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Abstract 

Background and Aim: This study assessed the effects of composite 

type, adhesive type, adhesive application protocol, and storage time on 

repair microshear bond strength (µSBS) of composite restorations.    

Materials and Methods: This in vitro, experimental study was 

conducted on Z350 and Point 4 (n=360) composite discs that were 

stored in water for 3 weeks at 37°C. After roughening by bur and 

etching, the specimens were divided into 24 groups (n=15) based on 

the type of composite (Z350 and Point 4), type of universal adhesive 

(G-Premio Bond and Clearfil Universal Bond Quick), adhesive application 

protocol (according to the manufacturer’s instructions, waiting for 30 

seconds, or diode laser irradiation of adhesive prior to polymerization 

for 30 seconds), and storage time (24 hours or 1 year). The specimens 

were bonded to Z250 repair composite, and underwent µSBS test. The 

mode of failure was also determined. Data were analyzed by four-way 

ANOVA and Tukey’s test (alpha=0.05).    

Results: Four-way ANOVA showed significant effects of adhesive 

application protocol (P=0.000) and storage time (P=0.000) on µSBS. 

The interaction effect of the two on µSBS was also significant 

(P=0.046). The µSBS after 24 hours was higher than that after 1 year 

irrespective of the adhesive application protocol. The µSBS was 

maximum in the laser group followed by waiting for 30 seconds, and all 

pairwise comparisons were significant in this respect (P=0.000). 

Conclusion: In aged composite restoration repair, diode laser 

irradiation of adhesive prior to polymerization or waiting for 30 seconds 

prior to adhesive curing can enhance the µSBS.  

Keywords: Composite Resins; Dental Restoration Repair; Shear 

Strength  
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Introduction 

Resin-based composites are currently the 

most commonly used dental materials for 

restorative procedures [1]. Despite the great 

advances made in their mechanical and physical 

properties, failure of composite restorations still 

occurs due to several reasons, mainly related to 

oral environmental conditions [1,2]. The annual 

failure rate of anterior and posterior composite 

restorations ranges from 1% to 4% [3,4]. In 

general, failed restorations should either be 

replaced or repaired [5]. Repair of partially 
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fractured restorations is often preferred by 

dental clinicians, accounting for approximately 

50% to 71% of the cases of failure [6]. The 

popularity of this approach is due to the 

following reasons: not requiring the removal of 

sound tooth structure in areas far from the 

fracture line, not requiring unnecessary 

extension of the cavity margins and subsequent 

weakening of tooth structure, lower risk of 

pulpal exposure, lower cost, and saving time, 

compared with complete restoration 

replacement [7].  

The bonding of repair composite to aged 

composite is mediated by three mechanisms:  

(I) micromechanical retention through the 

penetration of resin monomers into the surface 

irregularities, (II) formation of chemical bonds 

with the resin matrix, and (III) formation of 

chemical bonds with filler particles [8].  

Bonding to aged composite restorations is 

highly challenging due to the decreased number 

of the available C=C bonds for bonding to repair 

composite [9]. Upon curing of composite, a non-

polymerized oxygen-inhibited layer is formed on 

the surface exposed to air. This layer can bond to 

the next composite layer due to the presence of 

unreacted monomers. However, due to water 

sorption and loss of this superficial layer, which 

is rich in free radicals in aged composites, some 

concerns exist with regard to bonding of the 

aged composite to repair composite [10]. 

Therefore, several methods have been suggested 

to enhance the mechanical and chemical bond of 

the repair composites to aged composites. 

However, no consensus has been reached on this 

topic so far.  

The bond strength at the composite-

composite interface is influenced by a number of 

factors such as irrigation, etching, surface 

roughening by bur or disc, sandblasting, laser 

irradiation, type of composite, silanization, and 

type of adhesive [11]. According to a recent 

systematic review, surface roughening by bur 

and etching with phosphoric acid are more 

commonly used for elimination of surface 

impurities, and bonding agents are frequently 

used for bonding [12]. Also, surface conditioning 

is recommended for demineralization of dental 

hard tissue and elimination of superficial debris 

from the composite surface when part of the 

aged composite, enamel, and dentin are exposed 

[13,14].  

Universal or multi-mode adhesives have 

recently gained increasing popularity since they 

can be used in self-etch, etch-and-rinse, and 

selective enamel etching modes [1,15]. They 

decrease the treatment time, technical 

sensitivity of the procedure, and procedural 

errors [16]. Also, they can bond to all types of 

substrates such as enamel, dentin, composite, 

noble and non-precious metals, and zirconia due 

to the presence of functional acidic monomers 

such as 10-MDP and 4-META in their 

composition [15]. Universal adhesives are more 

user friendly for composite restoration repair 

since enamel, dentin and composite borders are 

often present in aged composite restorations 

that require repair [17]. G-Premio Bond is a 

universal adhesive with “no-wait” protocol, 

which can be immediately cured after 

application [18]. However, Huang et al. [19] 

reported that increasing the working time by 10 

seconds improved its short-term clinical efficacy. 

Clearfil Universal Bond Quick is another 

universal adhesive with the “no-wait” protocol. 

Its manufacturer claims that it provides a higher 

shear bond strength (SBS) to dentin due to its 

unique composition [20,21]. The effect of 

waiting time after adhesive application on the 

short-term and long-term bond strength of this 

new generation of universal adhesives for aged 

composite repair has not been evaluated before, 

and studies on this topic are required.  

Presence of hydrophilic monomers and 

higher water content in single-bottle universal 

adhesives result in their higher permeability and 
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subsequently greater susceptibility to 

degradation in the oral cavity [22,23]. It appears 

that increasing the temperature can effectively 

improve the adhesive-dentin bond strength [24]. 

Several studies have assessed the effect of diode 

laser irradiation before and after adhesive 

polymerization on bond strength to dentin and 

microleakage [22-24]. However, no previous 

study has addressed the effect of diode laser 

irradiation prior to adhesive polymerization on 

the bond strength of universal adhesives applied 

for composite repair.  

The repair bond strength mainly depends on 

the type of aged composite rather than the type 

of repair composite. It has been discussed that 

the best results are achieved when the aged and 

the repair composite are of the same type. 

However, this is not often possible due to the 

lack of knowledge of dental clinicians about the 

type of aged composite in most cases [25]. Thus, 

the effect of type of repair composite should be 

further evaluated. On the other hand, some 

variations have been reported in immediate and 

delayed (after storage) composite repair bond 

strength [5], which should be further addressed.  

Considering all the above, this study aimed to 

assess the effect of composite type (Z250 repair 

composite bonded to Z350 and Point 4), 

adhesive type (G-Premio Bond and Clearfil 

Universal Bond Quick), adhesive application 

protocol (according to the manufacturer’s 

instruction, waiting for 30 seconds, or laser 

irradiation of adhesive prior to its 

polymerization), and storage time (24 hours 

versus 1 year) on repair microshear bond 

strength (µSBS) of composite restorations. 

 

Materials and Methods 

This in vitro, experimental study was 

conducted on 360 composite discs fabricated 

from two different composite types (Z350 and 

Point 4). The sample size was calculated to be 15 

in each group (a total of 360) using the one-way 

ANOVA feature of PASS 15 software assuming 

α=0.05, β=0.2, study power of 80%, effect size of 

0.558, and standard deviation of 3.8 [24].  

This study was approved by the ethics 

committee of the Faculty of Dentistry, Shahid 

Beheshti University of Medical Sciences 

(IR.SBMU.DRC.REC.1399.045). 

Preparation of specimens:  

A total of 360 disc-shaped composite specimens 

were fabricated in prefabricated plastic molds with 

an internal diameter of 6 mm, and 1 mm height 

from each of the Z350 and Point 4 composite 

resins (180 discs from each composite). One repair 

composite specimen was fabricated per each disc 

(for the µSBS test). The composite was applied into 

the mold. Mylar strips were placed on the top and 

at the bottom of each specimen before curing. The 

mold was then compressed between two glass 

slabs to obtain specimens with smooth surfaces 

[9]. Light curing was performed with a curing unit 

(Guilin Woodpecker Medical Instrument Co., 

Ltd., China) with a light intensity of 1000 

mW/cm2 at 1 mm distance for 20 seconds from 

all directions. The output of the curing              

unit was measured by a LED radiometer (Light 

Curing Meter; SDI) prior to curing of the 

specimens [10]. 

Aging: 

The composite specimens were immersed in 

boiling water for 8 hours, and were then stored in 

distilled water at 37°C for 3 weeks [17,26].  

Surface treatments:  

All specimens were roughened by bur (#882 

round-end cylindrical diamond bur; Jota, 

Switzerland) with five sweeping motions. Each bur 

was replaced after five preparations. All specimens 

were etched with 35% phosphoric acid (K-

ETCHANT Syringe, Kuraray Noritake Dental Inc., 

Japan) for 15 seconds, rinsed for 15 seconds, and 

dried with oil-free air spray [11].   Next, the 

specimens were divided into 24 groups (n=15) 

based on the type of composite (Z350 and Point 4), 

type of universal adhesive (G-Premio Bond and 
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Clearfil Universal Bond Quick), adhesive 

application protocol (according to the 

manufacturer’s instructions, waiting for 30 

seconds, or diode laser irradiation of adhesive 

prior to polymerization for 30 seconds), and 

storage time (24 hours or 1 year) [2, 8, 23] (Figure 

1). Table 1 presents the characteristics of the 

adhesives and composite resins used in this study.  

With respect to the adhesive application 

protocol, the adhesive was applied according to 

the manufacturer’s instructions in one subgroup. 

In the second subgroup, the adhesive was applied 

and allowed 30 seconds to react with the surface 

prior to polymerization, and was then cured. In the 

third subgroup, the applied adhesive underwent 

diode laser irradiation (Doctor Smile, LAMBDA 

Spa, Italy) with 810 nm wavelength and 1 W 

power in continuous-wave mode with a 300-nm 

fiber tip in non-contact mode (at 1 mm distance) 

prior to curing. The fiber tip was perpendicular 

to the composite disc, and scanned the surface in 

a circular motion from the center towards the 

periphery of the disc at a speed of 2 mm/second 

for a total of 30 seconds.  

Next, the adhesive was cured similar to other 

subgroups [23].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Study groups 

samples

Z350

G-premio

manufact
urer’s 

instructio
ns

24 hours ZGM24h

1 year ZGM1y

30 
seconds

24 hours ZGT24h

1 year ZGT1y

diode 
laser  

24 hours ZGL24h

1 year ZGL1y

Quick

manufact
urer’s 

instructio
ns

24 hours ZQM24h

1 year ZQM1y

30 
seconds

24 hours ZQT24h

1 year ZQT1y

diode 
laser 

24 hours ZQL24h

1 year ZQL1y

Point4

G-premio

manufact
urer’s 

instructio
ns

24 hours PGM24h

1 year PGM1y

30 
seconds

24 hours PGT24h

1 year PGT1y

diode 
laser 

24 hours PGL24h

1 year PGL1y

Quick

manufact
urer’s 

instructio
ns

24 hours PQM24h

1 year PQM1y

30 
seconds

24 hours PQT24h

1 year PQT1y

diode 
laser 

24 hours PQL24h

1 year PQL1y



265         Jaberiansari et al.                                                                                                         Repair of Composite Resin Restorations 

Table 1. Chemical composition and characteristics of composite resins and dental adhesive resins used in this study 

 

Adhesives and 

composite resins 

Batch 

number 
Ingredients Manufacturer Manufacturer’s instructions 

Clearfil 

Universal Bond 

Quick  

Mild (pH = 2.3) 

000019 

Bis-GMA (10–25%), ethanol 

(10–25%), HEMA (2.5–10%), 

10-MDP, hydrophilic amide 

monomer, colloidal silica, silane 

coupling agent, sodium 

fluoride, camphorquinone, 

water 

Kuraray Noritake 

Dental, Tokyo, 

Japan 

Apply bond with a rubbing motion. No waiting 

time is required. Dry for more than 5 seconds 

until BOND does not move. To light cure with 

LED units with the intensity of 800 – 1400 

mW/cm2, 10 s and with the intensity of more 

than 1500 mW/cm2, 5 s is recommended. 

G-Premio Bond 

  

Low (pH = 1.5) 

1909141 

10-MDP, 4-MET, MTDP, 

methacrylic acid ester, silica, 

acetone, water, photo-initiators 

GC Corp., Tokyo, 

Japan 

Apply & leave undisturbed for 10 seconds 

(adhesive can provide sufficient bond strength 

even when dried immediately after application 

without waiting time) dry thoroughly for 5 

seconds until it does not visibly move under 

further air pressure. If the distance from the light 

tip is <10 mm, For halogen/LED (700mW/cm²) 

10 s and for high power LED (more than 1200 

mW/cm²) 5 s is recommended. 

FILTEK Z350XT  N992385 

bis-GMA, UDMA, TEGDMA, bis-

EMA, PEGDMA, nanoparticles 

(non agglomerated-

nonaggregated 20 nm silica & 

4–11 nm zirconia, cluster 

particle size of 0.6–10 µm) 

3M/ESPE, St Paul, 

MN, USA 

Halogen or LED light with a minimum intensity 

of 400mW/cm² in the 400-500 nm range. All 

halogen lights LED lights (with output 400-1000 

mW/cm2) for Body, Enamel, Translucent shades 

need 20 s curing. 

Point 4  
7207323 

 

BIS-GMA, TEGDMA and BIS-

EMA, Barium glass and silica, 

average particle size 0.4 µm 

Kerr, USA 

Light cure each increment for 40 seconds. When 

multiple surfaces are available, cure each surface 

for this recommended time. 

FILTEK Z250 
NA23506 

 

Bis-GMA, UDMA, Bis-EMA, 

0.01µm to 3.5µm zirconia/silica 

filler 

(without silane treatment) 

3M/ESPE, St Paul, 

MN, USA 

halogen or LED light with a minimum intensity 

of 400 mW/cm2 in the 400-500 nm range, for 

A1, A2, A3, A3.5, A4, B1, B2, B3, C2, D3, I shades 

in 2.5 mm thickness; recommended exposure 

time is 20s. 

Bis-GMA: bisphenol-A-diglycidyl methacrylate; Bis-EMA: bisphenol-A-polyethylene glycol diether dimethacrylate; TEGDMA: 

triethyleneglycol dimethacrylate; HEMA: 2-hydroxyethyl methacrylate; UDMA: urethane dimethacrylate 

 

Application of repair composite:  

Filtek Z250 composite (3M ESPE, St. Paul, MN, 

USA) was used for repair in all groups. 

Transparent Tygon tubes (Saint-Gobain 

Performance Plastics Corp., Akron, USA) with an 

internal diameter of 0.86 mm and 2 mm height 

were used for this purpose. The Tygon tubes 

were positioned on the surface-treated discs, 

and composite was packed into the tubes by a 

probe. Curing was performed for 20 seconds. 

Next, the specimens were incubated in distilled 

water at 37°C for 24 hours. The Tygon tubes 

were then removed by a scalpel. Half of the 

specimens underwent immediate SBS testing 

while the other half were stored in distilled 

water at 37°C for 1 year [5].  

µSBS test:  

A stainless-steel wire was tied around the 

composite cylinders along the bonded interface. 

The µSBS was measured by a microtensile tester 

(Bisco Inc.) at a crosshead speed of 0.5 

mm/minute. Load at failure was recorded in 

Newtons (N) and converted to megapascals (MPa) 

using the following formula [2]: 

 

µSBS (MPa) = Load (N) / Area (mm²)  

Area = (π· r²) (mm²)          r = bonding surface 

diameter 



J Res Dent Maxillofac Sci 2025; 10(4)                                                                                                               Jaberiansari et al.         266 

Mode of failure:  

The mode of failure was determined under a 

stereomicroscope (Olympus LS, SZX9, Japan) at 

×20 magnification and categorized as adhesive, 

cohesive, or mixed.  

Statistical analysis: 

The normality of data distribution was 

evaluated by the Kolmogorov-Smirnov test. The 

effect of type of adhesive, method of adhesive 

application, type of composite, and storage time 

(independent variables) on µSBS (dependent 

variable) was analyzed by four-way ANOVA. Since 

none of the interaction effects were significant, 

only the main effects were analyzed. Pairwise 

comparisons were performed by the Tukey’s HSD 

test. All statistical analyses were carried out using 

SPSS version 20 at 0.05 level of significance. 

 

Results 

The mean µSBS of the groups is presented in 

Table 2. None of the specimens broke prior to 

the µSBS test. Four-way ANOVA showed 

significant effects of adhesive application 

protocol (P=0.000) and storage time (P=0.000) 

on µSBS. The interaction effect of the two on 

µSBS was also significant (P=0.046). No other 

significant interaction effect was noted. Since the 

interaction was ordinal type, it was concluded 

that the µSBS after 24 hours was higher than 

that after 1 year in all groups, irrespective of the 

adhesive application protocol (Table 3). The 

Tukey’s test was applied to compare different 

adhesive application techniques, which showed 

significant differences in all pairwise 

comparisons (Table 4). 

ANOVA showed that the µSBS was not 

affected by the type of composite (P=0.94) or 

type of universal adhesive (P=0.278).  

Figure 2 shows the frequency of different modes 

of failure. All groups with 24 hours of storage 

had lower frequency of adhesive failure than 

those with 1 year of storage. According to the 

adhesive application protocol, all laser groups 

had lower frequency of adhesive failure. As 

mentioned earlier, in groups with 1 year of 

storage, the minimum µSBS belonged to ZGM1y 

and ZQM1y which showed only adhesive failure 

and no mixed or cohesive failures. Also, in 1-year 

storage groups, the highest frequency of mixed 

failure and the lowest frequency of adhesive 

failure belonged to PQL1y group with maximum 

bond strength. 

 
Table 2. Measures of central dispersion for the µSBS (MPa) in the 

study groups (n=15) 

 

Group Mean 
Standard 

Deviation 
Minimum Maximum 

ZGM24h 24.6188 0.63463 21.3577 28.7640 

ZGT24h 24.9862 0.71856 199798 280751 

ZGL24h 27.7651 0.93061 23.2524 36.5148 

ZQM24h 22.3797 0.75518 18.0852 26.3527 

ZQT24h 25.6637 1.28002 16.7073 33.9312 

ZQL24h 26.9727 1.37943 19.6353 33.5868 

PGM24h 22.9883 0.94920 182574 30.3142 

PGT24h 25.3996 1.07062 19.4631 32.7256 

PGL24h 27.1680 1.12034 20.1521 35.1369 

PQM24h 24.2169 1.05023 16.3628 29.6252 

PQT24h 25.6522 1.00058 20.3243 32.3811 

PQL24h 28.1669 0.54515 24.8025 31.3476 

ZGM1y 14.8126 1.11586 8.7842 23.4246 

ZGT1y 19.8191 1.12173 11.7123 24.4580 

ZGL1y 20.4965 1.34250 12.7457 28.4196 

ZQM1y 15.6049 0.79391 10.8511 20.1521 

ZQT1y 19.4746 0.89868 14.6404 24.6303 

ZQL1y 21.0018 1.34350 14.6404 30.8309 

PGM1y 17.2814 0.62863 12.0568 20.4965 

PGT1y 17.4651 1.12554 11.8845 24.8025 

PGL1y 22.2763 1.06821 16.7073 30.6587 

PQM1y 15.7427 1.13566 9.9899 23.2524 

PQT1y 19.9683 0.73872 16.5350 25.6637 

PQL1y 25.6408 1.01313 19.8076 31.0032 

 

Table 3. Comparison of µSBS values (MPa) after 24 hours and 1 

year of storage (n=60) 

 

Application 

method 

Storage 

Time 
Mean 

Standard 

Deviation 

P 

value 

Manufacturer’s 

instructions 

1 year 

24 hours 

15.8604 

23.5509 

3.67219 

3.38054 
0.000 

30 seconds 
1 year 

24 hours 

19.1818 

25.4255 

3.85179 

3.92294 
0.000 

Diode laser  
1 year 

24 hours 

22.3539 

27.5182 

4.96432 

3.95095 
0.000 
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Table 4. Pairwise comparison of the mean µSBS values (MPa) of the groups with different adhesive application protocols 

 

Storage time  Application method Application method Mean Difference Standard Deviation P value 

24 hours   
30 seconds 

Diode laser -2.0927 .68660 .007 

Manufacturer instructions 1.8745 .68660 .019 

Diode laser Manufacturer instructions 3.9673 .68660 .000 

1 year     
30 seconds 

Diode laser -3.1721 .76714 .000 

Manufacturer instructions 3.3214 .76714 .000 

Diode laser Manufacturer instructions 6.4934 .76714 .000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Frequency of different failure modes  

 

Discussion  

Direct repair of broken composite 

restorations is often preferred to their 

replacement. However, the durability of repaired 

composite restorations mainly depends on the 

durability of the composite-composite interface 

and the bond strength [17]. Aging of composite 

restorations adversely affects the durability of 

the bonding interface [17]. Presence of saliva in 

the oral environment leads to water sorption of 

the resin matrix, and leakage through the silane-

coated filler-matrix interface, resulting in 

hydrolytic degradation of the restoration, which 

adversely affects the mechanical properties [27].  

This study assessed the effect of composite 

type (Z250 repair composite bonded to Z350 

and Point 4), adhesive type (G-Premio Bond and 

Clearfil Universal Bond Quick), adhesive 

application protocol (according to the 

manufacturer’s instruction, waiting for 30 

seconds, or laser irradiation of adhesive prior to 

its polymerization), and storage time (24 hours 

versus 1 year) on repair bond strength of 

composite restorations. The results showed no 

significant difference between the two universal 

adhesives and different composite substrates in 

repair µSBS after 24 hours and 1 year. However, 

the adhesive application protocol and storage 

time of the specimens significantly affected the 

µSBS such that the µSBS was maximum in the 

laser group followed by waiting for 30 seconds, 

and all pairwise comparisons in this respect 

were significant. Also, the µSBS at 24 hours was 

significantly higher than that after 1 year, 

irrespective of adhesive type.  

With respect to the type of adhesive, evidence 

shows that application of one layer of adhesive 

before the composite application can increase 

the surface wetting and significantly improve the 

repair bond strength of composite [28]. 

Universal adhesives are highly favorable for 

composite repair since their functional 

monomers and silane can bond to exposed fillers 

of aged composite made of barium glass or 

zirconia [29]. Clearfil Universal Bond Quick and 

G-Premio Universal Bond were used in the 

present study, which are different in terms of 

pH, type of solvent, type of monomer, 

presence/absence of silane, and type of 

thickener. Nonetheless, no significant difference 

was noted between the two adhesives in µSBS, 
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but the maximum µSBS was recorded in PQM24h 

group with Clearfil Universal Bond Quick 

adhesive. This finding may be attributed to the 

presence of silane since it is a bifunctional 

molecule that acts as a bridge, and can form 

covalent (siloxane) bonds between the inorganic 

(such as glass filler particles in composite 

substrate or metal oxides) and organic (such as 

resin monomers in the repair composite) 

substrates [17]. Silane needs hydrolysis by water 

for activation. However, Hooshmand et al. [30] 

and Yoshihara et al. [31] stated that silane 

hydrolysis took 24 hours, and it was inactivated 

after 24 hours. Immediately after hydrolysis, 

silane may undergo dehydration condensation, 

form oligomers, and lose its capability for 

bonding to glass [23]. However, the speed of 

oligomer formation depends on several factors 

such as the structure of silane, pH, and type of 

solvent [32].  

According to 3M ESPE’s US Patent 4673354A 

[33], silane can remain stable in alcohol/water at 

a pH of 4.6 while the pH of Clearfil Universal 

Bond Quick is 2.3. Such a low pH can cause 

dehydration condensation. This explains lack of 

a significant difference in µSBS between the two 

universal adhesives in the present study despite 

the numerically higher value in Clearfil Universal 

Bond Quick. Also, minimum µSBS was noted in 

ZGM1y group, treated with G-Premio Bond. 

According to the results of Papadogiannis et al. 

[34] this finding may be attributed to the lower 

degree of conversion of this adhesive due to the 

interference of several acidic monomers such as 

10-MTDP, 4-MET, and MPD and absence of 

HEMA-2 in its formulation, compared with 

Clearfil Universal Bond Quick.  

According to Cuevas-Suárez et al. [9] the 

efficacy of universal adhesives in the repair 

process is independent of the presence of silane 

in their composition, which agrees with the 

present findings. Also, the present results were 

in agreement with those of Tsujimoto et al. [35], 

who found no significant difference in 

composite-composite SBS in use of G-Premio 

Bond and Scotchbond Universal after 24 hours 

and also after 10,000 thermal cycles.   

Laser can have several applications in 

composite repair process. It can be used to 

remove the superficial degraded parts of the 

aged composite, and create adequate surface 

roughness for micromechanical retention, 

increasing the surface free energy as such [11]. 

Kiomarsi et al. [10] reported higher repair bond 

strength of composite in specimens prepared by 

bur compared with laser. Thus, we only used bur 

to roughen the specimen surface in this study. 

Golbari et al. [23] reported that 810 nm diode 

laser irradiation significantly decreased the 

microleakage of multi-mode adhesive systems 

and attributed this finding to the formation of 

hybrid layer, temperature rise, and solvent 

evaporation. Maenosono et al. [22] reported 

enhancement of microtensile bond strength to 

dentin by irradiation of 970 nm diode laser due 

to formation of new substrate in dentin and its 

fusion to adhesive in addition to temperature 

rise and better evaporation of solvent. The 

present results indicated that the µSBS in laser 

group was significantly higher than that in other 

groups after both 24 hours and 1 year. This 

finding may be attributed to the heat generated 

by laser irradiation, which can increase the 

molecular vibration and cross-linking of resin 

monomers, increase the degree of conversion, 

decrease water sorption and solubility, and 

consequently guarantee the durability of the 

bond [36]. Also, temperature rise can decrease 

the adhesive viscosity [37] and increase solvent 

evaporation and result in higher polymerization 

reactions [38]. The difference between the 30-

second wait and laser groups in the present 

study may be due to the fact that in 30-second 

wait group, the solvent vapor pressure 



269         Jaberiansari et al.                                                                                                         Repair of Composite Resin Restorations 

decreases with time, while in the laser group, the 

generated heat compensates for the lower vapor 

pressure and leads to greater loss of solvent. 

This is particularly important in universal 

adhesives with higher water content [39].  

In contrast to the present findings, Rezaei-

Soufi et al. [40] reported that laser irradiation of 

6th generation self-etch primers with 940 nm 

diode laser before bonding had no significant 

effect on gingival margin microleakage. 

Difference between their results and ours may 

be due to the use of different substrates, bonding 

agents, and laser wavelengths. Also, Burrer et al. 

[41] demonstrated that increasing the 

application time of universal adhesives on 

dentin had no significant effect on microtensile 

bond strength. This difference can be due to 

differences in types of substrates, adhesives, and 

type of bond strength test. 

Two different composite types, namely Point 

4 microhybrid and Filtek Z350 XT nanohybrid 

composites, were used as aged composite 

substrates in the present study, and were 

repaired with Z250 composite. The results 

showed no significant difference in µSBS of the 

two composite types. However, Point 4 showed 

numerically higher values irrespective of the 

type of adhesive at both 24 hours and 1 year, 

which can be attributed to the composition of 

these composites and type of monomer, type, 

size, shape, percentage and distribution of filler 

particles, and their bonding to resin matrix. One 

reason explaining the higher µSBS of Point 4 is 

the higher percentage of inorganic fillers in this 

composite compared with Z350, because it has 

been reported that composites with higher filler 

content have higher resistance to shear loads 

applied in µSBS test [42]. Also, composites with 

smaller filler particles such as Z350 have a larger 

filler-matrix interface and are more susceptible 

to degradation by oral fluids [43]. Koç-Vural et 

al. [44] discussed that even the size of filler 

particles can affect the success of the repair 

process. These findings explain the higher repair 

bond strength of the Point 4 microhybrid 

composite, although it was not statistically 

significant.  

The present results indicated a significant 

reduction in µSBS at 1 year. However, Kiomarsi 

et al. [10] found no significant difference in the 

repair bond strength after 24 hours and after 

5000 thermal cycles, which may be due to the 

different aging protocol employed in their study.  

Despite the absence of a significant difference 

in µSBS of the groups, the maximum numerical 

value of µSBS was noted in PQL24h group while 

the minimum value was recorded in ZGM1y 

group. This finding may be due to the presence 

of silane in Clearfil Universal Bond Quick, which 

can bond to filler content of Point 4 composite 

while G-Premio Bond does not contain silane. 

Also, Clearfil Universal Bond Quick contains 

large bis-GMA molecules along with HEMA-2 

while G-Premio Bond is devoid of both 

monomers. Bis-GMA confers strength and 

stiffness to the polymer network. Also, Clearfil 

Universal Bond Quick contains hydrophobic 

aliphatic dimethacrylates, which confer 

resilience, and increase the efficacy of cross-

linking with hydrophobic restorative materials. 

Higher degree of conversion of Clearfil Universal 

Bond Quick can also explain the higher bond 

strength of PQL24h group [45]. Mismatch 

between the sizes of filler particles of the aged 

and repair composites and lower weight 

percentage of filler in Z350 composite can 

explain the lower bond strength of ZGM1y 

group.  

Failure mode analysis revealed that most 

adhesive failures belonged to ZGM1y and ZQM1y 

with minimum bond strength values. This result 

could be due to the lower inorganic filler 

percentage of Z350 composite resin, making it 

susceptible to hydrolytic degradation as a result 

of smaller size of fillers and larger filler-matrix 

interface, as well as the inconsistency between 
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the aged and repair composite resins. The 24-

hour groups showed the highest frequency of 

mixed failure, and the 1-year groups showed the 

highest frequency of adhesive failure, which was 

in line with the findings of Michelotti et al. [1]. As 

mentioned earlier, among the 1-year groups, the 

highest frequency of mixed failure and the 

lowest frequency of adhesive failure belonged to 

PQL1y group, which showed the maximum bond 

strength. This could be the result of coordination 

between the filler particle size in Point 4 and 

repair composite resin, higher degree of 

conversion of Clearfil Universal Bond Quick, and 

presence of silane in this adhesive resin. Also, all 

laser groups (with otherwise similar variables) 

showed lower frequency of adhesive failure, and 

higher frequency of mixed and cohesive failures.  

This result was inconsistent with the findings 

of Kiomarsi et al. [10], who reported higher 

frequency of adhesive failure in the laser group 

in comparison with the bur group. This 

controversy may be due to differences in laser 

type (Er,Cr:YSGG vs. diode) and their effect on 

the surface (surface roughening and 

temperature rise, respectively). 

Despite the water storage of the specimens, 

the clinical setting was not ideally simulated in 

this in vitro study. Future studies should better 

simulate the clinical setting by thermal and 

mechanical cycles to assess the effect of thermal 

alterations and masticatory forces on repair 

bond strength of composite restorations. 

Moreover, future studies are recommended to 

use other generations of bonding agents with 

different percentages of solvent to assess the 

effect of laser on adhesives. Furthermore, the 

efficacy of diode lasers with different powers 

should be investigated in further studies. 

 

Conclusion 

The results demonstrated that in aged 

composite restoration repair, diode laser 

irradiation of adhesive prior to polymerization 

or waiting for 30 seconds before adhesive curing 

can enhance the µSBS. 
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