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ABSTRACT

Objectives: The aim of this in vitro study was to evaluate the
effect on bond strength of composite repairs using flowable
resin as an intermediate agent . Methods: Thirty truncated
cones were fabricated with Grandio SO (VOCO) and were
thermo-cycled for 5000 cycles for artificial aging. Specimen’s
surface was sandblasted with aluminum oxide, cleaned with
air/water spray and conditioned with phosphoric acid for 15
s. One coat of Admira Bond Adhesive (VOCO) was applied
and light cured for 20 s. Specimens were divided into 3 groups
according to the repairing material used (n = 10): Conventional
Resin — Grandio SO (R), A thin layer of Flowable resin —
Grandio SO Heavy Flow + conventional Resin (FR), and
Flowable resin (F). Over the original specimens, a sectional
cone-shaped teflon matrix was hold in position and the cones
were built according the groups described above. Other
thirty specimens were built, 10 of each group, simulating a
restoration without repair. Specimens were submitted to tensile
stress in a universal testing machine. Data were recorded in
MPa and evaluated with ANOVA, Tukey” s and non-paired
“t” tests. Results: ANOVA showed significant differences
among groups in which repair was performed (p < 0.00).
The results of Tukey” s test for those groups were: R (19.89 +
5.31)ab; F+R (14.49 + 5.59)a; F (20.91 + 3.99)b. The groups
followed by the same letter did not show statistical differences.
Non-paired “t” test showed that groups R and F repairs were
similar to the correspondent groups simulating restoration
without repair. Conclusions: The repair with conventional or
flowable composite produced bond strength values similar to
cohesive strength of the same materials. The use of a thin layer
of flowable resin as an intermediate agent in composite repair
decreased the bond strength when compared the same method
for restoration.
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Resivo

Objetivos: O objetivo deste estudo in vitro foi avaliar o efeito
sobre a resisténcia de unido de reparos de compositos com resina
fluida como um agente intermediario. Métodos: Trinta cones
truncados foram fabricados com Grandio SO (VOCO) e foram
termociclados por 5.000 ciclos de envelhecimento artificial. A
superficie da amostra foi jateada com 6xido de aluminio, limpa
com spray ar / agua e condicionada com acido fosforico por
15 s. Uma camada de adesivo (Admira - VOCO) foi aplicada
e fotopolimerizada por 20 s. As amostras foram divididas em
trés grupos de acordo com o material de reparo utilizado (n=10):
resina convencional - Grandio SO (R), uma fina camada de resina
flowable - Grandio SO Heavy Flow + Resina convencional (FR),
e resina flowable (F ). Sobre espécimes originais, foi adaptada
uma matriz, ¢ os cones foram construidos de acordo com os
grupos descritos acima. Trinta amostras foram construidos,
10 de cada grupo, simulando uma restauragdo sem reparos.
As amostras foram submetidas ao Teste de tragdo em uma
maquina universal de ensaios. Os dados foram registrados em
MPa ¢ avaliados com ANOVA, Tukey ¢ teste “t” ndo pareado.
Resultados: ANOVA mostrou diferengas significativas entre os
grupos em que o reparo foi realizado (p < 0,00). Os resultados
do teste de Tukey para os grupos foram: R (19,89 + 5,31) ab; F +
R (14,49 + 5,59) a; F (20,91 + 3,99) b. Os grupos seguidos pela
mesma letra ndo apresentaram diferengas estatisticas. O Teste “t”
ndo pareado de Student mostrou que as reparagdes dos grupos
R ¢ F foram semelhantes aos dos grupos correspondentes que
simulam restauragdo sem reparos. Conclusdes: O reparo com
resina flowable ou convencional produziu niveis de resisténcia
proximos a forga coesiva dos mesmos materiais. A utilizagdo de
uma camada fina de resina fluida como um agente intermediario
no reparo dos compositos diminuiu a resisténcia de unido,
quando comparado o mesmo método para a restauragao.

PALAVRAS-CHAVE

Reparo de compositos, Resisténcia de unido; Resina de baixa viscosidade.
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INTRODUCTION

Over the last few decades, significant
improvements have been made in the field of resin
composites. However, fractures and failures of
composite restorations can still occur because of
secondary caries and marginal defects [1,2].

The traditional treatment of defective composite
resin restorations includes removing and replacing the
whole restoration. This approach is often accompanied
by removal of tooth structure, expanding the prepared
cavity, increasing the loss of sound tooth structure [3].

On the other hand, the repair of defective composite
is more conservative and might increase the longevity
of the restoration, preserving sound tooth structure, and
also protecting the tooth from operative trauma [4]. This
option is a more practical solution and allows the use of
pre-existing restoration, if in acceptable condition [5].

Adhesion should not only be considered
between material and the deantal tissues, but also
the adhesion between two materials. The repair
procedure might be more complicated in old resin-
based composite restoration, because the amount
of available unsaturated double bonds diminishes
with aging [6,7]. Several changes occur to resin-
based composites during aging process which could
influence of the success of the repair procedure, such
as water sorption, chemical degradation and leaching
out of some of their components [8-10].

A variety of surface treatments and bonding agents
has been used to improve the repair bond strength of
resin composites [11,12]. Some of these techniques
are applied for roughening the repaired surface,
whereas others are based on attempts to improve the
chemical bonding [13].

The treatments to roughen the surface include
roughing with burs, acid etching with hydrofluoric or
phosphoric acid, and air-borne particle abrasion [12,14].

Unfilled resins have been usually suggested as
intermediate agents for composite repair, promoting
wetting of the roughened substrate by penetration of
resin monomers into surface micro-cracks [15,16].
Modifications in dentin bonding agents formulations led
to the introduction of filled adhesives [ 17]. By the addition
of fillers to the resin matrix with different concentration, a
thicker layer of adhesive is produced, and can behave as
a stress-absorbing liner between the restorative material
and the dental tissues [18-20]. Similarly, flowable
composites have been proposed as intermediate, stress-
relieving agents in direct composite restorations [21-24].
Thus, they could stand the early polymerization shrinkage
stress of the overlying resin composite and subsequently
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absorb the shock produced by funcional load, thermal
strains, and occlusal forces [25].

An optimal adaptation to both cavity floor and
margins has been reported for filled adhesives and
flowable composites [24,26-28]. In theory, these
concepts could be applied in composite repairing
procedures. The use of a low viscosity filled material
as an intermediate agent in a restoration repair may
result in an improvement of the interfacial quality and
the adehsive performance of the repairing composite,
if compared to traditional bonding resins.

The oxygen-inhibited layer is always present when
composite resin is polymerized in air. It is composed
of unreacted monomers and improves adhesion
between materials [29,30]. Because of this layer,
bond strength of incrementally built-up composites
on the fresh resin composite is similar to the cohesive
strength of the material [31]. The amount of available
unreacted monomers decreases with aging [7]. Thus,
the chemical bond between the fresh resin and the
aged resin is not reliable.

Repairs of composites restorations are generally
performed months or years after baseline. During
this time, the restoration is exposed to the oral
environment, resulting in water sorption of and the
cease of free-radical activity[4]. In this context, the
age of restoration to be repaired has an important role
in the bond strength of resin composite repair [32].

In laboratory studies, the aging of composite resin
has been simulated by different methods, including
water storage [13,33], immersion in citric acid [12,34]
and thermocycling [1,2,12,34]. Thermal cycling is often
used for aging of composite resins in composite repairing
tests. This method involves subjecting the specimens to
extreme temperatures. High or elevated temperatures
are know to weaken the composites. In addition to the
effect of weakening on the physicochemical properties of
the composites, the changes in temperature can reduce
the number of unreacted double bonds on the surface or
within the composite, which can affect the composite-
composite repair strength [12].

Thus, the aim of this study was to evaluate the
effect of flowable composite as an intermediary, or
fill in the repair of composite resin restorations. The
null hypothesis tested was that there is no significant
difference between the use or not of flowable
composites for repair of composite resin.

MaTerIAL AND METHOD

Sixty truncated cone shaped specimens (botton-4
mm; top -2 mm; height -4 mm) were prepared with
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Grandio SO (Voco, Cuxhaven, Germany) composite
resin using increments of 2 mm.

Thirty specimens were submitted to artificial aging
(5000 thermal cycles 50 to 55 oC, 30 s dwell time).
After the thermal cycling the top of the specimens were
sandblasted with aluminum oxide, cleaned with air/water
spray and conditioned with phosphoric acid for 15 s.
After that, one coat of Admira Bond Adhesive (VOCO)
was applied and light cured for 20 s. Over the original
specimens, a sectional Teflon matrix with a cone-shape
was hold, and the composite used to repair was applied.

The specimens were divided into three groups
according to viscosity of the composite resin used:

Group R — The composite Grandio SO was applied
in increments of 2 mm, each photocured for 40 s;

Group FR — A thin layer of approximately 0.5 mm
of the composite Grandio SO Heavy Flow (Voco,
Cuxhaven, Germany) was applied and photocured
for 40 s. Over that, other layers with 2 mm thickness
of Grandio SO of conventional viscosity was applied
and photocured for 40 s;

Group F — The composite Grandio SO Heavy
Flow was applied in increments of 2 mm, each one
photocured for 40s.

TaBLE 1 — MATERIALS USED

Material Manufacturer Composition Lot

Grandio | Voco/ Cuxhaven/
SO Germany

Resin Matrix: 1029391
Bis-GMA, BisEMA,
TEGDMA, CQ,

Amine, BHT.
Inorganic
Content: nanofillers
of Si0, : 20 - 40 nm;
glass ceramic:1 pum.
Fill content: 89%
in weight and 73% in
volume.

Grandio | Voco/ Cuxhaven/ Resin Matrix: 1123233
SO Heavy Germany Bis-GMA, BisEMA,
Flow TEGDMA, HDDMA,

CQ, Amine, BHT.

Inorganic
Content: nanofillers
of Si0, : 20 - 40 nm;

glass ceramic:1 pm.
Fill content: 83%
in weight and 68% in
volume.

Etchant: 36%
phosphoric acid

Adhesive: acetone,
bonding ormocer,
dimethacrylates,
initiators, stabilizer

Admira | Voco/ Cuxhaven/
Bond Germany

(two-step

etch-and-
rinse)

1025303
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Over the remaining 30 specimens, truncated cone
shaped specimens were built up immediately after the
first cone were performed, varying the viscosity of
composite, simulating a restoration with no repairing
procedure.

Figure 1 presents the groups arrangement and
Figure 2 shows the experimental design.

GRANDIO SO
n=60

1
THERMAL CYCLING
5000 CYCLES

Grandio SO Grandio SO + Grandio HF Grandio SO Grandio SO + Grandio HF
n=10 Grandio HF n=10 n=10 Grandio HF n=10
n=10 n=10

Figure 1 - Groups arrangement
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“RESTORATION” GROUPS

Figure 2 - Study Design

All specimens were stored in deionized water
for 24 h and then were submitted to tensile stress
in a universal testing machine (DL-200 MF, Emic,
Pinhais, PR, Brazil) with a cross-speed of 1 mm/s.
The data were recorded in MPa.

To better characterize the composites used in
this study and also help understand the results,
some properties of the materials were measured.
For this, specimen was made a 40 x 6 x 2 mm of
each resin. The elastic modulus was measured by the
device Sonelastic (ATCP, Sao Carlos, Brazil) and the
microhardness by Knoop Hardness (FM-700, Future-
Tech, Equilam, Tokyo, Japan). The polymerization
shrinkage was measured by the device AccuVol
(Bisco, Illinois, USA) and polymerization stress
by universal testing machine (DL-200 MF, Emic,
Pinhais, PR, Brazil). For all properties, three
measurements were performed and the average
value of them was considered.
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Statistical analysis

After analyzing the bond strength data for
normality of data distribuition (Kolmogorov-Smirnov
test), a two-way ANOVA was applied with bond
strength as the dependent variable, and viscosity of
resin and treatment (restoration or repair) as factors.
The Tukey’s test was used for post-hoc multiple
comparisons. A series of t-tests for independent
samples was applied to assess the differences in bond
strength between restoration and repair procedures,
within each viscosity resin group. All analyses were
processed using Statistica Software. The level of
significance was set at p < 0.05.

RESULTS
Table 2 presents the Resin features.

TaBLE 2 — RESIN FEATURES

Properties Conventional Flowable
Elastic Modulus (GPa) 21.62 12.85
Microhardness (HK) 93.19 40.27
Polymerization Shrinkage (%) 2.56 3.66
Polymerization stress (N) 3.51 6.22

Results of tensile bond strength testing are
summarized in Table 3. The two-way ANOVA
revealed that only the type of treatment (repair or
restoration) (p < 0.001) had a significant influence on
tensile bond strength.

TABLE 3 — TENSILE BOND STRENGTH OF THE TESTED
GROUPS

. . % of
Groups Repair Restoration cohesive
(MPa) (MPa)

strength

Grandio SO (R) 19.89 +5.31 ! 23,50 £ 5.81 % 75
Grandio HF
+ Grandio SO 14.49 + 5.59 4! 23.09 + 4.82 42 53
(FR)

Grandio HF (F) 20.91 + 3.99 A 22.66 +6.14 22 80

Superscripts letters show differences within the same column (p <

0.05), numbers within the same rows (p < 0.05).
Comparable results between the two types of
treatment (repair or restoration) were obtained by

using conventional resin or Flowable resin only. When
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flowable and conventional resin were used together,
the repair was weaker than the restoration.

DiscussioN

A finding of this investigation was the statistically
inferior adhesive performance in tensile bond strength
for thin flowable composite layer as intermediate
agent in composite repair. Thus, the null hypothesis
is rejected.

The strength values of the repaired specimens
in this study ranged between 53 and 80 percent in
comparison with nonrepaired specimens (Table 3).
The obtained range was consisted with findings in the
literature [35,36]. The results confirmed that strength
values of repaired restorations are lower than those of
the cohesive bond strength (Restoration groups).

Flowable composites are presently used in a
wide range of applications: as liners in Class I [23],
IT [24,26], V [28] restorations, as pit and fissure
sealants [37], core build-up materials, for tunnel
and preventive resin restorations. The application of
flowable composite as the sole repair material after
coating the surface with adhesive has also proposed
[35].

Our results showed 80 percent of the bond strength
value of repair only with flowable resin compared to
restoration. Low-viscosity was claimed to promote
a better adaptation than highly viscous composite
materials to the aged, roughened, adhesive coated
resin surface, thus increasing retention via micro-
mechanical interlocking. However, their reduced
mechanical and physical properties when compared
with traditional hybrid composites [38] could represent
a concern when repairing restorations in high stress-
bearing areas. The flowable composite used in our
study has a high filler content (Table 1), which could
have reduced this problem. Using flowable resins as
intermediate agents prior to layering a repairing hybrid
composite may overcome these clinical limitations of
some flowable resins, taking advantage of their stress-
absorbing ability and avoiding a direct exposure to
occlusal load.

The combination of flowable and conventional
resin to perform the repairs showed the lowest bond
strength values compared to values obtained when the
materials were used separately. Due to differences in
mechanical properties of materials, the use of a thin
layer of resin flow between two bodies of conventional
resin on an aged surface (repair group), caused a
weakening of the set, resulting in low values of
adhesive strength. On the other hand, previous studies
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using flowable composite as intermediate agent have
achieved satisfactory values of bond strength [39,40].

The use of sandblasting as a manner to promote
the surface roughness of the aged resin was efficient,
since in two groups, the bond strength values were
higher than 70% of the cohesive strength of the
assembly. Previous studies also showed effectiveness
of this type of surface treatment to repair composite
resin [41].

An important aspect regarding this study is the
inclusion a positive control groups (Restoration
Groups), which shows the cohesive strength. The
positive control presents the repair potential relative
to the cohesive strength of the material.

Repairs of composite restorations are generally
performed months or years after baseline. Several
changes occur to resin-based composites during the
aging process that can influence the success of the
repairing procedure, such as water sorption, chemical
degradation, and leaching out of some constituents
[13]. On this account, the age of the restoration to be
repaired plays a fundamental role in the bond strength
of composite repairs [32].

Thermal cyclingis amethod of providing laboratory
simulations of oral conditions. This test involves
subjecting specimens to extreme temperatures.
Several factors affect the thermal cycling on the bond

strength of adhesive systems, including temperature
settings, dwell time, and the number of the cycles.
According Amaral el al. [42], the number of cycles is
considered to be the most influential factor of all.

Although according to ISO standards, 500
thermocycles in water temperatures between 5 oC and
55 oC is considered to be an appropriate test for aging
dental materials, results from previous study showed
that 500 thermocycles did not significantly affect the
bond strength of composite to dentin surfaces [43].

According to Ozcan et al. [12], the effect of aging
conditions on the bond strength of resin composite to
composite showed that 5000 thermocycles were more
effective in the degradation of the composite tested
than other aging methods. Thus, in the present study,
it was performed 5000 thermocycles to aging the resin
composite before the repair.

CONCLUSION

Repairing with conventional or flowable
composites produced bond strength values similar to
the cohesive strength of the corresponding materials.
The use of a thin layer of flowable resin as an
intermediate agent in composite repair decreased the
bond strength when compared the same method for
restoration.
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