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INFLUENCE OF DIFFERENT LED CURING-UNITS ON DEPTH OF CURE 

AND MICRO-HARDNESS OF NANO-HYBRID RESIN COMPOSITE 

 

ABSTRACT 

Purpose: To evaluate the effect of two second generation LED Light 

curing units and a third-generation polywave LED Ligth curing unit at 

three different irradiation durations on surface microhardness and 

detpth of cure of nano-hybrid composite resin material. 

Materials and Methods: EliparTM S10, EliparTM Deep Cure-S, VALO 

Cordless, was evaluated at 10s, 20s, 40s curing periods in this study.  

A nano-hybrid composite FiltekTM Z550 that contains camphorquinone 

as photoinitiator is used as test material. For microhardness test ninety 

6 mm diameter, 4 mm deep cylindrical composite blocks in teflon 

molds were prepared. For each light source at each application times 

10 specimen were prepared (n=10) and tested. Also ninety, 4 mm 

diameter, 6 mm deep cylindrical composite specimens in a split 

aluminum mold polymerized with three different light sources at three 

different durations (n=10) were tested for depth of cure measurement. 

Data were analyzed statistically by SPSS (Ver: 22.0) one-way 

ANOVA and multiple comparisons were performed by Tukey’s post- 

hoc test. A p-value less than 0.05 was considered statistically 

significant. 

Results: The values of cure depth were found significantly higher at 

40 seconds of irradiation time for all light sources used (p<0.05). 

Elipar Deep Cure-S showed the higher top surface microhardness at 

40s polymerization (p<0.05) 

Conclusions: All light devices used in the study provided adequate 

polymerization of the nano-hybrid composite at all application 

durations in this study. The highest polymerization depth and 

microhardness values were achieved at 40 sec. polymerization time 

for all LCUs. 

Keywords: Light Curing Unit, Depth of Cure, Micro-Hardness, Deep 

Cure-S. 
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INTRODUCTION 

Light activated composite resin restorations have 

become the most preferred restorative materials in 

the past decade due to their good esthetic 

properties, mercury-free contents, allow 

conservative cavity preparation, reinforce of 

remaining tooth structure, easy application, low 

cost and low technical sensitivity requirement.1,2 

Another main advantage is that the working time 

can be controlled by the operator.3 More than two 

hundred and sixty million resin-based composite 

restorations are made every year worldwide.4 And 

several studies have reported that the median 

longevity of posterior resin-based composite 

(RBC) restorations, is approximately six years.5,6 

Secondary caries and bulk fractures have been 

shown as the two common causes of failures.5,7 

Both this failures may be the result of inadequate 

photo-polymerization of the RBC. Inadequately 

photo-cured RBC will exhibit lower degree of 

conversion which is lead to adverse effects on 

physical properties and bond strength to 

preparation walls of RBC restorations.8,9 

Therefore to avoid these negativities the optimum 

curing conditions should be provided such as 

choosing correct light exposure time and 

irradiance level, precise positioning tip of the light 

curing unit (LCU) and curing with sufficient 

energy at correct wavelengths.  

 The irradiation with the LCU has an 

important effect on surface hardness and depth of 

polymerization.10 Today there are various LCUs 

working on different physical principles such as 

quartz-tungsten-halogen (QTH) bulbs, laser, 

plasma arc lights, and light emitting diodes 

(LEDs). Led LCUs has became standard in 

modern dentistry at the present time due to they 

have low heat outputs, do not require cooling fan, 

can be used cordless and they are lighter and 

smaller.11,12 In addition the LED lights efficiency 

of conversion of electrical energy to curing energy 

is higher than conventional halogen lamps.13,14   

 Camphorquinone is the most common 

photoinitiator in the content of RBCs which has 

absorbtion spectrum of approximately 460–470 

nm. LED LCUs provides adequate curing of these 

composites. Nevertheless some RBCs contain 

alternative photoinitiators are most sensitive to the 

lower wavelengths of light below 420 nm, such as 

diphenyl (2,4,6-trimethylbenzoyl) phosphine 

oxide (TPO).15,16  Today, different light devices 

are offered for use with different modes that 

provide higher light output powers. Manufacturers 

claim that these modes of application provide 

adequate polymerization in a shorter time. 

 Surface hardness test has been used in many 

studies since it is a good indicator of the degree of 

conversion of composites resin. There is a strong 

positive correlation between microhardness value 

and the monomer conversion degree. Depth of 

cure (DoC)  measurement is one another reliably 

and widely used test to assess the relative degree 

of cure of RBCs.17 According to the ISO 4049 

standards DoC of composite resins can be 

evaluated with placing resin into a 4 mm diameter 

6 mm depth of a stainless steel mold.16 After light 

polymerization, the uncured composite is removed 

with a plastic spatula, and the height of the 

remaining composite is divided in half to 

determine the DoC.18  

 The aim of the study was to investigate the 

effect of two second generation LED LCUs and a 

third-generation polywave LED LCU at three 

different irradiation durations on surface 

microhardness and detpth of cure of nano-hybrid 

composite resin material. The null hypothesis 

tested was that different light curing devices and 

different curing periods do not affect 

polymerization depth and surface hardness. 

MATERIALS AND METHODS 

Ethics approval 

Ethical approval was obtained from the Local 

Ethics Committee of the Sivas Cumhuriyet 

University, Sivas, Turkey (ID: 2021-02/55). 

Restorative Materials and light curing units 

Three different LED LCUs investigated in this 

study. Selected LCU’s for resin polymerization 

were two second generation LED LCUs (EliparTM 

S10 and EliparTM Deep Cure-S; 3M ESPE, St. 

Paul, MN, USA) and a third-generation LED LCU 

(VALO Cordless; ULTRADENT, St Louis, MO, 

USA). A nano-hybrid composite resin (FiltekTM 

Z550) used as the restorative material. (Tablo 1,2)
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Table 1. Restorative material used 

Dental resin 

composite 
Manufacturer Type (Shade) Composition 

% Filler 

Wt/Vo 

Lot 

Number 

Filtek Z550 
3M ESPE, 

St. Paul, MN, USA 

Nanohybrid 

resin composite, 

light-cured, 

universal (A2) 

Bis-GMA, UDMA, Bis-EMA, 

PEGDMA and TEGDMA 

Filler: Zirconia/silica, silica 

Partical size: 0.6 - 10 µ 

82/68 N751485 

 

Table 2. Light Curing Units used in study. 

LCU Manufacturer 
Irradiance stated by 

manufacturer (mW/cm2) 

Peak Wavelength 

(nm) 

EliparTM S10 
3M ESPE, St Paul, 

MN, USA 
1200 430-480 

EliparTM Deep Cure-S 
3M ESPE, St Paul, 

MN, USA 
1470 430-480 

VALO Cordless Ultradent 1400 395–480 

Microhardness measurement 

Teflon molds with a circular shaped hole (6 mm 

diameter, 4 mm deep) was used to prepare 

samples for microhardness test. After teflon molds 

placed on a mylar strip and glass slide, composite 

resin was placed in the molds as it will be two 

layers. Molds was covered and compressed with 

another mylar strip and glass slide to provide a 

flat and smooth surface before polymerization. 

Three main groups were formed according to the 

light source used: Group1(Valo): VALO Cordless 

at 1000 mW/cm2, Group 2(Elipar S10): EliparTM 

S10 at 1200 mW/cm2, Group 3(Deep Cure-S): 

EliparTM Deep Cure-S at 1470 mW/cm2 (N=30). 

All LCUs used at their standart modes. LED 

sources was used at three different time intervals 

(10s, 20s, 30s) as a subgroup (n=10). 

Polymerization performed with the tip of the light 

guide 0.5 mm from the surface of composite resin. 

Following the polymerization Vickers 

microhardness test (Shimadzu HMV; Shimadzu 

Corporation, Tokyo, Japan), was performed at the 

top (depth=0 mm) and bottom (depth=4 mm) 

surfaces of each specimen (three indentations for 

each specimen), at a 50-g load for 15 seconds. 

Depth of cure measurement 

According to the LCUs, three main groups (N=30) 

and for each time period (10s, 20s, 40s) three 

subgroups (n=10) were formed as in 

microhardness test. A half split aluminum mold 

with a circular shaped hole (4 mm diameter, 6 mm 

deep) was used for depth of cure measurement. 

Restorative material was placed into the mold and 

compressed with mylar strip and glass slide from 

bottom and top to achieve a flat surface. Then the 

resin was photo-polymerized as in groups. Dept of 

cure of the composite resin was determined using 

a standardized technique (ISO 4049:2000).16 

Immediately after resin polymerization, 

specimens removed from the mold and  uncured 

material from the bottom scraped away with a 

plastic spatula. Remaining height of cylinder 

measured via electronic micrometer to an 

accuracy of ±0.01 mm and results divided by two. 

Statistical analysis 

The obtained data were analyzed by SPSS (Ver: 

22.0) using one-way ANOVA and multiple 

comparisons were performed by Tukey’s post- 

hoc test. A p-value less than 0.05 was considered 

statistically significant. 

RESULTS 

When each light source was evaluated within 

itself, the difference between the average 

polymerization depths was not found to be 

statistically significant at all application periods 

(10s, 20s, 40s). Deep Cure-S showed highest 

polymerization depth at 40 s.  

 Comparison of light sources according to 

application periods showed that there was no 

statistical difference between the light sources 

during the application period of 20 seconds, and 

40 s however there was a difference between the 

Valo and the other light sources at 10 second.  

The highest polymerization depth values were 

observed in Deep Cure-S group at all application 

times. (Table 3) 
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Table 3. Depth of cure means and standard deviations of groups according to irradiation times. 

Gruplar 
10 s 

x̅±ss 

20 s 

x̅±ss 

40 s 

x̅±ss 
 

Valo 1.849±0.121A,a 2.002±0.167A,a 2.516±0.072A,b F=69.1 p=0.001* 

Elipar S10 2.042±0.116B,a 2.217±0.164A,a 2.678±0.202A,b F=38.39 p=0.001* 

Deep cure-S 2.078±0.093B,a 2.153±0.245A,a 2.699±0.177A,b F=34.82 p=0.001* 

  F=12.27 p=0.001* F=3.60 p=0.058 F=3.87 p=0.063   

In each column, groups with the same capital superscripts are not significantly different and in each row, groups with the same lower case superscripts 

are not significantly different (p > 0.05). 

For each light source, mean top surface 

microhardness values at 40s was found higer than 

20s and 10s. However only in Deep Cure-S group 

20s, 40s microhardness values were significantly 

higher than 10s. The highest surface hardness was 

found in Deep Cure-S group at 40s. When the 

light sources were compared according to the 

duration of application, no statistically difference 

was observed between the light sources in all 

application periods. (Table 4) 
 

Table 4. Top (0 mm) surface microhardness means and standard deviations of groups according to irradiation times 

Gruplar 
10 s 

x̅±ss 

20 s 

x̅±ss 

40 s 

x̅±ss 
 

Valo 98.937±5.021A,a 98.712±4.606A,a 98.875±7.088A,a F=0.001 p=0.994 

Elipar S10 96.850±4.415A,a 96.175±5.132A,a 99.300±2.931A,a F=1.33 p=0.295 

Deep cure-S 94.387±7.170A,a 104.075±5.539A,b 106.037±6.215A,b F=6.29 p=0.011* 

 F=1.29 p=0.295  F=4.99 p=0.506 F=13.97 p=0.054   

In each column, groups with the same capital superscripts are not significantly different and in each row, groups with the same lower case superscripts 

are not significantly different (p > 0.05). 

According to bottom surface microhardness 

values in Valo and Elipar S10 groups examined 

after 20s and 40s curing, microhardness values 

were significantly higher than 10s curing duration. 

The highest bottom surface hardness value was 

found in Deep Cure-S group at 40s. As aresult of 

examination of light sources according to the 

duration of application, there was statistically 

difference between the light sources in the 40s 

period, but no statistically difference between the 

light sources at the 10s and 20s. (Table 5)

 

Table 5. Bottom (4 mm) surface microhardness means and standard deviations of groups according to irradiation times 

Gruplar 
10 s 

x̅±ss 

20 s 

x̅±ss 

40 s 

x̅±ss 
 

Valo 83.437±6.166A,a 90.275±4.715A,b 92.262±5.269A,b 
F=7.59 

p=0.005* 

Elipar S10 86.137±5,773A,a 93.787±5.352A,b 94.112±3.171A,b 
F=6.58 

p=0,008* 

Deep cure-S 86.137±3.381A,a 95.150±5.262A,b 104.525±5.121B,c 
F=30.85 

p=0.001* 

 F=0.70 p=0.506  F=1.92 p=0.506 F=16.37 p=0.001*  

In each column, groups with the same capital superscripts are not significantly different and in each row, groups with the same lower case superscripts 

are not significantly different (p > 0.05). 
 

Bottom and top surface hardnesses of the groups 

were compared within each application period and 

the results showed that the mean surface hardness 

values of the bottom and top surface of S10 group 

at 20s and Deep Cure-S group at 40s were found 

to be statistically insignificant. Mean hardness 

values of lower and upper surface of all other 

groups were found to be statistically significant. 

(Table 6) 
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Table 6. Microhardness means and standard deviations of top (0 mm) and bottom (4 mm) surfaces of groups according 

to irradiation times. 

Groups 
Irradiation time/ 

detpth (mm) 
Means Standart deviation 

 

VALO 10s/4mm 83.4375a 6.16695 t=7.90 

P=0.001*  10s/0mm 98.9375b 5.02165 

 20s/4mm 90.275a 4.71525 t=7.20 

P=0.001*  20s/0mm 98.7125b 4.60665 

 40s/4mm 92.2625a 5.26957 t=3.44 

P=0.011*  40s/0mm 98.875b 7.08877 

Elipar S10 10s/4mm 86.1375a 5.77307 t=4.49 

P=0.003*  10s/0mm 96.85b 4.41523 

 20s/4mm 93.7875a 5.35255 t=0.86 

P=0.415  20s/0mm 96.175a 5.13218 

 40s/4mm 94.1125a 3.17105 t=2.74 

P=0.029  40s/0mm 96.321a 2.9316 

Deep Cure-S 10s/4mm 86.1375a 3.38186 t=3.05 

P=0.015*  10s/0mm 94.3875b 7.17026 

 20s/4mm 95.15a 5.26254 t=3.60 

P=0.009*  20s/0mm 104.075b 5.53966 

 40s/4mm 104.525a 5.12187 t=0.71 

P=0.496  40s/0mm 106.0375a 6.2154 

The same lower case superscripts in each column indicate no statistically significant difference between groups. 
P values in the last column indicate t-test’s results. 

*P< 0.05. 

DISCUSSION 

Adequate polymerization is one of the main 

important factors influencing the physical and 

mechanical properties of composite resins. Degree 

of conversion and depth of cure analyzes are 

important tools to estimate the physical and 

mechanical properties of composite resin 

restorations.18,19 Microhardness evaluation at 

specific depths is a widely used method to 

determine the depth of polymerization of resin-

based restorative materials. For adequate 

polymerization depth, it is recommended that the 

bottom surface hardness is about 80% of the upper 

surface hardness value.20, 21  

 Also another standardized technique defined 

by ISO 4049 standard has been used determining 

of cure depth. The ISO 4049 standard evaluates 

DOC by placing composite resin into a 6 mm 

deep and 4 mm diameter opening of a split 

stainless steel mold. Immediately after light 

polymerization, the uncured resin material is 

removed with a plastic spatula, the height of the 

remaining composite is divided in half. These 

values recorded as the ISO depth of cure must be 

higher than 1.5 mm.18, 22  

 The irradiation time is very important for 

optimum polymerization of the resin at increased 

depth, although there is no major factor in the 

polymerization at the surface.23 Time-saving 

applications are an ongoing request for restorative 

practices and significant improvements in 

technology of LED light sources allow shorter 

clinical application times.12,24 Some recent studies 

have emphasized the potential of these LED 

curing lights to reduce the irradiation time without 

a significant loss in the mechanical properties of 

the RBCs.23,25  

 In this study, microhardness and 

polymerization depths of a camphorquinone 

photo-initiator containing resin-based composite 

material that photo polymerized with two different 
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second generation and a third generation LED 

light sources at three different irradiation times 

were evaluated.  

 The null hypothesis was partially rejected 

because there are significant differences between 

the light curing periods in terms of polymerization 

depth and surface hardness however the top 

surface hardness values of Valo and S10 groups 

has showed no statistically changes at 10s and 20s 

light curing periods (p>0.05). And also 

DeepCureS-40s subgroup has showed 

significantly higher top and bottom surface 

hardness values than other LCUs (p<0.05). 

 Although all the LCUs perform adequate 

polymerization depth according to ISO 4049 

depth of cure measurement (scraping test) at the 

10 s irradiation time, VALO group showed 

statistically lower polymerization depth values 

than the other groups (p<0.05). This difference 

may be due to using VALO Cordless at 1000 

mW/cm2 output power so three light sources has a 

1.2x-1.47x difference in the emitted power 

depending on the brand of LCU. In addition 

VALO has a different structural design of tip than 

the other light sources that may lead less 

polymerization at 10 s. 

 In a study evaluating the effects of Elipar 

DeepCure-S and Valo LCUs on the amount of 

residual monomer released from different 

composites; the amount of residual monomer 

released from composites polymerized with the 

Elipar DeepCure-S light device was found to be 

less than the groups polymerized with the Valo 

light device, similar to our study.26 In another 

study investigating the effect of LCUs on the 

bonding strength in the repair of different 

composites with bulk-fill composites, the Elipar 

DeepCure-S provided better bonding strength than 

the Valo light device, and this was attributed to 

the Elipar DeepCure-S light device providing 

better polymerization at the bottom of the 

composite.27 

 All light curing units used in the study has 

provided significantly high polymerization depths 

at 40 second compared to 10 and 20 seconds 

(p<0.05). This can be explained by prolonged 

curing times allow the formation of additional 

cross-links in higher depths of restorative material 

and lead to a more homogeneous polymer 

network.10 In addition, although shortened light 

curing durations provide sufficient 

polymerization, radiant exposure of the restorative 

material at 40 s light curing mode will be more 

than shorten curing times.21 Altough there is a 

slightly difference of output powers of LCUs 

there was no statistically significant difference 

was found between the DoC values when 

comparing the depth of polymerization of the 

LCUs at the 20s and 40s periods. This has shown 

that the increased polymerization time can 

compensate the output power difference between 

the LCUs at used parameters.  

 When the surface microhardness values were 

compared, there was no difference in 

microhardness between the irradiation times in the 

Valo and Elipars S10 groups, while an increase in 

the exposure times of 20 and 40 seconds was 

observed in the Deep Cure-S group. This result 

can be explained by the fact that the energy output 

power of the Deep Cure S device is higher than 

the other devices (1470 nm/cm2) and different 

optical tip design. Differences in tip area can 

causea large effect on the calculated radiation.16, 28 

 The bottom microhardness results of the 

groups showed that 20s and 40s irradiation values 

are higher than 10s groups in all devices. 

However, in the Deep Cure-S group, there is no 

statistically significant difference between the 

surface and bottom microhardness values of the 

nanohybrid composite at 40s irradiation time. This 

can be explaned that light beam profile of Deep 

Cure-S deeper and more homegenous then the 

other light sources used.16,28 

CONCLUSIONS 

All light sources used in this study provide 

adequate polymerization of the nanohybrid 

composite which includes camphorquinone as a 

photoinitiator in all application time mods. The 

highest polymerization depth and microhardness 

values were achieved with 40 sec. polymerization 

time for all LCUs and Deep Cures S light devive 

provided statisticaly same microharnes values 

between top an bottom surfaces at 40s. 
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