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Abstract  

Aim: This in vitro study aimed to evaluate the effect of three curing times and intensities on the 

microtensile bond strength of bulk-fill resin composite and to assess the effect of thermocycling on 

the microtensile bond strength 

Subjects and Methods: A total of 18 freshly extracted caries-free human permanent molars were 

selected for this study. Teeth fixed in acrylic resin blocks were mounted in an automated diamond 

saw. Occlusal surfaces were flattened to the level of the dentino-enamel junction. A specially 

designed stainless steel holder was fabricated to hold and stabilize the acrylic block and the tooth 

during bonding and resin composite application. The bonding agent was applied to dentin with 

micro brush for 20 seconds with gentle agitation and light-cured for 20 seconds. Moreover bulk-fill 

resin composite was applied on each surface. The teeth were used to obtain ninety dentin rods. The 

rods were divided into three equal groups (n=30), according to light curing intensity and time (I): 

Group (I1): high intensity (2200 mw/cm
2
) for one second, Group (I2): high intensity (2200 mw/cm

2
) 

for 3 seconds, and (I3), low intensity (1200 mw/cm
2
)

 
for 20 seconds. Each group was further divided 

into two subgroups according to thermocycling (C): either subjected (C1) or not (C0). Each 

subgroup was subdivided according to storage time (T): (T1) 24 hours, (T2) 3 months, and (T3) 6 

months. Microtensile bond strength measurements were done using the universal testing machine.  

Results: The highest microtensile bond strength of the used resin composite was for specimens 

cured with low intensity light (1200 mw/cm
2
) for 20 seconds (I3), followed by those cured with high 

intensity light for 3 seconds (I2), then those cured with high intensity light (2200 mw/cm
2
) for one 

second (I1) respectively. 

Conclusions: 1-The bonding quality of resin composite to dentin is the matter of adhesion protocol 

rather than the time of curing cycle.  2-The use of conventional protocol for light curing with low 

intensity provides superior bond strength of resin composite to dentin if compared to fast curing 
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protocol. 3-Thermocycling adversely affects the microtensile bond strength of resin composite to 

tooth tissue irrespective of the bonding technique or the materials used. 4-Aging of resin composite 

may lead to decrease in microtensile bond strength of resin composite to dentin. 

Keywords: Curing time, Curing intensity, Microtensile bond strength, Thermocycling. 

Introduction 

Resin composite restorative materials are commonly used for direct anterior and posterior 

restorations, because of their excellent esthetic properties, minimal coefficient of thermal 

expansion, and superior resistance to wear (3). Usually, cavities are restored incrementally at a 

maximum depth of 2mm for each increment. The incremental packing allows efficient curing of the 

whole depth of the material and reduces polymerization shrinkage (23). However, this technique 

consumes more time and increases the risk of air bubble entrapment, particularly when restoring 

deep cavities (18).  

In today's dentistry, there is a continuing pursuit to simplify and accelerate the clinical application 

of restorative materials (3), (33). A new class of resin composite restorative materials called "bulk-

fill resin composite" has been developed to facilitate restorative procedures by allowing the 

application of restorative material in thick increments up to 4-5 mm (30). Because of changes in the 

filler content and organic matrix, bulk-fill resin composite restorative materials have a low modulus 

of elasticity and low polymerization stresses (20). 

Many factors, including the degree of conversion and depth of cure, influence the clinical 

performance of resin composites. Depth of cure (DOC) describes the amount of monomers 

converted to polymers within the resin composite material (12). Several factors affect DOC, such as 

the percentage and type of fillers, the shade and thickness of the restoration, and the effectiveness of 

the light curing unit. (21). Inadequate polymerization causes lower hardness and wear resistance, 

higher cytotoxicity, and increased marginal discoloration (34), (16).  

The light emitting diode (LED) curing unit is now the most widely used form of light curing units 

(LCUs) (10), (16). Advances in light curing units have occurred in conjunction with improvements 

in resin composite formulations. One of these advances was the introduction of LCU with a high 

irradiation intensity ranging from 4000 mW/cm
2
 to 5000 mW/cm

2
in a very short time ranging from 

1-3 seconds. (27), (8). 

Mechanical tests are usually implemented to assess the properties and predict the clinical 

performance of restorative materials (6), (14). Many bond strength tests, such as tensile bond 

strength, shear bond strength, and push out tests, were traditionally used. These tests might be 

carried out on micro and macro scales. (5). The microtensile bond strength (TBS) was widely used 

due to the enhanced distribution of stresses at the adhesive interface (24). Therefore, this in vitro 
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study aimed to evaluate the effect of different curing times and intensities on the microtensile bond 

strength of bulk-fill resin composite. The null hypothesis tested in this study was that there would 

be no difference in the microtensile bond strength of bulk-fill resin composite when using high 

intensity light curing (2200 mw) for short exposure time (1 second), high intensity light curing 

(2200 mw) for long exposure time (3 seconds), and Conventional light curing (1200 mw) for long 

exposure time for (20 seconds). 

Materials and methods 

The ethical aspects of this study were revised and approved by the Research Ethics Committee – 

Faculty of Dentistry – October 6 University in October 2021 (Approval No.RECO6U/10-2021). 

A power analysis was designed to have adequate power to apply a statistical test of the null 

hypothesis that no difference would be found in the microtensile bond strength between the tested 

groups. By adopting an alpha level of (0.05), a beta of (0.2), i.e. power = 80%, and an effect size (f) 

of (0.637) calculated based on the results of (13), the predicted sample size (n) was a total of (90) 

samples. G*Power version 3.1.9.7 was used to calculate sample size. 

A total of 18 freshly extracted, caries-free human permanent molars were selected for this study. 

The teeth were extracted for periodontal purposes. Any tooth that had cavities, micro cracks, or 

other defects was discarded. The teeth were kept in distilled water at room temperature until they 

were used. The teeth were used to obtain ninety dentin rods. The rods were divided into three equal 

groups (n=30), according to light curing intensity and time(I): Group (I1): high intensity (2200 

mw/cm
2
) for one second, Group (I2): high intensity (2200 mw/cm

2
) for 3 seconds, and Group (I3): 

low intensity (1200 mw/cm
2
) for 20 seconds. Each group was further divided into two subgroups 

according to thermocycling (C): either subjected (C1) or not (C0). Each subgroup was subdivided 

according to storage time (T): (T1) 24 hours, (T2) 3 months, and (T3) 6 months. 

A cylindrical Teflon mold (15-mm diameter and 40-mm height), with a corresponding metal ring 

with two opposing screws at its top was used to produce acrylic resin blocks. Teeth fixed in acrylic 

resin blocks were then mounted in an automated diamond saw (Isomet 4000, Buehler Ltd., Lake 

Bluff, IL, USA), which was used for all sectioning procedures in this study. Occlusal surfaces were 

flattened to the level of the dentino-enamel junction under copious water coolant (Cool 2 water-

soluble anticorrosive cooling lubricant, Buehler Ltd., Lake Bluff, IL, USA), with a concentration of 

1:30, lubricant: water. 

A specially designed stainless-steel holder was fabricated to hold and stabilize the acrylic block and 

the tooth during bonding and resin composite application. This specially designed device prevented 

the movement of both the acrylic block and the split Teflon ring which ensured proper completion 

of the bonding procedure steps. A dual cured universal bonding system (Futurabond 
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M
+
,VOCO,CUXHAVN, GERMANY). The bonding agent was applied to dentin with a micro brush 

for 20 seconds with gentle agitation, air-thinned gently for 5 seconds and light-cured for 20 seconds 

with (I led, woodpecker, China; 1200 mw/cm
2
).A microhybrid resin composite (X-tra fil, VOCO, 

CUXHAVN, GERMANY).The resin composite was applied to the flat dentin surface and filled the 

internal surface of the Teflon mold as one bulk increment using gold plated composite applicator 

and light cured using a violet-blue LED curing unit (I led, Woodpecker, China; emission 

wavelength range: 420–480 nm). Three curing protocols were investigated: the protocol designated 

as "1-s" involved light-curing for 1 second with a radiant existence of 2200 mW/cm
2
 and the 

protocol designated as "3-s" involved light-curing for 3 seconds with a radiant existence of 2200 

mW/cm
2
, whereas the protocol designated as "conventional" involved light-curing for 20 seconds 

with a radiant existence of 1200 mW/cm
2
. The light curing intensity was checked every time before 

curing using a digital radiometer (LM-1, DTE, China).The materials used as well as their 

descriptions, principal components and manufacturers are listed in Table (1). 

All samples were stored in distilled water at room temperature until microtensile bond strength 

testing. Half of the specimens in each subgroup were exposed to 2500 cycles between 5°C and 55°C 

with a dwell time of 30 seconds in each water bath and a 10 second transfer time from one bath to 

another using a thermocycling machine (SD Mechatronic Thermocycler, Germany). 

The objective of longitudinal sectioning of restored teeth was to obtain resin composite-dentin 

beams of (1 mm x 1 mm) in area. Each beam was composed of resin composite and dentin, with 

adhesive at the interface. For the longitudinal sectioning to be perpendicular to the flat occlusal 

surface of restored teeth, a specially designed gripping attachment was used to hold acrylic blocks 

with mounted teeth firm in place, parallel to the sectioning direction, thus maintaining the 

perpendicular relation between the cutting disc and the occlusal surface. A metal house with two 

screws was used for firm attachment of acrylic blocks at the square base to ensure standard cutting 

in bucco-lingual and mesio-distal with 90° to each other, which is used to mount the attachment into 

the diamond saw machine. After mounting in the gripping attachment, restored teeth were serially 

sectioned, using a 0.3 mm thick diamond-coated disc (Buehler, IL, USA) under copious coolant. 

Serial sectioning was done in the bucco-lingual direction, then rotated 90°clockwise and sectioned 

in the mesio-distal direction. A final horizontal cut at the level of the cemento-enamel junction was 

done to obtain beams. The resultant beams were 1±0.1 mm in thick. A digital caliper (Total tools, 

Malaysia) was used to check the thickness and length of all beams. 

Each beam was glued on Geraldeli’s jig by its ends using cyanoacrylate based glue (Akfix 705 fast 

adhesive, Turkey) away from the adhesive interface at least 1 mm, glue accelerator was used to 

accelerate hardening of the glue. The jig was in turn mounted into the universal testing machine 
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(Instron, MA, USA) with a load cell of 500 N. Tensile load was applied, at a cross-head speed of 

0.5 mm/min, until bonding failure of the specimen occurred. Bond strength was calculated in Mega 

Pascal (Bluehill Lite software, Instron, MA, USA). 

For statistical analysis, categorical data were presented as frequency and percentage values and 

were analyzed using Fisher’s exact test. Numerical data were presented as mean and standard 

deviation (SD) values. They were explored for normality by checking the data distribution and 

using Shapiro-Wilk test. Data showed parametric distribution and were analyzed using one-way 

ANOVA followed by Turkey's post hoc test. The significance level was set at p ≤ 0.05. Statistical 

analysis was performed with R statistical analysis software version 4.1.3 for Windows. 

Results  

Intergroup comparisons mean and standard deviation values of microtensile bond strength (MPa) 

for different curing intensities were presented in Table (2) and Figure (1). 

-For non-thermocycled specimens (C0)  

After 24 hours (T1),the microtensile bond strength  for the low intensity (1200 mw/cm
2
) for 20 

seconds specimens (I3) was (30.12±6.61MPa), followed by high intensity (2200 mw/cm
2
) for 3 

seconds specimens (I2) (28.73±3.72MPa), then high intensity (2200 mw/cm
2
) for one second 

specimens (I1) (25.20±1.50MPa) respectively. No significant difference between different groups 

was revealed (p=0.239). 

After 3 months storage (T2), the microtensile bond strength for low intensity (1200 mw/cm
2
) for 20 

seconds specimens (I3) was (29.00±1.04MPa), followed by high intensity (2200 mw/cm
2
) for 3 

seconds specimens (I2) (26.04±2.48MPa), then high intensity (2200 mw/cm
2
) for one second 

specimens (I1) (23.70±4.26MPa) respectively.  A significant difference between different groups 

was apparent (p=0.042). 

After 6 months storage (T3), the microtensile bond strength for low intensity (1200 mw/cm
2
)for 20 

seconds specimens (I3) was (25.20±1.50MPa), followed by high intensity (2200 mw/cm
2
) for 3 

seconds specimens (I2) (20.12±1.96MPa), then high intensity (2200 mw/cm
2
) for one second 

specimens (I1) (15.48±0.88MPa) respectively. A significant difference between different groups 

was revealed (p<0.001). 

-For thermocycled specimens (C1): 

After 24 hours (T1), the microtensile bond strength for low intensity (1200 mw/cm
2
) for 20 seconds 

specimens (I3) specimens was (25.07±3.06MPa), followed by high intensity (2200 mw/cm
2
) for one 

second  specimens  (I1) (16.35±0.66MPa), then high intensity (2200 mw/cm
2
) for 3 seconds 

specimens (I2) (16.35±0.11MPa) respectively. A significant difference between different groups 

was apparent (p=<0.001). 
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After 3 months storage (T2), the microtensile bond strength for low intensity (1200 mw/cm
2
) for 20 

seconds specimens (I3)  was (23.27±4.34MPa), followed by high intensity (2200 mw/cm
2
) for 3 

seconds specimens (I2) (15.78±2.70MPa), then high intensity (2200 mw/cm
2
) for one second 

specimens (I1) (14.10±2.54MPa) respectively. A significant difference between different groups 

was revealed (p=0.002). 

After 6 months storage (T3), the microtensile bond strength for low intensity (1200 mw/cm
2
) for 20 

seconds specimens (I3) was (16.27±2.17MPa), followed by high intensity (2200 mw/cm
2
) for 3 

seconds specimens (I2) (14.46±2.84MPa), then high intensity (2200 mw/cm
2
) for one second 

specimens (I1) (5.35±1.59MPa) respectively. A significant difference between different groups was 

revealed (p<0.001). 

Discussion      

The advancement of resin composite restorations, universal bonding agents, and high-intensity 

light-curing devices are just a few examples of how adhesive dentistry materials and methods have 

changed over time in a trend that is always toward the simplification of restorative 

procedures. The benefits provided by these advances go beyond merely raising the cost-

effectiveness of restorative care; they also result in efficient processes that preserve time for both 

patients and operators and reduce the risk of iatrogenic errors (17). 

By reducing the amount of time and steps needed for the restorative procedures, current research in 

dentin adhesives has focused on making it easier to apply bonding agents. Since the self-etch 

approach offers dependable adhesion to dentin, it was used in the current study's universal adhesive 

one step system. The used adhesive system contains highly functionalized SiO2 nano particles (20 

nm), which aid in the cross-linking of the resin's constituent parts, improve the film-

building capabilities, and reinforce the hybrid layer for long-lasting high bond 

strength. Additionally, the manufacturer stated that the acidity (pH = 2), which was considered a 

mild self-etch adhesive, allowed the adhesive to interact superficially with dentin, dissolve the 

smear layer, and penetrate it to form a more uniform and stable, resin-infiltrated hybrid layer, can 

provide a suitable bond strength to wet and dry dentin with secure adhesion, reduced 

postoperative sensitivity, and appropriate marginal integrity (2) (22), (32). 

Bulk-fill resin composite have been developed to make it simpler to place direct resin composites in 

deep cavities, save time, and reduce the chance of errors. This is because adding 

more increments to deep cavities increases the likelihood of incorporating voids and porosity, 

which could weaken the bond strength. Bulk-fill resin composites demonstrated sufficient 

dentin bond strength and can be used as the preferred restorative material in 

posterior teeth. They are also appropriate for the bulk 



Effect of Different Curing Times and Intensities on Microtensile  

Bond Strength of Bulk-Fill Resin Composite: An In Vitro Study 

 

 Section A-Research paper 

 

256 
Eur. Chem. Bull. 2023,12(7), 250-262 
 

technique because it enables the application of increments of up to 4 mm in a single step while 

preserving the mechanical properties, degree of conversion, and polymerization shrinkage stresses 

(15),  (19). 

A recent ultra high intensity LED curing unit was released with curing times of 1-3 seconds and an 

intensity of 4000–5000 mW/cm2. Because it requires less time to work in the clinic due to its fast 

time of curing, this LED is advantageous to both the operator and the patient (8). In the current 

study, a violet-blue LED curing unit (I led, Woodpecker, China; emission wavelength range: 320-

480 nm) was used with three different curing protocols to light cure the resin composite. 

Distilled water was used in the present study for storage of the specimens after light curing, for 24 

hours, 3 and 6 months respectively. Water storage is one of the most commonly used artificial aging 

techniques because it is a relatively simple and economical method. The bonded specimens were 

stored in distilled water at 37°C (1), (31).  

Thermocycling is meant to mimic the thermal stress that the restorative materials and teeth would 

be exposed to by consuming drinks and food, which would affect bond durability and occasionally 

lead to failure of restoration, and to provide the specimens with years of ageing in a short period of 

time. Many investigations have been conducted to evaluate the temperature variations in the mouth 

when drinking hot and cold beverages. When reviewing the literature, most investigators apply 

thermal cycling of specimens between 5°C and 55°C with a dwell time of 30 seconds and 2500 

cycles, which is equivalent to 3 months physiological ageing in the oral environment and is 

adequate to cover oral temperature fluctuations (7). 

 The microtensile bond strength (TBS) test was chosen for the current study because it has been 

widely used in numerous bond strength testing studies, making it one of the most common and 

adaptable tests for evaluating the bonding performance of materials in vitro. This testing approach 

allows for a greater number of specimens per tooth, increasing test accuracy. It also has a lower 

coefficient of variation and a reduced  probability of cohesive fracture along dentin. It enables for 

the evaluation of resin adhesive performances to drilled carious or sclerotic dentin, as well as the 

regional bond strengths for different portions of the cavity. Furthermore, the opportunity to compare 

the long-term durability of resin adhesion at various regions of the cavity walls on teeth extracted at 

different periods following the placement of bonded restorations (5), (24), (28). 

In the present study, the highest  microtensile bond strength of the resin composite was for 

specimens cured with low intensity light (1200 mw/cm
2
) for 20 seconds (I3), followed by those 

cured with high intensity light for 3 seconds (I2), then those cured with high intensity light (2200 

mw/cm
2
) for 1 second (I1) respectively. This might be due to the effect of percentage of resins 

monomers within the composite during polymerization as it may not be cured well if the light 
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intensity or time of curing was not sufficient. Therefore the longer curing time irrespective of the 

light intensity may result in greater mechanical strength and other properties as a high microtensile 

bond strength Harahap et al. (9). These results were in agreement with the results of Lee et al. 

(11), who suggested that extended curing time can improve different mechanical property of bulk-

fill resin composite. Moreover, Makhdoom et al. (13), found that the degree of resin 

polymerization and high bond strength have a close relationship with the duration of light curing 

time rather than with the intensity of the emitted light. Although the advantage of the LED curing 

unit lies in having a high intensity of 2500 mW/cm
2
, with a curing time ranged from 1–3 seconds, 

there is no much research showing the success of the tool in the complete polymerization of resins 

composite. 

All of light cured resin composite specimens had higher microtensile bond strength in non-

thermocycled specimens than thermocycled specimens, this might be due to that the artificial aging 

effect induced by thermocycling occurs in two ways: First; hot water may accelerate hydrolysis of 

the interface components, and subsequent uptake of water and extraction of breakdown products or 

poorly polymerized resin oligmers (diffusion dependent hydrolysis and elusion). Second, stresses 

induced by repetitive differential thermal changes (contraction/expansion stresses). These stresses 

may induce cracks that propagate along the bonded interfaces, and once a gap is created, changing 

gap dimensions can cause in and out flow of oral fluids Szczesio-Wlodarczyk et al. (29). These 

results were in agreement with Souza et al. (26), Osman. (17), who reported deterioration of bond 

strength after thermocycling.  

The results of the present study showed that the microtensile bond strength values were adversely 

affected by water storage. This might be due to the biodegradation process of resin-based materials 

over time, where the daily rate of consumption of aqueous solutions drastically affects the μTBS of 

the resin-based materials.  The bond strength decreased gradually with more aging of the resin 

composite in distilled water storage media. Interface components can be degraded by hydrolysis and 

water may infiltrate, resulting in the weakening  of the polymeric matrix, by swelling and reduction 

of the frictional forces between the polymer chains, reducing the mechanical properties, and 

consequently the bonding interface integrity. These results in agreement with other studies that 

showed a significant decrease in the bond strength after water storage Souza et al. (26), Craciun et 

al.(4), Selim et al. (25). 

Conclusions: 

Under the conditions of the present investigation the following conclusions could be drawn: 

1. The use of conventional protocol for light curing with low intensity provides superior bond strength 

of resin composite to dentin if compared to fast curing protocol. 
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2. The bonding quality of resin composite to dentin is the matter of adhesion protocol rather than the 

time of curing cycle. 

3. Thermocycling adversely affect the microtensile bond strength of resin composite to tooth tissue 

irrespective of the bonding technique or the materials used. 

4. Aging of resin composite may lead to decrease in microtensile bond strength of resin composite to 

dentin. 

References  

1. Alshabib, A., Alshehri, A., Jurado, C.A., Alrahlah, A., Almazrou, A., Albuhayri, M., Alnujaym, A., 

Almuhanna, A., Fischer, N.G. & Algamaiah, H. Mechanical stability of self-adhesive/ion-releasing 

resin composites. Coatings, (2023); 13(1): 201. 

2. Alzarouq, A., Mehesen, R. & Ali, A. Microtensile bond strength of three different dual cure resin 

composites bonded to dentin. Mansoura J Dent, (2022); 9(4): 186-190. 

3. Cho, K., Rajan, G., Farrar, P., Prentice, L. & Prusty, B.G. Dental resin composites: A review on 

materials to product realizations. Composites Part B: Engineering, 2022); 230:109495. 

4.  Craciun, A., Prodan, D., Constantiniuc, M., Ispas, A., Filip, M., Moldovan, M., Badea, M., Petean, 

I. & Crisan, M. Stability of dental composites in water and artificial saliva. Mater Plast, (2020); 57: 

57-66. 

5.  Durmuşlar, S. & Ölmez, A. Microtensile bond strength and failure modes of flowable composites 

on primary dentin with application of different adhesive strategies. Contemp Clin Dent, (2017); 

8(3): 373. 

6.  El Mourad, A.M. Assessment of bonding effectiveness of adhesive materials to tooth structure 

using bond strength test methods: a review of literature. Open Dent J, (2018); 12: 664. 

7.  Eliasson, S.T. & Dahl, J.E.  Effect of thermal cycling on temperature changes and bond strength in 

different test specimens. Biomater Investig Dent, (2020); 7(1): 16-24. 

8.  Gugnani, M., Singla, M., Grewal, M.S., Arora, A., Setya, G. & Jain, A. Comparison of four 

different light-curing units and evaluation of the depth of cure and microhardness of nanohybrid 

composite resin. World J Dent, (2022); 13(6): 611-616. 

9.  Harahap, S.A., Eriwati, Y.L. & Triaminingsih, S. Effects of extended curing time on the diametral 

tensile strength, degree of conversion, and monomer release of bulk-fill composite resins. Int J Phys 

Conf Ser, (2018); 1073(5): 052020  

10.  Kiliç, Vahti, & Hürmüzlü, Feridun. Effect of light sources on bond strength of different composite 

resins repaired with bulk-fill composite. Odovtos Int J Dent Sci, (2021); 23(1): 103-115.   

11.  Lee, Y.R., Ghani, N.R.N.A., Karobari, M.I., Noorani, T.Y. & Halim, M.S. Evaluat ion of light-

curing units used in dental clinics at a university in Malaysia. J Int Oral Health, (2018); 10(4): 206. 



Effect of Different Curing Times and Intensities on Microtensile  

Bond Strength of Bulk-Fill Resin Composite: An In Vitro Study 

 

 Section A-Research paper 

 

259 
Eur. Chem. Bull. 2023,12(7), 250-262 
 

12.  Ludovichetti, F.S., Lucchi, P., Zambon, G., Pezzato, L., Bertolini, R., Zerman, N., Stellini, E. and 

Mazzoleni, S. Depth of cure, hardness, roughness and filler dimension of bulk-fill flowable, 

conventional flowable and 83 high-Strength universal injectable composites: an in vitro study. J 

Nanomater, (2022); 12(12): 1951. 26. Makhdoom, S. N., Campbell, K. M., Carval 

13.   Makhdoom, S. N., Campbell, K. M., Carvalho, R. M., & Manso, A. P. Effects of curing modes on 

depth of cure and microtensile bond strength of bulk fill composites to dentin. J Appl Oral Sci, 

(2020); 28(3): 1–11.  

14.  Mandava, J., Pamidimukkala, S., Karumuri, S., Ravi, R., Borugadda, R. & Afraaz, A. Microtensile 

bond strength evaluation of composite resin to discolored dentin after amalgam removal. Cureus, 

(2020); 12(4). 

15.  Negm, H.M., Abi-Elhassan, M.H., Ahmed, I.H., Abo Elezz, A.F. & Elhossary, W. Evaluation of 

microtensile bond strength of nanoclay modified adhesive systems using bulk-fill resin 

composite. Int J health sci res, (2022); (I):7229-7242. 

16.   Nurlatifah, A., Eriwati, Y. K., & Indrani, D. J. The effect of the curing time of an ultra-high 

intensity LED curing unit on diametral tensile strength of packable composite resin. J Phys Conf, 

(2018); 1073(5). 

17.  Osman, M.S. Effect of thermocycling on microtensile bond strength of bulk-fill resin composite 

using recent universal adhesive. Egy Dent J, (2019); 65(3): 2899-2910. 

18.   Par, M., Marovic, D., Attin, T., Tarle, Z., & Tauböck, T. T. The effect of rapid high-intensity light-

curing on micromechanical properties of bulk-fill and conventional resin composites. Sci Rep, 

(2020); 10(1): 1–10. 

19.  Puechpaiboon, W., Thitthaweerat, S. & Pumpaluk, P. The effect of resin composite thickness and 

light exposure time on the curing depth of three high viscosity bulk-fill resin composites. M Dent J, 

(2020); 40(1): 44-51. 

20.  Putignano, A., Tosco, V., Monterubbianesi, R., Vitiello, F., Gatto, M.L., Furlani, M., Giuliani, A. 

& Orsini, G. Comparison of three different bulk-filling techniques for restoring class II cavities: 

μCT, SEM-EDS combined analyses for margins and internal fit assessments.  J Mech Behav 

Biomed Mater, (2021);  124: 104812. 

21.  Raafat, R. Assessment of the depth of cure of resin composite restoration by using Trans-tooth 

curing technique with different light curing intensities. Egy Dent J, (2018); 64: 803-809. 

22.  Raji, Z., Hosseini, M. & Kazemian, M.  Microshear bond strength of composite to deep dentin by 

using mild and ultra-mild universal adhesives. J Dent Res, (2022); 19(1): 44. 

23.  Rooz, M.N. The effect of shade and thickness on the depth of cure of bulk-fill composites with 

different viscosities. J Dent, (2020); 21(4):.322. 



Effect of Different Curing Times and Intensities on Microtensile  

Bond Strength of Bulk-Fill Resin Composite: An In Vitro Study 

 

 Section A-Research paper 

 

260 
Eur. Chem. Bull. 2023,12(7), 250-262 
 

24.  Sano, H., Chowdhury, A.F.M.A., Saikaew, P., Matsumoto, M., Hoshika, S. & Yamauti, M. The 

microtensile bond strength test: Its historical background and application to bond testing. Jpn Dent 

Sci Rev, (2020); 56(1): 24-31. 

25.  Selim, A.A., Elezz, A.F.A. & Safy, R.K. Influence of water aging on microtensile bond strength of 

a flowable and a packable bulk-fill resin composites to dentin. J Med Sci, (2020); 8(D): 112-117 

26.  Souza, M.O.D., Leitune, V.C.B., Rodrigues, S.B., Samuel, S.M.W. & Collares, F.M. One-year 

aging effects on microtensile bond strengths of composite and repairs with different surface 

treatments. Braz Oral Res, (2017); 31(e4):1-7. 

27.  Steffen, T., Par, M., Attin, T. & Tauböck, T.T. Effect of fast high-irradiance photo-polymerization 

of resin composites on the dentin bond strength. Materials, (2022); 15(21): 7467. 

28.  Syam, A.N., Gamal, S. & Sabra, M. Evaluation of micro-tensile bond strength of new composite 

resins with dentin. An In Vitro Study. J Adv Dent Res, (2019); 1(2): 37-43. 

29.   Szczesio-Wlodarczyk, A., Kopacz, K., Szynkowska-Jozwik, M.I., Sokolowski, J. & Bociong, K. 

An evaluation of the hydrolytic stability of selected experimental dental matrices and 

composites. Materials, (2022); 15(14): 5055. 

30.  Tărăboanță, I., Buhățel, D., Brînză Concită, C.A., Andrian, S., Nica, I., Tărăboanță-Gamen, A.C., 

Brânzan, R. & Stoleriu, S. Evaluation of the surface roughness of bulk-fill composite resins after 

submission to acidic and abrasive Aggressions. Biomedicines, (2022); 10(5): 1008. 

31.  Teixeira, G.S., Pereira, G.K.R. and Susin, A.H. Aging methods-an evaluation of their influence on 

bond strength. Eur J Dent, (2021); 15(03): 448-453 

32.  Triani, F., Pereira da Silva, L., Ferreira Lemos, B., Domingues, J., Teixeira, L. & Manarte-

Monteiro, P. Universal adhesives: Evaluation of the relationship between bond strength and 

application strategies—a systematic review and meta-analyses. Coatings, (2022); 12(10): 1501. 

33.  Veloso, S.R.M., Lemos, C.A.A., de Moraes, S.L.D., do Egito Vasconcelos, B.C., Pellizzer, E.P. & 

de Melo Monteiro, G.Q. Clinical performance of bulk-fill and conventional resin composite 

restorations in posterior teeth: a systematic review and meta-analysis. Clin Oral Investig, (2019); 

23(10): 221-233. 

34.  Wannous, M. & Abboud, S.A. Curing depth and degree of conversion of different nano-hybrid 

composites. Open J Stomatol, (2021); 74(1): 147-152. 

Table (1): Materials’ specification, composition, manufacturer, and lot number 

Material Specification Composition Manufacturer 
Lot 

number 

Futurabond M
+
 Dual cured 

universalbonding 

1- 2-hydroxyethyl  

2- 2-methacrylate (10–25%),  

VOCO, 

CUXHAVN 

2031283 
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system 3- BIS-GMA (10–25%),  

4- Ethanol (10–25%),  

5- Acidic adhesive monomer (2.5–5%),  

6- Urethanedimethacrylate (2.5–5%), 

catalyst,  

7- Pyrogenic silicic acids, catalyst. 

GERMANY 

www.voco.com 

 

 

 

 

X-tra fil Microhybrid 

resin composite 

(universal shade) 

1- Bisphenol A glycidyal 

dimethacrylate 

2- Urethane dimethacrylate,  

3- Triethylene glycol, dimethacrylate. 

4- Containing filers; Barium-boron 

alumino-silicate glass (2-3 μm) 86% 

by weight,. 

VOCO, 

CUXHAVN 

GERMANY 

www.voco.com 

2149109 

 

 

 

 

 

 

Table (2): Intergroup comparisons mean and standard deviation values of microtensile bond strength 

(MPa) for different curing intensities. 

          Thermocyling               Time 
          Microtensile bond strength (MPa) (mean±SD) p-value 

I1 I2 I3  

      C0 

T1 25.20±1.50
A
 28.73±3.72

A
 30.12±6.61

A
     0.239ns 

T2 23.70±4.26
B
   26.04±2.48

AB
  29.00±1.04

A
   0.042* 

T3 15.48±0.88
C
 20.12±1.96

B
  25.20±1.50

A
 <0.001* 

      C1 

T1 16.35±0.66
B
 16.35±0.11

B
  25.07±3.06

A
 <0.001* 

T2 14.10±2.54
B
 15.78±2.70

B
  23.27±4.34

A
   0.002* 

T3 5.35±1.59
B
 14.46±2.84

A
  16.27±2.17

A
 <0.001* 

Different superscript letters indicate a statistically significant difference within the same horizontal row 

*; significant (p ≤ 0.05) ns; non-significant (p>0.05). 

 

http://www.voco.com/
http://www.voco.com/
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 Figure (1) Bar chart showing average microtensile bond strength (MPa) for specimens in 

different curing times and intensities with /without thermocycling and different times of 

storage. 
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