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ABSTRACT

Background and Objective: Repairing composite restorations is a conservative alternative to replacement, and bond strength is influenced
by both the composite type and surface treatment. This study compared the shear bond strength of microhybrid and bulk-fill composites
repaired with bulk-fill composite using different surface treatment protocols.

Methods: This experimental study, conducted from July 2023 to February 2024, included 120 samples: 60 microhybrid composites and 60
bulk-fill composites. The samples were divided into a control group with no further treatment and an experimental group with additional
surface treatments. The samples were prepared in Teflon molds, cured, aged in deionized water, and exposed to thermal cycling as per ISO
standard/TR 11405(2003). The surface treatments included roughening, application of a universal adhesive (iIBOND Universal), sandblasting
with alumina, and a silane coupling agent (Bis-Silane, BISCO Inc.). The repair composites were applied and cured, followed by shear bond
strength testing using a universal testing machine.

Results: Specific post hoc comparisons revealed that control groups generally exhibited the lowest bond strengths, with varying mean
values: 11.98 + 3.83, 23.01 + 7.46, and 12.90 + 3.03 MPa for different controls. Conversely, specimens treated with bulk-fill material
consistently showed higher shear bond strength, especially those undergoing sandblasting, which recorded the highest bond strengths
among all the groups tested (p < 0.01). Additionally, the failure analysis under a stereo light microscope revealed a transition in rupture
types from “adhesive interface” to “cohesive in composite” in aged specimens, after thermal cycling, indicating a reduction in the cohesive
strength over time.

Conclusion: Sandblasting notably improved the repair effectiveness, emphasizing the importance of surface preparation in dental
composite repairs. These findings underscore the need for careful selection of surface treatment techniques to optimize repair outcomes

in dental restorations.
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Introduction

Recentadvancementsindentalcompositeresinformulations
and enhanced clinical techniques have significantly
increased the use of resin-based composites for both
anterior and posterior restorative procedures, establishing
them as indispensable options in modern dentistry.>?
However, while these materials perform satisfactorily
over the long term, their effectiveness depends heavily on
maintenance protocols aimed at addressing issues such as
discolorations, microleakage, and partial fractures of the
restorations.?
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The yearly failure rate of composite resin restorations
varies from 1% to 5% in permanent teeth, and from 1.7%
to 12.9% in primary teeth. Given these figures, dealing with
defective restorations can generally be approached in two
ways: complete replacement or repair.* While replacement
often entails further damage to healthy dental tissues due to
the necessity for larger cavity preparations, opting for repair
is more advantageous. Repair methods not only conserve
more of the original dental structure but also offer a cost-
effective solution for public health systems. Nevertheless,
effective interaction between two composite layers depends
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on an oxygen-inhibited layer that has not fully polymerized,
which facilitates the effective bonding of monomers from
a newly applied composite resin.> Over time, the bonding
ability of an aged composite resin may diminish significantly
due to a reduction in the amount of unreacted monomers
available for bonding.®

Researchers have indicated that to achieve satisfactory
bond strength in aged composite restorations, additional
surface treatments are essential. Several surface treatment
methods for the original composite are recommended, such
as mechanical roughening, acid etching, employing low
viscosity bonding agents, applying “flowable” composites,
and using silane. These techniques enhance the adhesion
properties between the existing composite material and
the new application, ensuring the durability and structural
integrity of the restoration.’

Silane surface treatment effectively promotes mechanical
interlocking, surface wetting, and chemical bonding
in composite repairs by facilitating the formation of
siloxane bonds from the silanol groups. Concurrently, the
methacrylate groups form covalent bonds with the resin
during polymerization.® Successful restoration repair not only
requires appropriate surface treatment of the aged resin but
also careful selection of an adhesive system and restorative
material. Although numerous studies have explored various
repair strategies, definitive guidelines for the repair process
remain unestablished.’

Additionally, advancements in composite material
technology have led to the development of low-shrinkage
composites with enhanced depth of cure, differentiated from
conventional composites by specialized resin monomers,
photoinitiators, and fillers. These bulk-fill resin composites,
which can be applied in increments of up to 4-5 mm, ensure
more effective polymerization.°

Despite these technological innovations, identifying
the type of composite resin used during aesthetic
restoration repair remains a clinical challenge, as clinicians
often cannot determine the specific type of fractured or
chipped composite at the time of repair.® Commercial
brands vary in their compositions, and the type of resin
primarily influences the bond strength of repairs. It is
also a common practice to use composite resins with
different compositions during restoration procedures.!
Furthermore, despite extensive research, there is no
universally accepted repair method for various composite
resins, highlighting the need to evaluate the effectiveness
of different repair protocols.?

Previous studies have predominantly concentrated on the
bond strength between identical composite types. However,
this research investigates the repair of two distinct types of
composites, traditional methacrylate-based composites and

11

the newly developed bulk-fill composites, utilizing a variety
of surface treatment options. The repairs were performed
using a universal adhesive augmented with a layer of
silane coupling agent and sandblasting, as opposed to the
multiple conventional adhesives used in earlier studies. This
methodology was designed to improve the clinical relevance
and durability of composite-based restorations, thereby
providing a more time-efficient solution.

This study aimed to evaluate and compare the shear bond
strength of microhybrid and bulk-fill composite specimens
repaired with bulk-fill composites using various surface
treatment protocols (surface roughening, sandblasting, and
silane application followed by adhesive). It also assesses
the effect of thermal aging through thermocycling on the
durability of the repair bond.

Methods

This experimental study was conducted from August 2023
to February 2024, after receiving ethical approval from the
Institutional Review Board of Azra Naheed Dental College,
Lahore, Pakistan.

A total of 120 samples were included and equally divided
between Experimental Group A (microhybrid composite,
Te-Econom Plus, shade A2) and Experimental Group B (bulk-
fill composite, Tetric N-Ceram bulk-fill, shade A). All the
samples were prepared using Teflon molds (5 mm in diameter
and 5 mm in depth) to ensure consistent dimensions and
surface uniformity.

A standard formula for comparing the means between
two independent groups was used to determine the sample
size.® The formula incorporated the expected difference in
means (effect size), SDs of the groups, and desired levels of
power and significance. With the SDs 61 =1.05 and 62 = 2.1,
effect size = 2.2, a power of Z1-p = 0.84, and a significance
level corresponding to a critical value z1-a/2 = 1.96, resulted
in five samples per group.* However, to increase the
statistical power of the study, precision, and generalizability,
the sample size was increased to 60 per group, making a total
sample size of 120. A non-probability purposive sampling
method was utilized to select the samples.

Microhybrid samples were filled incrementally and light-
cured for 40 seconds per increment, while bulk-fill samples
were placed and cured in a single increment under the same
conditions. Light polymerization was performed using an LED
curing unit (Elipar, 3M ESPE) with an intensity of 800-1,000
mW/cm? at 2 mm. After curing, all specimens were stored
in deionized water at 37°C for 24 hours to simulate intraoral
conditions. The samples were then subjected to artificial
aging through 500 thermal cycles between 5°C and 55°C,
with a dwell time of 20 s, in accordance with the ISO standard
TR 11405:2003.
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All samples included in the study were required to be
properly fabricated using standardized Teflon molds, fully
polymerized, and exhibit uniform dimensions with smooth,
defect-free surfaces. Samples were excluded if they displayed
any visible defects such as fractures, cracks, incomplete
polymerization, surface irregularities, or dimensional
inconsistencies.

Following aging, the bonding surfaces of all samples were
mechanically roughened in a uniform direction using 320-
grit silicon carbide paper and then rinsed and air-dried. Each
experimental group (microhybrid and bulk-fill) was further
divided into three subgroups (n = 20), based on the surface
treatment protocol applied prior to repair. In subgroups
Al and B1, a universal adhesive (iBOND Universal, Kulzer)
was applied immediately after roughening. In subgroups
A2 and B2, samples were first sandblasted with 30-micron
alumina particles and then coated with a universal adhesive.
In subgroups A3 and B3, a silane coupling agent (Bis-Silane,
BISCO Inc.) was applied before the universal adhesive (Table
1). A Tetric N-Ceram bulk-fill composite was used as the
repair material after each surface treatment.

The shear bond strength testing was conducted using a
universal testing machine at a crosshead speed of 0.5 mm/
min. A chisel-like apparatus was used to apply a shear force
at the interface between the aged and repaired composite
layers until failure occurred. The maximum force required to
cause debonding was recorded in megapascals (MPa).?

After the mechanical testing, the fractured surfaces
were examined under a stereo light microscope at 40x
magnification to determine the mode of failure. Failures
were classified into three categories: adhesive (failure at the
bond interface), cohesive (failure within the composite), or
mixed (a combination of both).

Statistical analysis

Data were analyzed usingthe International Business Machines
(IBM) Statistical Package for Social Sciences Statistics version
20 (IBM Corp., Armonk, New York). Data distribution was
assessed using the Kolmogorov-Smirnov test. Quantitative
data, such as shear bond strength, were presented as mean
+ SD. ANOVA followed by post hoc Tukey’s test was used to
compare the mean shear bond strength across the different
treatment groups, and a p-value < 0.05 was considered
statistically significant.

Results
The failure mode patterns of the specimens from the
experimental groups, analyzed using a stereo light
microscope at 40X magnification following the shear bond
strength tests, are shown in Table 2. Adhesive failures were
the most frequent in Experimental Group A (microhybrid),
followed by mixed and cohesive failures.

In contrast, Experimental Group B (bulk-fill) showed
a higher frequency of mixed and cohesive failures, with
adhesive failure being the least common (Table 2).

Table 1. Experimental groups and surface treatment subgroups.

Group Subgroup Surface treatment Sample size
Experimental Group A A1 Surface roughening + Universal Adhesive 20
((:'Z"r%%?i/g)id A2 Surface roughening + Sandblasting (30 ym alumina) + Universal Adhesive 20

A3 Surface roughening + Silane (Bis-Silane, BISCO Inc.) + Universal Adhesive 20
Experimental Group B B1 Surface roughening + Universal Adhesive 20
(Bulk-fill composite) B2 Surface roughening + Sandblasting (30 ym alumina) + Universal Adhesive 20

B3 Surface roughening + Silane (Bis-Silane, BISCO Inc.) + Universal Adhesive 20

Table 2. Failure mode patterns across surface-treated Microhybrid and bulk-fill composite groups.

Subgroup

Composite type

Adhesive n (%) Cohesive n (%) Mixed n (%)

A1 Microhybrid (n = 10) 4 (40.0) 3(30.0) 3(30.0)

) A2 Microhybrid (n = 10) 3 (30.0) 2 (20.0) 5 (50.0)
Experimental Group A - -

A3 Microhybrid (n = 10) 4 (40.0) 4 (40.0) 2 (20.0)

Total A Microhybrid (n = 30) 11 (36.7) 9 (30.0) 10 (33.3)

B1 Bulk-fill (n = 10) 3(30.0) 4 (40.0) 3(30.0)

) B2 Bulk-fill (n = 10) 2 (20.0) 3 (30.0) 5 (50.0)

Experimental Group B -
B3 Bulk-fill (n = 10) 2 (20.0) 3 (30.0) 5 (50.0)
Total B Bulkfill (n = 30) 7 (23.3) 10 (33.3) 13 (43.3)
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Table 3. Overall comparison between microhybrid and bulk-fill
groups.

Experimental

Shear bond strength

groups (MPa)
Mean = SD
Group A - microhybrid 15.96 + 6.42 4.1 0.045
composite
Group B - bulk-fill 19.68 + 8.66
composite

Table 4. Intra-group comparison of surface treatment protocols
using the Tukey Post Hoc Test.

Experimental Shear bond Comparison p-value
groups strength (MPa)
Mean = SD

Group A - A1 11.98 + 3.83 Al vs. A2 0.004
microhybrid A2 23.01 = 7.46 A1l vs. A3 0.761
composite A3 | 12.90+3.03 A2vs.A3 | 0.006

B1 15.23 + 4.59 B1 vs. B2 0.009
Group B - bulk- "5, 50 15 4 11.04 Bivs.B3 | 0.874
fill composite

B3 14.67 £ 2.34 B2 vs. B3 0.012

Table 5. Intergroup comparison of corresponding surface treatments
between Microhybrid and Bulk-fill composites.

Subgroup Surface treatment F-value p-value

comparison

A1 vs. B1 Surface roughening + 2.18 0.134
Adhesive

A2 vs. B2 Sandblasting + 3.94 0.041
Adhesive

A3 vs. B3 Silane + Adhesive 1.23 0.273

The overall comparison of the shear bond strength
between the microhybrid and bulk-fill composite groups
revealed statistically significant differences among the
subgroups (Table 3). Bulk-fill composites (Group B) showed
higher mean shear bond strengths than microhybrid
composites.

Within the microhybrid Group A (group A), subgroup A2
showed significantly higher bond strength than both A1l (p
= 0.004) and A3 (p = 0.006). No significant differences were
observed between Al and A3 (p = 0.761). However, in the
bulk-fill group (Group B), B2 also showed a significantly
higher bond strength than B1 (p = 0.009) and B3 (p = 0.012),
while B1 and B3 were not significantly different (p = 0.874)
(Table 4).

Among the corresponding surface treatments, A2 and B2
showed statistical significance (p = 0.041), indicating that
bulk-fill composites benefit more from sandblasting than
microhybrid composites (Table 5).
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Discussion

The current study evaluated the shear bond strength of
bulk-fill composite samples repaired using a bulk-fill hybrid
and various surface treatment techniques, compared to
samples made with microhybrid composites. The findings
demonstrated that sandblasting followed by the application
of a universal adhesive significantly enhanced the bond
strength of both composite types. This treatment provides
high bond strength owing to increased surface roughness,
which aids in mechanical interlocking between the old and
new composite materials.>'* These results confirm that
mechanical surface roughening through alumina-based
sandblasting provides superior micromechanical interlocking,
which is critical for durable bonding between aged and new
composites.**

Surface treatment with lasers, such as Er,Cr:YSGG, also
shows promise. However, its effectiveness varies and is
generally less than that of traditional mechanical methods,
such as sandblasting, but can be beneficial when combined
with silane and a bonding agent.® The aged bulk-fill
resin composites treatment with methods such as ALO,
sand-blasting combined with laser treatment results in
higher repair bond strength, emphasizing the importance
of choosing appropriate surface treatments for aged
composites to ensure effective repair.! In the current study,
the highest repair strength resulted from the combination of
sandblasting with adhesive, whereas the majority of failures
were cohesive or mixed in Group B (bulk-fill). However,
Group A showed a higher percentage of adhesive failures,
particularly in subgroups that did not undergo sandblasting,
implying a weaker bond at the repair interface. These
observations reinforce that surface conditioning significantly
influences failure patterns and repair integrity. The literature
reported that surfaces treated with Al,O, sandblasting and
laser in aged bulk-fill resin composites exhibited higher repair
bond strength values.*®

Although silane is widely acknowledged for improving
the composite bond strength through chemical coupling
and enhanced wettability, its isolated application in this
study (A3 and B3) did not yield significantly better results.'”
This may be due to the material composition, interaction
with the universal adhesive used, or absence of mechanical
roughening.! While the literature suggests that silane can
enhance bonding when used properly or incorporated into
adhesives, the current findings indicate that mechanical
treatment alone, especially sandblasting, is more influential
in improving bond strength than silane application alone.’®*
The findings of the present study indicate that the microshear
bond strength varies depending on the type of composite
resin used and that surface roughening generally enhances
the bond strength of these materials.*
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Literature has shown that aging significantly diminished
the repair strength of both the bulk-fill and traditional
composite resins; however, enhancing with 10% hydrofluoric
acid and bonding with resin adhesive effectively increased
the repair strength, especially in bulk-fill restorative
composites.’®72° This study also confirms that bulk-fill
composites generally show superior repair performance
compared to microhybrid composites when treated using the
same protocol, potentially because of their improved depth
of cure and optimized filler/resin matrix. These differences
may account for the significantly higher repair bond strength
observed in the B2 subgroup.?

Fonseca and their team studied four surface treatments,
ranging from simple macro-mechanical roughening to more
complex methods that included chemical and resin-based
enhancements and reported that basic roughening alone
did not significantly improve bond strength. However, a
combination of roughening and intermediate resin application
notably improved the bond strength, particularly in nano-filled
resins, and maintained this strength even after stress tests such
as thermocycling. The most effective treatment combined
roughening, sandblasting, a chemical agent, and resin, which
significantly improved the strength of all tested resins.>?2%

Overall, these findings highlight the importance of
selecting appropriate surface treatments when performing
composite repair, particularly in aged restorations. Among the
tested protocols, sandblasting followed by universal adhesive
application was the most effective. This combination not only
improved the bond strength significantly but also altered
the failure mode toward more desirable cohesive patterns,
suggesting enhanced durability and clinical reliability.

Limitations of the Study

This study was conducted under controlled in vitro conditions,
which may not fully replicate the complex oral environment,
including factors such as saliva, occlusal forces, and long-
term thermal and mechanical stress. Additionally, only one
universal adhesive and specific composite material brand
were used, which may limit the generalizability of the results.
Future studies should explore a broader range of adhesive
systems, incorporate long-term aging protocols, and evaluate
the repair performance under simulated clinical conditions to
better reflect real-world outcomes. Investigating additional
surface treatments, such as laser conditioning and plasma
etching, could also offer valuable insights.

Conclusion

The present study concluded that surface treatment
significantly influences the shear bond strength of repaired
composite restorations. Sandblasting notably improved
the repair effectiveness, emphasizing the importance of
surface preparation in dental composite repairs. These
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findings underscore the need for careful selection of surface
treatment techniques, including combining mechanical and
chemical conditioning, to optimize repair outcomes in dental
restorations. Thus, incorporating sandblasting into routine
repair protocols may enhance the durability and longevity of
composite restorations.
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