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Abstract
Aim: This study compared the shear bond
strength (SBS) and flexural strength (FS) of
repaired interfaces using three techniques of
surface preparation and repair of a micro-hybrid
composite.
Methods and Materials: Composite specimens
for SBS tests (n=36: diameter=8 mm, thickness=3
mm) for repair were shaped in a metal mold,
visible-light cured, and embedded in dental stone.
Composite specimens for FS tests (n=36: 2 mm
× 2 mm × 12.5 mm) for repair were shaped in a
silicone mold. Three different methods of surface
preparation were evaluated: Group A (control)
specimens were treated by etching with 35%
phosphoric acid; Group B specimens were airabraded with 50 µm aluminum oxide at 100 psi;
and Group C specimens received two parallel, 1
mm-deep grooves using a #¼-round bur before
being treated by etching with 35% phosphoric
acid. After surface treatment, a bonding agent
was placed on each specimen, which was then
light cured. Repairs were accomplished by adding
more composite to the SBS or FS specimens.
Specimens were thermocycled 500 times between
5°C and 55°C with 30-second dwell times. All
specimens were tested by loading to failure at
a rate of 0.5 mm/min using an Instron Universal
Testing Machine.
Results: Mean SBSs in MPa were: Group
A=24.5 +4.4, Group B=28.5 +4.3, and Group
C=27.0 +2.8. Mean FSs (MPa) were: Group
A=60.5 +9.9, Group B=73.9 +13.2 and Group

C=81.3 +14.3. For the FS tests, Group B and
C were significantly different than Group A, but
Group C was not significantly different than group
B. For the SBS test, Group B was significantly
different than Group A, but Group C was not
significantly different.
Conclusion: Acid-etching alone was not very
effective in producing well-bonded composite
repairs (only 55% of the FS of normal microhybrid composite). Mechanical retention was
more effective (SBS, FS) than acid-etching and
as effective (SBS) or more effective (FS) than
air-abrasion (p<0.05) for repaired composite
specimens.
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Clinical Significance: Either mechanical
retention or air abrasion is recommended prior
to repairing an existing composite restoration to
achieve the highest bond strength.
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Introduction
Advances in dental materials technology, as
well as a growing emphasis on esthetics, have
made composite restorations popular and widely
accepted options in modern dental treatments.
Superior physical properties and esthetically
pleasing characteristics of composite restoration
materials allow it to be used on anterior as well
as posterior teeth with predictable results.
During placement of a composite restoration,
an incremental placement of composite may be
indicated due to the depth of the preparation or
when initial placement results are unacceptable
and more material must be added to fill voids or
marginal gaps. Under these circumstances and
when the newly polymerized layer is undisturbed
and uncontaminated, there is a layer of resinrich material that remains unpolymerized due to

oxygen-inhibition. This layer acts as a bonding
medium for subsequent layers of composite1
and produces acceptable bond strengths in
clinical applications without additional surface
preparation.2,3
Composite restorations, as with other restorative
materials, fail and require repair or replacement.
Replacement of a restoration may lead to the
removal of more tooth structure and also may
produce aggravation to the pulp. For these
reasons, restorations that exhibit small caries
lesions along their margins or are discolored or
show small fractures should be considered for
repair. However, under these circumstances the
bond strength is decreased due to the absence
of the oxygen-inhibited layer and may result in
weaker restorations.4,5 The use of hydrofluoric
acid seems to have little effect on repairing
microfilled composites when comparing it with
phosphoric acid.6
Also, investigators have focused on testing
composite-to-composite “repair” bond strengths of
various brands of composite materials.2,5,7-11 Sau
et al.7 reported the difference in bond strength
among hybrid composites tested to be “minimally
adequate,” which indicates a nominal difference
between commercial brands. Lewis et al.2 narrows
the field to two commercially prepared composite
materials (Pertac-Hybrid and Z-100) and reported
the magnitude and variability of the SBS between
the two is approximately the same.
The addition of the surface abrasion to the
conventional repair techniques using etching
and bonding procedures to increase the repair
bond strength has been demonstrated.5,9,10
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However, adding silane coupling agents to this
procedure showed little or no improvement in
bond strength.6,12 Most recently, Shen et al.13
studied the FS of repaired surfaces using different
composites as substrates and flowable composite
as repairing material. Mechanical retention did
not necessarily improve repair bond strengths of
specimens subjected to conventional etching and
bonding procedures.
The use of the FS and SBS tests is frequently
found in the literature to report adhesive bond
strength values. The SBS test is widely used
perhaps for its simplicity but is less desirable due
to the high stress concentration at the point of
contact.13-15 On the other hand, FS measurement
is a complex combination of tensile, compressive,
and shear stresses that allows a uniform stress
distribution within the interface. This may better
represent the actual clinical condition involving
mastication forces.13,16-19
In order to establish a technique for surface
preparation and repair of existing composite
resin restorations, the aim of this study was to
test the flexural and SBSs of repair interfaces of
composite utilizing different surface preparation
techniques.

Methods and Materials
This study was performed using a micro-hybrid
composite, Point 4 (Kerr. Mfg., Orange, CA, USA),
and its manufacturer-recommended bonding
agent, Optibond Solo Plus (Kerr. Mfg., Orange,
CA, USA). Point 4 was designed for use in anterior
and posterior restorations and was regarded as a
leading material at the time of this investigation.

Figure 1. Specimen for the flexural strength test.

For the purpose of this study, two separate tests
were conducted. Flexural strength (FS) specimens
were prepared in a silicone mold by duplicating
a Teflon® split mold conventionally used for the
FS test. This mold was 2.0 mm in depth, 2.0 mm
wide and 25 mm in length (Figure 1).
The use of the silicone mold facilitates the
removal of the specimen, reducing any stress that
may be created during this procedure. Glycerin
was placed in the mold and then the mold was
filled with silicone material half its length so the
specimens would be 12.5 mm in length. Point 4
(Shade A 1), representing an existing restoration,
was condensed in increments of ~2 mm and
light cured (Kerr/Demetron 501, Danbury, CT)
for 60 seconds to produce the final length of 25
mm. Light intensity (620mW/cm2) was checked
periodically with the Cure Rite radiometer (Efos
Inc, Mississauga, Ontario, Canada). (Table 1)
Shear bond strength (SBS) specimens were
fabricated using Point 4 (Shade A 1), which was
placed into an 8 mm (diameter) × 2 mm (thick)

Table 1. Characterization of materials utilized in testing.

Materials
Phosphoric acid 37%
Bonding
Composite
Polishers

Manufacturer

Procedure

Ultradent, Inc.
South Jordan, Utah
Optibond Solo Plus
Kerr Mfg., Orange, CA
Point-4
Kerr Mfg., Orange, CA
Dentsply/Caulk
Milford, DE

30 sec and rinse for 15
sec
Apply and light cure for
40 sec
2 mm layer and light cured
for 60 sec
Polish for 15 sec
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using very small amounts of composite before the
addition of the bulk of the composite increment.
In addition to all previously described specimens
that were fabricated, a special control group of five
specimens of unrepaired bars was fabricated to be
25 mm long.
For the SBS specimens, a cylindrical
polytetrafluoroethylene mold (Ultradent Products
Inc., South Jordan, Utah, USA) 2.379 mm in
diameter and 4 mm in height was placed over the
exposed treated composite surface. Point 4 (Shade
A 2) was packed into the mold and light cured
(Kerr/Demetron 501, Danbury, CT, USA) for a total
of 40 seconds in 2 mm increments.

Figure 2. Specimen for shear bond strength test.

mold to form consistent specimens to represent
an existing composite restoration (Figure 2). The
composite wafers were then embedded in dental
stone inside a copper ring, with the flat surface
flush with the end of the ring.
Three different surface treatments (A, B, C) for
repair tests (six groups of 12 samples each) for
both SBS and FS tests were created. All repaired
surfaces were finished with Enhance R (Dentsply/
Caulk, Milford, DE) to simulate a completed
restoration. Group A (control group) was treated
with 35% phosphoric acid for 30 seconds and
rinsed with water for 15 seconds. Group B was
air abraded (KCP 1000 Whisperjet/American
Dental Technologies, Corpus Christi, TX) with 50
µm aluminum oxide (100 psi) for 3 seconds at a
distance of 3 mm, acid etched for 30 seconds,
and rinsed with water for 15 seconds. Group C
received two 1 mm deep grooves that were 1 mm
apart, were acid etched for 30 seconds, and were
rinsed for 15 seconds.
FS specimens were returned to the mold treated
with one layer of bonding agent, light cured for
40 seconds (Kerr/Demetron 501, Danbury, CT),
and then repaired with Point 4 (Shade A 2) in
increments of ~2 mm that were light cured for 60
seconds in a repetitive series until the total length
of the specimen was 25 mm. During fabrication
of mechanical retention specimens, care was
taken to fill the retention grooves completely,

Specimens were stored at 100% humidity for 24
hours and thermo-cycled (Neslab GP-200, Neslab
Instruments Inc., Newington, NH) for 500 cycles
between 5°C and 55°C using 30-second dwell times.
All samples were loaded at the repair interface until
failure occurred using an Instron Universal Testing
Machine (Instron 5565, Instron Corp., Canton, MA).
Three-point bending was used for the FS test
(Figure 3).
The SBS test involved the Ultradent testing device
(Ultradent Products Inc., South Jordan, UT, USA)
aligned parallel to the interface for debonding
(Figure 4).

Figure 3. Specimen and testing for flexural strength test.
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control bars had a higher mean value of 112
(18.1) MPa compared to all repaired bars. Among
repaired FS groups, the mechanical retention
group (C) produced the highest strength mean
value of 81.3 (14.3) MPa, but was not statistically
different than the air-abrasion group (B) (73.9
(13.2) MPa). Groups B and C were statistically
stronger than the acid-etch-only group (Group
A) (60.5 (9.9) MPa). For the SBS tests, Group B
had a mean (SD) value of 28.5 (4.3) MPa. This
air-abraded surface treatment produced higher
strength values than mechanical retention (Group
C) (27.0 (4.3) MPa) and acid-etch-only (Group
A) (24.5 (4.4) MPa), but was only statistically
different from Group A.

Discussion

Figure 4. Specimen and testing for the shear bond
strength test.

The results show repaired composite specimens
have an inferior FS compared to nonrepaired
specimens. A material not subjected to repair
has its elastic modulus value equivalent to its
maximum load of fracture or cohesive strength.
It is assumed the closer the values of the FS of
the repaired composites are to the nonrepaired
composites, the better would be its clinical
performance.

All samples were loaded at a constant crosshead
rate of 0.5 mm/min. FS at failure was calculated
[FS=(3F)(L/2)(b×h2)], where F was the load
of fracture, L was the distance between the
supports, b was the width of the specimen cross
section, and h was the height.
SAS (SAS Institute Inc., Cary, NC, USA) was
used for statistical analysis. Analysis of variance
(ANOVA) was used to compare the means of
each group within the FS or SBS tests and Tukey
post-hoc tests (p<0.05) were used to detect any
differences.

The overall results of this study indicate the
use of micro-abrasion or mechanical retention
on the surface to be repaired increases the
bond strength compared to only etching and
bonding procedures. This can be explained,
since abrading or creating mechanical retention
on the repaired surface exposes inorganic fillers
and leaves a fresh polymer matrix, offering
a more heterogeneous substrate where the
repaired bonding composite unit can interlock

Results
FS and SBS rebonding results are reported
(Table 2). Among repaired FS groups, the intact

Table 2. SBS and FS of repaired interfaces of composite in MPa.

Surface Treatment
Acid-etch-only (n=12)
Group A
Air abrasion (n=12)
Group B
Mechanical retention (n=12)
Group C
Solid bars (n=5)

Shear Rebond Strengths
Mean (S.D.)
Min
Max

Flexural Rebond Strengths
Mean (S.D.)
Min
Max

24.5 (4.4)A

14.4

29.8

60.5 (9.9)A

45.9

79.1

28.5 (4.3)AB

19.9

35.3

73.9 (13.2)AB

48.7

93.0

27.0 (2.8)A

22.4

32.2

81.3 (14.3)B

59.5

108.7

––

––

––

112 (18.1)C

84.6

133.0

Note: Statistical differences among treatments (ANOVA, p≤0.05) are indicated by differences in superscript letters.
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less inorganic fillers on the substrate compared to
mechanical retention or micro-abrasion, reducing
its capability to have a better bonding surface area.
However, in the absence of any other mechanical
retention such as micro-abrasion or mechanical
retention, the use of conventional etching and
bonding techniques is recommended to enhance
the bond strength.5

Conclusions
mechanically and bond chemically, increasing in
this manner its strength.20
The higher FS values seen on the repaired
specimens were observed when using
mechanical retention. A previous study reported
mechanical retention did not necessarily improve
the bond strength when using a flowable
composite as a repair material.13 However, use of
a composite with higher filler content as a repair
material in this study could have led to higher
values since the composite was condensed
carefully into the undercuts. This is more difficult
to achieve when using flowable composite due
to its low viscosity. Also, the use of the same
composite for the substrates and repairing
materials with an identical elastic modulus may
have an implication. The repaired bars using the
same composite might bear more stress as they
flex than using two different materials with a wider
range of value between their elastic modules.13
The use of micro-abrasion also resulted in high
FS but with slightly lower values than those
subjected to mechanical retention. These lower
values may be consistent with the fact that
even though the repaired surface has a greater
bonding surface area, the repair composite
does not penetrate as much as it does into
the repaired surface when using mechanical
retention, resulting in a repaired interface with a
lower elastic modulus. The use of micro-abrasion
though exhibits the higher values in SBS. This
correlates with other studies where microabrasion in combination with conventional etching
and bonding techniques increased the bond
strength of the repaired interface compared to
only etching and bonding procedures.5
The lower values of flexural and SBS were
found in the etching and bonding only samples.
The etching of the surface seems to expose

Within the limitations of the current tests and for the
limited number of materials evaluated, the following
were concluded.
1. Acid etching alone was not very effective in
producing well-bonded composite repairs. It
created only 55% of the FS of normal microhybrid composite.
2. Mechanical retention was more effective (SBS,
FS) than acid etching and as effective (SBS) or
more effective (FS) than air abrasion (p≤0.05)
for composite repair.

Clinical Significance
Either mechanical retention or air abrasion is
recommended prior to repairing an existing
composite restoration to achieve the highest bond
strength.
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