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ABSTRACT 

Composite resins are considered the major material of dental restorations. due to 

their superior aesthetics and conservative application. The behavior of the 

restorations is affected by curing method such as continuous and pulsed modes. The 

test specimens have been prepared by bulk-fill and incremental layering.  

 

The present study investigates the effect of filling and curing techniques on frictional 

properties and electrification of the tested composite resin. Sliding tests were 

performed at 8, 10 and 12 N load to simulate oral masticatory forces. Because the 

friction of materials is accompanied by electrification, it necessary to measure the 

voltage generated from the sliding of composites resin on the teeth.  

 

It was revealed that specimens of three layers displayed the highest friction coefficient 

followed by specimens of two layers and bulk-fill, while specimens of four layers 

showed lowest friction. Besides, water wet sliding displayed lower values of friction 

coefficient with the same trend compared to the dry sliding. Specimens treated by 

pulsed light curing gave relatively higher friction displayed by specimens of three 

layers while bulk-fill showed the lowest friction of higher values than that shown for 

specimens cured by continuous light. It was observed that pulsed treated specimens 

had higher hardness than continuous treated ones. It is recommended to increase the 

hardness of composite resin to increase friction to guarantee proper mastification. 

 

Specimens continuously light cured of two layers displayed the highest voltage in dry 

sliding. While, water wet surfaces showed relatively higher voltage than dry ones. 

Voltage generated from dry sliding of pulsed light cured specimens was higher than 

that observed from specimens treated by continuous light and water wet sliding 

displayed higher voltage values. It seems that in pulsed light curing, the monomers 

have the chance to be linked to other monomers forming longer polymer chains, 

increasing the degree of polymerization and modifying the toughness that increases 

the values of the generated voltage caused by the piezoelectric effect. 

  

https://scholar.google.com/citations?view_op=view_org&hl=ar&org=14962195678536067888
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INTRODUCTION  

Composite resin is extensively applied in teeth restoration, [1 - 3]. The mechanical 

properties of dental composite resin can be affected by various factors as technique 

of placement and mode of light curing. In recent study the influence of continuous 

and pulsed light curing for bulk-fill, two, three and four layers on abrasive wear 

resistance and friction coefficient of a nanohybrid dental composite was investigated, 

[4]. It was revealed that pulsed light curing displayed relatively lower wear. Besides, 

the restoration of two and three layers showed enhanced wear resistance.  

 

Photoactivation of composite resin achieved by exposure of light-curing unit can 

strengthen the large restorations, [5 - 7]. The proper conventional composite resin 

should be made by incremental thickness of 2 mm, [8, 9]. Applying the filling 

materials in resin affects shrinkage polymerization shrinkage, [10]. The filling 

materials contained nanoparticles such as titanium dioxide, aluminum oxide, 

zirconium dioxide, silicon oxide and zinc oxide that were applied in restoration in 

several biological applications, [11 - 17].  

 

The proper polymerization of resin composites is essential to get a long-lasting 

restoration of enhanced mechanical properties. Polymerization makes the monomers 

to be linked together to form chains of molecules that are called polymers. The 

monomers include carbon-carbon of double bonds (C=C) having two pairs of 

electrons that sharing two carbon atoms. The polymerization process has activation, 

initiation, propagation and termination reactions, [18 - 24], where activation initiates 

polymerization when the free radicals are released. While free radicals open the 

double bond to facilitate to be linked to the other monomers forming the polymer 

chains. New monomers are added to the polymer chain in the propagation process. 

Then the reaction ends when the number of monomers decreased in the termination 

phase. Then the molecular weight of all monomers linked together is the molecular 

weights of the polymer. The degree of polymerization increases ss the number of 

monomers in the chain increases, [25 - 28].  

 

The light polymerization is called photopolymerization, where light curing 

polymerization is investigated, [29]. The polymerization depends on the thickness of 

composite resin, where 2 mm thickness is recommended. Increasing the thickness of 

composite resin decreases the light intensity at the bottom surface and consequently 

the mechanical properties decrease, [30 - 32].  

 

The objectives of the present study are to investigates the effect of filling and curing 

techniques on friction coefficient and the generated voltage displayed by sliding of 

composite resin sliding on bovine tooth. The composite resin test specimens were 

prepared by bulk-fill and incremental layering using continuous and pulsed light 

curing. 

 

EXPERIMENTAL 
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RubyFill Nano (RubyDent, Germany) was the composite resin used in the present 

study. It is filled by nano-sized filler particles to develop the mechanical properties. 

3D Star LED Light Curing Device was applied to light curing the tested specimens 

using continuous and pulsed light-curing methods. A piece of bovine teeth of 25 mm 

long and 10 mm width applied as the counter surface was adhered to the base of the 

reciprocating table of the test rig, Fig. 1. 

 

 
 

Fig. 1 Measurement of ESC generated from the sliding process. 

 

The resin composite specimens were molded in a form of cylindrical pin of 12 mm 

height and 6 mm diameter using continuous and pulsed curing light. The tested 

specimens were bulk-fill, two layers, three layers and four layers. In the layered 

specimens, the composite resin was applied incrementally, with two, three and four 

layers. The curing time was 60 seconds from the top surface for bulk-fill specimens, 

while for layered specimens, every layer was cured for 60 seconds. Friction force was 

measured by the load cell assembled in the loading lever, then friction coefficient was 

determined by dividing the friction force on the applied load.  

   

Besides, voltage generated from sliding of composite resin on bovine tooth was 

measured. The details of the measurement are shown in Fig. 1.  The test specimens 

were loaded on bovine tooth at 2, 4, 6, 8 and 10 N normal load and slid for 20 mm 

distance. Experiments were performed at dry and water wet sliding conditions. 

Voltage was measured by digital voltmeter of ± 0.1 mV accuracy. 

 

The resin composite specimens were molded in a form of cylindrical pin of 12 mm 

height and 6 mm diameter using continuous and pulsed curing light. The tested 

specimens were bulk-fill, two layers, three layers and four layers. In the layered 

specimens, the composite resin was applied incrementally, with two, three and four 

layers. The curing time was 60 seconds from the top surface for bulk-fill specimens, 

while for layered specimens, every layer was cured for 60 seconds. Friction force was 

measured by the load cell assembled in the loading lever, then friction coefficient was 

determined by dividing the friction force on the applied load.  

   

Besides, voltage generated from sliding of composite resin on bovine tooth was 

measured. The details of the measurement are shown in Fig. 1.  The test specimens 

were loaded on bovine tooth at 2, 4, 6, 8 and 10 N normal load and slid for 20 mm 
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distance. Experiments were performed at dry and water wet sliding conditions. 

Voltage was measured by digital voltmeter of ± 0.1 mV accuracy. 

 
 

RESULTS AND DISCUSSION 

The friction coefficient displayed by the sliding of the composite resin treated by 

continuous curing light is shown in Fig. 2. Friction coefficient decreased as the load 

increased due to the heat generated during sliding at higher loads forming a layer of 

low shear strength of composite resin on the sliding surface. The highest friction 

coefficient was displayed by the specimens of three layers followed by two layers and 

bulk-fill specimens, while the lowest friction was shown for specimens of four layers. 

At water wet sliding of test specimen prepared by continuous curing light, Fig. 3, 

friction coefficient displayed the same trend with lower values compared to the dry 

sliding.  

 

 
Fig. 2 Friction coefficient displayed by the dry sliding of test specimen prepared by 

continuous curing light. 
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Fig. 3 Friction coefficient displayed by the water wet sliding of test specimen 

prepared by continuous curing light. 

 

 

 

As for pulsed light curing, specimens prepared in two layers showed the highest 

friction coefficient followed by the three layers specimensm while bulk-fill gave the 

lowest friction values, Fig. 4. Generally, friction values were higher than that observed 

for specimens prepared by continuous ligh curing. Friction values at water wet 

sliding, Fig. 5, displayed drastic decrease compared to the specimens molded by 

continuous ligh curing, where the highest friction value did not exceed 1.34. 

Specimens of four layers showed relatively lower values than the other test specimens. 

The hardness of the test specimens were measured in Shore D, Fig. 6. The pulsed test 

specimens showed higher values than continuous test specimens. It was observed that 

friction coefficient increased as the hardness increased. at dry and water wet sliding. 

This observation recommends increasing the hardness of composite resin to get higher 

friction values in order to guarantee proper mastification. 
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Fig. 4 Friction coefficient displayed by the dry sliding of test specimen prepared by 

pulsed curing light. 

 
Fig. 5 Friction coefficient displayed by the water wet sliding of test specimen 

prepared by pulsed curing light. 
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Fig. 6 Hardness of the test specimens.  

 

It is known that human teeth, particularly their hydroxyapatite (HA) component, 

generate electrostatic charges (ESC) through the piezoelectric effect, as result of the  

mechanical stress. Dentin generates higher ESC than enamel. Besides, electrical 

current can be generated from amalgam fillings due to galvanism. Electromagnetic 

fields of electric toothbrushes can induce electrical currents in teeth. The presence of  

electric current, in the mouth caused by the dissimilar materials of dental restorations 

that act as oral galvanism in the medium of saliva, influences  the nerves by an electric 

shock leading to pain, weakness and difficulty moving a limb, [33 – 37]. It can be 

recommended to measure the voltage generated from the sliding of composite resin 

on teeth. 

 

The measurements of the voltage generated from the sliding of composite resin on 

bovine tooth are shown in Figs. 7 – 10. At dry sliding of the test specimens cured by 

continuous light, Fig. 7, test specimens prepared in two layers showed the highest 

voltage, where the highest value reached 59 mV at 10 N load. The generated voltage 

significantly increased with increasing the applied load as result of the increase of the 

contact area. Water wet surfaces displayed higher voltage values, Fig. 8. It seems that 

water worked as electrolyte and facilitated the distribution of ESC on the sliding 

surfaces. The highest voltage value exceeded up to 174 mV.  

 

0

20

40

60

80

100

Continuous

Pulsed

H
a
rd

n
es

s,
 S

h
o
re

D

https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=hydroxyapatite+%28HA%29&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQIBBAB&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=dentin&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQIAxAB&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=enamel&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQIAxAC&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=electrical+current&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQICxAB&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=electrical+current&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQICxAB&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=galvanism&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQICxAC&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=electromagnetic+fields&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQICxAD&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=e2d404020a096c28&cs=0&sxsrf=AE3TifPNQunJA5W6brDTSVCfG4O1IN0BBA%3A1756552582889&q=electromagnetic+fields&sa=X&ved=2ahUKEwjm3NqltLKPAxXQUaQEHb53ACwQxccNegQICxAD&mstk=AUtExfClv3xQR7AYgpQH2VEhUXdEurgfE568H1H_R_S_Q1Ml_JRhOUIHskdj6-kTYR9T-CEaSe4bQKACuE7SrR8Dgdea0AVo49xbB4Frr9KRIPfk8Kz8T8FZ5LB7myd7WFPHqrIr0DENs0NmNU4_ScG31gbA5M2EjDUwxwvWNsfQqYnqiX5Oz3y6O48rVmR19KcAoG11aXYkapEG5HaxBQzLrcsMUeIaw1Zgft4A67c4DEZbr73Q7kf_Y9IER-_oBIRthDikoqwMl-lunBvidW3YC8Kz&csui=3
https://www.google.com/search?sca_esv=406eb65d2af5a8c7&cs=0&sxsrf=AE3TifMjajOZSbI9ICIx9HQ1Vd4EYO5Eag%3A1757695599510&q=a+significant+electrical+current&sa=X&ved=2ahUKEwjNndKu1tOPAxUXRKQEHbqaGsMQxccNegQIBRAB&mstk=AUtExfCh9YmyPA3qrOL8O1AZyMTO00bPzM1R3GbKivc6rUkNRnxpwkF1Dt0b_uYDWsQzEngYyHHvGDL8pBLte5RrUCfxG7RGrKUFtq8unNZ-lgUIuetXbI3FskdEpmWDLZDXhOEqYVE8aDmQaiHTl645ukomR6II4yZQOXGIVcL-Unw2zy3xud1E460OEoMqtbu9Lhht59oRP0HqzFSyglExycGq5gqdiL7u6ufOydR1401x2SzxtiJuBOTtdPfbcetVZCVh3SdgftLVe-2s2_RZZ9Ja&csui=3
https://www.google.com/search?sca_esv=406eb65d2af5a8c7&cs=0&sxsrf=AE3TifMjajOZSbI9ICIx9HQ1Vd4EYO5Eag%3A1757695599510&q=dental+restorations&sa=X&ved=2ahUKEwjNndKu1tOPAxUXRKQEHbqaGsMQxccNegQIBRAD&mstk=AUtExfCh9YmyPA3qrOL8O1AZyMTO00bPzM1R3GbKivc6rUkNRnxpwkF1Dt0b_uYDWsQzEngYyHHvGDL8pBLte5RrUCfxG7RGrKUFtq8unNZ-lgUIuetXbI3FskdEpmWDLZDXhOEqYVE8aDmQaiHTl645ukomR6II4yZQOXGIVcL-Unw2zy3xud1E460OEoMqtbu9Lhht59oRP0HqzFSyglExycGq5gqdiL7u6ufOydR1401x2SzxtiJuBOTtdPfbcetVZCVh3SdgftLVe-2s2_RZZ9Ja&csui=3
https://www.google.com/search?sca_esv=406eb65d2af5a8c7&cs=0&sxsrf=AE3TifMjajOZSbI9ICIx9HQ1Vd4EYO5Eag%3A1757695599510&q=oral+galvanism&sa=X&ved=2ahUKEwjNndKu1tOPAxUXRKQEHbqaGsMQxccNegQIBRAC&mstk=AUtExfCh9YmyPA3qrOL8O1AZyMTO00bPzM1R3GbKivc6rUkNRnxpwkF1Dt0b_uYDWsQzEngYyHHvGDL8pBLte5RrUCfxG7RGrKUFtq8unNZ-lgUIuetXbI3FskdEpmWDLZDXhOEqYVE8aDmQaiHTl645ukomR6II4yZQOXGIVcL-Unw2zy3xud1E460OEoMqtbu9Lhht59oRP0HqzFSyglExycGq5gqdiL7u6ufOydR1401x2SzxtiJuBOTtdPfbcetVZCVh3SdgftLVe-2s2_RZZ9Ja&csui=3


42 
 

 
Fig. 7 Voltage generated from the dry sliding of the test specimens prepared by 

continuous curing light on bovine tooth. 

 
Fig. 8 Voltage generated from the water wet sliding of the test specimens prepared 

by continuous curing light on bovine tooth. 
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Fig. 9 Voltage generated from the dry sliding of the test specimens prepared by 

pulsed curing light on bovine tooth. 

 
Fig. 10 Voltage generated from the water wet sliding of the test specimens prepared 

by pulsed curing light on bovine tooth. 

 

Specimens treated by pulsed curing light generated higher voltage values of after dry 

sliding on teeth than that treated by continuous light, Fig. 9. The same trend was 
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observed, where the two layers displayed the highest voltage values. At 10 N load the 

voltage reached 154 mV. At water wet sliding, voltage recorded higher values up to 

193 mV. This behavior can be explained on the fact that pulsed light curing gives the 

monomers the time to be linked to other monomers to form polymer chains, while in 

continuous curing this chance is unavailable. Increase of the number of monomers in 

the chain increases the degree of polymerization and modifies the mechanical 

properties such as toughness and elasticity. This in turn increases the values of the 

generated voltage caused by the piezoelectric effect.  

 

CONCLUSIONS 

1. Friction coefficient displayed by the sliding of composite resin treated by 

continuous curing light decreased as the load increased. 

2. Specimens of three layers displayed the highest friction coefficient followed by 

specimens of two layers and bulk-fill, while specimens of four layers showed lowest 

friction. 

3. At water wet sliding, friction coefficient displayed lower values with the same trend 

compared to the dry sliding.    

4. Specimens treated by pulsed light curing showed the highest friction displayed by 

specimens of three layers while bulk-fill showed the lowest friction, where the values 

were higher than that recorded for specimens cured by continuous light. In water wet 

sliding, friction experienced drastic decraese.  

5. Pulsed treated specimens had higher hardness values than continuous treated 

specimens. Because friction coefficient increased with increasing the hardness, it is 

recommended to increase the hardness of composite resin to increase friction to 

guarantee proper mastification. 

6. At dry sliding, specimens continuously light cured of two layers displayed the 

highest voltage. Water wet surfaces showed higher voltage values than dry ones. 

7. Pulsed light cured specimens generated higher voltage values after dry sliding than 

that observed from specimens treated by continuous light. Water wet sliding recorded 

higher voltage values. 

8. In pulsed light curing, the monomers have enough time to be linked to other 

monomers to form longer polymer chains, increase the degree of polymerization and 

modifies the as toughness that increases the values of the generated voltage caused by 

the piezoelectric effect.  

 

REFERENCES 

1. Elhejazi Ahmed A., Alosimi A., Alarifi F. and Almuqayrin A., “The effect of depth 

of cure on microhardness between bulk-fill and hybrid composite resin material”, 

The Saudi Dental Journal 36, pp. 381–385, (2024).  

2. Alvanforoush N., Palamara J., Wong R. H. and Burrow M. F., “Comparison 

between published clinical success of direct resin composite restorations in vital 

posterior teeth in 1995–2005 and 2006–2016 periods” Aust. Dent. J. 62, pp. 132–145, 

(2017). 

3. Drummond J. L., Lin L., Al-Turki L. A. and Hurley R. K., “Fatigue behaviour of 

dental composite materials”, J. Dent. 37, 321–330, (2009). 



45 
 

Eshmawi Y. T., Al-Zain A. O., Eckert G. J. and Platt J. A., “Variation in composite 

degree of conversion and microflexural strength for different curing lights and 

surface locations. J. Am. Dent. Assoc. 149, pp. 893–902, (2018). 

4. Farrag A. A., Zainab A., Khashaba M., Mohamed M. K., Ali W. Y. and Ameer A. 

K., “Abrasive Wear Resistance of Composite Resin”, Journal of the Egyptian 

Society of Tribology, Vol. 22, No. 4, October 2025, pp. 1 – 10 (2025). 

5. Ilie N., Hilton T. J., Heintze S. D., Hickel R., Watts D. C., Silikas N., Stansbury J. 

W., Cadenaro M. and Ferracane J. L., “Academy of dental materials guidance-resin 

composites: Part Imechanical properties” Dental Mater.: Off. Publication Acad. 

Dental Mater. 33, pp. 880–894, (2017). 

6. Astvaldsdottir A., Dagerhamn J., van Dijken J. W. and Naimi-Akbar A., 

Sandborgh-Englund G., Tranaeus S. and Nilsson M., Longevity of posterior resin 

composite restorations in adults – A systematic review. J. Dent. 43, pp. 934 – 954, 

(2015). 

7. Leprince J. G., Palin W. M., Hadis M. A., Devaux J., and Leloup G., “Progress in 

dimethacrylate-based dental composite technology and curing efficiency” Dental 

Mater., Off. Publication Acad. Dental Mater. 29, pp. 139–156, (2013). 

8. Rueggeberg F. A., Giannini M., Arrais C. A. G. and Price R. B. T., “Light curing 

in dentistry and clinical implications: A literature review”, Braz. Oral. Res. 31, e61, 

(2017). 

9. Keli´c K., Matic S., Marovic D., Klaric E. and Tarle Z., “Microhardness of bulk-

fill composite materials”, Acta Clin. Croat, pp. 607–613, (2016). 

10. Reis A. F., Vestphal M., Amaral R.C., Rodrigues J. A., Roulet J.-F. and Roscoe 

M. G., “Efficiency of polymerization of bulk-fill composite resins: a systematic 

review”, Br. Oral Res. 31 (suppl 1), (2017). 

11. Meshref A. A., Mazen A. A., El-Giushi M. A. and Ali W. Y., “Influence of 

Counterface Materials on the Wear and Friction Coefficient Behavior of Dental 

Composite Resin, International Journal of Engineering and Information Systems 

(IJEAIS), Vol. 3, No. 6, pp. 32 - 40, (2019).  

12. Hamouda I. M., “Current Perspectives of Nanoparticles in Medical and Dental 

Biomaterials”, Journal of Biomedical Research, Vol. 26, No. 3, pp. 143 - 151, (2012).  

13. Aly M. S., Esraa S. F., Ali W. Y. and Ali A. S., “Applications of Mechanical 

Engineering in Dentistry”, Journal of the Egyptian Society of Tribology, Vol. 22, No. 

2, April 2025, pp. 91 – 100 (2025). 

14. Luther W., “Industrial Application of Nanomaterials, Chances and Risks”, 

Germany, pp. 5 - 16, (2004).  

15. Motaung T. E., “Effect of Metal Oxide Nano-particles on the Properties and 

Degradation Behaviour of Polycarbonate and Poly (methyl methacrylate)”, Ph. D. 

Thesis, University of the Free State (Qwaqwa Campus), pp. 3 - 4, (2012).  

16. Jain S., Jain A. P., Sourabh J., Gupta O. N. and Vaidya A., “Nanotechnology: An 

Emerging Area in the Field of Dentistry”, Journal of Dental Science, pp. 1 - 9, (2013).  

17. Meshref A. A., Mazen A. A., El-Giushi M. A. and Ali W. Y, Friction Behavior of 

Hybrid Composites Filled by Titanium Dioxide Nanoparticles, Vol. 14, No. 1, pp. 40 – 

50, (2017). 



46 
 

18. KILIÇ V., “Polymerization and Light Curing Units in Restorative Dentistry”, 

Chapter 28 in Academic Studies in Health Studies II, Volume 1, First Edition • © 

HAZİRAN 2020 ISBN • 978-625-7884-59, (2020). 

19. Walls A. W., McCabe J. F., “Applied dental materials”, United Kingdom: 

The Blackwell Science Ltd; (2000). 

20. Van Noort R., Barbour M. E., “Introduction to Dental Materials, Elsevier Health 

Sciences; (2013). 

21. de Camargo E. J., Moreschi E., Baseggio W., Cury J. A., Pascotto R. C., 

“Composite depth of cure using four polymerization techniques”, Journal of applied 

oral science, revista FOB.;17(5), pp. 446 - 450, (2009). 

22. Roberson T. M., Heymann H., Swift E. J., Sturdevant C. M., “Sturdevant’s art 

and science of operative dentistry”, St. Louis, Mo.: Mosby; (2006). 

23. Sideridou I., Tserki V., Papanastasiou G., “Effect of chemical structure on degree 

of conversion in light-cured dimethacrylate-based dental resins”, Biomaterials, 23 (8), 

pp. 1819 - 1829, (2002). 

24. Nomoto R., Uchida K., Hirasawa T., “Effect of light intensity on polymerization 

of light-cured composite resins”, Dental materials journal,13 (2), pp. 198 - 205, 72, 

(1994). 

25. Dewaele M., Truffier-Boutry D., Devaux J., Leloup G., “Volume contraction in 

photocured dental resins: the shrinkage-conversion relationship revisited. Dental 

materials”, official publication of the Academy of Dental Materials, 22 (4), pp. 359 - 

365, (2006). 

26. Van Noort R., Barbour M., “Introduction to Dental Materials”, E-Book, Elsevier 

Health Sciences, pp.73-75, (2014). 

27. Dewaele M., Truffier-Boutry D., Devaux J., Leloup G., “Volume contraction in 

photocured dental resins: the shrinkage-conversion relationship revisited”, Dental 

Materials, 22(4), pp. 359 - 365, (2006). 

28. Craig R., Powers J., “Restorative dental materials”, St. Louis, Mosby, Inc, (2002). 

29. Roberson T. M., Heymann H., Swift E. J., Sturdevant C. M., “Sturdevant’s art 

and science of operative dentistry”, St. Louis, Mosby, (2006). 

30. Sakaguchi R. L., Douglas W. H., Peters M. C., “Curing light performance and 

polymerization of composite restorative materials”, Journal of dentistry, 20 (3), pp. 

183 - 188, (1992). 

31. Yap A. U., “Effectiveness of polymerization in composite restoratives claiming 

bulk placement: impact of cavity depth and exposure time”, Operative dentistry, 25 

(2), pp. 113-20, (2000). 

32. Mahn E., “Clinical criteria for the successful curing of composite materials”, 

Revista Clínica de Periodoncia, Implantología y Rehabilitación Oral., 6 (3), pp. 148 - 

53, (2013). 

33. Rajabi A. H., Jaffe M., Arinzeh T. L., “Piezoelectric materials for tissue 

regeneration: a review, Acta Biomater. 24, 12–23, (2015).  

34. Kalinin S. V., Rodriguez B. J., Jesse S., Thundat T., Gruverman A., 

“Electromechanical imaging of biological systems with sub-10 nm resolution, Appl. 

Phys. Lett. 87, (2005). 

35. Wang T., Feng Z., Song Y., Chen X., “Piezoelectric properties of human dentin 

and some influencing factors”, Dent. Mater. 23, pp. 450–453, (2007). 



47 
 

36. Marino A. A., Becker R. O., “Origin of piezoelectric effect in bone”, Calcif. Tissue 

Res. 8., pp. 177–180, (1971). 

37. Minary Joladan M., Yu M. F., “Uncovering nanoscale electromechanical 

heterogeneity in the subfibrillar structure of collagen fibrils responsible for the 

piezoelectricity of bone”, ACS, Nano 3, pp. 1859–1863, (2009).   

 

 

 


