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Abstract 
Background: Repair of composite restorations is a conservative method that can increase the longevity and durabi-
lity of restorations while preserving the tooth structure. Achieving a suitable bond between the old and new com-
posite is difficult. To overcome this problem, some methods have been recommended to increase the repair bond 
strength of composite.This study aimed to assess the effect of aging by thermocycling (5,000 and 10,000 cycles) 
and mechanical surface treatments (Er,Cr:YSGG laser and bur) on repair shear bond strength of composite resin. 
Material and Methods: Totally, 120 composite blocks measuring 6x4x4 mm were fabricated of Filtek Z250 com-
posite and were randomly divided into three groups (n=40) based on initial aging protocol: (a) no aging: storage 
in distilled water at 37°C for 24 hours, (b) 5,000 thermal cycles, (c) 10,000 thermal cycles. Each group was then 
randomly divided into two subgroups (n=20) based on mechanical surface treatment (laser and bur). The laser 
and bur-prepared surfaces were silanized and Adper Single Bond 2 was then applied. The repair composite was 
bonded to surfaces. Half of the samples in each subgroup (n=10) were subjected to 5,000 thermal cycles to assess 
durability of bond. The remaining half were stored in distilled water at 37°C for 24 hours and all samples were then 
subjected to shear bond strength testing in a universal testing machine with a crosshead speed of 1mm/min. Data 
(in megapascals) were subjected to one-way ANOVA and Tukey’s test (P=0.05). Mode of failure was determined 
under a stereomicroscope. 
Results: Bur preparation significantly improved the bond strength compared to laser (P<0.001). Aging by 10,000 
thermal cycles significantly decreased the repair bond strength of composite (P<0.001). No significant difference 
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was noted in this regard between distilled water and 5,000 thermal cycles groups (P=0.699). Primary bond strength 
and bond strength after 5,000 thermal cycles in the same subgroups were not significantly different either (P=0.342). 
Conclusions: Aging by 10,000 thermal cycles significantly decreases the repair bond strength of composite and surfa-
ce preparation by bur provides a higher bond strength compared to laser. 

Key words: Thermocycling, Composite, Repair, Laser.

Introduction
Advances have been made in formulations of composi-
te resins in the recent years. However, defects, chipping 
and fracture of composite restorations still occur. In the 
past, a defective composite restoration had to be repla-
ced (1,2); however, this replacement was often associa-
ted with further loss of tooth structure and extension of 
the prepared cavity (3). Repair of composite restorations 
is a conservative method that can increase the longe-
vity and durability of restorations while preserving the 
tooth structure (4). Advances in adhesives have enabled 
repair of old restorations instead of their replacement. 
This approach is conservative and cost effective becau-
se the intact part of the restoration remains untouched 
and thus, continuous irritation of dental pulp by removal 
of restoration can be avoided (5). However, in repair of 
composite restorations, it should be noted that changes 
that occur in composite resins over time due to aging 
including water sorption, chemical degradation and lea-
ching of some compounds may decrease the reactivity 
of the remaining composite (old composite) and com-
plicate the process of repair. This can even compromise 
the success of repaired restoration in some cases (6,7). 
In the process of repair, new composite is added to 
old composite. Since the old composite no longer has 
its unpolymerized superficial layer (oxygen inhibited 
layer), achieving a suitable bond between the old and 
new composite is difficult. To overcome this problem, 
some methods have been recommended to increase the 
repair bond strength of composite. The most commonly 
used method for this purpose is to increase the surface 
roughness via mechanical preparation followed by the 
application of silane and low-viscosity adhesives to help 
achieve a chemical bond (8). In fact, mechanical surface 
preparation aims to eliminate the outermost layer, pro-
vide a clean surface with high surface energy and create 
irregularities and porosities on the surface to increase 
the bonding surface area. 
A recently suggested technique for this purpose is to use 
erbium lasers (9). Success of composite repair depends 
on duration and conditions of aging of old composite 
(duration of clinical service). These conditions should 
be taken into account by in vitro studies to simulate the 
clinical setting by artificial aging. Thermocycling is 
the most effective aging protocol. In this method, high 
heat in alternating cycles weakens the physicochemical 

properties of composite and decreases the number of 
unreacted double bonds on the surface and within the 
composite structure (10). Negative effects of thermo-
cycling are influenced by the frequency of cycles, and 
the effect of 5000 thermal cycles on reduction of repair 
bond strength has been demonstrated in some previous 
studies (10,11). On the other hand, since 10,000 thermal 
cycles correspond to about one year of clinical service of 
composite (12), 10,000 thermal cycles are used to better 
simulate aging in the clinical setting. 
This study aimed to assess the effect of surface treatment 
by laser and bur and frequency of thermal cycles on re-
pair bond strength of composite. Also, in this study, the 
effect of thermocycling after bond was also evaluated to 
determine the durability of bond. 

Material and Methods 
-Fabrication of composite blocks: 
Totally, 120 composite blocks measuring 4x4x6 mm 
were fabricated of Filtek Z250 composite (A3 shade; 
3M ESPE, MN, USA) in a plastic mold. Prior to appli-
cation of composite, the mold was fixed on a glass slab. 
Composite was packed in the mold by a composite ins-
trument. The composite block was light-cured from all 
directions for 40 seconds using VALO light curing unit 
(Ultradent Products, Inc., South Jordan, UT, USA) with 
a light intensity of 1000 mc/cm2 at 3mm distance. After 
removing the composite from mold, composite blocks 
were randomly divided into three groups (n=40). 
1. Immersion in distilled water for 24 hours
2. 5,000 thermal cycles
3. 10,000 thermal cycles
All thermal cycles were performed between 5-55°C with 
20 seconds of dwell time. Each group was then divided 
into two subgroups (n=20) for mechanical preparations 
as follows:
1. Bur preparation: One surface of samples was roughe-
ned by diamond bur (835/008; Tees Kavan, Iran) using 
a high speed handpiece under water spray for three se-
conds. A new bur was used for preparation of every five 
blocks.
2. Preparation with Er,Cr:YSGG laser: One surface of 
each sample was irradiated by Er,Cr:YSGG laser (water 
lase, Biolase, Technology, san clement, CA, USA). Laser 
was irradiated in pulse mode with 2.78µm wavelength, 
20Hz frequency and 3W power for 10 seconds with back 
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and forth motion perpendicular to the surface. The dis-
tance from the tip of laser handpiece (M28-6mm – Zip 
Tip- biolaser) to surface was 1mm. Laser was irradiated 
under water spray. 
The surfaces of all samples prepared by laser and bur 
were etched with 37% phosphoric acid (Etch Royal, 
Pulpdent, Watertown, USA) for 15 seconds, rinsed for 
15 seconds and completely dried with air spray. Silane 
(Angelus, Emergo Erupe, Metherland) was then applied 
by a microbrush on the surface of samples according to 
the manufacturer’s instructions for 10 seconds and after 
one minute, it was dried by air spray. Adper Single Bond 
2 (3M ESPE, St. Paul, MN, USA) was then applied on 
the silane for 10 seconds and light-cured for 20 seconds. 
Repair composite (Filtek Z250; 3M ESPE, St. Paul, 
MN, USA) was then applied to a plastic mold measuring 
3x3mm placed at the center of surface of each sample 
and light-cured for 40 seconds. After removing the mold, 
final curing of the samples was done for 20 seconds. All 
samples were stored in distilled water. Next, half of the 
samples in each subgroup (n=10) were subjected to 5000 
thermal cycles between 5-55°C with 20 seconds of dwell 
time (for assessment of durability of bond).

-Shear bond strength testing: 
Samples stored in distilled water at 37°C for 24 hours 
and those subjected to thermocycling underwent shear 
bond strength testing in a universal testing machine 
(Zwick Roell, Ulm, Germany) and load was applied to 
the interface of new and old composite resins by a blade 
at a crosshead speed of 1mm/minute until failure. Bond 
strength data were converted to megapascals and analy-
zed using one-way ANOVA and Tukey’s test. 
-Assessment of mode of failure: 
The fracture surfaces were evaluated under a stereomicros-
cope (Nikon, Tokyo, Japan) at x40 magnification to deter-
mine the mode of failure.  Mode of failure was categorized 
as adhesive, cohesive or mixed (a combination of adhesive 
and cohesive). The study has been approved by the ethics 
committee of Tehran University of medical sciences.

Results 
Table 1 shows the mean and standard deviation of 
shear bond strength in the study groups. According to 
one-way ANOVA, surface preparation by bur and laser 
had a significant effect on bond strength (P<0.001). As 
shown in Figure 1, bur preparation had a greater effect 

Std.
deviation

MeanMaximumMinimumGroup NO Thermocycling  

3.657 21.450 28.850 16.020 G1Immediate 

Bur 

Distilled water
2.696 19.169 22.740 15.450 G2Aged

4.083 18.728 27.670 13.440 G3Immediate 
Laser 

3.947 18.398 25.080 13.430 G4Aged

2.859 22.027 26.140 17.500 G5Immediate 

Bur 

5,000 
4.140 20.547 29.600 14.730 G6Aged

2.487 16.619 20.280 11.440 G7Immediate 

Laser 
2.139 16.059 19.270 13.520 G8Aged

4.768 18.449 24.210 11.430 G9Immediate 

Bur 

10,000
3.514 19.086 25.350 14.010 G10Aged

3.245 13.671 19.910 8.532 G11Immediate 

Laser 
2.904 14.079 18.220 10.312 G12Aged

Table 1: The mean and standard deviation of shear bond strength in the study groups.
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Fig. 1: Shear bond strength in the study groups.

on improving the bond strength compared to laser. Also, 
primary aging had a significant effect on bond strength 
(P<0.001). Tukey’s test was used for pairwise compari-
sons of the groups and showed no significant difference 
between distilled water and 5000 thermal cycles groups 
(P=0.699). However, significant differences were no-
ted between distilled water and 10,000 thermal cycles 
(P=0.000) and 5000 and 10,000 thermal cycles groups 
(P=0.005) such that 10,000 thermal cycles significantly 
decreased the bond strength.
As shown in Figure 1, significant differences were noted 
between bur and laser prepared groups with 95% confi-
dence interval.
Figure 2 shows the frequency of modes of failure in the 
study groups (in percentage)

Discussion 
This study assessed the effect of aging by thermocycling 
and surface preparation on repair bond strength of com-
posite resin.
Shear test was used to assess the bond strength, which 
is the most commonly used test for assessment of repair 
bond strength (13-17). This method has advantages such 
as easy preparation of samples and simple testing pro-
tocol (18). On the other hand, shear test simulates the 
oral clinical setting more efficiently than other tests in 
assessment of composite-composite bond (13,19). Re-
pair of composite restorations is superior to complete 

replacement in terms of cost, accuracy and preserving 
the tooth structure (5). 
Composite repair may be required a couple of months 
or years after the first restoration. Thus, some changes 
might have occurred in the primary composite restora-
tion over time such as water sorption, chemical degra-
dation and leaching of some constituents; these chan-
ges can negatively affect the repair process (20). On the 
other hand, age of restoration plays an important role in 
repair bond strength (21). There are still some discus-
sions and questions regarding the efficacy and durability 
of repaired composites depending on duration of clinical 
service. Thus, the current study was performed to eluci-
date this topic. 
Özcan et al. (10) stated that thermocycling is more effec-
tive than other methods for simulation of aging of com-
posites and creates more challenging conditions for com-
posite restorations. Thermocycling is performed aiming 
to create thermal strains at the bonding interface by ther-
mal changes in water baths between 5-55°C. Repetition 
of thermal alterations in this process weakens the bond 
between resin matrix and filling material (22). Several 
factors in thermocycling can affect the bond strength test 
result such as temperature setting, dwell time and num-
ber of cycles. The latter is the most effective parameter 
in this respect (23). Thus, in this study, number of ther-
mal cycles was considered as one of the variables. Öz-
can et al. (10) and Rinastiti et al. (11) showed that 5000 
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Fig. 2: The frequency of modes of failure in the study groups (in percentage).

thermal cycles affect the bond strength of composites. 
On the other hand, Gale et al. (12) suggested that 10,000 
thermal cycles (considering the fact that 20 to 25 ther-
mal cycles averagely occur per day) correspond to one 
year of clinical service of composite restorations. Thus, 
number of cycles (5000 and 10,000) was considered as a 
variable in our study. 
Free radicals in composite resins are responsible for ad-
hesion between different composite layers. These free 
radicals decrease following aging. The greatest activity 
of residual free radicals of substrate occurs within 24 
hours after composite polymerization (24). In this study, 
groups without aging which underwent repair process 
after 24 hours served as controls for the purpose of com-
parison and assessment of the effect of number of ther-
mal cycles on adhesion in composites. Our results revea-
led that 5,000 thermal cycles did not have a significant 
effect on repair bond strength of composite, which was 
in line with the results of Magni et al. (25). However, 
Özcan et al. (10) and Rinastiti et al. (11) showed that 
this frequency of thermal cycles significantly decreased 
the repair bond strength of composite. Bektas et al. (26) 
demonstrated that 5000 thermal cycles decreased the 
bond strength only in samples prepared by bur and had 
no significant effect on bond strength of samples pre-
pared by laser. The difference between our results and 
those of other studies may be due to several factors such 
as differences in the types of composite resins used, di-
fferent surface treatment methods in repair process and 
different testing conditions. 
Based on the current results, surface preparation by bur 
yielded higher bond strength compared to laser appli-
cation. Both bur and laser increase surface roughness 

and free surface energy (27). However, differences 
in the results appear to be due to different patterns of 
surface roughness following the use of these methods 
(28). Tabatabaie et al. (29) mentioned that following the 
use of bur, macroretentive and microretentive areas are 
created, which enhance optimal bond while laser appli-
cation mainly creates macroretentive areas, which was 
also observed in our study. Kimyai et al. (9) reported 
that repair bond strength of composite following surface 
preparation by laser was significantly higher compared 
to bur. One reason for the difference between our results 
and those of Kimyai et al. is the difference in laser pa-
rameters. We used 3W laser power while they used 2W 
laser. Evidence shows that laser parameters can signifi-
cantly affect the bond strength (26,30), and the higher 
the energy and power of laser, the greater would be the 
destruction caused by laser irradiation. In other words, 
increasing the power of laser increases the diameter and 
depth of ablated area and micromechanical retention 
decreases as such (31). Laser irradiation can also cause 
separation of filler from matrix, which can negatively 
affect the bond strength (32). Lizarelli et al. (33) stated 
that difference in size of particles and composite resin 
composition can affect the volume and depth of ablation. 
On the other hand, Z250 hybrid composite was used in 
this study, which has lower cohesion level than other 
composites and is easily ablated following laser irradia-
tion. Resultantly, destructive effects of laser would be 
greater on this composite compared to other composites 
(34). 
On the other hand, our results revealed no significant di-
fference in primary bond strength (after 24 hours) and 
bond strength after 5,000 thermal cycles (for assessment 
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of durability of bond) in different groups. In fact, after 
repair, thermocycling negatively affects adhesion due 
to mechanical stresses applied to the bonding interface 
(due to difference in the coefficient of thermal expansion 
of materials) as well as hydrolytic degradation of hydro-
philic elements in adhesives (35). In our study, 5,000 
thermal cycles had apparently no significant effect on 
bond strength. Higher number of cycles or other aging 
methods such as water storage for a couple of months 
may negatively affect the bond strength. Another issue 
with regard to aging by thermocycling is that following 
thermal changes (to simulate aging), post-curing occurs 
at the bonding interface, which is actually beneficial and 
reverses the negative effect of thermocycling, i.e. hydro-
lytic degradation. In fact, post-curing and hydrolytic 
degradation are the positive and negative effects of ther-
mocycling, respectively. Thus, absence of a significant 
difference between immediate bond strength and bond 
strength after thermocycling may be attributed to the 
positive effect of post-curing compensating for the ne-
gative effect of hydrolytic degradation (8). Teixeria et 
al. (36) stated that repair bond strength must be in the 
range of 15 to 25 MPa. In this study, most groups (ex-
cept for groups 11 and 12) yielded optimal repair bond 
strength. The low mean repair bond strength in groups 
11 and 12 was due to the negative interaction effect of 
high number of thermal cycles and laser application on 
bond strength. In the above-mentioned two groups, fa-
ilure mode was mainly adhesive. Pairwise comparison 
of bond strength in the same subgroups (similar aging) 
revealed that laser treated groups had higher frequen-
cy of adhesive failure and lower frequency of cohesive 
failure compared to bur-prepared groups, which further 
highlights the superior efficacy of bur compared to la-
ser for this purpose. 
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