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ABSTRACT

RESUMO

Objective: To compare the effect of three surface
treatment protocols and two intermediate agents on
repairing aged composite, regarding microtensile
bond strength (µTBS) and mode of fracture, at two
time intervals. Material and methods: Six-month
aged microhybrid composite blocks, were randomly
distributed into three groups, subjected to; Fine,
Super Fine grit diamond burs or Erbium- Yag Laser
surface treatment. Each block had both One Coat
bond SL (Bond) and Brilliant Flow flowable composite
(Flow) intermediate agents, alongside. Blocks were
incrementally repaired using nanohybrid composite,
cut into beams, then randomly subjected either
immediately (IM) to µTBS test or after thermocycling
(TC) for 5000 cycle. Mode of failure was determined
using stereomicroscope. Data were analyzed through
three-way ANOVA followed by pairwise comparison
with Bonferroni correction. Kruskal Wallis test
compared groups for failure mode analysis (α=0.05)
Results: Super Fine grit showed the highest mean µTBS
compared to control for both intermediate agents, IM
and after TC at P<0.05. No difference between Fine
grit and Laser application for all groups (P>0.05). IM,
Bond showed the highest µTBS compared to TC, Flow
for all tested groups. Beams roughened with Fine and
Super Fine burs showed significantly lower adhesive
failures than those roughened with Laser. Flow suffers
significantly higher adhesive failure than those with
Bond. For TC tested groups; beams with Super Fine bur
and Bond showed significantly lower adhesive failure
at P=0.029. Conclusion: Super Fine grit and Bond
provide the highest µTBS and the least adhesive failure;
moreover TC resulted in significant decrease in µTBS.

Objetivo: Comparar o efeito de três protocolos de tratamento de
superfície e dois agentes intermediários no reparo de compósito
envelhecido, quanto à resistência à microtração (µTBS) e modo
de fratura, em dois intervalos de tempo. Material e métodos:
Blocos de compósito microhíbrido envelhecidos por seis meses,
foram distribuídos aleatoriamente em três grupos, submetidos a;
Pontas diamantadas de granulação Fina, Superfina ou tratamento
de superfície com laser de Erbio-Yag. Cada bloco tinha ambos
os agentes intermediários One Coat bond SL (Adesivo) ao lado
de Brilliant Flow (Resina Fluida). Os blocos foram reparados de
forma incremental usando compósito nanohíbrido, cortados em
palitos e, em seguida, submetidos aleatoriamente imediatamente
(IM) ao teste de µTBS ou após termociclagem (TC) por 5000 ciclos.
O modo de falha foi determinado usando estereomicroscópio.
Os dados foram analisados por meio de ANOVA de três fatores,
seguida de comparação pareada com correção de Bonferroni.
O teste de Kruskal Wallis comparou os grupos para análise do
modo de falha (α = 0,05). Resultados: a granulação Superfina
apresentou a maior média de µTBS em comparação com o
controle para ambos os agentes intermediários, IM e após TC (P
<0,05). Não houve diferença entre granulação fina e aplicação
de laser para todos os grupos (P> 0,05). IM, Adesivo apresentou
a µTBS mais alta em comparação com TC, Resina Fluida para
todos os grupos testados. Os palitos asperizados com pontas
de granulações Fina e Superfina apresentaram falhas adesivas
significativamente menores do que as asperizadas com Laser.
Resina Fluida sofreu falhas adesivas significativamente maiores
do que aquelas com Adesivo. Para grupos testados TC; palitos
tratados com ponta Superfina e Adesivo apresentaram falha
adesiva significativamente menor com P = 0,029. Conclusão:
a granulação Superfina e o Adesivo fornecem a maior µTBS e
o mínimo de falha adesiva; além disso, o TC resultou em uma
diminuição significativa da µTBS.
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INTRODUCTION

I

n conservative dentistry, there is a growing
trend towards repairing defective composite
restorations instead of complete replacement.
Composite repair not only increase the longevity
of restorations but also save sound tooth
structure and avoid trauma from restorative
procedures [1-5].
Due to absence of unpolymerized surface
layer in aged composite restoration, several
methods have been suggested to improve the
composite-composite bond [6,7], such as surface
roughening with diamond burs, acid etching
or air abrasion with aluminum oxide particles.
These surface treatments provide surface
irregularities which promote micro-mechanical
interlocking between the substrate surface and
the repair resin. [5,7-10] In most clinical studies,
partial removal of the old composite was done
using coarse diamond bur [1,11-13], however,
using either medium or fine grit diamond bur can
produce more reliable repair bond strength than
using coarse diamond bur. [13,14] on the other
hand, Erbium laser has been recently suggested
for surface roughness of the old composite by
ablation mechanism, which can be used in the
process of repair [15-17].
After surface treatment, the next step
is the application of bonding gents in order
to enhance chemical bond as experimentally
proved in many literatures. [1,2,8,10,18,19]

The null hypothesis was examined, first;
that there is no difference in µTBS between
all surface treated protocols and intermediate
agents whether tested IM or after TC, second:
there is no difference in the mode of failure in
all groups.

MATERIAL AND METHODS
The
composite
type,
chemical
compositions, percentage of filler loading and
manufacturers of the materials used in this
study are listed in table I.
Table I - The composite type, matrix, filler, load percentage and
manufacturers of the materials used:
The composite type

Matrix

Filler

Load
percent

Manufacturer

Opallis (microhybrid)

Bis-GMA
Bis-EMA
TEGDMA

Barium- Aluminum
glass, silanized silica, pigments and
silicas particles
(40nm-3µm)

57.8%vol

FGM dental products, Joinville,
SC, brazil.

Brilliant Ever
Glow (nanohybrid)

Bis-GMA
Bis-EMA
TEGDMA

Silica glass, Zinc
oxide (0.02-1µm).

74%vol

Coltène /Whaledent AG, Altstätten, Swizerland.

Etchant Gel S

Phosphoric acid
35%.

-

-

Coltène/Whaledent AG, Altstätten, Swizerland.

Phosphoric acid
35-40%, HEMA,
HPMA, UDMA,
One coat bond
MA modified
SL (Bond)
PLA, polyalkenoate and
photoinitiators.

-

-

Coltène/Whaledent AG, Altstätten, Swizerland.

Barium glass,
silanized silica
(0.6um)

42%vol

Coltène/Whaledent AG, Altstätten, Swizerland

Brilliant Flow
flowable
compsite
(Flow)
(nanofilled)

Bis-GMA
Bis-EMA
TEGDMA

In earlier studies, promising results
of composite repair were obtained using
different protocols; however these results were
questionable as most tests were performed on
non-aged substrates which didn’t represent the
real clinical situation. In addition, they often
depend on using the same type of composite for
the substrate and the repair material [5,6,11].

Abbreviations: Bis-GMA: bisphenol A diglycidyl methacrylate;
Bis-EMA: bisphenol A diglycidyl methacrylate ethoxylated;
TEGDMA: triethylene glycol dimethacrylate, UDMA: urethane
dimethacrylate; HEMA: hydroxyethyl metacrylate; HPMA:
hydroxyl propyl methacrylate; MA modified PLA: methacrylate
modified polyacrylic acid.

Based on the previous drawbacks, this
study aimed to (a) investigate different surface
treatments of aged composite, in order to obtain
reliable repair bond strength, (b) investigate
the effect of different intermediate agents on
the repair bond strength and (c) assess the long
term durability of the repair bond strength.

Eight
microhybrid
cylinder-shaped
composite blocks (Opallis, shade A2) were
fabricated using a Teflon mold (8mm diameter
x 4 mm height) [12,18,20-22], such that each
2-mm-thick increment was separately cured
for 40 seconds using Elipar LC curing unit
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Specimen preparation:
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(3M, USA ) with an intensity of 600 mW/cm2
[7,11,12,18,20-22]. All blocks were stored in
artificial saliva for six months [23].
Repair procedures:
Aged microhybrid composite blocks
were randomly divided into four groups (two
blocks each); such that, one surface of each
block in the first group was roughened with
a Fine grit diamond bur (Microdont, Brazil)
[14,24] and those of the second group with a
Super Fine grit diamond bur (Microdont ,Brazil
) [18] for 10 seconds under water cooling.
Correspondingly, one surface of each block the
third group was irradiated by Erbium-Yag Laser
(Fotona LightWalker AT), emitting 298 nm.
The parameters used were: 2 W output power
with 200 MJ energy and 10 Hz frequency in a
super short pulsed mode (SSP); pulse duration
50 micro seconds. Laser was used with gentle
sweeping motion at a working distance of 1
mm using HO2 Tipless hand piece and the
surfaces were treated at irradiation condition
of 50% water and 60% air with air/water
spray [15,16,19]. A forth group had no surface
treatment (control).
After surface treatment, blocks of all
groups were etched with 35% phosphoric acid
gel (Etchant Gel S) for 30 seconds, rinsed
with water for 30 seconds and air dried for 10
seconds.
Then each block in all surface treated
groups received both Bond and Flow
intermediate agents side by side in the same
block for standardization. Both intermediate
agents were applied in thin layer using a small
brush, air thinned and photopolymerized
according to the manufacturer’s instructions of
each intermediate agent [10,18,21].
Each of the eight block was incrementally
repaired with two layers (2mm thickness each)
using Brilliant Ever Glow nanohybrid composite
in a Teflon mold (8 mm diameter x 8mm height).
3

Each layer was light cured for 40 seconds using
Elipar LC curing unit (3M, USA) according to
manufacturer’s instructions. After removal of
the composite blocks from the mold, additional
curing was done for 40 seconds. Finally, blocks
were color coded in red and blue for labeling
Bond and Flow intermediate agents respectively
(Figure 1).

Figure 1 - The repaired composite block with serial sections
beams, beams are color coded in red and blue representing
Bond and Flow intermediate agents respectively.

Beam specimens’
microtensile test:

preparation

for

The repaired composite resin blocks
were sectioned with a diamond saw in a very
precision cutting machine at low speed, under
water cooling (Labcut 1010; Extec Corp.,
Enfield, CT, USA). This precision milling device
was used to reduce the stress at the adhesive
interface, as hand trimming had been reported
as a defect inducing factor which elicits stress
concentration at the adhesive interface [5,11].
First, the blocks were glued with
cyanoacrylate adhesive (Super Bonder Gel,
Loctite Ltd., São Paulo, Brazil) on a metallic base
which was attached to the sectioning machine.
Then the blocks were positioned perpendicular
to the diamond disc of the machine.
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The peripheral slices which measure
approximately 0.5 mm were discarded as they
might influence the results either the excess or
insufficient amount of resin at the margins. Thus,
the central parts of the specimens were used
for the experiments. Non trimmed rectangular
beams with an adhesive surface area of 1 ± 0.1
mm2 and a length of about 8 mm were achieved
from each block (Figure 1). Nearly thirty beams
were obtained from each block.
Beams were randomly divided into
another two groups according to the time of
microtensile bond strength testing; either IM or
after TC for 5000 cycles between 5-55°C with
a dwell time of 20 seconds. [2,19,20,25,26]
random allocation was done in order to
decrease bias between groups.
Microtensile bond testing:
At a crosshead speed of 0.5 mm/minute in
a universal testing machine (Controls, Milano,
Italy) each beam was loaded in tension. The
load at failure was recorded in Newtons (N). In
order to express bond strength values in Mega
Pascals (MPa), the cross-sectional area at the
site of fracture was measured to the nearest
0.01 mm using a digital caliper.
Failure mode analysis
A stereomicroscope (SMZ645, Nikon Co,
Tokyo, Japan) at 50x magnification was used
to evaluate and record the failure modes of
the fractured beams. The mode of failure was
classified as cohesive (either within the aged or
the new repaired composite), adhesive or mixed
(a combination of cohesive/ adhesive failure
modes). The number of beams representative
of the three failure patterns within each
experimental subgroup was expressed as a
percentage. [4,5,9,21,24,25,27]
Statistical analysis:
Data Explored for normality was obtained
using Kolmogorov–Smirnov test. Three-way
ANOVA was used to compare between tested
4

surface treatments, intermediate agents and
thermocycling followed by pairwise comparison
with Bonferroni correction. Kruskal Wallis
test was used to compare between different
treatment protocol and different tested groups
for failure mode analysis. (α=0.05) (IBM SPSS
Statistics for Windows, Version 23.0. Armonk,
NY: IBM Corp.)

RESULTS:
Results of microtensile bond testing:
Mean µTBS and standard deviations are
shown in table II. As shown, for aged composite;
surface treatments, intermediate agents and
thermocycling resulted in a significant effect
on µTBS at P≤0.001. Among the three tested
surface treatment protocols, Super Fine grit
showed the highest statistically significant
mean µTBS for both intermediate agents
(Bond and Flow) when tested IM or after TC at
P<0.05. For the IM tested beams, there was no
statistical significant difference between Fine
grit, Laser and control for Bond as intermediate
agent, and between control and Fine grit for
Flow as intermediate agent, meanwhile, Laser
showed significantly higher µTBS than control
though not significantly different than Fine grit.
On the other hand, for the TC tested samples
and Bond as intermediate agent, there was no
statistical significant difference among Fine
grit, Laser and control, as well as, there was no
statistically significant difference between all
tested surface treatment protocols for Flow as
intermediate agent.
For Fine grit surface treatment and after
TC, beams with Flow as intermediate agent
showed statistically lower µTBS at P≤0.001.
As for Super Fine grit surface treatment, Bond
TC tested beams had statistically higher µTBS
than those of Flow TC at P=0.01, meanwhile,
there was no statistically significant difference
between tested groups for pretreatment with
Laser at P=0.058.
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Table II - Mean µTBS (MPa) and standard deviations of control, Fine grit, Super Fine grit diamond burs and Laser application
coupled with either Bond or Flow intermediate agent, tested IM and after TC.
Control

IM
TC
p-value

Fine Grit

Super Fine Grit

Laser

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Bond

18.91bA

9.71

25.66bA

10.22

40.92aA

Flow

12.49

cAB

4.60

bcA

22.12

Bond

12.49bAB

5.15

Flow

6.76bB

3.66

P-value

10.28

28.53b

8.87

11.19

aAB

34.95

7.17

24.32b

7.47

≤0.001*

20.39bA

7.16

33.16aAB

8.91

21.04b

5.62

≤0.001*

15.13abB

3.87

22.75aB

8.81

15.67ab

5.10

0.001*

0.023*

≤0.001*

0.01*

≤0.001*

0.058 NS

*=Significant, ns=non-significant.
Different lowercase superscript letter within each row are statistically significant.
Different uppercase superscript letter within each column are statistically significant.

Results of failure mode analysis:
Figure 2a, 2b, 2c and 2d are representing
photos for adhesive failure, mixed failure,
cohesive failure in aged composite, cohesive
failure in new (repaired) composite respectively.
The adhesive mode will be studied specifically
for standardization and simplicity. The graph
in figure 3 represents the distribution of
failure mode among beams. As shown, for the
IM tested groups when Bond was used as an
intermediate agent, both Fine and Super Fine
grit bur roughened beams showed significantly
lower adhesive failures percentage than those
roughened with Laser, the latter was not
significantly different than control at P=0.001.
On the other hand, when Flow was used as an
intermediate agent, there was no statistically
significant difference among all tested groups
at P=0.129, although all Flow beams suffer
significantly higher adhesive failure percentage
than those with Bond as intermediate agent,
still Superfine surface treatment has the lowest
adhesive failure percentage.
As regards the TC tested groups, there was
no statistically significant difference between
Fine grit and Laser with Bond as intermediate
agent although both showed significantly
higher adhesive failure than groups roughened
with Super Fine bur at P=0.029. In contrary,
for beams with Flow as intermediate material,
there were no significant difference between
5

groups treated with Super Fine grit and Laser
but both had significantly higher adhesive
failure than Fine grit roughed beams at
P=0.004
Thus the null hypothesis was rejected.

Figure 2 - Different failure modes; 1a: adhesive failure, 1b: mixed
failure, 1c: cohesive failure in aged (old) composite and 1d:
cohesive failure in new (repaired) composite.
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Figure 3 - Distribution of failure mode percentage.

DISCUSSION
From the clinical point of view, the
presence of an oxygen inhibited layer of
unpolymerized resin is very important in the
bonding between two composite layers to be
achieved. Following aging, composites not
only undergo structural changes due to water
absorption and chemical degradation but also
leaching of some components lead to decrease
activity of free radicals responsible for adhesion
between the old and the fresh composite [36,16]. Thus, the age of the restoration plays
an important role in composite repair. Several
studies simulate the aging process of composites
by using methods such as thermocycling, storage
in aqueous media, citric acid or artificial saliva
[4-6,8,13]. In our study, we used artificial saliva
as an aging media for six months to provide a
more realistic simulation for repair of the old
composite.
For Successful composite resin restoration
repair, most studies claim that surface
6

irregularities should be created to obtain
mechanical interlocking thus increase the repair
bond strength [5,6,8,9,11-13]. Though this
wasn’t the situation in in our study, as shown
in table (II) and figure (3), as surface treatment
with Super Fine Grit diamond bur showed the
highest mean µTBS and lowest adhesive failure
when compared to all tested groups either IM
or after TC. This can be explained as, creating
irregularities may not be as important as
removing surface inhibited layer and exposing
the underlying unreacted monomer. Moreover,
creating irregularities could induce undetected
microcracks that possibly could weaken the
repair bond strength and durability. This wasn’t
coincided with the result of other study which
revealed that the Fine grit bur produced the
highest repair bond strength, also they claimed
that Fine grit burs generally performed better
than Super Fine or Medium grit burs [18].
Another studies claimed that surface treatment
of the old composite with fine grit diamond
bur in conjugation with total etch bonding
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wasn’t sufficient to obtain a reliable repair bond
strength when compared to air abrasion [17,25].
On the other hand, our results revealed
that Laser surface treatment was capable of
producing acceptable repair µTBS but high
percentage of adhesive failure (about 50%)
when either Bond or Flow were used as
intermediate agent after IM. However, this
percentage increased after TC when Flow was
used as intermediate agent. Results of µTBS
was coincided with other studies which related
the high repair bond strength of Erbium lasers
due to selective ablation through explosive
vaporization followed by hydrodynamic ejection
which resulted in quick melting and changing
in the volume of the melted material generating
a strong expansion forces that produced pitting
irregularities that increased the bonding surface
area, modifying the distribution of stresses at the
interface of the two bonded materials resulting
in increase of the repair bond strength [14,19].
On the other hand, another study stated that
using either diamond bur or Laser for surface
treatment of the old composite could produce
surface roughness; however, Medium grit bur
produce higher efficacy due to different patterns
of surface roughness as bur preparation capable
of creating both macro and micro retentive
features while Laser creates macro retentive
areas only [15,16].
This was confirmed by our observations
which revealed that although Fine grit diamond
bur could produce high repair bond strength but
there was no statistically significant difference in
the repair bond strength between Laser surface
treatment and Fine grit diamond bur in all
group. As reveled by mode of failure analysis; at
IM the prevalence of adhesive failure was only
10% with Bond, and 30% with Flow, after TC
the prevalence of adhesive failure was 50% and
30% respectively.
As expected, the control group which
received no surface treatment showed the
lowest repair bond strength, which was
confirmed by mode of failure analysis as the
percentage of adhesive failure was nearly 100%,
7

this was consistent with the results of other
studies [14,15], which indicate the important
role of surface treatment and micromechanical
interlocking in improving the repair bond
strength.
Regarding the applied intermediate agents,
in the current study, using Bond showed the
highest µTBS compared to Flow for all groups as
revealed in table (II) and confirmed after mode
of failure analysis in figure (3).This may be due
to the high viscosity of Flow as compared to Bond
that result in poor wettability, this was confirmed
in other study [25] which stated that treating
the repaired composite, after surface treatment,
with a thin layer of a high viscosity intermediate
agent didn’t wet the composite surface at all
locations. However, other studies claimed that
using flowable composite as intermediate agents
in composite repair had been attributed to their
stress absorbing ability and to their hydrolytic
stability compared to different boding agents.
They proved that flowable composite, when
used as an intermediate for composite repair,
was capable of producing high repair bond
strength [2,9,10].
It is worth mentioning that several
previous studies use shear test for testing the
repair bond strength. However Shear tests
have been criticized due to the development
of non-homogeneous stress distributions at the
adhesive interface, resulting in underestimation
or misinterpretation of the results due to
failure in one of the substrates and not at the
adhesive zone [5,11]. Subsequently, other
studies had recommend using µTBS testing not
only to ensure that the fracture occur within
the adhesion zone but also to produce proper
mechanism of load application, shape and
thickness of the specimens thus obtain accurate
results [9,12,18,19,25]. For this reason, in our
study, µTBS test was used for evaluating the
repair bond strength.
Thermocycling had been widely used in
order to simulate the stress generated due to
changes in the environmental temperature so as
to study restoration durability. In our study, the
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composite repair bond strength was decreased
by the aging conditions of the TC in all groups
regardless the used surface treatment and
intermediate agent. However, TC had the least
negative effect when the combination of Super
Fine bur together with Bond as an intermediate
agent in a total etch mode which reflect the
durability of repair bond strength.
Similar results were obtained in other
studies which showed a significant reduction in
repair bond strength after thermocycling [5].
On the contrary, other studies proved that there
was low negative effect on the repair potential
after thermocycling [2,13,16].

CONCLUSIONS
Within the limitation of our in-vitro
study and as regard to the used materials and
techniques, the following conclusion can be
obtained when dealing with aged composite:

3 - The Combination of Super Fine
grit diamond bur together with Bond as an
intermediate agent result in a more durable
repair bond strength.
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