effect was limited in the repair of
ormocers and polyacid-modified
resin composites.13

Nano-filled composite resins with
supposedly superior characteristics
such as excellent optical properties,
ease of handling, and superior pol-
ishability have recently been intro-
duced by several manufacturers.
The materials incorporate reinforc-
ing spherical particles, 20 and
70 nm in diameter.14 High flexural
strength, low abrasion, and
low polymerization shrinkage
are attributed to the high
nano-filler fraction.15

The repair properties of nano-filled
composites have not been exam-
ined in previous studies. Also,
there is no consensus within den-
tistry regarding the best repair pro-
tocol, because of inconsistencies in
materials and repair methods used
in previous studies. The aim of this
study was to evaluate the effect of
five different surface conditioning
methods in combination with two
bonding systems on the repair
bond strength of an aged nano-
filled resin composite.
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M AT E R I A L S A N D M E T H O D S

Composite Disks
A nano-filled resin composite
(Filtek Supreme XT, 3M ESPE, St.
Paul, MO, USA) was used for this
study. Restorative resin composite
disks (N = 180), 6 mm in diameter
and 2 mm in thickness, were pre-
pared using Teflon molds. The
surface of the composite was
covered with a Mylar strip and
compressed with a glass slide to
obtain a flat surface on the speci-
men after light curing. The com-
posite was light polymerized using
a light-emitting diode device (LED;
SmartLite PS, Dentsply/Caulk,
Milford, DE, USA) at an intensity
of 950 mW/cm2 for 20 seconds,
through the glass plate at a
90-degree angle to the top surface.
During composite disk preparation,
the light intensity of the LED was
periodically checked, using a dental
curing radiometer (HILUX/
Benlioglu Corp., Ankara, Turkey),
to ensure that the light output
remained within the recommended
limits at all times.

Aging Procedure
The prepared specimens were aged
in an accelerated aging chamber.
The specimens were mounted on a
panel that attached to the frame of
an accelerated weathering tester
(QUV, The Q-Panel Co., Cleve-
land, OH, USA) and were kept
there for 300 hours. In the weath-
ering tester, specimens were
exposed to continuous ultraviolet

(UV) and visible light, at a
temperature of 43.3°C, and with
a programmed cycle of 18 minutes
of distilled water spray within
each 2-hour period.16–19

After the aging procedure, all
specimens were stored in distilled
water for 24 hours at room tem-
perature. Thereafter, the specimens
were embedded in acrylic resin
blocks, leaving the smooth surfaces
of the composite disks uncovered
for bonding procedures.

Composite Surface Treatment
The specimens were randomly
divided into six groups of 30 speci-
mens each, according to the
following surface treatments:

1. Group 1 (C), control with no
surface treatment

2. Group 2 (PA), coated with a
thin layer of 38% PA (Pulpdent,
Watertown, NY, USA) for 60
seconds, rinsed with water for
30 s, and dried with oil-free air

3. Group 3 (HF), coated with
a thin layer of 9.6% HF
(Pulpdent) for 60 seconds,
rinsed with water for
2 minutes, and dried with
oil-free air

4. Group 4 (SB), sandblasted with
SB particles for 15 seconds,
using an air-abrasive unit
(Air-Flow Handy, EMS, Nyon,
Switzerland) at 2.2¥ atmo-
spheric pressure and
10 mm distance

5. Group 5 (aluminum trioxide
[AT]), sandblasted with 50-mm
AI2O3 particles for 10 seconds,
using a microetcher (Danville
Engineering Inc., Danville, CA,
USA) at 10 mm distance

6. Group 6 (diamond bur [DB]),
roughened at high speed with a
DB (150 mm; 856/018, Diatech
Diamant AG, Hecrbrugg,
Switzerland) and water cooled.

Each group was randomly assigned
into two subgroups of 15 speci-
mens each for bonding with two
adhesive systems: (1) a total-etch
adhesive (Prime&Bond NT,
Dentsply/Caulk, Milford, DE,
USA), and (2) a self-etch adhesive
(Clearfil SE Bond, Kuraray Co./J.,
Morita, Japan).

Both adhesive systems were applied
and polymerized on the aged and
treated composite surfaces accord-
ing to the manufacturers’ direc-
tions. Following this bonding
application, a hollow cylindrical
mold (internal diameter, 3 mm;
height, 4 mm) was placed by hand
on the center of the aged compos-
ite, and fresh nano-filled composite
(Filtek Supreme XT) was con-
densed into it in two increments.
The first increment filled half of
the cylinder, and the second incre-
ment filled it to the top. Each
increment was light polymerized
for 20 seconds. The mold was then
carefully removed from the speci-
men, and another exposure for
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20 seconds was applied to the
specimen to ensure adequate poly-
merization of the material. Excess
composite resin was checked visu-
ally and, if present, was removed
before curing. The bonding proce-
dures were carried out by the same
operator. Thereafter, all specimens
were stored in distilled water at
37°C for 1 day.

Shear Bond Strength Test
In the shear bond strength (SBS)
tests, each specimen was positioned
in a universal testing machine
(Lloyd Instruments PLC, Hamp-
shire, UK; Figure 1), with the
bonded surface of composite–
composite parallel to the direction
of the force application. A steel
knife edge was placed as close as
possible to the bonded surface of

composite–composite. The SBS test
was performed at a crosshead
speed of 1 mm/min (Figure 1).
The results of the SBS test were
recorded in Newtons and were
converted to Megapascals (MPa).

Scanning Electron
Microscope Analysis
One sample from each test group
was examined under a scanning
electron microscope (SEM) to
evaluate the effects of the different
surface preparation methods on the
aged composite surface. The speci-
mens were stored for 2 days in
absolute alcohol, air dried for 2
hours, mounted on SEM stubs so
that the area of interest could be
seen, sputter coated with 10-nm
gold particles using a Polaron
Sc500 sputter-coating device (VG

Microtech Inc., Sussex, England),
and observed under a SEM (JSM-
5600, JEOL Ltd., Tokyo, Japan) at
an operating voltage of 10 kV.
Specimens were observed at a
90-degree angle and 23 mm
working distance. Photomicro-
graphs were taken at ¥500 magni-
fication for visual inspection.

Statistical Analysis
Two-way analysis of variance
(ANOVA) was used to examine the
effects of surface treatments and
bonding agents on the SBS of the
repaired composite. The Tukey
HSD test was used for post hoc
comparisons of the groups. The
results were evaluated with a 95%
confidence interval. The statistical
significance level was p < 0.05.

R E S U LT S

SBS Comparisons
The mean SBS and standard devia-
tion values for the surface treat-
ment procedures with each of the
two bonding agents are shown in
Table 1. The Tukey HSD test
results of the surface treatment
groups are shown in Table 2. Two-
way ANOVA revealed significant
differences between the groups for
both surface treatment and
bonding agent (p < 0.05).

There was no significant difference
in SBS between the control and PA
groups (p > 0.05), which both had
statistically lower SBS values than
the HF, SB, AT, and DB groups

Figure 1. Schematic illustration of the shear bond strength
test setup.
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(p < 0.05). There was no signifi-
cant difference in SBS between the
two abrasive surface treatments
(p > 0.05). The mean SBS values of
the DB and AT groups were similar
to that of the SB group (p > 0.05)
but significantly higher than those
of the control, PA, and HF groups
(p < 0.05). The mean SBS values
for the surface treatment groups
(Table 2) were, from highest to
lowest, 19.3 (DB), 18.7 (AT),
17.4 (SB), 15.2 (HF), 9.2 (C), and
8.8 MPa (PA).

For all surface treatments, the
mean SBS values of the Clearfil
SE groups were statistically
significantly higher than those
of the Prime&Bond groups
(p < 0.05).

SEM Analysis
Figure 2 shows SEM photomicro-
graphs of the composite surfaces
treated with the various surface
preparation techniques. As deter-
mined from the SEM photomicro-
graphs, the DB gave a rougher

surface and more area for micro-
mechanical retention compared
with the other treatments. Both
the control and PA-etched samples
have relatively smooth surfaces.
The particle abrasion-treated
groups (SB or AT particles) exhib-
ited rougher surfaces than the
acid-treated groups (PA or HF).

D I S C U S S I O N

Clinically, the bonding between
two composite layers is achieved
in the presence of an oxygen-
inhibited layer of unpolymerized
resin.20 However, aged restorations
do not contain an unpolymerized
surface layer.21 The unreactive
methacrylate groups, which allow
for adhesion of intermediate adhe-
sive agents, are reduced with time,
thereby reducing adhesion relative
to that of a fresh composite.22

Thus, the age of the restoration is
an important factor in composite
repairs.22,23 In vitro studies simu-
lating the aging process of com-
posites have used methods such as
thermocycling and storage in
aqueous media or citric acid to
age composites.22,24 Additionally,
accelerated aging processes have
been used to simulate aging in the
dental literature.16–19 In an acceler-
ated aging process, composite
samples are exposed to continuous
UV and visible light, and distilled
water, which may change the
physical properties of composites.
According to the manufacturer of
the weathering instrument used in

TA B L E 1 . T H E S H E A R B O N D S T R E N G T H VA L U E S ( M E A N S � S D ) O F

S U R FA C E T R E AT M E N T S I N C O M B I N AT I O N W I T H B O N D I N G A G E N T S .

Groups Prime&Bond NT Clearfil SE Bond Difference

Mean � SD (MPa) Mean � SD (MPa)

Control 8.1 � 1.9 11.0 � 3.2 p = 0.018*
Phosphoric acid 7.0 � 1.6 10.6 � 2.2 p = 0.000*
Hydrofluoric acid 13.5 � 5.8 17.0 � 4.2 p = 0.032*
Sodium bicarbonate

particle abrasion
14.9 � 4.9 19.8 � 3.2 p = 0.011*

Aluminum trioxide
particle abrasion

17.8 � 3.5 19.5 � 2.7 p = 0.041*

Diamond bur 15.9 � 4.9 22.8 � 4.7 p = 0.003*

MPa = Megapascal; SD = standard deviation.

*p � 0.05.

TA B L E 2 . T H E T U K E Y H S D R E S U LT S O F T H E S U R FA C E T R E AT M E N T

G R O U P S .

Groups N Subset

1 2 3

Phosphoric acid 30 88.286
Control 30 92.319
Hydrofluoric acid 30 152.227
Sodium bicarbonate particle abrasion 30 173.895 173.895
Aluminum trioxide particle abrasion 30 186.455
Diamond bur 30 193.395
Significance .999 .406 .527
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our study, 300 hours of aging is
equivalent to 1 year of clinical
service.18,25 In the present study,
an accelerated aging process was
used to provide a more realistic
simulation for the repair of older
composite restorations. However,
there is no consensus as to which
aging regimen best simulates
oral conditions.26

The SBSs of different composite
resins after repairs have been
tested in previous studies. Some
used composite resins of the same
type as their aged and repaired
composite,26,27 whereas other
studies used dissimilar composites
for repairing aged composite.4

Shahdad and Kennedy27 reported
that using identical resin matrix
chemistry to repair a composite
resin did not produce significantly
greater bond strengths than those
produced using different matrix
chemistry. Moreover, it may not
always be possible to clinically
determine the composition or
brand of the old composite.
Furthermore, when an adhesive
resin is used as an intermediate
bonding agent, the matrix chemis-
try of the adhesive resin may be
more important than the matrix
chemistry of the fresh composite
resin. However, in the present
study, the same type of composite
resin was used in order to

eliminate any effect of different
composite types in repairing
old composites.

The modification of the composite
surface texture by chemical and
mechanical methods has been per-
formed in attempts to promote
composite-to-composite physical
interlocking.9,28 Two chemical
(hydrofluoric and PA) and three
mechanical methods (DB, alumi-
num oxide, SB) were used to
modify the composite surfaces in
this study.

Surface roughness is a common
property known to improve the
general adhesion potential of a

A B C

D E F

Figure 2. Scanning electron microscope photomicrographs of composite surfaces after the application of various surface
preparation methods at ¥500: A, control (no surface treatment); B, phosphoric acid; C, hydrofluoric acid;
D, sodium bicarbonate particle abrasion; E, aluminum trioxide particle abrasion; and F, diamond bur.
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material, by promoting microme-
chanical retention between differ-
ent components. Söderholm and
Roberts23 claimed that surface
abrasion was the single most
important factor in composite
repair. However, several composite
repair studies have reported that
the grinding of the composite
surface decreased the tensile bond
strength, as a consequence of filler
exposure. Among the surface treat-
ments tested in the present study,
the abrasive treatments (DB, AT,
SB) produced higher SBSs than the
chemical treatments (HF, PA) for
the repair of nano-filled compos-
ites, although the abrasive SB treat-
ment produced SBSs similar to
those of HF (Table 2). However,
the effect of a surface treatment
may not be the same for all com-
posite types owing to the different
matrix structures or inorganic
fillers in composites.6,11–13

SB and AT particle abrasion cause
microretentive surface features.4

The use of a DB for surface rough-
ening may create more macro-
retentive features, along with
microretention, and, thus, would
differentially expose more filler
particles than an air abrasion
method.29 DBs and abrasive
systems with different abrasive par-
ticles are likely to generate differ-
ences in smearing and matrix
cracking, and as a result, the SBS
of the repaired composite may
be affected.

It has been reported that PA
applied to the surface does not
increase or reduce repair bond
strength.9,12,22 In a previous study,
PA did not alter the microscopi-
cally observed composite surface
characteristics.30 Nevertheless,
decomposition of inorganic filler
particles can occur after immersion
of a composite in acidic medium.31

Although this decomposition may
impair adhesion between compos-
ite layers, no difference has been
observed between the use of adhe-
sive alone and the use of acid fol-
lowed by adhesive.30 In the present
study, treatment with 38% PA
slightly, but not significantly,
changed the SBS. These results are
consistent with the findings of
other studies.13,22,29 However,
etching the surface of the tooth
with PA is necessary in resin resto-
rations when bonding to enamel
and dentine. Thus, PA is used in
repair procedures, whether or not
surface roughness is affected.

HF acts by dissolving the glass par-
ticles of the filling, leaving gaps or
pores that allow micromechanical
retention by the bonding agent9

(Figure 2C). In the present study,
bond strengths were increased with
HF treatment, which gave SBSs
similar to those obtained with SB
particle abrasion. HF etching is an
effective surface treatment for
bonding, but the risk for soft tissue
burns necessitates extreme care
during intraoral application.

Furthermore, the effect of HF
varies according to the composite
to which it is applied. Its effective-
ness has been shown to be related
to the percentage, size, and type of
the inorganic filling.6,12 Thus, HF
is not recommended as a routine
treatment for composite repair,
especially when the exact com-
position of the old composite
is unknown.4

Although micromechanical inter-
locking is the basis of the composite
repair process,13,29 the application
of a bonding resin as an intermedi-
ate agent is advisable to enhance
substrate wetting.4,27 In a previous
study, it was claimed that surface
roughness had more influence on
the repair bond strength than did
the choice of a bonding agent.21 In
contrast, Brosh et al.4 explained
that unfilled bis-GMA (Bisphenol
A-Glycidyl Methacrylate) resin
(enamel bond) was the most effec-
tive agent for enhancing the SBS of
repaired composite specimens,
regardless of the surface texture
created by the surface treatment.
The present study demonstrated
statistically significant differences in
repair bond strength among the
combinations of surface treatments
and adhesive agents used, suggest-
ing a synergistic effect between
mechanical surface treatments and
dentine adhesives.

Surface treatment effects may be
masked by the use of a bonding
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agent, and those effects might have
been better evaluated if negative
control groups (without bonding
agent) had been added to the
study. However, the application of
an adhesive resin is clinically man-
datory, and repair processes often
include both enamel and dentine
together with old composite. For
this reason, we did not include
such negative control groups in the
present study.

There is little information regarding
the effects of different bonding
systems on the repair procedure.
Three possible mechanisms
accounting for the effects of inter-
mediary resin materials are chemi-
cal bond formation to the matrix,
chemical bond formation to the
exposed filler particles, and micro-
mechanical retention caused by
penetration of the monomer com-
ponents into micro-irregularities in
the matrix.26 In the present study,
two bonding agents were used
as intermediate agents, in order
to enhance substrate wetting
and produce an unpolymerized
layer at the surface of the
abraded composite.

Investigations evaluating the influ-
ence of different commercially
available adhesive systems for
composite repair have shown
variations in bond strength
depending on the adhesive type.32

Previous studies have claimed that
the repair bond strength is better

with filled adhesive resins than
with unfilled adhesives.33,34 In con-
trast, in the present study, the SBS
was higher with Clearfil SE Bond,
an unfilled adhesive, than with
Prime&Bond NT, a filled adhe-
sive. The viscosity of Clearfil SE
is considerably greater than that
of Prime&Bond NT, giving Clear-
fil SE a greater capacity for
wetting the surface and
penetrating the organic phase of
the composite. This result was
expected, as these applications
contain different solvents in their
chemical compositions.

Prime&Bond NT is applied pas-
sively as single coat on the treated
surface, whereas Clearfil SE is
applied actively with a light brush-
ing motion for about 20 seconds.
This difference in application tech-
niques may allow the solvent and
adhesive of Clearfil SE to better
penetrate the surface to be repaired.
Clearfil SE also creates a thick
adhesive layer on the repaired com-
posite surface; this thick adhesive
layer acts as an elastic layer
between the old and new compos-
ite, improving interfacial quality
and strength. In contrast to the
Clearfil SE self-etch adhesive, some
of the newer self-etching primers
and self-etching bonding systems
are applied to the repair or tooth
surface in one step for a short time.
Not all self-etching systems may
work well with all composites;
more studies are necessary.

The matrix structure of an inter-
mediate agent may be important
for bonding to aged composite
matrix and may differentially affect
bond strength. Dentine bonding
agents are based on chloro-
phosphate esters of bis-GMA, with
a surfactant and solvent added.
The polar nature of the phosphate
groups may contribute to bonding
with the inorganic filler component
of composites.7,27 Clearfil SE is a
bis-GMA-based adhesive, and
Prime&Bond NT is based on the
adhesive UDMA (urethane
dimethacrylate). Filtek Supreme
XT includes both UDMA and
bis-GMA adhesives.

The bond strength necessary for a
clinically satisfactory composite
repair has not been assessed in
vivo. However, it has been
reported that the bond strength
should be at least 18 to 20 MPa
to clinically provide sufficient
adhesion to repaired speci-
mens.7,13,28 On that basis, the
results of the present study
suggest that none of the surface
treatment methods combined with
Prime&Bond NT produced suffi-
cient repair bond strength,
whereas the bond strengths pro-
duced by the abrasive methods
combined with Clearfil SE Bond
should be clinically adequate.
However, there are many prob-
lems with interpreting the results
of bond strength studies, and
it is often difficult to compare
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study results because different
methods of testing are
frequently employed.35

It was observed by SEM that
abrasive treatment of the surface
destroys the surface matrix of the
composite and creates superficial
grooves, pits, and recesses.
Mechanical methods of roughening
proved more effective than chemi-
cal methods (Figure 2A–F). The
differences in repair surface topog-
raphy among the treatments indi-
cated that surface roughness may
affect the SBS.

C O N C L U S I O N S

The findings of the present study
strongly support the importance of
surface abrasion and microme-
chanical retention in composite-to-
composite repairs. For the repair of
nano-filled composites, DB and AT
achieved more effective surface
preparation than the other surface
treatments tested. As an intermedi-
ate adhesive, Clearfil SE Bond
resulted in higher bond strengths
than Prime&Bond NT.
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