
ORIGINAL ARTICLE

Effect of different surface treatments
on the composite–composite repair bond strength

Andreas Rathke & Yana Tymina & Bernd Haller

Received: 6 July 2007 /Accepted: 15 September 2008 /Published online: 7 October 2008
# Springer-Verlag 2008

Abstract The aim of this study was to investigate the
effect of different mechanical and adhesive treatments on
the bond strength between pre-existing composite and
repair composite using two aging times of the composite
to be repaired. Standardized cylinders were made of a
microhybrid composite (Spectrum TPH) and stored in
saline at 37°C for 24 h (n=140) or 6 months (n=140).
Three types of mechanical roughening were selected:
diamond-coated bur followed by phosphoric acid etching,
mini sandblaster with 50-μm aluminum oxide powder, and
30-μm silica-coated aluminum oxide powder (CoJet
Sand), respectively. Adhesive treatment was performed
with the components of a multi-step bonding system
(OptiBond FL) or with a one-bottle primer–adhesive
(Excite). In the CoJet Sand group, the effect of a silane
coupling agent (Monobond-S) was also investigated. The
repair composite (Spectrum TPH) was applied into a
mould in three layers of 1 mm, each separately light-cured
for 40 s. Repair tensile bond strengths were determined
after 24-h storage. Mechanical and adhesive treatment had
significant effects on repair bond strength (P<0.001). The
age of the pre-existing composite had no significant effect
(P=0.955). With one exception (CoJet Sand/OptiBond FL
Adhesive), adhesive treatments significantly increased
repair bond strengths to 6-month-old composite when
compared to the controls without adhesive. Adhesive
treatment of the mechanically roughened composite is

essential for achieving acceptable repair bond strengths.
The more complicated use of silica-coated particles for
sandblasting followed by a silane coupling agent had no
advantage over common bonding systems.
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Introduction

In restorative dentistry, there is a growing trend towards
repairing defective resin composite restorations instead of
removing and replacing the complete restoration in order to
increase the longevity of restorations, to save sound tooth
structure and to avoid trauma from restorative procedures
[8]. While the clinical procedures for bonding of resin
composites to enamel and dentin as well as to restorative
materials such as metal and ceramic are well established
[14, 15, 20, 25, 33], there is still no consensus regarding the
most effective protocol for bonding a repair resin composite
to an existing composite restoration. Establishing a strong
and durable composite-to-composite bond is not as trivial
as it may appear from the aspect that the chemical
composition of the resin composite serving as the substrate
and the bonded resin composite is basically identical. As a
result of the limited number of reactive methacrylate groups
after polymerization and water sorption into the pre-
existing composite [23, 32, 35], the repair composite
cannot effectively bond to aged restorations without an
adequate surface treatment. The assumption that additional
macro-retentive preparation improves the composite repair
has been rejected [10], indicating that producing a micro-
retentive surface on the old composite is a major factor in
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achieving high repair bond strengths. A number of surface
treatment protocols have been proposed to improve repair
bond strength to both, aged and non-aged composites with
conflicting results, including grinding, acid etching and
sandblasting with different types and sizes of particles,
followed by different types of adhesive treatments [1, 6, 7,
18, 21, 26, 29, 32].

In most clinical situations, mechanical removal of parts
of the old composite is the initial step of the repair
procedure usually carried out by use of rotating burs or
air abrasion [5]. For selecting an appropriate adhesive
protocol it should be taken into consideration that the
application of any specific material enhancing repair bond
strength may interfere with the composite bond strength to
the adjacent enamel and dentin [9, 11, 12, 19]. Therefore,
from a practical aspect, it would be an advantage to use the
same adhesive treatment for bonding the repair composite
to both the old composite on one side and enamel and/or
dentin on the other side. Low-viscosity bonding systems
have been demonstrated to have a high capacity to wet
roughened composite surfaces [16, 17, 23, 24, 27, 31, 32].
However, it could be speculated that intimate adaptation of
the repair composite to the aged composite which contains
absorbed water from the oral fluids might be improved by
the additional use of a hydrophilic primer or by use of a less
hydrophobic primer–adhesive [31].

This in vitro study investigated the effect of different
kinds of mechanical and adhesive surface treatments on the
bond strength between pre-existing composite and repair
composite using two aging times of the composite to be
repaired. Selection of devices for surface roughening and of
adhesive protocols aimed at methods which are well
established in daily restorative procedures. It was further
evaluated whether silica coating/silane treatment prior to
application of the adhesive could improve the repair
strength. The null hypotheses tested were that neither the
age of the repaired composite, nor the different methods of
mechanical roughening and the adhesive protocols have an
effect on the repair-bond-strength measurements.

Materials and methods

The specimen preparation is shown in Fig. 1. A total of 280
composite discs were made in a stainless steel mould with a
slightly conical hole measuring 7 mm in diameter and
2.5 mm in height. The mould was firmly fixed on a glass
slide and filled with two layers of a microhybrid resin
composite (Spectrum TPH, Dentsply DeTrey, Konstanz,
Germany, Lot #0204000776), each light-cured for 20 s with
a halogen curing light (Spectrum 800, Dentsply DeTrey). A
regularly measured light intensity of 500 mW/cm2 was used
to cure all specimens. After removing from the mould, the

lower surface of each composite disc was similarly cured
for 20 s. The exposed test surfaces of the repair groups
were wet-polished with 800-grit silicon carbide paper in a
polishing machine (WOCO SF 20, Conrad, Clausthal-
Zellerfeld, Germany) to remove the oxygen-inhibited layer.

Aging of the composite discs was achieved by storing
them in 0.9% sodium chloride solution (B. Braun Melsungen
AG, Melsungen, Germany) at 37°C for 24 h (n=140) or
6 months (n=140). After storage, the test surface of the
composite discs was adapted to a slide laminated with a
double-sided adhesive tape. A cylindrical brass mould with
12 mm in diameter and open on both ends, was placed on
the adhesive tape in such way that the composite disc was
in the center of the mould diameter. The composite discs
were then embedded in the brass moulds with clear self-
curing resin (Paladur klar, Kulzer, Wehrheim, Germany).
After all adhesive remainders were carefully removed, the
test surfaces in each aging group were treated with three
mechanical treatments as follows:

In the first group (n=40), the test surfaces were
roughened with a diamond-coated bur (107 μm mean
particle size, Brasseler Komet, Lemgo, Germany) in a high-
speed handpiece at 40,000 rpm with water spray, followed
by cleaning with 34.5% phosphoric acid gel (Vococid,
Voco, Cuxhafen, Germany, Lot #1063) for 20 s. Subse-
quently, the etched surfaces were rinsed for 20 s and
carefully dried with compressed air. In the second group
(n=40), the test surfaces were sandblasted with 50 μm
aluminum oxide powder (Hager & Werken, Duisburg,
Germany, Lot #605084) using a mini sandblaster (Airsonic
Mini Sandblaster, Hager & Werken) for 4 s operating at a
5-mm distance and at an angle of 90° to the surface. In the
third group (n=40), the mini sandblaster was used with
30-μm silica-coated aluminum oxide powder (CoJet Sand,
3M Espe, Seefeld, Germany, Lot #0005) using the same
parameters as in group 2. The three mechanical treatment
groups were divided into four adhesive, treatment sub-
groups (n=10). Adhesive treatments were performed with
the components of a multi-step bonding system (OptiBond
FL Prime+Adhesive) or with a one-bottle primer–adhesive
(Excite) according to the manufacturers’ instructions

Fig. 1 Scheme of the specimen preparation

318 Clin Oral Invest (2009) 13:317–323



(Table 1). The third group was then extended by two
additional subgroups (n=10) to investigate also the effect of
a silane coupling agent (Monobond-S).

During application of the repair composite (Spectrum
TPH), the cylinders with their treated test surfaces were
inserted into a split-steel mould with a central hole at one
end and a screw thread at the opposing end. The cylinder
was fixed with a counter screw and the test surface was
pressed against a slightly conical aluminum mould measur-
ing 3 mm in diameter and 4 mm in height that served as a
tie-rod for the following tensile test. The repair composite
was applied into the mould in three layers of 1 mm, each
light-cured for 40 s (Fig. 1).

After removal from the split mould, the completed
specimens were stored in sodium chloride at 37°C for
24 h. Tensile bond strengths between the pre-existing
composite and the repair composite (repair bond strength)
were determined with a universal testing machine (Zwicki
1120, Zwick, Ulm, Germany). Each specimen was mounted
on the lower fixture and a vertical wire was connected
between the tie-rod and the crosshead with the load cell.
The specimens were then subjected to a tensile force with a
crosshead speed of 0.5 mm/min until fracture. The repair
bond strength was calculated as the quotient of the
measured debonding force and the size of the bonding area
(7.07 mm2). As indicated by the Kolmogorov–Smirnov
test, the data of the 24-h and 6-month subsets (each P=0.2)
as well as the data of all measurements (P=0.2) were
normally distributed. For this reason, a three-way ANOVA
was used to determine the effects of (1) age of pre-existing
composite, (2) mechanical treatment, and (3) adhesive
treatment (not including silane pre-treatment subgroups in
the CoJet Sand group) and to detect any significant
interactions between these variables. In each mechanical
treatment group, significant differences between adhesive
treatments were identified by multiple comparisons using
the Tukey test. In the CoJet Sand group, the multiple
comparisons also included the subgroups with silane pre-

treatment. All statistical tests were performed with the
statistical software SPSS for Windows, version 12.0 (SPSS,
München, Germany) at a P<0.05 level of significance.

For micromorphological analyses, additional composite
test surfaces were sandblasted with aluminum oxide powder
or CoJet Sand (each n=3), sputtered with gold at 25 mA for
2 min (Emitech K550, Röntgenanalytik Messtechnik,
Taunusstein, Germany), and examined under SEM (Leica
Stereoscan 420, LEO-Elektronenmikroskopie, Oberkochen,
Germany) at ×5,000 magnification. Surface roughness
depth was measured by profilometry (Perthometer M3A,
Mahr-Perthen, Göttingen, Germany). X-ray microanalyses
(EDAX PV9800, Röntgenanalytik Messtechnik) were used
to investigate the elemental composition of the composite
test surfaces in comparison to untreated composite.

Results

Three-way ANOVA indicated significant effects of type of
mechanical treatment (P<0.001) and adhesive treatment
(P<0.001) on repair bond strength while the age of the pre-
existing composite had no significant effect (P=0.955).
Significant interactions were identified between adhesive
treatment and age of composite (P=0.001) as well as
between adhesive treatment and mechanical treatment
(P=0.009). Repair bond strengths to 24-h-old composite
are presented in Table 2. In all mechanical treatment
groups, the use of an adhesive tended to enhance repair
bond strengths compared to the controls without adhesive
treatment. However, this increase was not significant for all
adhesive treatments. In the grinding/etching group, only the
mean repair bond strength of the filled hydrophobic
OptiBond FL Adhesive was significantly higher than that
of the control without adhesive. When roughening the
composite by sandblasting with aluminum oxide powder
with a mean particle size of 50 μm, the only adhesive
treatment significantly improving the repair bond strength

Table 1 Composition and application of the bonding systems and silane coupling agent tested in the study

Material Component (Lot #) Application

OptiBond FL (Kerr,
Orange, CA, USA)

Prime (203C44): HEMA, GPDM, PAMM, CQ,
ethanol, water

Prime: apply and rub for 15 s. Gently air blow

Adhesive (205571): TEGDMA, UDMA, bis-GMA,
HEMA, GPDM, filler, CQ

Adhesive: apply thin coat and gently air blow.
Light cure for 30 s

Excite (Ivoclar Vivadent,
Schaan, Liechtenstein)

Primer–adhesive (E54069): Bis-GMA, HEMA, GDMA,
phosphonic acid acrylate, silica, ethanol, catalysts, stabilizers

Apply and rub for at least 10 s. Gently air
blow. Light cure for 20 s

Monobond-S (Ivoclar
Vivadent)

Silane coupling agent (E24026): MPS, ethanol, water,
acetic acid

Apply and remain in contact for 60 s. Air dry
without rinsing

bis-GMA Bisphenol-glycidyl methacrylate, CQ camphorquinone, GDMA glycerol dimethacrylate, GPDM glycerol phosphate dimethacrylate,
HEMA 2-hydroxyethyl methacrylate, MPS 3-methacryloxy propyltrimethoxy silane, PAMM phthalic acid monoethyl methacrylate, TEGDMA
triethyleneglycol dimethacrylate, UDMA urethane dimethacrylate
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was the use of OptiBond FL Adhesive in combination with
its corresponding hydrophilic primer. When sandblasting
the composite with CoJet Sand (mean particle size 30 μm),
a significant increase of repair bond strength compared to
the control was only achieved by silane pre-treatment prior
to application of the adhesives. Repair bond strengths to
6-month-old composite are depicted in Table 3. With one
exception (CoJet Sand/OptiBond FL Adhesive), the adhe-
sive treatments resulted in significantly higher repair bond
strengths compared to the controls.

SEM examination of surfaces sandblasted with alumi-
num oxide powder with a mean particle size of 50 μm
revealed an irregular composite surface with a mean
roughness depth of 15 μm (Fig. 2). X-ray microanalyses
showed a chemical composition similar to untreated
composite indicating that no detectable amount of powder
particles were retained in the composite. Sandblasting with
CoJet Sand with a mean particle size of 30 μm left behind
an irregular surface with a mean roughness depth of 10 μm

and an element distribution similar to that after aluminum
oxide sandblasting (Fig. 3).

Discussion

This study investigated the effects of different kinds of
mechanical and adhesive treatments on the repair bond
strength to 24-h- and 6-month-old resin composite. In order
to compare the repair bond strengths with the cohesive
strength of the non-repaired composite, preliminary tests
(n=10) were conducted in the same set-up in which we
measured the immediate bond strength between two
composite layers corresponding to the clinical situation of
an incremental filling technique. The overall mean repair
bond strength (23.2 MPa) was approximately 90% of the
mean cohesive strength of TPH Spectrum (25.8 MPa).

The selection of mechanical and adhesive treatments was
aimed at established devices and materials which can easily

Table 3 Repair bond strength to 6-month-old composite in MPa (mean±standard deviation), each subgroup n=10

Adhesive treatment Mechanical treatment

Diamond
bur+phosphoric acid

Sandblaster
50 μm1

Sandblaster
30 µm2

No adhesive 15.8±4.0A 17.1±5.0† 16.6±6.1a

OptiBond FL Adhesive 26.3±2.7B 26.5±3.0§ 22.9±6.4a,b

OptiBond FL Prime+Adhesive 24.5±5.6B 28.9±5.2§ 24.6±4.0b

Excite 23.3±2.9B 28.9±6.2§ 23.4±3.9b

Monobond-S+OptiBond FL Adhesive – – 25.4±4.0b

Monobond-S+Excite – – 24.6±4.7b

In each mechanical treatment group, mean values not significantly different from each other according to the Tukey test (P<0.05) are marked by
the same letters or characters
1 Aluminum oxide powder, mean particle size 50 μm
2CoJet Sand, mean particle size 30 μm
– Not determined

Table 2 Repair bond strength to 24-h-old composite in MPa (mean±standard deviation), each subgroup n=10

Adhesive treatment Mechanical treatment

Diamond
bur+phosphoric acid

Sandblaster
50 μm1

Sandblaster
30 μm2

No adhesive 21.3±5.0A 21.0±5.2† 19.5±2.9a

OptiBond FL Adhesive 26.5±3.2B 22.8±6.6† 21.8±4.3a,b

OptiBond FL Prime+Adhesive 23.2±3.2A,B 29.1±3.4§ 23.1±3.6a,b

Excite 22.7±2.6A,B 25.0±3.5†,§ 22.4±4.3a,b

Monobond-S+OptiBond FL Adhesive – – 28.6±5.7c

Monobond-S+Excite – – 26.7±2.0b,c

In each mechanical treatment group, mean values not significantly different from each other according to the Tukey test (P<0.05) are marked by
the same letters or characters
1 Aluminum oxide powder, mean particle size 50 μm
2CoJet Sand, mean particle size 30 μm
– Not determined
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be used in daily practice. Three methods of mechanical
roughening, i.e., grinding with a diamond-coated bur and
two modes of sandblasting differing in their mean particle
size, were investigated. Adhesive treatments included a
hydrophobic adhesive with and without its corresponding
hydrophilic primer and a less hydrophobic primer–adhesive.
The sandblasting powder with the smaller particles contained
silica-coated aluminum oxide particles (CoJet Sand) which
made it possible to investigate the effect of silica coating/
silane treatment on composite repair bond strength. Micro-
retentive interlocking has been reported to be the most
important factor for establishing a bond between old and
repair composites and most likely dominates chemical
bonds to the resin matrix or to exposed filler particles [1,
4, 9, 27, 29]. The general tendency in this study was that

mechanical roughening with devices producing more
micro-retentions enhanced repair bond strength, although
there was a significant interaction between mechanical and
adhesive treatments. Grinding with a coarse diamond-
coated bur followed by phosphoric acid etching [6] tended
to produce lower repair bond strengths than sandblasting
with aluminum oxide confirming that grinding with
diamond-coated burs produces less micro-retentions than
sandblasting [2, 4]. Accordingly, sandblasting with alumi-
num oxide powder (mean particle size 50 μm) produced a
deeper mean surface roughness (15 μm) with a tendency to
higher repair bond strengths compared to sandblasting with
CoJet Sand (mean particle size 30 μm) resulting in a mean
surface roughness of 10 μm. For both types of sandblasting
powders, SEM examination failed to detect any incorpora-
tion of particles into the composite surfaces. This was
confirmed by the results of X-ray microanalyses showing
an identical element distribution on composite surfaces
sandblasted with aluminum oxide and CoJet Sand, respec-
tively. This suggests that the differences in repair bond
strength between the two modes of sandblasting were
caused by the different particle sizes rather than by the
different chemical composition of the powders.

The adhesive treatment carried out after mechanical
roughening also had a significant effect on the repair bond
strength. The general trend was that adhesive treatments
enhanced the repair bond strength. This is in agreement
with the results of previous studies [17, 22, 23, 27, 32] and
may be attributed to the adhesives seeping into and leveling
off the micro-relief produced by mechanical roughening.
Mechanical interlocking of the adhesive with the micro-
retentions may further contribute to the positive effect of
the adhesive treatments [4, 31, 32]. The lack of a resin
interdiffusion zone or hybrid layer comparable to that
observed in enamel and dentin bonding [31] suggests that
the contact between adhesive and repaired composite is
limited to the surface.

Several reasons may be responsible for the observed
significant interaction between the factors ‘adhesive treat-
ment’ and ‘age of composite’. First, repairs without an
adhesive treatment produced distinctly lower bond
strengths to a 6-month-old composite than to a 24-h-old
composite which, in turn, resulted in a more pronounced
positive effect of adhesive treatments in the 6-month-old
composite group. Moreover, differences between adhesive
treatment subgroups were more distinctive when repairing a
24-h-old composite compared to a 6-month-old composite.

Intra-oral composite repairs are generally performed
months or years after baseline. During this time, restora-
tions are exposed to the oral environment resulting in water
sorption into the composite and ceasing of free radical
activity. In this study, the repair bond strength to 6-month-
old composite was only lower compared to 24-h-old

Fig. 2 SEM micrograph of the composite test surface sandblasted
with 50-μm aluminum oxide powder (×5,000 magnification)

Fig. 3 SEM micrograph of the composite test surface sandblasted
with 30-μm silica-coated aluminum oxide powder (CoJet Sand;
×5,000 magnification)
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composite when any adhesive treatment of the roughened
composite was omitted. The missing differences between
the adhesive treatments investigated indicate that all of
them were able to compensate for the detrimental effects
of composite aging. Careful air drying of the roughened
composite after rinsing with water seems to leave a
composite surface which is adequately wetted even by a
hydrophobic adhesive (OptiBond FL Adhesive). The use
of a hydrophilic primer (OptiBond FL Prime) and a less
hydrophobic primer–adhesive (Excite), respectively, did
not produce significantly higher repair bond strengths than
the hydrophobic filled adhesive. Thus, the use of a primer
may be limited to clinical situations with exposed dentin
at the repair site. When only enamel is involved, the use
of the adhesive without primer may be sufficient. To some
extent, the limited effect of the age of composite on repair
bond strength observed in this study may also be a result
of the specific matrix chemistry of the resin composite
used. The Bis-GMA adduct used in Spectrum TPH is
more hydrophobic than unmodified Bis-GMA due to the
substitution of two hydroxy groups [13] which may reduce
water sorption and related detrimental effects [13, 26, 28,
30, 32].

Previous studies have reported conflicting results re-
garding the effect of silane on repair bond strength [1, 2, 3,
4, 29, 30, 34]. In the present study, additional silane
treatment improved the repair bond strengths created by
sandblasting with CoJet Sand. However, the repair bond
achieved by this protocol was not superior to that created
by adhesives without silica coating/silane treatment. From a
clinical point of view, this may be an advantage since both,
the use of silica-coated particles for sandblasting and
application of a silane may interfere with the composite
bond to enamel and/or dentin exposed at the repair site [9,
12, 19]. Although the repair bonds measured in this study
seem promising, further in vitro studies are indicated to
investigate their durability in a simulated oral environment
including mechanical loading.

Conclusions

1. For optimal repair bond strength, mechanical roughen-
ing of the old composite should be followed by
application of an adhesive.

2. When using a multi-step bonding system, the additional
application of a primer may be limited to situations
with dentin exposed at the repair site.

3. Silica coating/silane treatment did not improve repair
bond strengths compared to those achieved with
bonding systems.

Acknowledgement The authors gratefully acknowledge Dr. Rainer
Muche, Department of Biometry and Medical Documentation,
University of Ulm, for statistical support.

The authors declare that they have no conflict of interest.

References

1. Bonstein T, Garlapo D, Donarummo J, Bush PJ (2005) Evaluation
of varied repair protocols applied to aged composite resin. J
Adhes Dent 7:41–49

2. Bouschlicher MR, Reinhardt JW, Vargas MA (1997) Surface
treatment techniques for resin composite repair. Am J Dent
10:279–283

3. Bouschlicher MR, Cobb DS, Vargas MA (1999) Effect of two
abrasive systems on resin bonding to laboratory-processed indirect
resin composite restorations. J Esthet Dent 11:185–196

4. Brosh T, Pilo R, Bichacho N, Blutstein R (1997) Effect of
combinations of surface treatments and bonding agents on the
bond strength of repaired composites. J Prosthet Dent 77:122–126

5. Croll TP (1997) Repair of Class I resin–composite restoration. J
Dent Child 64:22–27

6. Crumpler DC, Bayne SC, Sockwell S, Brunson D, Roberson TM
(1989) Bonding to resurfaced posterior composites. Dent Mater
5:417–424

7. Dias WRL, Ritter AV, Swift EJ (2003) Repairability of a packable
resin-based composite using different adhesives. Am J Dent
16:181–185

8. Foitzik M, Attin T (2004) Korrekturfüllung—Möglichkeiten und
Durchführung. Schweiz Monatsschr Zahnmed 114:1003–1011

9. Frankenberger R, Krämer N, Ebert J, Lohbauer U, Käppel S, Ten
Weges S, Petschelt A (2003) Fatigue behavior of the resin–resin
bond of partially replaced resin-based composite restorations. Am
J Dent 16:17–22

10. Frankenberger R, Roth S, Krämer N, Pelka M, Petschelt A (2003)
Effect of preparation mode on Class II resin composite repair. J
Oral Rehabil 30:559–564

11. Gray GB, Carey GPD, Jagger DC (2006) An in vitro investigation
of a comparison of bond strengths of composite to etched and air-
abraded human enamel surfaces. J Prosthodont 15:2–8

12. Hannig C, Hahn P, Thiele PP, Attin T (2003) Influence of different
repair procedures on bond strength of adhesive filling materials to
etched enamel in vitro. Oper Dent 28:800–807

13. Huang C, Tay FR, Cheung GSP, Kei LH, Wei SHY, Pashley DH
(2002) Hygroscopic expansion of a compomer and a composite on
artificial gap reduction. J Dent 30:11–19

14. Kern M, Thompson VP (1995) Bonding to glass infiltrated
alumina ceramic: adhesive methods and their durability. J Prosthet
Dent 73:240–249

15. Kim BK, Bae HEK, Shim JS, Lee KW (2005) The influence of
ceramic surface treatments on the tensile bond strength of composite
to all-ceramic coping materials. J Prosthet Dent 94:357–362

16. Kupiec KA, Barkmeier WW (1996) Laboratory evaluation of
surface treatments for composite repair. Oper Dent 21:59–62

17. Lucena-Martín C, González-López S, Navaja-Rodríguez de
Mondelo JM (2001) The effect of various surface treatments and
bonding agents on the repaired strength of heat-treated compo-
sites. J Prosthet Dent 86:481–488

18. Mitsaki-Matsou H, Karanika-Kouma A, Papadoyiannis Y, Theo-
doridou-Pahine S (1991) An in vitro study of the tensile strength
of composite resins repaired with the same or another composite
resin. Quintessence Int 22:475–481

322 Clin Oral Invest (2009) 13:317–323



19. Onisor I, Bouillaguet S, Krejci I (2007) Influence of different
surface treatments on marginal adaptation in enamel and dentin. J
Adhes Dent 9:297–303

20. Özcan M (2003) Evaluation of alternative intra-oral repair
techniques for fractured ceramic-fused-to-metal restorations. J
Oral Rehabil 30:194–203

21. Özcan M, Alander P, Vallittu PK, Huysmans MC, Kalk W (2005)
Effect of three surface conditioning methods to improve bond
strength of particulate filler resin composites. J Mater Sci Mater
Med 16:21–27

22. Öztas N, Alaçam A, Bardakcy Y (2003) The effect of air abrasion
with two new bonding agents on composite repair. Oper Dent
28:149–154

23. Padipatvuthikul P, Mair LH (2007) Bonding of composite to water
aged composite with surface treatments. Dent Mater 23:519–525

24. Papacchini F, Dall’Oca S, Chieffi N, Goracci C, Sadek FT, Suh BI,
Tay FR, Ferrari M (2007) Composite-to-composite microtensile
bond strength in the repair of a microfilled hybrid resin: effect of
surface treatment and oxygen inhibition. J Adhes Dent 9:25–31

25. Roulet JF, Söderholm KJM, Longmate J (1995) Effects of
treatment and storage conditions on ceramic/composite bond
strength. J Dent Res 74:381–387

26. Sau CW, Oh GSY, Koh H, Chee CS, Lim CC (1999) Shear bond
strength of repaired composite resins using a hybrid composite
resin. Oper Dent 24:156–161

27. Shahdad SA, Kennedy JG (1998) Bond strength of repaired
anterior composite resins: an in vitro study. J Dent 26:685–694

28. Söderholm KJ (1984) Water sorption in a bis(GMA)/TEGDMA
resin. J Biomed Mat Res 18:271–279

29. Söderholm KJM, Roberts MJ (1991) Variables influencing the
repair strength of dental composites. Scand J Dent Res 99:173–
180

30. Swift EJ, Cloe BC, Boyer DB (1994) Effect of a silane coupling
agent on composite repair strengths. Am J Dent 7:200–202

31. Teixeira EC, Bayne SC, Thompson JY, Ritter AV, Swift EJ (2005)
Shear bond strength of self-etching bonding systems in combina-
tion with various composites used for repairing aged composites. J
Adhes Dent 7:159–164

32. Tezvergil A, Lassila LVJ, Vallittu PK (2003) Composite–composite
repair bond strength: effect of different adhesion primers. J Dent
31:521–525

33. Thomsen KB, Peutzfeldt A (2007) Resin composites: strength of
the bond to dentin versus mechanical properties. Clin Oral Invest
11:45–49

34. Trajtenberg CP, Powers JM (2004) Bond strengths of repaired
laboratory composites using three surface treatments and three
primers. Am J Dent 17:123–126

35. Vanckerckoven H, Lambrechts P, Van Beylen M, Davidson CL,
Vanherle G (1982) Unreacted methacrylate groups on the surfaces
of composite resins. J Dent Res 61:791–795

Clin Oral Invest (2009) 13:317–323 323




