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One-year aging effects on microtensile
bond strengths of composite and repairs
with different surface treatments

Abstract: The present study aimed to evaluate effects of different
surface treatments and aging of composite cylinders on bond
strength of composite resin repair. Thirty-two composite cylinders
were produced and divided into four groups according to type of
surface treatment and storage time of composite cylinder and repair.
Cylinder surface of control group (G.pw.) received no treatment
before composite repair. Other groups were sandblasted with
aluminum oxide (G,pe;), followed by silane (G,pos) Or adhesive
(Ganosaq)- Composite cylinders were stored in artificial saliva for either
24 hours or 1 year. Repairs were performed and stored in artificial
saliva for 24 hours or 1 year and repair strength was evaluated using
microtensile bond strength test. Data were submitted to Student’s
t test, two-way ANOVA, and post hoc test for storage time and
treatment (a0 = 0.05). G.nio1 group showed lower values of aging of
composite cylinder and storage time of repair (24 hours or 1 year
for both) compared with other groups (p < 0.05). G080 and Gyppossin
groups did not exhibit decreased microtensile bond strength with
aged repairs (1 year; p > 0.05). Polymer degradation was significant
for composite cylinders during the first year of storage in G.oon
Ganosy and Gaposag groups (p < 0.05). In G,z group, storage time of
composite cylinders was not significant (p > 0.05). Aging of composite
resin influenced bond strength of restoration repair for up to 1 year.
Sandblasting with ALO,, followed by application of silane layer,
produced high bond strength after composite or repair aging.

Keywords: Composite Resins; Dental Restoration Failure; Dental
Restoration Repair; Dental Bonding.

Introduction

Resin-based composite restorations have a mean yearly failure rate of
1.6%, and the primary reasons for replacement are secondary caries and
fractures.!? Recent clinical studies and meta-analyses have established
that repair is an alternative to replacement of defective restorations and
increases the longevity of restorations with minimal intervention.***The
total replacement of defective restorations may result in the loss of healthy
dental structure and cause injury to the dentin-pulp complex.®” The concept
of repair instead of restoration is part of the philosophy of minimally
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invasive dentistry, which aims to avoid repetitive
restorative cycles.® So, has brought into perspective
the possibility of more conservative procedures that
are based on preserving tooth structure.

Although the choice of a conservative procedure
is appropriate, repairs require a specific surface
treatment, as the interface bonding between new
layers of resin and restoration decreases,”’®"! mainly
after water storage of composite. 2314151617181 Djfferent
surface treatments are essential to increase the surface
area and intermediate material wettability, resulting in
intimate adaptation of interface resin/restoration and
increased composite resin repair strength** The main
methods used for repair include sandblasting with
aluminum oxide (ALO;),""* application of an adhesive
layer or silane,'>* treatment with hydrofluoric acid*
or phosphoric acid,?? and surface roughening using
diamond burs.” In addition to surface treatment, aging
of the composite has a crucial role in determining the
bond strength of the repair.* After polymerization
of composite resin layers, the resin present in the
unreacted methacrylate group and the amount of
unsaturated double bonds decreased over time and
prevented resin adhesion.”

Several studies have reported varied results in
terms of the effectiveness of different repair protocols,
and there is no consensus regarding the most suitable
surface treatment for repair of composites.*262728.293031,32
Moreover, such studies have analyzed the repair of
composite resins for short period.»>??3%% Therefore,
the present study aimed to evaluate the influence of
different surface treatments and long-term composite
aging on the bond strength of composite resin repair.

Methodology

Specimen preparation

The materials used in this study are listed in Table 1.
Overall, 32 cylinder-shaped composite substrates
were prepared using a silicone matrix (height, 4 mm;
diameter, 6 mm), layered in 2-mm increments with
the composite (Esthet-X, shade B2; Dentsply Caulk,
Milford, USA). Each increment was condensed
using a hand instrument and photoactivated at a
maximum distance of 10 mm for 40 seconds with
a light intensity of 600 mW/cm? (Single V; Bio Art,
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Sdo Carlos, Brazil). The last layer was covered with
a transparent polyether strip and compressed using
a glass slide to obtain a flat surface. After the slide
was removed, the specimen was photoactivated
with the polyether strip in contact with the surface
of the layer. The composite cylinders were removed
from the matrix, randomized in parallel groups (by
Random program- https://www.random.org/) and
divided into storage periods of 24 hours and 1 year
(2 groups) and surface treatments (4 groups for
each period) for a total of eight groups. Thereafter,
composite cylinders were repaired and prepared
to microtensile bond strength (beams) and divided
again into storage periods of 24 hours and 1 year
(2 groups) in artificial saliva, as shown in Figure (for
a total of 16 groups).

Surface treatment and repair procedures
The groups received the following surface treatments:
Giontror: Composite cylinders received no treatment

before resin composite repair;

Gapos: An air spray of 25-50 pm (ALO;) particles;
220 Mesh (Bio Art, Sdo Carlos, Brazil) was used to
sandblast the specimen for 30 s perpendicular to
the surface;

Ganosaa: After sandblasting, an adhesive resin layer
was actively applied for 10 s (ScotchBond, 3MESPE,
St Paul, USA) and photoactivated for 40 s;

Gapossi: After sandblasting, a silane solution
(Angelus, Londrina, Brazil) was applied for 1 min
and air dried for 5 s from a distance of 5 mm to
evaporate solvents.

After surface treatment, repairs were performed
incrementally on the resin composites and
photoactivated for 40 s.

Specimen aging and microtensile bond
strength test

Twenty-four hours after the repair procedure,
repairs were sectioned in beams with an interface
area of approximately 0.5 mm? (0.7 x 0.7 X 8 mm)
by using a diamond disc at low speed under water
cooling (Isomet; Buehler, USA), producing a total of
approximately 16 beams per cylinder. Specimens were
divided according to storage time in artificial saliva —
24 hours and 1 year for the composite cylinder —and



Table 1. Materials used in the study.

Product Composition

BisEMA, TEGDMA, BisGMA

and filler: bariumalumino
fluoroborosilicate, glass with
nano-sized silicon, dioxide particles,
titanium dioxide, and silica

Composite resin-esthet-X

Air spray: AL,O,4 Al,O4-25-50 um (220 Mesh)

Hydrofluoridric
acid-condac porcelana

Hydrofluoric acid (9.6 %), water,
thickener, tensoactive, pigment

BisGMA, HEMA, tertiary amines and
photoinitiator

Adhesive-adper
scotchbond multipurpose

Silane- angelus Silane and ethanol

Light-curing unit-single V. Light intensity: 600 mW/cm?
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Methodology

Increments of 2 mm using a
silicone matrix, each increment was
condensed with a hand instrument
and light polymerized.

Blasted for 30 s perpendicular to the
specimen surface.

Applied for 60 s, rinsed off for
60 s and air dried for 10 s from a
distance of 5 mm.

Adhesive resin layer was actively
applied for 10 s and light cured.

Applied during 60 s and air dried
for 5 s from a distance of 5 mm to
evaporate solvents.

Composite resin and adhesive was
light cured for 40 s.

Manufacturer

Dentsply-Caulk, Milford, USA

Bio Art, Sao Carlos, Brazil

FGM-Joinville, Brazil

3M ESPE-St Paul, USA

Angelus-Londrina, Brazil

Bio Art-Sao Carlos, Brazil

BisEMA: ethoxylated bisphenol A glycol dimethacrylate; TEGDMA: triethylene glycol dimethacrylate; BisGMA: bisphenol A glycerolate
dimethacrylate; Al,O;: aluminum oxide; HEMA: hydroxyethyl methacrylate.

according to the resin composite repair procedure and
surface treatment — (AL, O;), (ALLO;) with adhesive,
and (Al,O;) with silane (Figure). During the storage
period, artificial saliva was replaced every 28 days.
Each specimen was measured using a digital caliper
and subjected to a microtensile bond strength test.
Beams were positioned with cyanoacrylate resin
(Loctite Power Flex Gel Control-Henkel Ltda., Sdo
Paulo, Brazil) in a device coupled to a universal test
machine (EMIC DL-2000, Sao José dos Pinhais, Brazil)
with a crosshead speed of 1 mm/min. To express the
bond strength in megapascals (MPa), the load upon
failure was recorded in Newtons (N) and divided
by the bond area (mm?).

Statistical analysis

Two-way ANOVA was performed to measure
interactions among surface treatment, storage time
of composite cylinders, and repair. Student’s t test
was performed between storage composite cylinders
(24 hours and 1 year) versus storage time of repair
(24 hours and 1 year), with a level of significance of 0.05.

Results

The results of microtensile bond strength tests
are shown in Table 2. The G_,, group exhibited the

lowest bond strength values compared with other
groups, independent of the storage time for composite
cylinders and repair (24 hours or 1 year; p < 0.05).
The highest microtensile bond strength value was
noted in the G, 03,4 group without aging of composite
or repair (46.52 = 10.09 MPa). Composites aged for
24 hours with 1 year of repair aging showed decreased
microtensile bond strength — from 26.93 + 14.26 to
10.45 £ 4.66 MPa (p < 0.001) in the G, group and
from 40.16 £16.99 to 25.37 + 8.59 MPa (p < 0.001) in the
Gapos group. On the other hand, groups with AL,O,
and silane (G, ,05.1) 0r ALO; and adhesive (Gaposad)
exhibited no decrease in microtensile strength values
after 1 year of repair aging (p = 0.23 and p = 0.09,
respectively). After 1 year of composite aging, none of
the groups showed statistically significant differences

24 hours or 1 year after repair (p > 0.05).

Results of Student’s t test are shown in Table 3. The
composite cylinder storage time of 1 year before repair
aging was statistically significant for the G_,or, Garos
and Gjy0s.q groups (p < 0.05). However, composite
cylinder aging was not statistically significant for
the Gapossi group (p > 0.21). Nonaged composite
cylinders (24 hours) with 1 year of repair showed
no difference when compared with aged composite
cylinders (1 year) with 1 year of repair, independent

of surface treatment (p > 0.05).
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Figure. Methodological study design according to storage time (24 hours and 1 year) of composite resin and repair restoration.

Table 2. Date of microtensile bond strength of composite and repair according to storage time and surface treatment.

S Composite (24 hours) Composite ageing (1 year)
urtace treatment
Repair (24 h) Repair Aging (1) Repair (24 h) Repair Aging (1)
26.93+14.26 10.45 + 4.66 8.90 £ 6.22 11.18 + 4.86
Geonol
’ (Cl: 21.82-32.03)% (Cl: 7.91-12.98)% (Cl: 5.94-11.85)® (Cl: 8.99-13.36)®
40.16 £ 16.99 25.37 +8.59 31.69+13.659 30.48 +13.86
G
s (Cl: 34.35-45.96)% (Cl: 18.99-31.74)% (Cl: 26.53-36.84)* (Cl: 24.23-36.72)
46.52 £10.09 39.51+7.78 37.76 £8.19 34.96 £20.74
Graoe (Cl: 41.97-51.06) (Cl: 35.91-43.10) (Cl: 33.97-41 54 (Cl: 25.86-44.05)%
42.0+15.13 35.32 +12.23 32.90+5.38 30.67 +12.81
G I2O3sil
s (CI: 36.17-47.82)¢ (Cl: 29.66-40.97)% (Cl: 30.41-35.38)% (Cl: 26.00-35.33)

Geonol: the composite cylinders received no treatment prior to the resin composite repair; Gy,o,: an air spray of 25-50 um aluminum

oxide particles (Al,O4); Gu,oz04: sandblasting with Al,O; and applied adhesive; G0, sandblasting with Al,O; and applied silane; 95%Cl
confidence intervals. Different capital letters indicates statistical difference in same column (p < 0.05). Different small lefters indicates statistical
difference in the same row (p < 0.05).

Power of performed test with o = 0.05 for composite (24 hours): storage time repair (24 h) 99%, storage time repair (1 y) 100% and storage
time repair X surface treatment 12%; for composite ageing (1 year): storage time repair (24 h) 5%, storage time repair (1 y) 100% and storage
time repair X surface treatment 5%.
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Table 3. Mean and standard deviation (£SD) of bond strength of composite and repair according fo storage time of composite ageing.

Composite Aging (1y)/ Repair Composite (24h)/ Composite Aging (1y) /Repair

Treatment Composite (24h)/ Repair (24h) (24h) Repair Aging (1) Aging (1Y)

Geonrol 26.93 +14.26° 8.90 + 6.22° 10.45 + 4.66* 11.18+4.86 *
G0z 40.16 £ 16.99° 31.69 £ 13.65° 25.37 £ 8.59# 30.48 + 13.86*
Ganosad 46.52 +10.09° 37.76 £8.19° 39.51+7.78*% 34.96 +20.74*
Garons: 42.0£15.13° 32.90 £ 5.38° 35.32 + 12.23* 30.67 £ 12.81*

Geonrol: the composite cylinders received no treatment prior to the resin composite repair; Gy,0,: an air spray of 25-50 um aluminum oxide
particles (AL, O3); Guyoz0: sandblasting with ALO; and applied adhesive; Gy,0.4: sandblasting with Al,O; and applied silane. Different letter and

symbols indicates statistical difference in same row (p < 0.05).

Discussion

Composite resins have shown good clinical
performance over 27 years of restorations with an
annual failure rate of approximately 1.6%.2 However, the
annual failure rate of repaired composite restorations is
5.7% at 4 years.! Several in vitro studies have investigated
methods to repair existing restorations by using various
surface treatments and coating layers without taking
into account age of the composite to be repaired. In the
present study, the type of surface treatment and the
age of both composite cylinders and repair influenced
the bond strength of the composite repair.

The influence of oral environment, pH changes, and
chemical constituents of beverages, food, microorganisms,
and body fluids result in chemical and mechanical
degradation of composites.® Restorative composites are
not stable and continue to interact with the environment
after polymerization.'® Based on findings of the present
study, composite resin aging influenced the bond strength
of repair in an artificial saliva environment. Hydrolytic
degradation occurs during water diffusion through
polymers, resulting in leaching of unreached monomers
and soluble ions of the repairable surface.”” ® Moreover, it
could weaken the union between the filler and the resin
matrix” and increase internal porosity. Concurrently,
water absorption determines hygroscopic expansion of
resins in both volume and weight.' These phenomena
could lead to surface alterations that influence the bond
strength of the repair.

Various methods are utilized to simulate aging of
aresin composite, such as immersion in citric acid® or
saline solution." The storage of composite cylinders
in artificial saliva at 37°C for 1 year was used to
simulate the composite degradation that occurs in

the oral environment and leads to decreased repair
bond strength. In the present study, composite resin
aging resulted in lower bond strength, mainly without
any surface treatment (G_,..0)- A similar study that
simulated aging of composite resin repairs with
thermocycling reported decreased bond strengths
among aged repaired composites that received
different surface treatments. However, these results
could be explained by nonsignificant aging of the resin
composite to be repaired owing to the number of cycles
used (6000 cycles)* as it had already been proposed
that 10.000 cycles correspond to approximately 1 year
of in vivo functioning.* After 1 year of storage, repair
aging showed significantly decreased bond strength
in the G nro1 and G5 groups (p < 0.05), although
this decrease was not significant when the composite
cylinders were aged for 1 year (p > 0.05) however, the
statistical power was low. Thus, polymer degradation
after 1 or 2 years is probably more superficial and
was not significant effect in microtensile bond test.

One might assume that age of the resin composite
to be repaired would be the main factor involved in
maintaining bond strength of the repair. However, the
surface treatment used significantly influences adhesion
of the new restoration. Composite repair procedures that
use intermediate unfilled resins utilize chemical bond
formation, involving the matrix and filler particles, and
better wettability of the new material. In the present
study, application of (Al,O;), silane, or an adhesive layer
increased bond strength of the repair. According to
available literature, surface treatments should aim for
mechanical interlocking of the repair composite to be
inserted.” Even after 1 year of storage in artificial saliva,
composite cylinder aging and repair aging were not
influenced by hydrolytic degradation when the surface
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was sandblasted followed by application of an adhesive
layer (p > 0.05). (ALO;) sandblasting has markedly
increased the bond strength of repairs elsewhere*** as it
is capable of producing microretentions, thereby increasing
the surface area to improve wetting and adhesion to the
composite resin.*> * The adhesive penetrated into the
microretentions of the composite surface with adequate
wetting and maintained the mechanical properties of
the interface after polymerization.* The results of the
Ganosaa group revealed that after 1 year of aging, the
bond strength decreased significantly, from 46.52 £10.09
t0 37.76 £ 819 MPa. Decreases in bond strength occurred
due to adhesive degradation and solubility when the
interface was exposed to organic solvents.**

Several studies have extensively investigated the
application of an intermediate silane layer, leading to
conflicting results. While the low viscosity, high wetting,
and chemical affinity of silane to bond to inorganic fillers
of composites could enhance the bond strength of the
repair,® application of a thicker silane layer could lead to
greater hydrolytic degradation of the interface as well as
decreased bond strength of repair after aging,* However,
in the present study, G,posq (Surface treatment with
Al,O;and silane) was the only group that maintained the
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