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ABSTRACT

Background: Only a few controversial studies have assessed the repair bond strength of a 
fresh composite to aged composite. Moreover, no studies exist on repair bond strength of fresh 
composites to bleached composites. Therefore, this preliminary study was conducted to assess 
repair shear bond strength (SBS) of three composites bonded to nonbleached and at‑home and 
in‑office bleached composites.
Materials and Methods: In this experimental in vitro study, 108 disks (36 specimens per composite) 
of hybrid, microhybrid, and nanofilled composites were divided into three subgroups of three 
bleaching treatments: no bleaching (control), at‑home bleaching, and in‑office bleaching. Composite 
disks were incubated for 4 weeks in artificial saliva (also dipped in tea and coffee for 3 h a day). 
They were then thermocycled (5000 cycles). Afterward, the control group remained unbleached, 
while the other groups were bleached according to office and home bleaching methods. They were 
repaired with the same composite type. Their repair SBS and mode of failure were measured and 
analyzed using two‑way ANOVA, Tukey, one‑sample t‑test, and Chi‑square tests (α = 0.05, β = 0.2).
Results: The mean (standard deviation) SBS values of hybrid, microhybrid, and nanofilled 
composites were 20.71 ± 5.99, 21.06 ± 6.68, and 9.46 ± 4.32 MPa, respectively. The mean SBS 
values of the bleaching techniques “home bleaching, office bleaching, and no bleaching (control)” 
were, respectively, 16.35 ± 7.13, 16.39 ± 8.07, and 18.49 ± 8.35 MPa. There was a significant 
difference among composites (two‑way ANOVA P = 0.000) but not among nonbleaching/bleaching 
methods (P = 0.176). Their interaction was significant (P = 0.017). The difference between hybrid and 
microhybrid was not significant. Nevertheless, nanofilled had significantly poorer results compared 
to both hybrid and microhybrid composites (Tukey P = 0.000). Both hybrid and microhybrid were 
capable of producing satisfactory clinical repair bond strengths (above 20 MPa) regardless of 
bleaching or lack of it. Nanofilled composite failed to provide proper repair SBS values, even in 
the control (no‑bleaching) group. By moving from Z100 or from Z250 to Z350, modes of failure 
shifted from mostly cohesive to mostly adhesive (P < 0.05).
Conclusion: Bleaching of an aged composite might not affect the repair bond strength. Hybrid 
and microhybrid composites can provide clinically acceptable repair bond strengths, regardless of 
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INTRODUCTION

The discoloration of teeth can disrupt facial beauty; 
hence, numerous methods are used to treat it. 
Compared to various restorative techniques such 
as crowns or veneers, dental bleaching is a good 
way to improve the esthetics of discolored teeth.[1] 
Bleaching is the least invasive method with a long 
and successful history. This technique is used to 
whiten and brighten teeth because of its benefits such 
as material availability, low cost, and high application 
safety.[2] Dental bleaching can be done under the 
supervision of a dentist or in the dental office using 
gel or paste containing high concentrations of 
hydrogen peroxide (30%–35%) or carbamide peroxide 
35% for a faster effect or can be done at home by the 
patient and using a specialized tray and gel usually 
containing up to 10% hydrogen peroxide or up to 
16% carbamide peroxide or higher concentrations.[3‑6] 
Bleaching agents whiten dental structures by breaking 
peroxides into free radicals and oxidizing large 
pigment molecules.[7,8] Of course, light and heat can 
be used in the office to break hydrogen peroxide into 
active oxygen faster and more effectively.[9]

Various factors including staining or fractures can 
disrupt the esthetic and/or function of composite 
resin restorations.[10‑13] Esthetic restorations change 
in appearance over time due to factors including 
light, moisture, oral habits such as tobacco use, 
specific dietary habits such as daily consumption of 
caffeine, alcohol, or tea on the external color change 
of restorative materials.[14,15] The color change of the 
restoration can also be due to internal factors when the 
composite is aged in the oral environment and under 
specific physical and thermal conditions such as high 
temperature changes and high humidity, hydrolyzed 
polymer matrix becomes hydrolyzed, and fillers with 
defective silane can be separated from the composite.[16]

Such compromised esthetic restorations can be either 
fully replaced or repaired.[12,13] Albeit the most frequent 
practice is currently complete substitution, it is 
overtreatment while restorations can be fixed usually 
with partial replacements; and it can remove intact 
dental structures and etched enamel, endanger tooth 

or pulpal tissues, and enlarge the cavities.[13,17,18] Thus, 
it seems that repair can be a better option in many 
conditions.[12,13,17‑20] Nowadays, the use of esthetic 
restorative materials, especially composite resins, for 
the purpose of repairing and restoring, old composites 
are an important part of modern dentistry.[21]

Nevertheless, repair has its own drawback: it 
can deteriorate the bonding potential of the fresh 
composite to the older one.[12,13,21‑24] A nonpolymerized 
oxygen‑inhibited layer of resin is needed for the 
proper adhesion between fresh and old composite 
surfaces.[12,13,19,25,26] This nonpolymerized film can be 
compromised by water sorption and aging, which 
can also diminish the amount of unsaturated double 
carbon = carbon bonds, can cause water infiltration 
into the junction of fillers and matrix, deplete 
monomers, and wear of the surface.[12,13,25,27‑29]

A way of extra aging and chemical manipulation of 
composite structures can be bleaching: organic matrix 
of composite resins is more susceptible to chemical 
modifications as a result of bleaching and may affect 
the hardness of the restorative materials and the 
clinical durability of esthetic restorations.[30] In many 
patients who require tooth whitening, there may 
be previous composite restorations; and bleaching 
treatment may influence these restorations and 
restoration‑tooth junctions. An example of such 
adverse effect is the microleakage of bleached old 
composite restorations that cause the recurrence 
of caries, pulpitis, discoloration, tooth sensitivity, 
and reduction of shear bond strength (SBS) to new 
restorative materials.[31‑33]

Research on repair bond strength of composites to 
aged composites is a few and controversial and limited 
to few types and brands of composites.[13] Moreover, 
there is no research on repair bond strength of new 
composites bonded to bleached older composites. 
Since this matter is of clinical significance and yet not 
studied, this preliminary study was conducted.

MATERIALS AND METHODS

In this in vitro experimental study, 108 composite 
samples were made and tested [Table 1]. All of 

bleaching. Nonetheless, nanofilled composite is inferior to them and cannot provide appropriate 
repair bond strengths (regardless of bleaching).
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bleaching
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these composites are manufactured by 3M Company 
(3M ESPE, USA) and include the Filtek Z250 
(micro hybrid), Filtek Z350 (nanofield), and Filtek 
Z100 (hybrid).

Each composite specimen consisted of 36 disk‑like 
specimens with a diameter of 4 mm and a thickness 
of 3 mm. All A3 shades were selected for uniform 
shading. The disks were mounted on a glass plate of 
Mylar tape, and a 3 mm × 8 mm plastic mold was 
placed on it. The composite was placed inside the 
mold and covered with a Mylar strip (Sina/Iran).[34] 
Prior to curing, a glass slab was placed on the surface 
of the composite to remove its excesses and reduce 
porosity. Slabs were removed, and samples were cured 
for 40 s with a light cure LED (Demi/Kerr/USA) and 
800 mw/cm2 power. All samples were finished using 
silicon carbide polishing disks (SofLex/3M/USA) 
in the order of medium, fine, and superfine disks, 
respectively. All samples were washed with water 
for 2 min to remove surface debris and then kept 
in distilled water at 25°C for 24 h to complete the 
polymerization process.[34]

Aging
To simulate aged composite specimens in the 
mouth, the specimens were kept in artificial saliva 
(Hypozalix/France) for 4 weeks.[35] Samples were 
also incubated at room temperature for 3 h in tea 
(Ahmad/England) and coffee (Nestle/Brazil) staining 
solution, and this solution was replaced daily.[16] 
After this period, the samples were placed in a 
thermocycling device for 5000 cycles at temperatures 
of 5°C–55°C to simulate the thermal aging process.[36]

Bleaching
Then, the samples of each composite group were 
randomly divided into three subgroups of n = 12 
each:[34] Group A (control group): the specimens in 
this group were kept in artificial saliva for 14 days 
and were not bleached. Group B (in‑office bleaching): 
samples were bleached for three periods of 30 min 

with 35% hydrogen peroxide gel (FGM/Brazil). The 
interval between each two treatment periods was 
1 week. Group C (at‑home bleaching): samples were 
bleached for 14 days and daily for 4 h with 16% 
carbamide peroxide gel (FGM/Brazil). During testing, 
the samples were kept at room temperature, and after 
each treatment phase, the samples were washed with 
water syringe to remove bleaching materials from the 
surface. Samples were kept in artificial saliva between 
treatment periods.[8]

Shear bond strength
To evaluate the SBS, a cylinder 2 mm high and 
4 mm in diameter from the same‑name composite 
was bonded to each composite disk. For bonding the 
new composite, the surface of the composite disk was 
first roughened with diamond bur (Tizkavan‑Iran) 
and surface etching with 35% phosphoric acid 
(Voco, Cuxhaven, Germany) for 20 s and washing for 
15 s and then drying for 10 s. Then, silane was applied 
on the surface of aged composite (Monobond‑S, 
Ivoclar Vivadent) and we waited for 4 min for the 
solvent to evaporate. Then, using a microbrush, 
two layers of fifth‑generation dentin bonding agent 
(3M ESPE, Adper Single Bond 2, USA) was applied 
on the surface and dried for 5 s by air spray and light 
cured for 20 s at a distance of 1 mm. Finally, one 
layer of new, same‑name composite 2 mm thick was 
placed on the surface and cured for 40 s.

SBS testing was performed using a universal testing 
machine, set at 500 kg of force and a crosshead speed 
of 1 mm/min. The breakage force (Newton) was 
divided by the surface area (12.566 mm2) to calculate 
SBS in mega Pascal (MPa).

Detached specimens were examined under 
stereomicroscopy at ×20 and divided into three types 
of adhesive, cohesive, or hybrid fractures.

Statistical analysis
To obtain a power of 80% at a 0.05 level of significance 
and according to a previous study on microhardness 
by bleaching (since there was no study on our own 
subject)[34] with the standard deviation (SD) of 0.75 
and to reach a significant difference of at least 1.2 units 
of difference in the groups, 12 samples per group were 
required. This meant nine groups of 12 specimens 
each (3 composite types ×3 bleaching methods). 
Descriptive statistics were calculated for the groups. 
Kolmogorov–Smirnov test confirmed the normality 
of SBS sample. Two‑way analysis of variance was 
used to assess the bleaching and composite types. 

Table 1: Materials used in this study
Brand Ingredients Type
Z100 Matrix: Bis‑GMA and TEGDMA; Filler: single 

filler 100% zirconia/silica (0.01‑3.5 lm); Filler 
volume: 66%

Hybrid

Z250 Matrix: Bis‑GMA, UDMA, and Bis‑EMA; Filler: 
zirconia/silica (0.01‑3.5 lm); Filler by volume: 60%

Microhybrid

Z350 Matrix: Bis‑GMA, UDMA, TEGDMA, and Bis‑EMA; 
Filler: combination of aggregated zirconia/silica 
cluster filler (0.6‑1.4 µm) and nonaggregated 
20‑nm silica filler; Filler volume: 59.5%

Nanofilled



Figure 1: Estimated marginal means and 95% confidence 
interval for repair shear bond strength (MPa) of different 
subgroups.
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Tukey post hoc test was performed for pairwise 
comparisons. All SBS values were compared with 
the constant value 20 MPa as a clinically acceptable 
repair bond strength.[12,37‑39] Modes of failure were 
assessed using a Chi‑square test. The software in use 
was SPSS 25 (IBM, Armonk, NY, USA). The level of 
significance was predetermined as 0.05.

RESULTS

Descriptive statistics and 95% confidence interval for 
SBS values of the subgroups are presented in Table 2 and 
Figure 1. Overall, the mean (SD) SBS values of Z100, 
Z250, and Z350 were 20.71 ± 5.99, 21.06 ± 6.68, and 
9.46 ± 4.32 MPa, respectively (n = 36 per composite). 
The mean SBS values of the bleaching techniques “home 
bleaching, office bleaching, and no bleaching (control)” 
were, respectively, 16.35 ± 7.13, 16.39 ± 8.07, and 
18.49 ± 8.35 MPa (n = 36 per bleaching method). The 

two‑way ANOVA showed that there was a significant 
difference among three composite types (P = 0.000). 
However, bleaching (or lack of it) did not have a 
significant effect on SBS values (P = 0.176). The Tukey 
test showed that there was not a significant difference 
between Z100 and Z250 (P = 0.961). However, 
Z100 was significantly superior to Z350 (P = 0.000). 
Similarly, Z250 was as well significantly better than 
Z350 (P = 0.000). The interaction of composite and 
bleaching methods was significant (P = 0.017), meaning 
that different composites had different patterns of SBS 
trends under various bleaching conditions [Figure 1]: 
Z100 showed no considerable difference in three 
bleaching methods; Z250 was most vulnerable to home 
bleaching technique, while Z350 showed the least SBS 
values in the case of office bleaching.

The one‑sample t‑test showed that, compared to 
the value 20 MPa, only nanofilled composite had 
significantly lower repair SBS values [Table 2]. The 
hybrid and microhybrid composites had SBS values 
either significantly >20 MPa value, or not significantly 
smaller than it.

The mode of failure showed that, by moving from 
Z100 or from Z250 to Z350, modes of breakage 
shift from mostly cohesive to mostly adhesive. The 
Chi‑square test detected a significant trend in this 
regard [P < 0.05, Table 3]. The mode of failure also 
changed across bleaching methods, shifting from 
mostly cohesive detachments in the control group 
(no bleaching) to a considerable number of adhesive 
and mixed failures [P = 0.031, Table 3].

DISCUSSION

Although an acceptable repair bond strength is not 
estimated in clinical studies, it is suggested that 

Table 2: Descriptive statistics and 95% confidence interval for repair shear bond strength values (MPa, 
number of each row=12)
Bleaching Composite Mean±SD Minimum Maximum Percentiles 95% CI P

25th Med 75th

None 
(control)

Z100 20.84±7.04 14.72 40.75 15.84 19.07 23.04 16.85‑24.82 0.688
Z250 24.52±6.01 16.76 38.56 19.73 23.64 27.53 21.12‑27.92 0.025
Z350 10.10±3.72 3.77 16.75 8.19 9.57 12.69 8.00‑12.21 0.000

Home 
bleaching

Z100 21.51±6.10 12.55 34.00 17.45 20.75 22.83 18.05‑24.96 0.411
Z250 16.65±6.76 5.31 26.70 10.59 17.68 22.48 12.83‑20.48 0.114
Z350 10.90±4.14 4.08 18.74 7.74 11.85 13.58 8.56‑13.25 0.000

Office 
bleaching

Z100 19.80±5.07 11.16 27.69 15.92 20.00 24.32 16.93‑22.67 0.893
Z250 22.01±4.97 13.54 29.90 17.43 23.47 25.86 19.20‑24.82 0.189
Z350 7.37±4.56 0.26 14.54 2.61 8.16 11.02 4.79‑9.95 0.000

The P value is calculated using the one‑sample t‑test comparing mean shear bond strength values with the value 20 MPa. SD: Standard deviation; CI: Confidence interval
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SBS values about at least 15–30 MPa can properly 
attach composites to enamel.[12,13,38] Similar SBS 
values can be considered for repair bond strengths 
of fresh composites to old composites.[12,13,40] Some 
investigators have suggested that a clinically 
satisfactory repair bond strength needs to be above 
18 MPa or at least between 20 and 25 MPa.[12,13,37‑39] 
We compared our results with the value 20 MPa and 
noted that only the nanofilled composite failed to 
reach clinically sufficient bond strengths (even when 
bleaching had not been done). The other two groups 
succeeded to produce high‑enough repair SBSs 
(either significantly above 20 MPa or not significantly 
different from it) either in the absence of bleaching 
or in its presence. This was similar to another study, 
in which the nanofilled composite had provided lower 
repair bond strengths.[13] However, our finding was 
in contrast to another one that showed nanofilled 
composite to have better repair bond strengths.[41] The 
reasons for controversy can be various methodological 
differences (such as methods of aging, brands of 
composite in use, and different types of composite 
tested).[12,26,42]

Bleaching materials in contact with composite 
restorations can affect the organic and inorganic 
structure of the composite and cause chemical, 
superficial, and physical alterations that may affect the 
clinical durability of the restoration.[43] Therefore, in 
such cases, the effect of bleaching on the properties of 
existing composite restorations with different adhesive 
materials is of clinical importance.[44] The bleaching 

changes surface properties of the composite such 
as its microhardness.[43] If the composite contains a 
dense polymeric network with heavy molecules, the 
bleaching agent needs more time to penetrate it.[45] 
Until now, some studies have been performed on the 
effect of bleaching agents on the microhardness of 
various composite types, with controversial results: 
some studies have reported a decrease, some an 
increase, and others reported no significant change in 
the hardness of the composite.[35,46,47] Ferrari et al.[1] 
assessed the effect of internal bleaching on SBS of 
composite‑to‑composite bond. They reported that some 
bleaching regiments (those involve the use of sodium 
perborate mixed with water or 3% hydrogen peroxide) 
increased the bond strength. Their results might be 
attributed to the use of specific bleaching agents as 
well as the method of surface treatment.

The repair bond of the new composite to the old 
composite can be assessed in vitro by the essential 
restoration tests being repair bond strength and mode 
of failure.[12,13,48] Failure modes can be interpreted in a 
way that materials with high SBSs will demonstrate 
cohesive failure through the composite. Whereas 
materials that have low bond strengths can show 
more adhesive failures rather than cohesive failures. 
Therefore, in a study on modes of failure, failures 
through the composite resin (cohesive failure) can be 
more desirable for tolerating occlusal loads.[12,48,49] In 
the current study, the nanofilled composite showed 
mostly adhesive and mixed failures, indicating 
less proper bearing of occlusal loads in the oral 
environment. However, the hybrid and microhybrid 
composites showed mostly cohesive failures which 
are favorable.

The need for bonding new composites to repair old 
composites has always been felt in the clinic, and 
several factors, including surface preparation, affect 
the strength of the intermediate bond in repaired 
composite restorations. Mechanical stress and surface 
roughness are important factors in establishing a 
proper bond between the previous restoration and the 
new restorative material.[30] Accordingly, one of the 
major problems in repairing old composite restorations 
is to create a strong bond between the new and old 
composites. Since removing and completely replacing 
the old restoration weakens the tooth structure and 
removes the healthy tooth tissue, repair of the old 
restoration seems more reasonable than its total 
replacement, as the risk of damage to the pulp is also 
reduced.[48,50] Rueggeberg and Margeson[51] as well 

Table 3: Net (%) distributions of specimens with 
cohesive, mixed, and adhesive modes of failure in 
different subgroups and groups, and results of the 
Chi‑square test
Bleaching Composites Cohesive Mixed Adhesive P
None (control) Z100 12 (33.3) 0 0 0.020

Z250 11 (30.6) 0 1 (2.8)
Z350 6 (16.7) 3 (8.3) 3 (8.3)

Home 
bleaching

Z100 11 (30.6) 1 (2.8) 0 0.000
Z250 4 (11.1) 4 (11.1) 4 (11.1)
Z350 1 (2.8) 2 (5.6) 9 (25)

Office 
bleaching

Z100 9 (25) 2 (5.6) 1 (2.8) 0.000
Z250 12 (33.3) 0 0
Z350 0 5 (13.9) 7 (19.4)

All bleaching 
methods

Z100 32 (29.6) 3 (2.8) 1 (0.9) 0.000
Z250 27 (25) 4 (3.7) 5 (4.6)
Z350 7 (6.5) 10 (9.3) 19 (17.6)

None (control) All 
composites

29 (26.9) 3 (2.8) 4 (3.7) 0.031
Home bleaching 16 (14.8) 7 (6.5) 13 (12)
Office bleaching 21 (19.4) 7 (6.5) 8 (7.4)
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as Dishman et al.[52] believe that the lack of SBS of 
resin composites to the bleached old composite after 
bleaching can be due to the production of free radicals 
and oxygen residues derived from hydrogen peroxide, 
which could inhibit polymerization and break down the 
polymer chain and chemical double bonds.[53] Surface 
properties of composites have an influence on the 
bond between new composite and the old composite. 
A considerable part of repair bond is chemical and 
caused by monomers of the fresh composite and 
monomers in the oxygen‑inhibited layer of the old 
composite.[13,25,26,29] Many factors determine how the 
repair will succeed such as surface characteristics of 
the old composite like its wettability and smoothness 
besides the surface treatments applied.[13,17,48,54‑57] 
Such treatments include washing, etching, applying 
silane or bonding agent, abrading using disks or 
burs, sandblasting, or laser irradiation.[12,13,26,48,57‑59] 
These treatments are highly controversial[27] reporting 
success for acid etching using hydrofluoric and 
phosphoric acids and surface treatment with burs or 
sandblasting[13,23,24,56] versus lack of such successes.[10,60] 
Not only surface roughening is necessary, it is one 
of the most important procedures to improve repair 
bond strength, and this is because of broadening 
the surface and creating more microinterlocking 
and macrointerlocking.[12,13,20,25,26,29,48,57,58,61,62] Besides, 
trimming a layer of composite can expose the 
underlying fresh composite which might contribute 
to increased bond strength.[13,26,58] Still, repair bond 
strength might not reach an original bond between 
two fresh composites, because of the lack of the 
oxygen‑inhibited layer, reduced monomers, and 
water sorption that can reduce silane among other 
effects.[17,26,29,62‑65] Moreover, thermal fluctuations 
can cause microcracks through the interface of resin 
with fillers or through the resin itself.[13,17,63,66] This is 
why thermocycling reduces SBS,[49,67,42] and why we 
thermocycled our specimens for 5000 cycles, instead 
of placing them in citric acid or water.[13,27,56] We also 
used artificial saliva incubation in order to simulate 
oral condition better. The roughening technique can 
matter; different methods of surface roughening can 
affect the overall SBS, but since they were the same 
for all groups, their effects on the SBS would be less 
visible.

Surface topology can also be influenced by the ratio 
and composition of fillers.[13,17] Nanocomposites are 
said to have a high proportion of filler particles and 
therefore might have superior physicomechanical 

properties. Interestingly, in spite of their vast usage 
in esthetic dentistry, their repair bond strengths are 
not examined apart from merely a few controversial 
researches.[13,17,24] A previous study showed that 
nanocomposites had the lowest repair bond strengths 
while microhybrid composites might have a better 
repair bond strength,[13] consistent with our findings. 
In our study, nanocomposite failed to produce 
proper repair bond strengths in the presence or 
absence of bleaching. Clinical performance of 
dental composites is affected by a low degree of 
conversion (DC).[68‑71] Monomers might exhibit 
considerable residual unsaturation in the final product 
so that the DC might range from 55 to 75%.[29,72‑75] 
An inadequate rate of polymerization might lead to 
weakened bonding strengths, low physicomechanical 
properties, the release of toxic materials such as 
monomers and initiators.[29,72‑75] After polymerization, 
BA films – particularly simplified ones – might behave 
as permeable membranes, allowing water to flow from 
the dentin substrate to the top of the adhesive layer, 
weakening the coupling with resin‑based restorative 
materials, plasticizing polymers, degrading the bonded 
interface, and forming a permeable interface along the 
margin of the restoration which can negatively affect 
the longevity of the bonded restoration.[76] Monomer 
trapped in the restoration can decrease the clinical 
serviceability of composite through oxidation and 
hydrolytic degradation, leading to discoloration of 
the fillings and accelerated wear. These unfavorable 
changes may lead to restoration detachment, and 
caries formation, or discoloration around the adhesive, 
which are of great clinical concern.[77] Therefore, 
assessment of the degree of polymerization of various 
dental monomer systems is of significant value.[78]

CONCLUSION

The findings of this study suggest that, overall, 
bleaching of an aged composite might not affect the 
repair bond strength of a fresh same‑name composite 
to the older one. However, different composites 
had different profiles of SBS trends under various 
bleaching conditions: Z100 showed no considerable 
difference in three bleaching methods; Z250 was 
most vulnerable to home bleaching technique, while 
Z350 showed the least SBS values in the case 
of office bleaching. The hybrid and microhybrid 
types can produce clinically acceptable repair bond 
strengths, either in the absence of bleaching or in 
its presence (regardless of the method of bleaching). 
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However, nanofilled composite cannot produce proper 
repair bond strengths no matter if bleaching has been 
done or not.
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