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Abstract 
Background: By an increase in use of composite restorations, some defects are also seen in these restorations, 
which need to be repaired. Since complete replacement of an old restoration may compromise the tooth structure, 
repair of defect is a more practical approach if there is no caries recurrence. Risk of pulp injury also decreases as 
such. One major challenge in restoration repair is to obtain a durable bond between the new and old composite. 
Laser irradiation has been suggested for surface preparation of old composite. This study aimed to assess the effect 
of composite surface preparation with Er,Cr:YSGG laser on microtensile bond strength to new composite. 
Material and Methods: A total of 18 blocks were fabricated in three groups of nanohybrid, microhybrid and Beau-
tiful II giomer measuring 4x7x7 mm and subjected to 10,000 thermal cycles between 5-55°C with 30 seconds 
of dwell time. The samples were randomly assigned to no surface treatment (etching and bonding) or laser plus 
etching and bonding groups. Composite cylinders measuring 4x7x7 mm were fabricated of Beautiful, nanohybrid 
and microhybrid composites on old composite surfaces and subjected to 500 thermal cycles for 50 seconds between 
5-55°C with 30 seconds of dwell time. Each block was sectioned into 10 samples and they were subjected to mi-
crotensile bond strength test. Data were analyzed using ANOVA and Tukey’s test.
Results: In all composites, the mean bond strength in laser subgroups was higher than that in control subgroups 
except for giomer, which showed lower bond strength in laser subgroup. The lowest mean bond strength was noted 
in repair of Z350XT with Z350XT when the surface of old composite was etched (10.92 MPa). The highest mean 
bond strength was noted in repair of Z250 with giomer when the old composite surface was irradiated with laser 
(30.55 MPa).
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Introduction
At present, composite restorations are highly popular in 
restorative dentistry due to optimal esthetics, the ability 
to bond to tooth structure and requiring less removal of 
dental structure. However, composite resins, similar to 
other restorative materials, undergo fracture and need 
to be repaired (1-3). Complete replacement of a failed 
or fractured composite restoration results in removal of 
etched enamel and further removal of tooth structure to 
enhance the bond to enamel (4). Moreover, complete re-
moval of old restorations results in creation of a larger 
cavity, removal of sound dental substrate, higher risk of 
pulp injury, waste of time and higher cost (5,6). Thus, in 
some cases, a new composite is added to repair the old 
restoration as a common treatment choice (7). However, 
one major challenge in repair of old composite resto-
rations is to obtain a strong bond between the new and 
old composite (8). Prognosis of old to new composite 
bond depends on several factors such as surface proper-
ties of the old composite and type of surface treatment 
(4,5,9,10). Surface roughening and mechanical poro-
sities are required to enhance the bond of old to new 
composite because chemical bond due to double bonds 
would degrade after long-term clinical service of com-
posite restorations in the oral cavity (1-7). 
Several methods are available for old composite surfa-
ce preparation to enhance the bond to new composite 
such as surface roughening by bur, acid etching by fluo-
ric acid, air abrasion with aluminum oxide particles, use 
of silane and resin-based adhesive systems and different 
primers (10,11). 

Conclusions: Er,Cr:YSGG laser plus etching increased the bond strength in all groups except for giomer group, which 
showed a reduction in bond strength.

Key words: Composite resins, surface treatment, tensile bond strength, laser, er,cr:ysgg, giomer.

Despite several studies, no consensus has been reached 
on a repair method applicable to a wide range of com-
posite resins. Thus, there is a need for assessment of the 
efficacy of different protocols for repair of composites 
(12). 
In the recent years, many advances have been made in 
use of laser in dentistry. Considering the mechanism of 
action of laser, the use of erbium lasers is one suggested 
method for surface preparation. Erbium lasers are used 
for cavity preparation and caries removal (13). It has 
been reported that lased surfaces are rough with surface 
porosities that enhance the retention of resin restorative 
materials (14).
Since in the clinical setting, no information is often avai-
lable on the type of old composite, this study aimed to 
assess the microtensile bond strength of a new compo-
site to several types of aged composites after laser pre-
paration to find the best repair strategy for composite 
restorations. 

Material and Methods
In this in vitro experimental study, 18 blocks were fa-
bricated of A2 shade dentin composites in three groups 
(n=6) of microhybrid (Z250), nanohybrid (Z350XT) and 
giomer (Beautiful II) (Table 1). A prefabricated rectan-
gular plexiform mold measuring 7x7 mm with 4 mm 
height was used for this purpose (Fig. 1). Petroleum jelly 
was applied to the mold and composite increments with 
2 mm thickness were placed in the mold with a dental 
spatula and light cured for 20 seconds using a light cu-
ring unit (LIANG YA, LED, B200, Japan). At the time 

Material/Equipment Characteristics Manufacturer Lot number
Microhybrid composite 3M ESPE, filtek Z250 USA N593674

Nanohybrid composite 3M ESPE, FILTEK Z350XT USA N716951
N699349

giomer Bautifil II, SHOFU JAPAN 111477
081307

Bonding agent 3M, Adper single bond2 USA N541056
etch Ultradent, ultra etch, phosphoric 

acid 35%
USA -

Polish disk Shofu, super-snap, rainbow 
technique kit

JAPAN 0715001

Table 1: Characteristics of materials and equipment used in this study.
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of curing, the tip of the light curing unit had 2 mm dis-
tance from the composite surface and was held perpen-
dicular to it. The output of hand piece was measured by 
a radiometer to be 1000 mW/cm2. After the application 
of second layer of composite, a transparent Mylar strip 
was placed on the composite surface and a glass slab 
was placed over it with 1.5 mm thickness. The tip of the 
light curing unit was in contact with the slab and curing 
was performed for 20 seconds. The bottom surface of 
composite samples was also light cured for 20 seconds. 
The upper surface was polished with abrasive discs from 
coarse to fine (Shofu) for 30 seconds. New discs were 
used for each sample. The samples were then subjected 
to 10,000 thermal cycles between 5-55°C with 30 se-
conds of dwell time for aging. Next, of each group (n=6), 
three samples were randomly selected and subjected to 
Er,Cr:YSGG laser irradiation with 2780 nm wavelength, 
20 mHz frequency, 3W power, 15 mJ energy and 119.42 
J/cm2 energy density with 50% water and 60% air in 
contact mode. The distance from the surface was mini-
mal and hand piece moved with a sweeping motion. The 
quartz mz tip with 800 µm diameter (Biolase-Waterlase) 
was used. All samples (18 blocks) were then etched with 
35% phosphoric acid. Each block was etched for 15 se-
conds according to the manufacturer’s instructions and 
rinsed for 10 seconds and air dried. Adper Single Bond 
2 was then applied by an applicator and rubbed on the 
surface for 15 seconds according to the manufacturer’s 
instructions. Air was sprayed for 5 seconds. The second 
layer of bonding agent was then applied and cured for 
10 seconds. Next, Z250, Z350XT and giomer were ran-
domly applied on samples in the subgroups and built 
up with the same dimensions as the underlying samples 
(7x7x4 mm). The fabricated 18 blocks were immersed in 
distilled water at 38°C for 24 hours and were then sub-
jected to 500 thermal cycles between 5-55°C with 30 se-
conds of dwell time (TC300; Vafaie Industrial, Tehran, 
Iran). All samples were then mounted and sectioned by a 

Fig. 1: Fabricated composite sample measuring 7x7x4 mm.

mecatome (T201A). Ten samples were obtained of each 
block. A total of 180 samples were obtained and subjec-
ted to microtensile bond strength test (Bisco, USA) (Fig. 
2). Data were analyzed using three-way ANOVA. Since 
all the interactions were significant, one-way ANOVA 
was used for comparison of all groups and Tukey’s post 
hoc test was applied to assess homogeneity of variances 
(P<0.05). 

Fig. 2: Microtensile tester.

Results
The mean, minimum and maximum microtensile bond 
strength between the old and new composites in 180 
samples in two groups of laser and no laser are summari-
zed in Table 2. The results showed that the microtensile 
bond strength of Z250 and Z350XT composites in laser 
group was higher than that in no laser group; while this 
was reverse for giomer group. 
The highest mean bond strength was noted in lased 
group of Z250 bonded to giomer (30.556 MPa) while the 
lowest mean bond strength was noted in non-lased group 
of Z350XT bonded to Z350XT (10.920 MPa). 
One-way ANOVA showed a significant difference in use 
of Z250 as new composite in bond to different old com-
posites in both lased (P=0.01) and non-lased (P=0.00) 
groups and an increase in bond strength was noted. 
In use of giomer as new composite, significant differen-
ces were noted in bond to different old composites in 
both lased (P=0.00) and non-lased (P=0.00) groups and 
a reduction in bond strength was noted.
In bond of Z350XT as new composite, no significant 
difference was noted in bond strength to different old 
composites in non-lased group (P=0.129) but in lased 
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Treatment N Minimum Maximum Mean Std. Deviation 

 

 

 

Etch 

 

 

 

 

 

 

 

 

 

 

Z250 

 

Z250 

 

10 

 

6.16 

18.35 11.9835 3.83438 

 

Z350xt 

 

10 

 

9.90 

19.73 12.9061 3.03276 

 

giomer 

 

10 

 

12.13 

34.16 23.0177 7.46557 

 

 

 

 

 

Z350xt 

 

Z250 

 

10 

 

5.56 

 

16.03 11.6402 3.46381 

 

Z350xt 

 

10 

 

6.50 

17.90 10.9208 4.22126 

 

giomer 

 

10 

 

6.97 

21.05 11.4462 4.33763 

 

 

 

 

 

 

giomer 

 

Z250 

 

10 

 

8.40 

30.13 20.1306 6.47060 

 

Z350xt 

 

10 

 

7.72 

34.88 15.9973 7.85790 

 

giomer 

 

10 

 

15.49 

24.94 19.8209 3.24548 

Laser +etch  

 

 

 

 

Z250 

 

Z250 

 

10 

 

10.66 

25.52 15.2346 4.58574 

 

Z350xt 

 

10 

 

16.88 

48.33 29.1511 11.24472 

 

giomer 

 

10 

 

13.76 

42.82 30.5563 10.49276 

 

 

 

 

 

Z350xt 

 

Z250 

 

10 

 

21.74 

40.02 29.2478 6.23990 

 

Z350xt 

 

10 

 

19.59 

37.44 25.2741 6.13971 

 

giomer 

 

10 

 

15.95 

32.09 24.8979 5.10019 

 

 

 

 

 

giomer 

 

Z250 

 

10 

 

9.52 

16.99 14.6737 2.34629 

 

Z350xt 

 

10 

 

6.98 

17.48 11.8070 3.63546 

 

giomer 

 

10 

 

9.37 

16.18 12.6763 1.83175 

Table 2: Mean, minimum and maximum microtensile bond strength between old and new composites in two groups of 
laser and no laser (n=10 for each subgroup).

group, the difference in bond strength among old com-
posites was significant and a reduction in bond strength 
was noted (P=0.00, Table 3). 
Since the results of one-way ANOVA were significant, 
Tukey’s test was applied to assess the effect of type of 
new composite and surface treatment method on bond 
strength (Table 4). 
Figure 3 shows the bond strength between different 
composites in lased and non-lased groups. 

Discussion 
Replacement of restorations may yield superior clinical 
results and higher esthetics; however, it may also cause 
further destruction of tooth structure and pulpal injury 
while being time consuming and costly (2,10). There-
fore, repair of composite restorations would be a more 
suitable option since it saves time, cost and the remai-
ning tooth structure in comparison with complete repla-
cement (1). However, repair of restorations may also 
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New composite treatment  Mean squre f Sig. 

 

Z250 

 

 

 

etch Between groups 230.963 10.105 0.01 

Within groups 22.856   

total    

Laser+etch Between groups 681.819 31.242 0.00 

Within groups 21.823   

total    

 

Z350xt 

 

 

 

 

etch Between groups 65.446 2.212 0.129 

Within groups 29.588   

total    

Laser+etch Between groups 828.686 14.017 0.00 

Within groups 59.119   

total    

 

giomer 

 

 

 

 

etch Between groups 357.095 12.591 0.00 

Within groups 28.361   

total    

Laser+etch Between groups 835.129 17.964 0.00 

Within groups 46.488   

Total    

	

	

	

Table 3: Results of one-way ANOVA.

be problematic. Roughening the surface may enhance a 
mechanical bond. Therefore, different mechanical and 
chemical surface treatments are performed to enhance 
the bond of old composite to new composite (1-7,10,11). 
In general, bond strength of old to new composite de-
pends on factors such as aging conditions, time passed 
since the restoration of tooth, type of composite, surface 
roughness and type of bonding agent used (15).
No consensus has been reached on the most efficient 
method for aging. Several techniques have been used 
in previous studies for aging such as boiling, thermocy-
cling and storage in citric acid, sodium chloride and dis-
tilled water. Water is the most commonly used medium 
for storage (11,16,17) but it has been reported that water 
storage can cause water sorption by the resin matrix and 
subsequent hydrolysis and release of filler particles.  In 
the thermocycling process, water sorption can decrease 
the structural and physical properties of composite re-
sins and cause aging of materials. In this study, 10,000 
thermal cycles were performed between 5 to 55°C with 
a dwell time of 30 seconds. In this study, we did not 
aim to evaluate the effect of aging on composite resins; 
instead, we performed this process only for the purpo-
se of standardization. Gale et al. (18) performed 10,000 
thermal cycles in vitro. No consensus has been reached 
on the dwell time or number of cycles. Range of cycles 
has been reported from one to 1,000,000 with a mean 
value of 10,000 cycles. Nonetheless, Gale et al.  perfor-
med 10,000 cycles corresponding to one year of clinical 
service in the oral environment (18). 

Three commonly used types of composites were used in 
this study including a microhybrid (Z250), a nanohybrid 
(Z350XT) and a new type of composite known as giomer. 
The latter group of composite resins is made of Bis-GMA/
TEGDMA. Giomers are direct restorative materials suita-
ble for use in broken incisal edges, class V cavities, root 
surfaces, laminates and veneers; however, despite their 
increasing use as an esthetic restorative material, their 
bond strength has yet to be fully evaluated (19,20). 
Previous studies evaluated the effect of micromecha-
nical surface preparation by bur, sandblasting and acid 
etching on repair bond strength of composites (10,21). 
Another technique used for surface roughening is Er,-
Cr:YSGG laser irradiation (22,23). Our results showed 
that surface treatment with laser compared to etching in 
Z250 and Z350XT groups increased the microtensile 
bond strength; this result was in agreement with those 
of Kimiai et al., (12) who reported positive effect of Er,-
Cr:YSGG laser on composite resins in vitro and stated 
that laser irradiation was the best method for repair of 
composite restorations in vitro. Mirzaei et al. (24) eva-
luated the effect of Er,Cr:YSGG laser on morphology of 
microhybrid  composite under an electron microscope 
and reported that the increase in bond strength of com-
posite in laser group compared to bur was due to crea-
tion of a micro-porous irregular surface. Also, Alizadeh 
et al. (25) used three types of lasers namely Er,Cr:YS-
GG, Nd:YAG and CO2 on silorane-based composites 
and discussed that Er,CR:YSGG laser was more effecti-
ve than the other two (25). 
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Newcomposite 

 

Sig. 95% Confidence Interval 

 Lower Bound Upper Bound 

 

Z250 

 

etch Z250 Z350xt .986 -4.9579 5.6444 

giomer .002 

 

-13.4482 -2.8459 

Z350xt Z250 .986 -5.6444 4.9579 

giomer .001 -13.7915 -3.1892 

Giome 

r 

Z250 .002 2.8459 13.4482 

Z350xt .001 3.1892 13.7915 

laser Z250 Z350xt .000 -19.1932 -8.8333 

giomer .961 -4.6190 5.7409 

Z350xt Z250 .000 8.8333 19.1932 

giomer .000 9.3942 19.7541 

Giomer 

 

Z250 .961 -5.7409 4.6190 

Z350xt .000 -19.7541 -9.3942 

 

Z350xt 

 

 

etch Z250 Z350xt .696 -4.0461 8.0168 

giomer .423 -9.1226 2.9403 

Z350xt Z250 .696 -8.0168 4.0461 

giomer .112 -11.1079 .9549 

Giomer 

 

Z250 .423 -2.9403 9.1226 

Z350xt .112 -.9549 11.1079 

laser Z250 Z350xt .506 -4.6487 12.4026 

giomer .000 8.8184 25.8697 

Z350xt Z250 .506 -12.4026 4.6487 

giomer .002 4.9415 21.9928 

Giomer 

 

Z250 .000 -25.8697 -8.8184 

Z350xt .002 -21.9928 -4.9415 

 

Giomer 

 

etch Z250 Z350xt .000 5.6665 17.4766 

giomer .385 -2.7083 9.1019 

Z350xt Z250 .000 -17.4766 -5.6665 

giomer .004 -14.2798 -2.4697 

Giomer 

 

Z250 .385 -9.1019 2.7083 

Z350xt .004 2.4697 14.2798 

laser Z250 Z350xt .171 -1.9019 13.2186 

giomer .000 10.3197 25.4402 

Z350xt Z250 .171 -13.2186 1.9019 

giomer .001 4.6614 19.7819 

Giomer 

 

Z250 .000 -25.4402 -10.3197 

Z350xt .001 -19.7819 -4.6614 

	

	
	

Table 4: Tukey’s HSD test.

Duran et al. (26) assessed the repair bond strength of 
composite using different levels of Er:YAG laser energy 
and discussed that laser can serve as an alternative to 
other surface treatments.  However, as the laser energy 
increased, the composite bond strength decreased (26). 

In our study, laser irradiation decreased the microtensi-
le bond strength of giomer, and the repair microtensile 
bond strength in etched group, irrespective of the type 
of composite, was higher than the bond strength in la-
ser group. No previous study is available on the tensile 
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bond strength of this composite except for a study by 
Arami et al. (27). They evaluated the effect of different 
surface treatment methods such as bur preparation, Nd:-
YAG laser and air abrasion on bond strength of giomer 
and showed that the bond provided by air abrasion was 
significantly higher than that of laser and the latter was 
higher than that of diamond bur preparation. However, 
in the study by kimyai et al., (12) resin modified glass 
ionomers were subjected to surface treatment with la-
ser and their results were not in accord with ours, which 
may be due to different types of composites used and 
their filler content. 
The bond strength of old to new composites in vitro can 
be measured by shear or tensile tests. Fabrication of 
samples and standardization of their size for shear test 
is easier than that for microtensile test (28). However, 
assessment of shear bond strength is less reliable than 
assessment of tensile bond strength (29). Tensile bond 
strength test is often associated with fracture at the ad-
hesive interface due to the uniform stress distribution. 
Fracture of material at the adhesive interface is more 
valuable than cohesive failure (30). Therefore, micro-
tensile test was used in this study since we aimed to eva-
luate the bond strength of old to new composite at the 
interface. Acceptable repair bond strength of composites 
in the oral environment is still a matter of debate. Howe-
ver, acceptable bond of resin to enamel must be about 
15 to 30 MPa (31,32); this value may also be accepta-
ble in the clinical setting (31,33). Some authors believe 
that bond strength of composite must be higher than 18 
MPa in order to be clinically acceptable. In this study, 
higher bond strength was noted in laser groups and no 
significant difference was noted between Z350XT na-
nohybrid and Z250 microhybrid composites, which was 
in line with the results of Nassoohi et al. (34). Howe-
ver, for giomer, the mean bond strength was lower than 
the acceptable threshold. Our results showed that not 

Fig. 3: Microtensile bond strength between different composites in 
lased and non-lased groups.

only the surface preparation method, but also the type 
of old and new composite played an important role in 
bond strength. After surface preparation with laser, bond 
strength of Z350XT nanohybrid to old Z250 microhy-
brid composite significantly increased; however, laser 
surface treatment was not effective for increasing the 
bond of Z250 to Z250 microhybrid composite. Howe-
ver, in the study by Nassoohi et al., (34) a microhybrid 
and a nano-filled composite were compared and it was 
found that microhybrid composite yielded significantly 
higher bond strength than nano-filled composite (34). 
Our results showed that type of surface preparation had 
different effects on bond strength depending on the type 
of old and new composite. 
However, some limitations exist against clinical use of 
laser for surface treatment. For instance, although Er,-
Cr:YSGG laser enhances the bond strength of nano-
hybrid and microhybrid composites, it requires special 
equipment and expertise of the operator. On the other 
hand, etching and bonding method is cost effective in 
the clinical setting and can be reliably used. This study 
had an in vitro, experimental design. Thus, future clini-
cal studies are required to assess the effect of pH, ther-
mal changes and saliva on bond strength. 

Conclusions
1. Er,Cr:YSGG laser was effective in all groups for in-
creasing the bond strength but decreased the bond stren-
gth in giomer group.
2. Giomer can yield a high bond strength to Z250 old 
composite compared to other two composite resins. 
3. All types of tested composites can be used for bond to 
Z350XT old composite with etching.
4. Laser irradiation significantly increased the bond of 
Z250 to Z350XT. 

Suggestions
Future in vivo studies are required using electron mi-
croscopy and different levels of laser energy as well as 
different types of laser. Also, since type of old composite 
can significantly affect the results, it is recommended to 
always write down the type of composite used for resto-
rations in patients’ files for future reference. 
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