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Clinical Relevance

Repairing and extending composite restorations is enhanced by mechanical roughening
and applying freshly made silane on the old composite filling and the use of an adhesive
rendering a thin bonding layer.

SUMMARY

Objectives: To evaluate the effect of surface

treatments and bonding systems on the repair

bond strength between composite materials

after one and 12 months of storage, using an

improved microtensile test method.

Methods: A total of 72 composite cylinders

(Tetric Evo Ceram, Ivoclar) were fabricated,

stored in distilled water for two weeks fol-
lowed by thermal cycling (5000 times between
58C and 558C), and served as substrate. The
cylinders were mechanically roughened using
320-grit silicon carbide sandpaper, etched with
37% phosphoric acid gel, rinsed with water,
and divided equally into three experimental
groups: group 1, unchanged surface; group 2,
sandblasting of the surface (CoJet tribochem-
ical silica sand, 3M ESPE; Microetcher II, Dan-
ville Engineering Inc); and group 3, surface
silane coating (Bis-Silane, BISCO Inc). Eight
control cylinders were prepared and under-
went similar aging as the substrate. Each
experimental group was divided into sub-
groups that received the following bonding
systems: one-step self-etching adhesive (Adh-
eSE One, Ivoclar Vivadent), two-step self-etch-
ing adhesive (Clearfil SE, Kuraray America),

*Sigfus T Eliasson, DDS, MSD, professor, Faculty of Odon-
tology, University of Iceland, Reykjavik, Iceland

John Tibballs, PhD, senior scientist, Nordic Institute of
Dental Materials, Oslo, Norway

Jon E Dahl, DDS, Dr Odont DSc, director, Nordic Institute of
Dental Materials, Oslo, Norway

*Corresponding author: Vatnsmyrarvegur 16, Reykjavik,
IS101, Iceland; e-mail: sigfuse@hi.is

DOI: 10.2341/12-429-L

�Operative Dentistry, 2014, 39-5, E206-E216

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-03 via free access



and three-step etch-and-rinse adhesive (Adper
Scotchbond Multi-Purpose, 3M ESPE). Fresh
composite (Tetric Evo Ceram, Ivoclar) was
placed and cured on top of the prepared
substrate cylinders. The specimens were
placed in distilled water for a week and
thermocycled the same way as before. Eight
composite control cylinders were also stored
and thermocycled for the same period of time.
Half of the cylinders in each test group were
tested at one month and the second half at 12
months. The cylinders were serially sectioned
in an automatic cutting machine, producing 10
to 20 1.1 3 1.1-mm test specimen beam from
each cylinder. Specimens were prepared for
microtensile testing and the tensile strength
calculated based on the force at fracture and
specimen dimension. The fracture surfaces
were examined under a stereomicroscope and
the type of fracture noted.

Results: The mean tensile strength of com-
posite control was 54.5 6 6.0 MPa at one month
and 49.6 6 5.1 MPa at 12 months. The mean
tensile strength for the repaired groups
ranged from 26.4 6 6.8 MPa to 49.9 6 10.4
MPa at one month and 21.2 6 9.9 to 41.3 6 7.5 at
12 months. There was a statistical difference
between all groups (p,0.05) at one month. This
difference was less pronounced at 12 months.
The highest repair strength was obtained in
the group having a silane-coated surface and
Clearfil, the two-step self-etching adhesive.
Clearfil also had the highest repair strength
within each surface treatment group. There
was a tendency for lower tensile strength at 12
months compared with one month. Most frac-
tures were of the adhesive type; the highest
number of cohesive fractures, 16% at one
month and 12% at 12 months, were in groups
with the highest tensile strength.

Conclusion: The best repair bond strength
was achieved by using freshly mixed silane
solution on the substrate in addition to an
adhesive, rendering a thin bonding layer.

INTRODUCTION

The replacement of failed restorations is a major
dental health care expense and accounts for roughly
half of restorative dental work.1-4 Removing faulty
bonded-composite restorations is a demanding and
time-consuming task. It has been demonstrated in a
clinically simulated study that more than twice as
much tooth structure was lost when removing

composite restorations than comparable amalgam
restorations.5 As a consequence, a more conservative
and minimally invasive approach—repair rather
than replacement of the whole restoration—has
been suggested when possible.2,6,7 This approach
and philosophy has gradually been adopted by most
Western dental schools.8-12 Furthermore, some clin-
ical evidence has been presented that repairing
composites increases the longevity of the restora-
tions.13

Since the introduction of resin composite materi-
als, researchers have explored methods to repair
composite restorations by adding new composite to
the old.14 New composite can possibly be retained to
old composite either through chemical bonding to the
filler particles and the organic matrix or through
micromechanical bonding to irregularities in the
prepared surface.15 It is, however, generally accept-
ed that as composite ages and water uptake occurs,
there is a significant reduction in available carboxyl
double bonds for chemical polymerization to new
composite.16-18 In the last two decades various
reports have been published on the repair strength
of resin composites. The vast majority of these
investigations deal with different surface treatments
of the original substrate to be repaired. This includes
mechanical roughening with various grits of dia-
mond burs and sandpaper,19-31 abrasion with pum-
ice,32 sandblasting with aluminum oxide or
silicatized sand,22,24-42 etching with various concen-
trations of hydrofluoric acid,22,25-27,31,41,43-45 applica-
tion of 38% hydrogen peroxide,35 and silane
application.19,26,28,30,35,43,46,47 In all these investiga-
tions some adhesive was used as a wetting agent in
the repair process, in addition to using only flowable
composite as an adhesive36 and preheating the
repairing composite.34 In the majority of these
studies, except in some using shear bond testing,
the adhesive testing is performed shortly after the
repair process without aging the repaired specimens.
From none of these studies has a preferred method
emerged to repair bisphenol A glycidyl methacrylate
(Bis-GMA)–based composite resin restorations.

Storage in water for different periods is the most
common procedure to age the composite to be
repaired, and in a few studies thermal cycling, using
extreme mouth temperatures, has been applied.23,48

Some less clinically oriented aging methods have
also been used, like boiling the specimens for several
hours or immersing them in citric acid for a week.48

Most of the recent studies on repair of composites
have examined the repairability of silorane-based
restoratives.49-52 In one recent study, however,
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repairability of many different composites was
investigated.25 It was concluded that none of the
surface treatments tested could be recommended as
a universally applicable repair technique. The effect
of adhesive layer thickness on bond strength be-
tween composite and dentin has been investigat-
ed,53-56 but no work on the effect of the thickness of
the adhesive layer when repairing composite could
be located.

The main objective of this in vitro investigation is
to evaluate the repair bond strength between
composite materials using microtensile testing of
specimens united by different bonding systems and
surface treatments. In addition to three different
bonding systems representing self-etch and three-
step etch-and-rinse systems, three different surface
pretreatments10-12 were used. The tested null hy-
potheses were as follows: 1) the repair bond strength
is independent of the type of the bonding system; 2)
the repair bond strength is independent of surface
pretreatment; 3) the durability of the repair bond
strength decreases over the course of time.

METHODS AND MATERIALS

All the restorative materials used in this study are
listed in Table 1. The procedure and preparation of
the composite cylinders is summarized in Table 2. A
total of 72 Tetric Evo Ceram (Ivoclar Vivadent,
Schaan, Liechtenstein) composite cylinders, 10 mm
in diameter and 6 mm in height, were fabricated in
Teflon molds. The composite cylinders were incre-
mentally built in three layers and each layer cured
for 40 seconds with a Demetron A2 corded LED
curing light (Kerr Corp, Orange, CA, USA). The light
output was measured at 1100 mW/cm2 (Norwegian
Radiation Protection Authorities, Österaas, Nor-

way). A Mylar strip and glass slide was used at both
ends of the Teflon mold to achieve flat-ended
specimen blocks. In addition, as a control group,
eight composite cylinders of the same diameter and
12 mm in height were incrementally fabricated.

After polymerization, the cylinders were immedi-
ately stored in distilled water for a total of two
weeks.57 The cylinders were further aged by thermal
cycling 5000 times between 58C and 558C, with a
dwell time of 20 seconds and transfer time of three
seconds. The 72 cylinders were all surfaced flat with
a 320-grit silicon carbide sandpaper disc (Struers,
Copenhagen, Denmark) under running water for 5
seconds to obtain a flat surface with standardized
roughness.

For cleaning purposes, all the experimental com-
posite cylinders were acid etched with 37% phospho-
ric acid gel for 15 seconds and rinsed with water for
another 15 seconds. The aged cylinders were ran-
domly divided into three experimental groups to
have the following surface treatments: Group 1—
The 320-grit sandpaper finish unchanged. Group 2—
The cylinders were coated with CoJet tribochemical
silica sand (3M ESPE, St Paul, MN, USA) using an
intraoral sandblaster (Microetcher II, Danville En-
gineering Inc, San Ramon, CA, USA) for 20 seconds
at a distance of about 5 mm. Residual sand was
removed by a stream of air for five to 10 seconds.
Group 3—The cylinders were coated with Bis-Silane
(BISCO Inc, Schaumburg, IL, USA) two-part silane
porcelain primer. The two parts were mixed and
applied to the test surfaces with a small brush for 30
seconds and gently dried with air for five to 10
seconds to evaporate the solvent. A fourth group
contained the eight control cylinders.

Table 1: Materials Used in the Investigation

Product Manufacturer Lot No. Expiration Date

Tetric Evo Ceram caps, shade B2 Ivoclar Vivadent AG, 9494 Schaan, Liechtenstein N70113 2014-01

Tetric Evo Ceram syringe, shade A2 Ivoclar Vivadent AG, 9494 Schaan, Liechtenstein P02083 and P11483 2014-12

AdheSE One F Ivoclar Vivadent AG, 9494 Schaan, Liechtenstein N58194 2012-09

Clearfil SE Bond Kuraray America Inc New York, NY 10038, USA Primer: 01043A 2013-04

Bond:01557A 2013-04

Adper Scotchbond Multi-Purpose 3M ESPE Dental Products, St Paul, MN
55144-1000, USA

Etch: N231977 2014-01

Primer: N236935 2014-01

Adhesive: N229564 2013-11

Bis-Silane BISCO Inc, Schaumburg, IL 60193, USA Part A: 1000008430 2012-07

Part B: 1000008431 2012-07

CoJet system 3M ESPE Dental Products, St Paul, MN
55144-1000, USA

CoJet sand: 355331 2012-04
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Each experimental group was further divided into
subgroups, each receiving a different bonding system
for repair: a—AdheSE One (Ivoclar Vivadent), a one-
step self-etching adhesive; b—Clearfil SE Bond
(Kuraray America Inc, New York, NY, USA), a
two-step self-etching adhesive, and c—Adper Scotch-
bond Multi-Purpose (3M ESPE), a three-step etch-
and-rinse adhesive. All the adhesives were applied
according to the manufacturers’ recommendations
for placement of composite restorations.

After surface treatment and adhesive application,
the original mold was carefully placed over the
cylinder and a second mold fitted on the top. The
aged composite cylinders were then repaired using
Tetric Evo Ceram, shade A2, in three incremental
layers, the same way as the original specimens,
resulting in 12-mm high specimens. After this, the
cylinders were placed in distilled water for a week
and then thermocycled 5000 times and finally stored
in water for a total of 10 days. Control cylinders were
also stored and thermocycled for same period of time.
The eight cylinders in each test group were then
divided into two groups to be tested either immedi-
ately (one month) or after a year of storage in
distilled water (12 months). During the 12-month
storage period, water was regularly replaced.

The composite cylinders were mounted on an
automatic cutting machine (Isomet, Buehler Ltd,
Lake Bluff, IL, USA) equipped with a thin, water-
cooled diamond blade. The specimens were serially

sectioned perpendicularly to the bonding surface,
both in the x-axis and the y-axis, producing a
number of square test specimen rods approximately
1.131.1 mm. Ten to 20 test specimens were obtained
from each composite cylinder. The test specimens
were cleaned ultrasonically in distilled water for 3
minutes. After the cleaning procedure the test
specimen rods were examined light microscopically
at a magnification of 403 for voids and imperfections
in the composite and the adhesive interface and for
evaluation of interface thickness. Only flawless
specimen rods were tested. The width and thickness
of each test specimen was measured to the nearest
0.01 mm using a calibrated digital caliper (Mitutoyo
Co, Kawasaki, Japan).

A novel method was developed to attach the
specimen rods to the bond testing machine to secure
straight alignment of the rods and uniform distribu-
tion of the tensile forces throughout the specimens.
The 1.1-mm size of the test specimen rods was
selected to fit into the female (hollow) end of 2-mm
commercially available male/female extension
screws (ELRA AS, Oslo, Norway) (Figure 1). An
extension screw was fitted to each end of the test
specimen rods and secured with cyanoacrylate glue
(Locktite 435, Henkel Norden, Gothenborg, Sweden).
A custom-fit mold was made to ensure alignment of
the screws to the long axis of the specimen.

Each test specimen was mounted in a calibrated
universal testing machine (Lloyd Instruments Ltd,

Table 2: Procedure for Preparation of Test Specimens

Abbreviation: LC, light curing.
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Model LRX, Fareham, England) using specially
attached steel wires designed to transmit pure
tensile forces to the specimen. The microtensile
testing was conducted at a crosshead speed of 1
mm/min until fracture. The tensile bond strength of
each test specimen was calculated in megapascals by
dividing the imposed force (in newtons) at fracture
by the cross-sectional bond area (in millimeters
squared). The test specimens were kept moist
throughout the preparation of specimens and the
test procedure.

The fracture surfaces were examined under a
stereomicroscope (American Optical, Buffalo, NY,
USA) at 403 magnification to determine whether the

failure region was within the adhesive zone or out of
it. The adhesive zone was defined as the interface
between the old and the new composite. The failure
modes were classified as cohesive or adhesive.

The probability of failure in the test specimens
was assessed by means of a distribution plot, and the
significance of differences was evaluated by a mixed-
model analysis of variance (ANOVA) and the
Kolmogorov-Smirnov test.58

RESULTS

The results are presented in Tables 3 to 5. The mean
tensile strength of the unrepaired composite control
group was 54.5 6 6.0 MPa at one month and 49.6 6

5.1 MPa at 12 months. The lowest mean tensile
strength in the repaired groups was for group 1c,
mechanical roughening with sandpaper þ Scotch-
bond Multi-Purpose, both at one month (26.466.8
MPa) and 12 months (21.2 6 9.9 MPa). This amounts
to 48.4% of the strength of the control composite at
one month and 42.7% of the strength at 12 months.
The highest mean tensile strength for both storage
periods was for group 3b, mechanical roughening þ
silane þ Clearfil: 49.9 6 10.4 at one month and 41.3
6 7.5 at 12 months, amounting to 91.6% and 83.3%
of the control composite strength, respectively. There
was a general reduction in the mean tensile strength
for the repaired groups after 12 months of storage,
amounting from 14.6% to 21.8% of the one-month
tensile strength values. In general, Clearfil had the
strongest repair strength within each surface treat-
ment group. The mean tensile strength of the
unrepaired control composite decreased 8.9% during
the same storage period. Statistical calculations

Table 3: Results of Microtensile Testing in the Various Groups of Surface Treatment and Bonding Systems After One Month and
12 Months

Surface
Treatment

Control Mechanical Roughening (MR) MR þ CoJet MR þ Silane

1a
AdheSE

1b
Clearfil

1c
Scotchbond

2a
AdheSE

2b
Clearfil

2c
Scotchbond

3a
AdheSE

3b
Clearfil

3c
Scotchbond

Bonding system

Mean lTF (SD)
(1 mo)a

54.5 (6.0) 28.6 (8.6) 40.2 (9.6) 26.4 (6.8) 40.5 (12.5) 45.4 (11.2) 35.6 (7.2) 43.2 (10.0) 49.9 (10.4) 35.2 (11.0)

Mean lTF (SD)
(12 mo)a

49.6 (5.1) 24.1 (7.3) 33.6 (8.4) 21.2 (9.9) 32.9 (8.5) 36.8 (10.7) 30.4 (8.3) 33.8 (6.6) 41.3 (7.5) 28.2 (6.2)

Reduction in Mean
lTF

8.9% 15.7% 16.4% 19.7% 18.8% 18.9 % 14.6% 21.8% 17.2% 19.9%

Mean lTF in % of
contr. (1 mo)b

100% 52.5% 73.8% 48.4% 74.3% 83.3 % 65.3% 79.3% 91.6% 64.6%

Mean lTF in % of
contr. (12 mo)b

100% 48.6% 67.7% 42.7% 66.3% 74.1 % 61.3% 68.1% 83.3% 56.9%

a Mean microtensile force and standard deviation in MPa after one month (1 mo) and 12 months (12 mo).
b Mean microtensile force in % of the mean value of control specimens after one month (1 mo) and 12 months (12 mo).

Figure 1. (a): The specimen rod to be tested and the 2-mm male/
female extension screws used. (b): The specimen rod fitted, aligned,
and secured with cyanoacrylate glue. (c): The specimen assembly
attached to the steel wires of the testing machine. (d): The specimen
fractured at the repair joint.
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using ANOVA and Kolmogorov-Smirnov tests gave
similar significance levels for all comparisons. At one
month, there was a statistical difference between all
groups, which was less pronounced at 12 months
(Table 5). There was a tendency for lower tensile
strength after one year compared with one month in
all groups. However, the difference was not statisti-
cally significant. At both observation times, the
mean strength of the control composite was signif-
icantly higher than that of the strongest repair.

The thickness of the bonding layer using Adper
Scotchbond Multi-Purpose varied somewhat but
appeared mostly to be approximately 175 lm; the
AdheSE One layer was approximately 20 lm; and
Clearfil SE, less than 5 lm.

The percentage of cohesive fractures for each
group is presented in Table 4. All the cohesive
fractures occurred in the old composite. Most
cohesive fractures for the repair groups, 16% of
specimens at one month and 12% at 12 months, were
in group 3b, which also had the highest mean repair
strength for both storage periods; group 2b had 7% at
1 month and 11% at 12 months and came in second

in mean tensile repair strength. Other groups had
fewer or no cohesive failures.

DISCUSSION

Shear bond strength tests have been widely used
when measuring adhesion to dental structures or
dental materials. The wide acceptance of this testing
method is due to its relative simplicity when
compared with tensile strength methods. Some
authors have found that conventional shear bond
testing produced stress concentrations in the sub-
strate or adherend, leading to cohesive failures when
testing adhesive joints and therefore giving mislead-
ing results.59,60 This has led to increased use of the
microtensile test where, in a very small specimen,
comparatively more uniform loading stress distribu-
tion is obtained and the tensile forces concentrated
in the adhesive interface are tested.61,62 In a review
on microtensile bond testing, Pashley62 stated that
microtensile testing offered versatility not obtain-
able with other methods even though it is more labor
intensive. Poitevin and others63 reported on compos-
ite adhesive strength to dentin and concluded that
microtensile testing was a reliable laboratory test in

Table 4: Cohesive Fracture in the Various Groups of Surface Treatment and Bonding Systems After One Month and 12 Monthsa

Surface
Treatment

Control,
%

Mechanical Roughening (MR) MR þ CoJet MR þ Silane

1a
AdheSE,

%

1b
Clearfil,

%

1c
Scotchbond,

%

2a
AdheSE,

%

2b
Clearfil,

%

2c
Scotchbond,

%

3a
AdheSE,

%

3b
Clearfil,

%

3c
Scotchbond,

%

Bonding system

Cohesive fracture
(1 mo)

100 4 2 2 0 7 0 5 16 4

Cohesive fracture
(12 mo)

100 6 5 3 2 11 3 7 12 2

a Fracture was only in old composite.

Table 5: Results of Statistical Calculations by Analysis of Variance and Kolmogorov-Smirnov Tests Evaluating the Difference
Between Groups at One Month and 12 Months*

Groups 1a 1b 1c 2a 2b 2c 3a 3b 3c

control A, b A, b A, b A, b A, b A, b A, b A, b A, b

1a A, b A, ns A, b A, b A, b A, b A, b A, b

1b A, b A, ns A, ns A, ns A, ns A, b A, b

1c A, b A, b A, b A, b A, b A, b

2a A, ns A, ns A, ns A, b A, ns

2b A, b A, ns A, b A, b

2c A, ns A, b A, ns

3a A, b A, b

3b A, b

3c

Abbreviation: ns, difference between groups not statistically significant.
* Uppercase letter represents one month and lowercase letter represents 12 months storage. Similar letters represent statistical difference (p,0.05).
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ranking contemporary adhesives on their bonding
effectiveness. Recently, a microshear test was intro-
duced to measure bond strength between dentin and
resin composite, intended as an alternative to
microtensile testing.64,65 The main reason given for
using the microshear test was it required a less
demanding and time-consuming specimen collection.
Only one investigation52 on composite repair using
microshear bond testing was found.

Several authors66 have found some evidence for
correlation of laboratory bond strength with clinical
retention rates of class V restorations. In a recent
study, Heintze67 found that both macrotensile and
microtensile bond strength tests correlated better
with clinical retention of cervical restorations than
macroshear and microshear testing. He recommend-
ed shear testing to be abandoned due to critical and
inadequate stress distribution and unreliable corre-
lation to clinical outcome. Because no universal
agreement exists on bonding methods, these authors
decided after preliminary investigation to use micro-
tensile strength testing.

For this investigation an easier and much less
time-consuming method was developed to measure
the tensile bond strength, where straight alignment
of the specimen rods glued into commercially
available and inexpensive extension screws was
obtained. The specimen/extension screw assembly,
screwed to the aligned steel wires attached to the
testing machine, directed the pulling force longitu-
dinally from the ends of the specimen. Under these
testing conditions a vast majority of specimen rods
broke in the repair junction. In preliminary testing
of the methods and materials used in this study, one
flat side of the specimen was glued directly to the jig
of the testing machine, resulting in cohesive frac-
tures much more often than when the extension-
screw setup was tested. This was attributed to the
possibility that the forces might have been less
uniformly distributed throughout the specimen than
in the new method.68 In all the other comparable
investigations19,22,25,43,69 on repair, where micro-
tensile testing was used, cohesive failure is reported
as very high, up to 95%. The number of cohesive
fractures reported in some of these studies is
surprising, because it could be anticipated that the
adhesive joint would be the weakest link. If the
cohesive fractures are relatively few, as in this
study, the results more likely demonstrate the true
repair strength of the adhesive joint between the old
and the new composites. In general, more cohesive
fractures can be expected as the repair strength
approaches the fracture strength of the composite

used, as observed in this study. However, when the
repair strength measured is only half the cohesive
strength of the composite used, and two-thirds of the
fractures are reported as cohesive, the testing
procedure must be questioned.19

When the three bonding systems tested in this
study are compared separately within each surface
treatment group, it is obvious that Adper Scotchbond
Multi-Purpose, the three-step adhesive, gave the
lowest repair microtensile bond strength.

The three-step adhesives have been classified as
the criterion standard in adhesive technology when
placing resin composite restorations, especially large
posterior restorations in load-bearing areas.70-72 The
great success this group of materials has experienced
is possibly because the relatively thick and more
flexible adhesive layer serves as a shock absorber
between tooth and composite when the restoration is
under masticatory stresses.53,56 Another explanation
could be that it contains less hydrophilic monomers
than the more acidic self-etching adhesives. High
hydrophilicity of an adhesive system may impair the
long-term durability of the adhesive, because hydro-
philic monomers tend to absorb more water, in time
weakening the bond.16,26 One study43 on repair of
composites reported early signs of degradation for
hydrophilic self-etching adhesive repair bond com-
pared with a hydrophobic three-step adhesive at six
months. In most studies24-48 the specimens are
tested immediately or a few weeks after the
composite repair, and no studies23,43 could be found
with storage periods exceeding six months. In this
study the specimens were tested after one and 12
months of storage in water in addition to thermocy-
cling. Between the testing periods, a general reduc-
tion in mean tensile strength values, 16% to 22%,
was observed for all the repaired groups (Table 4).
These differences, however, were not statistically
significant. A slight reduction, 8.9%, was also
observed for the control composite specimens be-
tween the storage periods.

When gluing hard pieces together it is of utmost
importance to wet both surfaces with the appropriate
glue and bring the pieces as tightly together as
possible. Evaluating the results and mode of failure
from this study, it is postulated that the adhesive film
thickness plays a role when repairing resin composite
with resin composite. The components in the Clearfil
system are considerably more fluid than those in the
AdheSE One and the Adper Scotchbond Multi-
Purpose adhesives, therefore producing a thinner
adhesive layer. Almost all the Adper Scotchbond
Multi-Purpose and the AdheSE One specimens failed
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in the adhesive layer, and many specimens showed
adhesive material on both the repaired and the new
composite, indicating that the tensile strength of the
adhesive itself directed the repair tensile strength at
failure. In the Clearfil specimens, the fracture
appeared to occur more between the old composite
and the adhesive, except for group 3b, the silane-
Clearfil group that showed the strongest mean repair
bond, which had almost 92% of the mean cohesive
strength of the control composite at one month and
more than 83% at 12 months. There the fracture often
appeared both between the old and the new composite
and the adhesive in the same specimen. Coelho and
others56 observed lower microtensile bond strength
values for Single Bond (3M ESPE) as the adhesive
layer between dentin and composite was increased
from one layer to three layers; whereas, no correlation
could be found for the more fluid Clearfil SE
(Kuraray). In that investigation, however, the major-
ity of specimens for both adhesive systems presented
mixed cohesive/adhesive failure mode.56

In this investigation three surface treatments of the
aged composite were used. The purpose of a surface
treatment is to increase the surface energy and/or the
surface roughness. A common practice for mechanical
roughening of composite specimens is to use silicon
carbide sandpaper with a specific grit, giving a
standardized surface roughening. Use of 320-grit
sandpaper has been selected by several investiga-
tors,23,69,73 the same grit selected for this study. Both of
the other two surface treatments added sandblasting
the surface with CoJet silica-coated alumina particles
or silane application to the 320-grit sandpaper rough-
ening, which significantly improved the mean bond
strength (p,0.05), except for group 2b at 12 months.
The CoJet particles are designed to penetrate and be
embedded in the surface of the substrate and leave it
partially coated with silica.74 It is possible that the
embedded particles act as microretention for the new
composite, explaining the improved bond strength.
Sandblasting using alumina particles has also been
reported to improve repair bond strength.25,43 In one
study22 no difference was found between sandblasting
with aluminum oxide and silica coating with CoJet. It
was postulated that similar surface roughness pattern
resulted in similar mechanical retention.

It is a known fact that silane bonds well to silica-
based materials and also to resin composites. Many
resin composites contain filler materials that consist
of siliceous compounds. This can explain why
silanization of old composite improves bonding to
new composite as demonstrated in this study. Some
studies22,28,43 are, however, in disagreement with

our findings. One-bottle prehydrolyzed silane solu-
tions have a relatively short shelf life and gradually
become less reactive after opening of the bottle,
preventing optimal adhesion.74 In this study a
freshly mixed (two-bottle) silane system was used.
The two solutions are mixed just before use to allow
hydrolysis of the silane to secure a fresh reactive
solution. Lundvall and others75 found a much higher
bond strength when repairing porcelain with com-
posite using two-bottle silane, whereas one-bottle
silane showed similar bond strength as the group
without silane.

Using air abrasion in the mouth requires an
intraoral sandblaster and it can be difficult to
achieve in the dental operatory. Using silane as an
adhesion promoter is a simple method that requires
no extra equipment and, according to this study,
achieves comparable or better results. Within the
limitations of this study, a two-bottle silane adhesion
promoter in addition to a thin layer of adhesive
would be the treatment of choice when repairing
resin composite.

CONCLUSIONS

The results obtained did not support the three null
hypotheses that were claimed. The best repair bond
was achieved by using freshly mixed silane solution
in addition to an adhesive rendering a thin bonding
layer.
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