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ABSTRACT: Although repair is a conservative approach that preserves healthy tooth structure, there
is still no consensus on the most effective surface treatment and adhesive protocol for repairing aged
bulk-fill composite resin restorations. The objective of the study was to evaluate the effect of diamond
bur roughening and aluminum oxide (Al,0,) sandblasting as surface treatments combined with different
adhesive protocols on the repair bond strength (BS) of aged bulk-fill composite resin.150 Filtek™ One
resin discs were thermocycled (5,000 cycles of 5°/55°C) and divided into three surface treatment
groups (n=50): no treatment (NT), roughening with diamond bur (B), and sandblasting with ALO, (Al).
Each group was further subdivided according to five adhesive protocols (n=10): no adhesive (NA), Adper
Single Bond 2 (SB), Single Bond Universal (SBU), Silane + Adper Single Bond 2 (S+SB), and Silane (S).
Three Bulk Fill resin cylinders were fabricated for each specimen to simulate repair, followed by micro-
shear bond strength testing and fracture pattern analysis after 24-hour storage in deionized water.
Two-way ANOVA and Tukey's test (a=0.05) were applied. When B or Al was applied, only NA showed
inferior results. No statistical differences were found between B/SB, B/SBU, B/S+SB, and B/S, as well as
between Al/SB, Al/SBU, Al/S+SB, and Al/S. Al/SBU showed higher bond strength than B/SBU. The most
frequent fracture patterns for B and Al were cohesive and mixed, while for NT, it was adhesive. Surface
treatment with B or Al, combined with an adhesive protocol, improved bond strength. Surface treatment
is crucial for bulk-fill composite resin repair, enhancing bond strength with adhesive systems, with or
without silane. A universal adhesive containing silane is as effective as adhesive-silane combinations,
offering superior bond strength on Al 0, blast-treated surfaces.
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RESUMEN: Aunque la reparacion es un enfoque conservador que preserva la estructura dental sana, no
existe consenso sobre el tratamiento de superficie ni el protocolo adhesivo mas eficaz para restauraciones
de resina compuesta bulk-fill. Este estudio evalu6 el efecto del asperizado con fresa diamantada y
del arenado con oxido de aluminio (ALO,, combinados con distintos protocolos adhesivos, sobre la
resistencia de union de reparacion (BS) de resina compuesta bulk-fill envejecida. Se fabricaron 150
discos de resina Filtek™ QOne, sometidos a termociclado (5.000 ciclos de 5°/55 °C) y divididos en tres
grupos de superficie (n=50): sin tratamiento (NT), asperizado con fresa diamantada (B) y arenado con
AlL0O, (Al). Cada grupo se subdividio seglin cinco protocolos adhesivos (n=10): sin adhesivo (NA), Adper
Single Bond 2 (SB), Single Bond Universal (SBU), Silano+Adper Single Bond 2 (S+SB) y Silano (S). Se
fabricaron tres cilindros de resina Bulk Fill por espécimen para simular la reparacion. Luego se evalu6
BS mediante microcizallamiento y se analizo el patron de fractura tras 24 horas de almacenamiento en
agua. Los datos se analizaron mediante ANOVA de dos vias y prueba de Tukey (a=0,05). Con B 0 Al,
solo NA mostro resultados inferiores. No se observaron diferencias significativas entre B/SB, B/SBU, B/
S+SBy B/S, ni entre Al/SB, Al/SBU, AI/S+SB y Al/S. Al/SBU presentd mayor BS que B/SBU. Los patrones
de fractura mas frecuentes para B y Al fueron cohesivos y mixtos, mientras que para NT predomin6 el
adhesivo. En conclusion, el tratamiento de superficie con B o Al, combinado con un protocolo adhesivo,
mejora la BS. El tratamiento de superficie es clave para la reparacion de resina compuesta bulk-fill,
potenciando la eficacia de los sistemas adhesivos con o sin silano. Un adhesivo universal es tan eficaz
como la combinacion adhesivo-silano, ofreciendo mayor BS en superficies tratadas con arenado de ALQ,.

PALABRAS CLAVE: Bulk-fill; Resina; Compuesto; Tratamiento de superficies; Silano; Reparacion.

INTRODUCTION cases, two interventions are possible: replacement
of the restoration or repair. However, replacing a
restoration may result in the unnecessary removal

of healthy dental structure, which contradicts the

Composite resin restorations are widely
used in clinical practice due to their esthetic

properties and adhesive capabilities, which allow
for greater preservation of healthy dental struc-
ture (1-3). The use of bulk-fill composite resins
has steadily increased because of the simplified
insertion technique they allow in cavities to be
restored (4). However, changes such as tempera-
ture and pH fluctuations, as well as masticatory
forces in the oral cavity, can lead to degrada-
tion of this material over time, necessitating new
interventions (5,6). This degradation may result
in recurrent caries, marginal defects, fractures of
the restorative material or adjacent dental struc-
tures, or even discoloration, ultimately creating
the need for restoration replacement (7). In such

philosophy of minimally invasive dentistry (8-10).

The success of a repair depends on the
presence of unreacted monomers in the compo-
site resin’s organic matrix, which are available to
chemically bond with the new composite increment
(11,12). However, during aging in the oral environ-
ment, these unreacted monomers are leached
out, and the resin matrix absorbs water, making it
difficult to establish chemical bonding with a new
composite due to the reduction in available C=C
bonds (11,13,14). These bonds enable bonding to
the monomers of the new composite, promoting
adhesion (15). To overcome the lack of chemical
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affinity between the aged resin and the new repair
material, various techniques have been proposed
to enhance the bond strength of composite resins.
These include surface treatments and the use of
adhesive agents, such as phosphoric or hydrofluo-
ric acid conditioning, diamond bur roughening,
aluminum oxide (Al,O,) sandblasting, tribochemi-
cal silica coating, silane treatment, and the appli-
cation of resin adhesives (13,16-21).

Surface roughening increases the adhesive
potential of the substrate by creating microreten-
tive areas that facilitate micromechanical interloc-
king between components (22-24). Silane impro-
ves the interaction between the adhesive agent
and the irregularities created by surface treatment
(25-27). This occurs because silane contains two
functional groups: silanol, which bonds to the
silica in the composite’s filler particles through
covalent carbon-carbon (C=C) bonds, and an
organofunctional group, which is copolymerized
with the methacrylate monomers in the adhesive,
enabling chemical bonding during the adhesion
process. The effectiveness of silane chemical
coupling depends on the availability of silica (glass
particles) in the composite being repaired (26,28).

Adhesive systems, due to their low visco-
sity and high fluidity, can more easily flow over the
substrate, acting as an intermediate agent between
the composite resin and the surface to be repaired
(29,30). Therefore, they are consistently essential
in composite resin repair protocols. Furthermore,
universal adhesive systems containing silane in
their formulations have been proposed as a poten-
tial strategy to enhance adhesion; however, current

findings in the literature remain inconclusive and
indicate the need for further investigation (31).

Although the efficacy of different repair
techniques for resin materials has been discussed
in the literature, there is still no standardized proto-
col or consensus regarding the ideal materials
for composite resin repairs (31). Therefore, the
best approach for repairing bulk-fill composite
resin restorations remains unclear, and it is still
unknown whether the prior application of silane
enhances adhesion to this type of material.

This in vitro study aimed to evaluate the
effects of diamond bur roughening and aluminum
oxide sandblasting as surface treatments, as well
as different adhesive protocols-with or without the
use of silane-on the repair of aged bulk-fill compo-
site resin. Thus, two null hypotheses were propo-
sed: (1) surface treatment does not influence bond
strength in repairs of bulk-fill composite resin; and
(2) the adhesive system protocol does not affect
bond strength values in repairs of bulk-fill compo-
site resin.

MATERIAL AND METHODS
EXPERIMENTAL DESIGN

A randomized design was used with two
factors: (1) Surface treatment No treatment (NT,
control), diamond bur roughening (B), and Al,O,san-
dblasting (Al); (2) Adhesive protocol — No adhesive
(NA, control), Adper Single Bond 2 (SB), Single Bond
Universal (SBU), Silane + SB (S+SB), and Silane
only (S) (Table 1).
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Table 1. Experimental groups (n=10).

Surface treatment

Adhesive protocol Group

No treatment No adhesive

NT/NA

Adper Single Bond 2 NT/SB
Single Bond Universal NT/SBU
Silane + Adper Single Bond 2 NT/S+SB
Silane NT/S
Diamond bur No adhesive B/NA
Adper Single Bond 2 B/SB
Single Bond Universal B/SBU
Silane + Adper Single Bond 2 B/S+SB
Silane B/S
Sandblasting with ALO, No adhesive AI/NA
Adper Single Bond 2 Al/SB
Single Bond Universal Al/SBU
Silane + Adper Single Bond 2 Al/S+SB
Silane Al/S

PREPARATION OF SPECIMENS

A total of 150 specimens were fabricated
using Filtek™ One Bulk Fill composite resin (3M
ESPE), shade A2 (Figure 1),ina 10 mm x 1.2 mm
aluminum matrix (Figure 2.A). The composite was
placed on a glass slide with a polyester strip,
inserted with a Suprafil #2 spatula, covered
with a new strip and glass slide, compressed,
and light-cured for 20 s using an LED curing unit
(Valo, Ultradent Product Inc.). Specimens were
stored in deionized water at 37 °C for 24 h and
then embedded in colorless self-curing acrylic
resin (JET — Artigos Odontologicos Classico)
(Figure 2.B). The specimen surfaces were standar-
dized using silicon carbide (SiC) abrasive papers
(#320, #400, and #600; Buehler Ltd., Lake BIuff,
IL) for 30 s each under irrigation with a polis-
hing machine (Ecomet 3000, Buehler Ltd., Lake
Bluff, IL) operating at 150 rpm. After polishing,
specimens were cleaned in an ultrasonic cleaner
(Shenzhen Codyson Electrical Co., Ltd.) for 10 min
to remove debris.

THERMAL AGING

Specimens underwent 5,000 thermal cycles
(5°C/55°C « 3°C, 30 s per bath, 3 s transfer)
(Model: 521.2.E, Etica Equipamentos Cientificos
S.A) (12,32). As proposed by Gale and Darvell
(33), 10,000 cycles correspond to one year of
service; therefore, this protocol was chosen to
simulate a six-month aging period (34).

SURFACE TREATMENTS

After thermal aging, the 150 specimens
were randomly distributed according to the surface
treatment (n=50): no treatment (NT), diamond bur
roughening (B), and sandblasting with aluminum
oxide (Al) (n=50).

ROUGHENING WITH DIAMOND BUR
Specimens were roughened for 10 s with

a fine-grit diamond bur (#4138F, KG Sorensen)
under water cooling, using parallel back-and-forth
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movements in a single plane (Figure 2.C). A new
diamond bur was used after every 10 specimens.
The manual pressure applied during this step was
previously standardized in a pilot study for proce-
dure consistency.

SANDBLASTING WITH AL,O,

Specimens were sandblasted with 50 pm
ALO, using a microjet device (Standard, Bio-Art
Equipamentos Odontoldgicos Ltda.) for 10 seconds
at a distance of 10 mm from the resin surface and
60 psi, with a metal rod to standardize distance
(Figure 2.D); sweeping movements were perfor-
med perpendicular to the surface.

PREPARATION OF CYLINDERS FOR MICRO-SHEAR
BOND STRENGTH TEST

After surface treatments, specimens were
randomly distributed (n=10) by adhesive proto-
col (Table 1). Prior to repair, all specimens were
preconditioned with 37% phosphoric acid (Condac
37, FGM Dentscare LTDA) for 15 seconds, rinsed
with air-water spray, and dried with an air spray,
each for 30s. Three holes with a diameter of 1.5
mm were created in a double-sided adhesive
tape (3M Manaus Industria de Produtos Quimicos
Ltda.) and affixed to the surface of the resin to
be repaired (Figure 2.E). The adhesive protocols
were then applied within the areas delimited by

holes, following the manufacturer’s instructions
(Figure 2. F) (Table 2).

Table 2. Instructions for applying adhesive
materials.
Material Manufacturer’s Drying Photoactivation
instructions time time
Adper Single  Actively apply 2 5s 10s
Bond 2 coats for 15°s
(each)
Single Bond  Actively apply for ~ 5s 10s
Universal 20s

Subsequently, three chemically resistant
silicone tube - each with an internal diameter of
1.0 mm and a height of 1.0 mm - were positio-
ned, one over each hole in the double-sided tape
(Figure 2.G). Using a double condenser #1-2
(Odous de Deus, Belo Horizonte), Filtek™ One Bulk
Fill composite resin (3M ESPE, St. Paul) was inser-
ted and condensed into the tubes (Figure 2.H). The
resin was then light cured for 20 s, resulting in
three composite cylinders per specimen

Specimens were stored in an oven at 37°C
for 24 hours, the silicone tubes and the double-
sided tape were then removed, and the adhesive
interfaces were examined under a digital micros-
cope (Dino-Lite Digital Microscope; AnMo Electro-
nics Corp.). Specimens with interface failures were
excluded from the micro-shear test.
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Preparation of Specimens

Thermal cycling

(n=150) 5,000 cycles (5-55°C)

Division into three groups
(n=50)
\

4 l N\
NT B Al

—

-

Subdivision by adhesive protocol

) (n=10)
NA SB SBU S+SB S
D
g+ A
0 0
Preparation of Micro-Shear Bond Strength Test Fracture Pattern Analysis
Cylinders ﬂ

\

A two-way Analysis of Variance (ANOVA) <

Figure 1. Work flowchart.

Figure 2. Representation of the step-by-step methodology presented (A-I).
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BOND STRENGTH TEST — MICRO-SHEAR TEST

For the microshear bond strength test, the
specimens were positioned in a universal testing
machine (Instron 5942, Canton, MA, USA). A
0.25-mm diameter metallic wire was shaped into
a loop and positioned so that one end encircled
the resin cylinder of the specimen, remaining
in intimate contact with the aged resin surface,
while the other end encompassed the fixed cylin-
der attached to the load cell (Figure 2.1). The
crosshead speed was set at 1 mm/min. At the
moment of fracture, the movement was automatic
and immediately interrupted.

The bond strength values were recorded
in Newtons (N) and subsequently converted to
Megapascals (MPa) by dividing the force (N) at the
moment of fracture by the cross-sectional area of
the cylinder in mm2, using the formula N/mr2.

FRACTURE PATTERN ANALYSIS

After the micro-shear test, fracture patterns
were analyzed at 50x magnification using a
digital microscope (Dino-Lite Digital Microscope;
AnMo Electronics Corp.). Fractures was classi-
fied as Adhesive (A): when the fracture occurred
only at the adhesive interface; Cohesive in aged
substrate (CSE): when the fracture occurred in the
structure of the aged composite resin; Cohesive in
repair resin (CRR): when the fracture occurred in
the repair composite resin; Mixed (M): when both
adhesive and cohesive failures were observed in
the aged resin or repair resin.

STATISTICAL ANALYSIS

For statistical analysis, the mean bond
strength value of the three cylinders from each
specimen was calculated. Two-way Analysis of
Variance (ANOVA) and Tukey’s post hoc test. were
performed (Sigma Plot 13.0, Systat Software Inc.)
with a 5% significance level.

RESULTS
BOND STRENGTH TEST — MICRO-SHEAR TEST

Both factors, surface treatment (p<0.001)
and adhesive protocol (p<0.001), significantly
affected the bond strength values. A significant
interaction between the two factors was also
observed (p<0.001). The means and standard
deviations for all experimental groups are presen-
ted in Table 3.

The bond strength of specimens treated with
diamond bur roughening or AlO, sandblasting was
consistently higher than that of specimens without
any prior surface treatment, regardless of the use
of adhesive and/or silane.

The group sandblasted with Al,O, without
the use of adhesive (AlI/NA) showed a higher bond
strength value, with a statistically significant diffe-
rence, compared to the B/NA and NT/NA groups.
The mean bond strength of the groups that recei-
ved diamond bur roughening (B/SB, B/SBU, B/
S+SB, B/S) did not show any statistically significant
difference between them and were higher than the
B/NA group. Similarly, the mean bond strength of
the groups that were sandblasted with Al,0, (Al/
SB, AlI/SBU, Al/S+SB, and Al/S) did not show any
statistically significant difference between them
and were higher than the AI/NA group. The Al/
SBU group presented the highest bond strength
value, with a statistically significant difference
when compared to the B/SBU and NT/SBU groups.
When no surface treatment was applied, the use
of an Adhesive System increased the bond stren-
gth, with the combination of the Adhesive System
and Silane (NT/SBU and NT/S+SB) presenting the
highest bond strength values.

FRACTURE PATTERN ANALYSIS

The percentage values of the fracture types
are shown in Figure 4. Regarding the fracture
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more failures in the aged substrate. Most failures
in the groups treated with diamond bur or ALQ,
sandblasting, along with the use of adhesive and/
or silane, were of the mixed or cohesive type in the
aged substrate. Additionally, 100% of the failures
in the NT/NA, NT/SB, and NT/S groups occurred at
the adhesive interface.

pattern, only adhesive, cohesive in aged substrate,
and mixed fractures were observed, with no cohesive
fractures occurring in the repair resin (Figure 5).

The majority of failures in specimens without
surface treatment were adhesive-type failures,
except for the NT/SBU group, which exhibited

Table 3. Mean values (SD)+ Standard deviation of micro-shear bond strength (MPa) for the studied
groups.

Surface treatment Adhesive protocol

No adhesive Single Bond Single Bond Silane + Single Silane
(Negative Control) Universal Bond
No treatment NT/NA NT/SB NT/SBU NT/S+SB NT/S
(Negative Control) 8,95 + 1,830 25,39 + 4,248 32,21 £2,73% 28,24 + 3,878 21,25 + 5,365
Diamond bur B/NA B/SB B/SBU B/S+SB B/S
29,17 + 3,28% 39,75 + 2,534 41,26 + 3,755 40,98 + 4,44% 40,06 + 2,374
Sandblasting with AI/NA Al/SB Al/SBU Al/S+SB Al/S
Al,0; 354 +7,31% 41,62 + 4,17% 45,39 + 4,11% 41,08 + 3,05% 44,05 + 2,234

*Different uppercase letters indicate a statistically significant difference (p<0.05) in each column for the surface treatment variable. Diffe-
rent lowercase letters indicate a statistically significant difference (p<0.05) in the same row for the adhesive protocol variable.

0% 20% 40% 60% 80% 100%
NT/NA
NT/SB

NT/SBU

NT/S+SB

NT/S
eona | ——
B/SB ||
—

B/SBU
B/S+SB
ws I

Al/NA

Al/SB

Al/sBU

Al/S+SB

as

M Adhesive | Mixed M Cohesi

inaged sub Il cohesive in repair resin

Figure 4. Percentage (%) distribution of fracture types for each studied group.
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A B

c

Figure 5. Appearance of the surfaces of the tested specimens, based on the possible fracture patterns. Adhesive (A); Mixed (B); Cohesive

in aged substrate (C).

DISCUSSION

Based on the results obtained, the null
hypotheses were rejected, as both surface treatment
and adhesive protocol significantly influenced the
bond strength of bulk fill resin repair.

When a restoration is repaired in the oral
cavity, it is likely that it has undergone aging in
a moist environment for an extended period
(29). Clinically, aging results from the continuous
exposure of the material to food, beverages, tempe-
rature variations, and cyclic mechanical loads. This
process leads to water absorption by the resin
matrix and hydrolytic degradation at the resin-filler
interface, along with surface wear due to the loss
of both resin matrix and filler particles (35-38).
Furthermore, according to Swift Jr ef al., aging can
cause the leaching of unreacted monomers, leading
to saturation of the composite with water and the
cessation of free radicals activity, thereby reducing
the potential for bonding with a new repair resin
(38). Consequently, aging alters the material’s
composition and negatively affects repair bond
strength (32). Therefore, it can be assumed that
when repairing an aged composite resin restora-
tion, there is a need for prior treatment to promote

a new chemical or mechanical interaction between
the aged composite and the repair material.

This study evaluated the effect of two
surface treatments, diamond bur roughening and
AlO, sandblasting, on the bond strength of repai-
red composite resin. Sandblasting with Al,0, parti-
cles alone significantly increased bond strength
(35.4 + 7.31 MPa) compared to both the diamond
bur roughening group (29.17 + 3.28 Mpa) and the
control group (8.95 + 1.83 MPa), which received
no surface treatment. This improvement is attribu-
ted to the ability of air abrasion with Al,O, particles
to produce a roughened surface with microreten-
tive features, enhancing micromechanical inter-
loking. However, diamond bur roughening, when
combined with the application of adhesive systems,
demonstrated bond strength values comparable to
those achieved by Al,0, sandblasting (31).

According to Teixeira et al., bond strength
values ranging from 15 to 25 MPa, similar to those
for resin-dentin bonding, are considered clinica-
lly acceptable in most cases (18). Other studies
have also indicated that values above 18 MPa or
within the range of 20 to 25 MPa are sufficient
to withstand masticatory forces (39-41). Based on
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these parameters, both the group treated solely
with diamond bur roughening and the group
treated only with ALO, sandblasting reached the
minimum adhesive strength required for clinical
performance, even in the absence of silane or an
adhesive system.

In addition to surface treatment, the adhesive
protocol applied afterward also significantly influen-
ced the bond strength of the repairs to aged
composite resin. This is consistent with the results
of previous studies (42-44) and can be attributed
to the ability of adhesive systems to penetrate
the microirregularities created by the mechanical
surface treatment. The use of an adhesive between
the aged resin and the repair resin increases the
wettability of the surface as the adhesive more
easily penetrates and polymerizes on the previously
treated surface, creating a micromechanical
retention (3,45,46). Several studies comparing
repairs performed with an without adhesive appli-
cation on various types of composite resin have
concluded that adhesive use significantly increa-
ses bond strength in both immediate and aged
composite repairs (45,47). This study, which used
aged bulk fill resins, found results similar to those
already found in the literature, where all groups
that used adhesive presented significantly higher
bond strength values for the repair of aged resin
compared to groups where no adhesive was used.

In this study, the inclusion of groups without
mechanical surface treatment enabled isolated
evaluation of chemical treatments. In these cases,
the use of a universal adhesive system contai-
ning silane resulted in a high mean bond strength
value (32.21 + 2.73 MPa), which was statistically
superior to the value obtained when SB was used
alone, without silane (25.39 + 4.24 MPa). Similar
results were found by Arpa et al., who observed
increased bond strength when use SBU to repair
CAD-CAM resin composite without any mechanical
surface treatment (48). SBU contains the functio-
nal monomer MDP, which is capable of chemically

bonding to zirconia oxides via a phosphate ester
group (49,50), and to the resin matrix via a metha-
crylate group (51,52). According to the manufac-
turer, Filtek One Bulk Fill composite resin inclu-
des zirconia particles in addition to conventional
silica fillers. Therefore, the chemical composition
of the adhesive system alone can influence the
repair bond strength of bulk fill resin, as demons-
trated by the significantly higher mean value obtai-
ned with SBU compared to SB, which supports the
observed results.

Due to its inert and highly crystalline nature,
zirconia exhibits limited bonding capability with
resin materials (53). Various surface treatments
have been investigated to improve this interaction.
The most commonly used surface treatments to
increase mechanical retention to zirconia ceramic
substrates are air abrasion with Al,0, particles
and silica coating (53-55). Air abrasion caused by
sandblasting with ALO, particles creates microre-
tentions and a uniformly rough surface, increasing
the surface area that interacts with the adhesive
and the new resin increment (44,56,57). In this
study, sandblasting with ALQ, in combination with
SBU produced the highest bond strength values
(45.39+4.11 MPa) compared to the B/SBU group
(41.26 MPa). This outcome is likely due to a
greater exposure of ceramic filler particles on the
resin surface after sandblasting, increasing the
available bonding area and promoting chemical
bonding with the MDP present in SBU. Additionally,
the low viscosity of universal adhesives increases
their penetration into microscopic surface irregu-
larities, enhancing micromechanical retention
(3). However, regarding patient and professional
safety, it is essential to use absolute isolation and
a suction device during intraoral sandblasting,
which may limit its clinical use (58).

An alternative method for abrading the
surface of aged restorations prior to repair invol-
ves the use of rotary instruments. Several studies
have demonstrated a significant increase in bond
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strength following surface treatment with diamond
burs (12,22,44). Although some studies suggests
that sandblasting may be more effective than
roughening with a diamond bur in creating micro-
retentions, these studies generally use coarse-grit
diamond burs (56). However, fine-grit diamond
instruments have generally shown superior perfor-
mance compared to medium and extra-fine-
grit instruments in terms of repair bond streght
(12). In the present study, no statistically signifi-
cant differences were observed between surface
treatments using diamond burs and sandblasting
with Al,O, when combined with SB, S+3B, and
silane. According to the manufacturer, the fine-grit
diamond bur used in this study contains diamonds
particles measuring 47pm, which is very similar
to the particle size of the AL,O, powder used for
sandblasting (50 pm). The similarity in particle
sizes may explain the comparable bond strength
values observed between these groups.

Silane agentsare applied prior to the adhesive
system to enhance the surface wettability. Silane
has two functional groups: the silanol group, which
chemically bonds to the silica particles present in
composite resin, and the organofunctional group,
which copolymerizes with the methacrylate groups
found in the adhesive systems, thus enabling a
chemical interaction during the repair process
(26). In the present study, silane was used alone,
and when associated with prior surface treatment
(groups B/S and Al/S), no statistically significant
differences were found compared to the groups
treated with adhesives. These results suggest that,
in such conditions, silane alone can replace the
functions of an adhesive as a wetting agent that
fills surface irregularities in the substrate.

Previous studies have reported conflicting
results regarding the effect of silane on the bond
strength of composite resin repairs (11,27,56,59).
In the present study, the additional application of
silane prior to the adhesive did not enhance bond
strength when compared to the protocol using the

SB adhesive alone. However, in the groups where
no surface treatment was performed, the use of
SBU yielded higher bond strength values than the
NT/SB group. The SBU contains pre-hydrolyzed
silane, which, according to the manufacturer,
remains stable for up to one year of storage (60).
Additionally, no statistically significant differences
were observed between the groups treated with
SBU and those treated with the combined S+SB
protocol, emphasizing that the presence of silane
in improves bond strength only when no prior
surface treatment is performed. The incorpora-
tion of silane into the universal adhesive aims to
simplify bonding protocols. Therefore, the results of
this study suggest that the use of SBU can simplify
the adhesive protocol during the repair and elimi-
nate the need for silane as an additional step in
the repair procedure. Supporting this, a previous
study that evaluate the repair of composite resins
aged for three months and six years found that
the application of a universal adhesive contai-
ning silane was as effective as using conventional
silane followed by an adhesive system (59) corro-
borating the present findings.

Under clinical conditions, contamination of
the surface to be repaired by saliva or moisture
from the oral cavity may be inevitable and can
interfere with the interaction between silane and
the substrate. Consequently, performing a repair
using multiple steps in the procedure may increase
the risk of contamination and render the procedure
more technique sensitive. In contrast, the SBU, as
it contains silane in its composition and elimina-
tes the need for silane as a separate step, may
be considered less technique-sensitive and more
likely to yield clinically satisfactory results.

The results indicate that groups with similar
bond strength values do not necessarily exhibit
the same fracture patterns. A higher incidence of
adhesive fractures is associated with lower bond
strength, whereas mixed and cohesive fractu-
res in the repaired material may suggest that the
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adhesive bond surpassed the cohesive strength of
the substrate. According to Lucena-Martin et al.,
it is possible to expect longer-lasting adhesion
under masticatory forces when a composite
tends to fracture cohesively (42). Therefore, the
analysis of fracture patterns should be conside-
red a relevant factor in assessing the quality of
adhesion between the aged substrate and the
new repair resin. A higher percentage of cohesive
failures in the aged substrate was observed in the
groups where silane was used in combination with
surface treatment (B/S+SB, B/S, Al/S+SB, Al/S),
while in the groups where only adhesives were
used in combination with mechanical treatment
(B/SB, B/SBU, Al/SB, Al/SBU), mixed failures were
more frequent. These findings suggest that silane
may enhance chemical bond to the aged substrate,
thereby improving adhesion. In contrast, in groups
without any surface treatment, a predominance of
adhesive failures was observed, indicating weaker
bonding between the materials.

Furthermore, from a clinical perspective,
future studies are warranted to investigate the long-
term effects of aging on the physical and chemi-
cal properties of the adhesive interface, as well its
impact on the durability of adhesion when repairs
are performed using bulk-fill composite resins.

CONCLUSION

Surface treatment is required when perfor-
ming a bulk fill composite resin repair. When
mechanical surface treatment is performed, the
application of an adhesive system, whether or not
combined with silane, promotes satisfactory bond
strength. The use of a universal adhesive contai-
ning silane proves to be as effective as the separate
application of silane followed by adhesive, and it
yields superior bond strength values when applied
surfaces treated with to Al,O, sandblasting.

AUTHOR CONTRIBUTION STATEMENT: Conceptuali-
zation and design: S.E.P.S., S.R.B.C. and M.A.P.S.;
Literature review: S.E.P.S., S.R.B.C., FEA.T,
M.P.N.C.M and M.A.P.S.; Methodology and vali-
dation: S.E.P.S., S.R.B.C., and M.A.P.S.; Formal
analysis: S.E.P.S., S.R.B.C., FE.AT., M.P.N.C.M
and M.A.PS.; Investigation and data collec-
tion: S.E.RPS., S.R.B.C., FE.AT., M.PN.C.M and
M.A.P.S.; Resources: S.E.P.S. and M.A.P.S.; Data
analysis and interpretation: S.E.P.S., S.R.B.C.,
FEA.T., M.PN.C.M and M.A.P.S.; Writing-original
draft preparation: S.E.P.S., FE.A.T., M.P.N.C.M.
and M.A.P.S.; Writing-review & editing: S.E.P.S.,
S.R.B.C.,FE.AT.,M.P.N.C.M.and M.A.P.S.; Super-
vision: M.A.P.S., Project administration: S.E.P.S.,
Funding acquisition: S.E.P.S. and M.A.P.S.

ACKNOWLEDGMENTS: We would like to thank the
Coordination for the Improvement of Higher Edu-
cation Personnel (CAPES) for the financial and
institutional support provided through a study fi-
nancing grant (Protocol No. 88882.376603/2019-
01), which was essential for the development of
this work.

REFERENCES

1. Murdoch-Kinch C.A., McLean M.E.
Minimally invasive dentistry. J Am Dent
Assoc. 2003; 134: 87-95.

2. Lynch C.D., Opdam N.J., Hickel R., Brunton
PA., Gurgan S., Kakaboura A., Shearer
A.C.,Vanherle G., Wilson N.H; Academy
of Operative Dentistry European Section.
Guidance on posterior resin composites:
Academy of Operative Dentistry-European
Section. J Dent. 2014; 42: 377-83.

3. Yin H., Kwon S., Chung S.H., Kim R.J.Y.
Performance of Universal Adhesives in
Composite Resin Repair. Biomed Res Int.
2022: 7663490.

ODOVTOS-Int. J. Dent. Sc. | Online First, 2026 | ISSN: 2215-3411. 302



i/ Bond Strength of Bulk-Fill Resin Repairs: Impact of Surface and Adhesive Protocols

10.

I1.

12.

Ugurlu M., Sari F. A 3-year retrospective
study of clinical durability of bulk-filled resin
composite restorations. Restor Dent Endod.
2021; 47: e5.

Sarkar N.K. Internal corrosion in dental
composite wear: its significance and simula-
tion. J Biomed Mate Res. 2000; 53: 371-80.
Deligeorgi V., Mjor L., Wilson N. An overview
of reasons for the placement and replacement
of restorations. Prim Dent Care. 2001; &:
5-11.

Rinastiti M., Ozcan M., Siswomihardjo W.,
Busscher H.J. Effects of surface conditioning
on repair bond strengths of non-aged and
aged microhybrid, nanohybrid, and nanofi-
lled composite resins. Clin Oral Investig.
2011; 15: 625-33.

Tyas M.J., Anusavice K.J., Frencken J.E.,
Mount G.J. Minimal intervention dentistry-a
review® FDI Commission Project 1-97. Int
Dental J. 2000; 50: 1-12.

Fernandez E., Martin J., Vildosola P., Junior
0.0., Gordan V., Mjor 1., et al. Can repair
increase the longevity of composite resins?
Results of a 10-year clinical trial. J Dent.
2015; 43: 279-86.

Mendes L.T., Pedrotti D., Casagrande L.,
Lenzi T.L. Risk of failure of repaired versus
replaced defective direct restorations in
permanent teeth: a systematic review and
meta-analysis. Clin Oral Investig. 2022; 26:
4917-27.

Eliasson S., Tibballs J., Dahl J. Effect of
different surface treatments and adhesives
on repair bond strength of resin composites
after one and 12 months of storage using an
improved microtensile test method. Oper
Dent. 2014; 39: 206-16.

Valente L.L., Silva M.F., Fonseca A.S.,
Miinchow E.A., Isolan C.P., Moraes R.R.
Effect of Diamond Bur Grit Size on Compo-
site Repair. J Adhes Dent. 2015; 17: 257-63.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Brendeke J., Ozcan M. Effect of physico-
chemical aging conditions on the compo-
site- composite repair bond strength. J Adhes
Dent. 2007; 9: 399-406.

Ayres A., Hirata R., Fronza B., Lopes B.,
Ambrosano G., Giannini M. Effect of Argon
Plasma Surface Treatment on Bond Strength
of Resin Composite Repair. Operativedentis-
try. 2019; 44: 75-82.

Ozcan M., Alander P., Vallittu P.K., Huysmans
M.C., Kalk W. Effect of three surface condi-
tioning methods to improve bond strength of
particulate filler resin composites. J Mater
Sci Mater Med. 2005; 16: 21-7.

Brosh T., Pilo R., Bichacho N., Blutstein R.
Effect of combinations of surface treatments
and bonding agents on the bond strength of
repaired composites.J Prosthet Dent. 1997;
77: 122-6.

Lucena Martin C., Gonzalez-Lopez S.,
Navajas-Rodriguez de Mondelo J.M. The
effect of various surface treatments and
bonding agents on the repaired strength of
heat- treated composites. J Prosthet Dent.
2001; 86: 481-8.

Teixeira E.C., Bayne S.C,. Thompson J.Y.,
Ritter A.V., Swift E.J. Shear bond strength
of self-etching bonding systems in combina-
tion with various composites used for repai-
ring aged composites. J Adhes Dent. 2005; 7:
159-64. 19.

Ozcan M., Koc-Dundar B. Composite—
composite adhesion in dentistry: a systematic
review and meta-analysis. J of Adhes Scien
and Tech. 2014; 28: 2209-29.

Ayar M.K., Guven M.E., Burduroglu H.D.,
Erdemir F. Repair of aged bulk-fill compo-
site with posterior composite: Effect of diffe-
rent surface treatments. J Esthet Restor Dent.
2019; 31: 246-52.

Sismanoglu S. Efficiency of self-adhering
flowable resin composite and different

ODOVTOS-Int. J. Dent. Sc. | Online First, 2026 | ISSN: 2215-3411. 303



ODOVTOS-International Journal of Dental Sciences

22.

23.

24.

25.

26.

27.

28.

29.

30.

surface treatments in composite repair using
a universal adhesive. Niger J Clin Pract.
2019; 22: 1675-79.

Yesilyurt C., Kusgoz A., Bayram M., Ulker M.
Initial repair bond strength of a nano, Aéfilled
hybrid resin: Effect of surface treatments and
bonding agents. J Esthet Restor Dent. 2009;
21: 251-60.

Wendler M., Belli R., Panzer R., Skibbe D.,
Petschelt A., Lohbauer U. Repair Bond Stren-
gth of Aged Resin Composite after Different
Surface and Bonding Treatments. Materials
(Basel). 2016; 9: 547.

Andrade A.P., Shimaoka A.M., Carvalho
R.C. Composite resin repair: what is the most
effective protocol? Braz Dent Sci. 2017; 20:
99-109.

El-Deeb H.A., Ghalab R.M., Elsayed Akah
M.M., Mobarak E.H. Repair bond strength
of dual-cured resin composite core buildup
materials. J Adv Res. 2016; 7: 263-9.
Matinlinna J.P., Lung C.Y.K., Tsoi J.K.H.
Silane adhesion mechanism in dental appli-
cations and surface treatments: A review.
Dent Mater. 2018; 34: 13-28.

Mendes L.T., Loomans B.A.C., Opdam
N.J.M,, Silva C.L.D., Casagrande L., Lenzi
T.L. Silane Coupling Agents are Beneficial
for Resin Composite Repair: A Systema-
tic Review and Meta-Analysis of In Vitro
Studies. J Adhes Dent. 2020; 22:443-53.
Coffone B.T., Chaves F.O., Alonso R.C.B.,
Hipolito V.D., D’ Alpino P.H.P. Compatibility
of silorane composite repaired with methac-
rylate-based restorative systems. J of Adhes
Scien and Tech. 2014; 28:1579-91.

Dall'Oca S., Papacchini F., Goracci C., Cury
A.H., Suh B.I, Tay F.R., et al. Effect of
oxygen inhibition on composite repair stren-
gth over time. J Biomed Mater Res B Appl
Biomater. 2007; 81: 493-8.

Michelotti G., Niedzwiecki M., Bidjan D.,
Dieckmann P., Deari S., Attin T., Taubock T.T.

31.

32.

33.

34.

35.

36.

37.

Silane Effect of Universal Adhesive on the
Composite-Composite Repair Bond Stren-
gth after Different Surface Pretreatments.
Polymers (Basel). 2020;12: 950.

Tarrillo F.E.A., Nardello L.C.L., Macedo
M.C.S., Sobral M.AP. Comparison of
adhesive system bond strength in composite
restoration repairs: a systematic review and
meta-analysis of in vitro studies. Int J Adhes
Adhes. 2025; 138: 103929.

Ozcan M., Barbosa S.H., Melo R.M., Galhano
G.A., Bottino M.A. Effect of surface condi-
tioning methods on the microtensile bond
strength of resin composite to composite
after aging conditions. Dent Mater. 2007; 23
(10): 1276-82.

Gale M.S., Darvell B.W. Thermal cycling
procedures for laboratory testing of dental
restorations. J Dent. 1999 Feb; 27 (2): 89-99.
doi: 10.1016/s0300-5712(98)00037-2
Adawi H., Reddy K.N., Mattoo K., Najmi N.,
Arishi M., Ageeli A., Bahri A., Khateeb S.U.,
Sainudeen S., Baba S.M., Hamid M.M.M.,
Shah S.J., Jeri S.Y. Effects of Artificial
Aging of Direct Resin Nano-Hybrid Compo-
site on Mean Bond Strength Values for
Veneer Ceramic Samples. Med Sci Monit.
2024 Aug 13; 30: 945243. doi: 10.12659/
MSM. 945243

Tarumi H., Torii M., Tsuchitani Y. Relations-
hip between particle size of barium glass filler
and water sorption of light-cured composite
resin. Dent Mater J. 1995; 14: 37-44.

Finer Y., Santerre J.P. Salivary esterase
activity and its association with the biode-
gradation of dental composites. J Dent Res.
2004; 83: 22-6.

Szczesio-Wlodarczyk A., Kopacz K.,
Szynkowska-Jozwik M.I., Sokolowski J.,
Bociong K. An Evaluation of the Hydrolytic
Stability of Selected Experimental Dental
Matrices and Composites. Materials (Basel).
2022; 15: 5055.

ODOVTOS-Int. J. Dent. Sc. | Online First, 2026 | ISSN: 2215-3411. 304



i/ Bond Strength of Bulk-Fill Resin Repairs: Impact of Surface and Adhesive Protocols

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

Swift E.J., Jr., LeValley B.D., Boyer D.B.
Evaluation of new methods for composite
repair. Dent Mater. 1992; 8: 362-5.

Puckett A.D., Holder R., O'Hara J.W. Stren-
gth of posterior composite repairs using diffe-
rent composite/bonding agent combinations.
Oper Dent. 1991; 16: 136-40.

Turner C.W., Meiers J.C. Repair of an aged,
contaminated indirect composite resin with
a direct, visible-light-cured composite resin.
Oper Dent. 1993; 18: 187-94.

. Kupiec K.A., Barkmeier W.W. Laboratory

evaluation of surface treatments for compo-
site repair. Oper Dent. 1996; 21: 59-62.
Lucena-Martin C., Gonzalez-Lopez S.,
Navajas-Rodriguez de Mondelo JM. The
effect of various surface treatments and
bonding agents on the repaired strength of
heat-treated composites. J Prosthet Dent.
2001; 86: 481-8.

Tezvergil A., Lassila L.V, Vallittu P.K.
Composite-composite repair bond strength:
effect of different adhesion primers. J Dent.
2003; 31: 521-5.

Rathke A., Tymina Y., Haller B. Effect of
different surface treatments on the compo-
site-composite repair bond strength. Clin
Oral Investig. 2009;13: 317-23.

Altinci P, Mutluay M., Tezvergil-Mutluay A.
Repair bond strength of nanohybrid compo-
site resins with a universal adhesive. Acta
Biomater Odontol Scand. 2018; 4: 10-9.
Neto H.N.M., Leite J.V.C., de Medeiros J.M.,
E. Silva Campos D., de Aratjo Ferreira Muniz
1., De Andrade A.K.M., Duarte R.M., De Souza
G.M., Lima R.B.W. Scoping review: Effect of
surface treatments on bond strength of resin
composite repair. J Dent. 2024; 140: 104737.
Valente L.L., Onofre R.S., Gongalves A.P.,
Fernandez E., Loomans B., Moraes R.R.

48.

49.

50.

51.

52.

53.

54.

55.

Repair bond strength of dental composites:
systematic review and meta-analysis. Int J
Adhe Adhes Adhes. 2016; 69: 15-26.

Arpa C., Ceballos L., Fuentes M.V, Perdigao
J. Repair bond strength and nanoleakage of
artificially aged CAD-CAM composite resin.
J Prosthet Dent. 2019; 121: 523-30.

Yoshida Y., Yoshihara K., Nagaoka N.,
Hayakawa S., Torii Y., Ogawa T., et al. Self-
assembled Nano-layering at the Adhesive
interface. J Dent Res. 2012; 91: 376-81.
Yoshihara K., Nagaoka N., Sonoda A., Maruo
Y., Makita Y., Okihara T., et al. Effectiveness
and stability of silane coupling agent incor-
porated in 'universal' adhesives. Dent Mater.
2016; 32: 1218-25.

Piascik J.R., Swift E.J., Braswell K., Stoner
B.R. Surface fluorination of zirconia: adhesive
bond strength comparison to commercial
primers. Dent Mater. 2012; 28: 604-8.

Al Jeaidi Z.A., Algahtani M.A., Awad M.M.,
Rodrigues F.P., Alrahlah A.A. Bond strength
of universal adhesives to air-abraded zirconia
ceramics. J Oral Sci. 2017; 59: 565-70.
Bahadir H.S., Polatoglu S., Tuncer D., Celik
C. The comparison of the repair bond stren-
gth of the composite resin to direct and
indirect composite restorations with different
surface preparations. J Dent Res Dent Clin
Dent Prospects. 2023; 17: 101-8.

Inokoshi M., Poitevin A., De Munck J.,
Minakuchi S., Van Meerbeek B. Bonding
effectiveness to  different chemically
pre-treated dental zirconia. Clin Oral Inves-
tig. 2014; 18: 1803-12.
daRosaL.S.,PileccoR.O.,Soares P.M., Rippe
M.P,, Pereira G.K.R., Valandro L.F., Klever-
laan C.J., Feilzer A.J., Tribst J.P.M. Repair
protocols for indirect monolithic restorations:
a literature review. Peer]J. 2024;12: €16942.

ODOVTOS-Int. J. Dent. Sc. | Online First, 2026 | ISSN: 2215-3411. 305



ODOVTOS-International Journal of Dental Sciences

56.

57.

8.

da Costa T.R.F., Serrano A.M., Atman A.P.F.,
Loguercio A.D., Reis A. Durability of compo-
site repair using different surface treatments.
J Dent. 2012; 40: 513-21.

Cavalcanti A.N., De Lima A.F., Peris A.R,,
Mitsui F.H., Marchi G.M. Effect of surface
treatments and bonding agents on the bond
strength of repaired composites. J Esthet
Restor Dent. 2007; 19: 90-8.

Reston E.G., Closs L.Q., Sato C.T. Custo-
mized and low-cost aspirator device for

59.

60.

intra-oral sandblasting. Oper Dent. 2004; 29:
354-6.

Staxrud F., Dahl J.E. Silanising agents
promote resin-composite repair. Int Dent J.
2015; 65: 311-5.

3M ESPE. Scotchbond Universal Adhesive
technical product profile. 2013. Awvaila-
ble at: http://multimedia.3m.com/mws/
media/7547510/scotchbond-universal-
adhesive-technical-product-profile. Accessed
September 27, 2019.

ODOVTOS-Int. J. Dent. Sc. | Online First, 2026 | ISSN: 2215-3411. 306



