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ABSTRACT 

Introduction 

Various factors such as the type of light source, irradiance power, exposure time, curing tip 

distance, degree of conversion, and type of fillers influence the polymerization of light-cure 

resins and ultimately, the final properties of the restoration. The present study aimed to 

compare the efficiency of light-emitting diode (LED) and Quartz tungsten halogen (QTH) 

curing lights and their effect on the polymerization of microfilled (MF) and nanofilled (NF) 

composite resins.  

Materials and Methods 

A total sample of n=80 was divided into eight groups (n=10 each) comprising of two types 

of MF and NF composites each, cured by QTH and LED. The depth of cure, rise in 

temperature during curing, and the Vicker’s hardness number (VHN) at various depths were 

evaluated. 

Results: The depth of cure was significantly more (p<0.05) in the NF composites as 

compared to that observed in the MF composites. The temperature rise was found to be 

significantly more (p<0.05) in samples cured with QTH than in LED. The VHN were found 

to be significantly higher at 1mm and reduced as the depth of cure increased to 2 mm and 3 

respectively. 

Conclusion: LED light curing units are more efficient as well as biocompatible as compared 

to QTH units. NF composites exhibit a greater depth of cure and surface hardness as 

compared to the MF composite. The rise in temperature during curing is dependent on the 

curing unit but not the type of composite. 
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INTRODUCTION 

Composite resins are the material of choice in restorative dentistry, particularly in cases 

where aesthetics is of major concern. The ever-increasing demand for highly aesthetic 

restorations, including those in the posterior areas created a need to reinforce the strength of 

the composite restorations. Consequently, various permutations of the filler particle content, 

shade, and coupling agents have led to the development of a variety of composite materials 

varying across the spectrum of aesthetic and physical properties. These include 

conventional, micro-filled (MF), hybrid, flowable, packable, and nano-filled (NF) 

composites.[1] MF composite resins consist of inorganic filler particles of 40 to 50 nm 

diameter while nano-filled composite resins have particles of the order 1 to 100 nm.  

The small particle size enables the achievement of a smooth polished surface, much crucial 

for aesthetic restorations. They are indicated for the restoration of anterior teeth and cervical 

abfraction lesions.[2] MF composites have the prime advantage of providing good surface 

smoothness but they are associated with disadvantages such as a high coefficient of thermal 

expansion, low tensile strength, low stiffness, high water sorption, high polymerization 

shrinkage, and more fatigue fracture.[3] NF composites are advantageous in terms of wear 

resistance and strength in addition to superior esthetics.[1] 

The polymerization process of composite resins plays a major role in determining the final 

mechanical properties, solubility, dimensional stability, colour change, and biocompatibility 

of the resins. The introduction of curing lights enabled ‘cure on demand’ for resins making 

the restorative procedures much more convenient for clinicians. Various factors such as the 

type of light source, irradiance power, exposure time, curing tip distance, degree of 

conversion, and type of fillers influence the polymerization of light-cure resins and 

ultimately, the final properties of the restoration.[4] 

Quartz-tungsten-halogen (QTH), plasma arc (PAC), Argon Laser, and Light-emitting diode 

(LED) are currently the commercially available curing lights used in routine dental 

practice.[5] These types of curing units not only differ in the way they produce light, but also 

in their light intensity, their spectral emission, and the exposure time required to achieve an 

adequate degree of cure. Quartz tungsten halogen (QTH) devices irradiate both, ultraviolet 

and white light, which must be filtered to transmit within the absorption range of 

photoinitiator camphorquinone present in the light-cure resins. Drawbacks of the halogen 

lamp include the need for a filter, low energy performance, generation of high temperatures, 

loss of lamp power, and limited working time.[6] 

LEDs emit light at a specific wavelength, without the need for additional filters. As the light 

emitted is entirely utilized for the polymerization process, LED curing lights provide high-

energy performance with improved efficiency.  They produce a narrow spectrum of light 

470nm that falls closely within the absorption range of camphorquinone. They are resistant 

to shock, and vibration, consume little power, have a working lifespan of more than 10,000 

hours, and undergo little degradation over time.[7] Previous studies have demonstrated that 

composite resins cured with LED lights have a more stable 3- dimensional structure than 

those cured with QTH lamps.[7,8] 

Depth of cure and micro hardness testing has been widely used to assess the relative degree 

of cure of resins which are indicative of the efficiency of light sources.[9] Hardness testing is 

a reliable and commonly used method to test how well a resin is cured.[10] The hardness of a 

material is a relative measure of its resistance to indentation when a specific, constant load is 

applied.  

Various methods such as hardness tests, Fourier transform infrared spectroscopy, Raman 

vibrational spectroscopy, interaction with colour dyes, translucency changes, double-bond 

conversion, nuclear magnetic resonance micro imaging, tactile tests, and penetration and 

scraping tests, have been used to measure the depth of cure of resin-based composites.[11,12] 
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The Vicker’s micro-hardness test is one of the best indirect methods for testing the hardness 

of resin composites, and a good correlation between the degree of conversion and the 

Vicker’s microhardness has been reported.[13] 

Thus, the present study aimed to compare the efficiency of LED and QTH curing lights and 

their effect on the polymerization of MF and NF composite resins. Our study had the 

objectives to evaluate and compare the depth of cure, rise in temperature during curing, and 

the hardness at various depths cured by the two systems. 

 

Material and Methods 

The present in-vitro study was carried out on a total sample of n=80 composite resins. A2 

shades of four different types of composites were used which included (i) MF1 - Micro 

Filled Composite Filtek Z250 (3M ESPE, St. Paul, MN, United States of America), (ii) NF1 

- Nano Filled Composite Filtek Z350 XT (3M ESPE, St. Paul, MN, United States of 

America), (iii) MF2 - Micro Filled Composite Metafil CX (Sun Medical, Japan) and (iv) 

NF2 - Nano Filled Composite Fantasista (Sun Medical, Japan). The dimensions of the 

composites were uniformized by standard 6mm X 11mm aluminium moulds. Each type of 

composite was cured by either QTH (First Medica) or LED (LITEX 696, Dentamerica) light 

depending on the group assigned. Thus, the study design comprised a total of eight groups 

with a sample of n=10 in each group as denoted in Table 1. 

 

Table 1: Division of samples into eight groups depending on the type of composite and 

curing light 

Group  Type of composite Curing light 

Group I - MF1 Micro Filled 1 QTH Light 

Group II - NF1 Nano Filled 1 QTH Light 

Group III - MF2 Micro Filled 2 QTH Light 

Group IV - NF2 Nano Filled 2 QTH Light 

Group V - MF1 Micro Filled 1 LED Light 

Group VI - NF1 Nano Filled 1 LED Light 

Group VII - 

MF2 

Micro Filled 2 LED Light 

Group VIII - 

NF2 

Nano Filled 2 LED Light 

 

The light sources (LED & QTH) were used according to the manufacturer’s instructions and 

recommendations for intensity and time of exposure. Both the light cure units were first 

tested for intensity output using a Power intensity meter (Litex, Dentamerica), which was 

found to be 600mW/cm2. The mould with composite resin was placed on a glass slab to 

ensure proper packing and each sample was packed using Teflon-coated instruments (GDC, 

Germany), finished, and polished (SHOFU Super Snap Buff Mini Disks). After packing of 

composite, the sensor of the thermocouple was placed on the exposed surface of the 

composite. The tip of the curing light was 8 mm in diameter and was kept at a distance of 1 

mm from the composite resin surface while curing. The curing light was held at this position 
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for 20 seconds. After each curing, the thermocouple was allowed to settle at room 

temperature before curing of next sample. 

The sample was then removed from the mould and uncured material from the unexposed 

side of the sample was scrapped off with a Lecron’s carver. The depth of the remainder resin 

was determined to be the depth of cure using a standard technique (ISO 4049:2000). The 

height of the cylinder of set resin was measured with a Digital Vernier Caliper (M&W 

Precision Tools) to a precision of ±0.01 mm, at three parts and the result was divided by 

three.  

 

 
Figure 1: A) Packing of composite into mould; B) Curing of composite along with temperature 

measurement; C) Scrapping of uncured material from the non-exposed side; D) Depth of cure 

measurement with Vernier calliper 

 

All samples were stored for 24 hours in a dark lightproof box to allow for the completion of the 

polymerization process. The surface closest to the light source was then prepared for Vicker’s 

micro-hardness testing by finishing and polishing with composite finishing disks for all the 

samples. 

The test was conducted at room temperature (23 ± 1°C) under a load of 300 g for 15 seconds. 

Three equally spaced square indentations were made on each specimen at 1mm intervals using a 

diamond pyramid micro-indenter. The microhardness values were measured with a Vickers 

micro-hardness Tester (Leco LM300 AT, USA). The readings were recorded immediately after 
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the removal of the indenter to minimize the effects of the elastic recovery of polymers on the 

results. The Vicker’s hardness number (VHN) was obtained with the equation: VHN = 1854.4 

P/d2 (P = applied load in grams/Newton, and d = average length of the diagonal of indentation 

measured in mm) 

Figure 2: A) Preparation of sample for Vicker's hardness; B) Leco LM300 Micro hardness 

Testing machine; C) Indenter in position; D) Indentation mark on surface per specimen; a-

1mm, b- 2mm, c- 3mm. 

Results 

The values of the mean depth of cure, rise in temperature while curing, and VHN at 1mm, 

2mm, and 3mm depths are listed in Table 2. The depth of cure was significantly more 

(p<0.05) in the NF composites as compared to that observed in the MF composites. 

Unpaired t-test revealed that the two types of MF composites did not differ significantly 

(p>0.05) in the depth of cure while there was a significant difference between the NF 

composite types 1 and 2 (p<0.05).  

 

Table 2: Mean and standard deviation of the depth of cure, rise in temperature while 

curing, Vicker’s hardness value at different depths of all the eight groups in the 

descending order 

 

Sr 

No. 

Depth of cure Rise in 

temperature 

Vicker’s 

hardness value 

at 1mm 

Vicker’s 

hardness value 

at 2mm 

Vicker’s 

hardness 

value at 3mm 

1.  Group V  

(MF1 with 

LED)  

5.18 ± 0.23 

Group I  

(MF1 with 

QTH)  

4 ± 0.82 

Group VIII  

(NF2 with 

LED)  

94.66 ± 0.53 

Group VIII  

(NF2 with 

LED) 84.56 ± 

0.62 

Group VIII  

(NF2 with 

LED)  

66.11 ± 4.73 
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2.  Group VI  

(NF1 with 

LED) 

5.08 ± 0.18 

Group II  

(NF1 with QTH)  

3.4 ± 0s.52 

Group VI  

(NF1 with 

LED)  

93.90 ± 0.44 

Group VI  

(NF1 with 

LED)  

82.98 ± 0.58 

Group V  

(MF1 with 

LED)  

65.26 ± 0.48 

3.  Group VII  

(MF2 with 

LED)  

4.92 ± 0.26 

Group III  

(MF2 with 

QTH)  

2.8 ± 0.63 

Group V  

(MF1 with 

LED)  

81.12 ± 0.30 

Group V  

(MF1 with 

LED)  

73.01 ± 0.22 

Group VI  

(NF1 with 

LED)  

63.42 ± 0.58 

4.  Group III  

(MF2 with 

QTH)  

4.46 ± 0.39 

Group IV  

(NF2 with QTH)  

1.9 ± 0.88 

Group VII  

(MF2 with 

LED)  

80.57 ± 0.47 

Group VII  

(MF2 with 

LED)  

68.15 ± 0.60 

Group VII  

(MF2 with 

LED)  

 51.75 ± 0.65 

5.  Group VIII  

(NF2 with 

LED)  

4.20 ± 0.19 

Group VI  

(NF1 with LED)  

1.5 ± 0.53 

Group IV  

(NF2 with 

QTH)  

74.66 ± 0.53 

Group IV  

(NF2 with 

QTH)  

64.54 ± 0.63 

Group IV  

(NF2 with 

QTH)  

64.54 ± 0.63 

6.  Group I  

(MF1 with 

QTH) 4.18 ± 

0.31 

Group V  

(MF1 with 

QTH) 

1.4 

Group II  

(NF1 with 

QTH)  

73.90 ± 0.44, 

Group II  

(NF1 with 

QTH)  

62.98 ± 0.58 

Group II  

(NF1 with 

QTH)  

62.98 ± 0.58 

7.  Group IV  

(NF2 with 

QTH)  

4.03 ± 0.31 

Group VII  

(MF2 with LED)  

1.4 

Group III  

(MF2 with 

QTH)  

60.66 ± 0.45 

Group I  

(MF1 with 

QTH)  

49.22 ± 1.36 

Group I  

(MF1 with 

QTH)  

49.22 ± 1.36 

8.  Group II  

(NF1 with 

QTH)  

3.85 ± 0.11 

Group VIII  

(NF2 with LED)  

1.4 

Group I  

(MF1 with 

QTH)  

59.08 ± 0.5 

Group III  

(MF2 with 

QTH)  

 48.15 ± 0.60 

Group III  

(MF2 with 

QTH)  

48.15 ± 0.60 

 

A statistically highly significant difference (p<0.001) was found by ANOVA between the 

mean depth of cure and rise in temperature values between the eight groups indicating that 

the parameters varied depending on the type of composite as well as the type of light used. 

To identify the homogenous subsets and find out the exact difference between groups, a 

multiple comparison Tukey’s honestly significant difference (HSD) test was performed 

(Table 3). The results indicated that the MF2 composite had a statistically significant 

(p<0.05) greater depth of cure than MF1 while the NF1 composite had a greater depth of 

cure than NF2.  The temperature rise was found to be significantly more (p<0.05) in samples 

cured with QTH than in LED. 

Table 3: Results of Tukey’s HSD test for depth of cure and rise in temperature 

Depth of cure Subset for alpha = 0.05 

1 2 3 

Group 2 3.8500   

Group 4 4.0300   

Group 1 4.1770 4.1770  

Group 8 4.1950 4.1950  

Group 3  4.4580  



European Journal of Molecular & Clinical Medicine  
ISSN 2515-8260 Volume 09, Issue 08, 2022  

1374  

Group 7   4.9220 

Group 6   5.0800 

Group 5   5.1800 

P-value .077 .254 .359 

Rise in 

temperature 
Subset for alpha = 0.05 

1 2 3 4 

Group 5 1.4000    

Group 7 1.4000    

Group 8 1.4000    

Group 6 1.5000    

Group 4 1.9000 1.9000   

Group 3  2.8000 2.8000  

Group 2   3.4000 3.4000 

Group 1    4.0000 

p-value .678 .055 .452 .452 

 

The mean VHN of the specimens of different groups at various depths is depicted in Graph 

1. The VHN were found to be significantly higher at 1mm and reduced as the depth of cure 

increased to 2 mm and 3 mm respectively. When VHN was compared by post hoc tests, a 

significant difference was found in all subsets at 1mm, 2mm, and 3mm (Table 4). The VHN 

was found to be significantly more in the NF composite than that in MF composites at all 

three levels of depth. 

 

Graph 1: Vickers hardness value at different levels of depth 
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Table 4: Post hoc tests for identification of homogenous subsets Vickers hardness value 

at different levels of depth 

 

Groups 
Vickers hardness value 

At 1 mm depth 

1 2 3 4 5 6 7 8 

Group 1 59.0770        

Group 3  60.6630       

Group 2   73.9050      

Group 4    74.6550     

Group 7     80.5730    

Group 5      81.1170   

Group 6       93.9050  

Group 8        94.6550 

Sig. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

At 2 mm depth 

Group 1 48.147        

Group 3  49.218       

Group 2   62.980      

Group 4    64.544     

Group 7     68.147    

Group 5      73.006   

Group 6       82.980  

Group 8        84.555 

Sig. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

At 3 mm depth 

Group 3 31.7880        

Group 1  35.3410       

Group 4   50.1070      

Group 7    51.7880     

Group 2     53.4210    

Group 6      63.4210   

Group 5       65.2610  

Group 8       66.1070  

Sig. 1.000 1.000 1.000 1.000 1.000 1.000 .285  
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Discussion 

The polymerization process depends on the exposure time, depth, and diameter of the light 

cure tip as well as the position and the shade of composite resin.[4] Maintaining identical 

baseline conditions and using a scientifically sound method is crucial for testing the effect of 

curing lights on the polymerization of composite resins.[11] Only then could the results be 

extrapolated to the composites used for direct restorations in regular clinical settings. 

The samples used in our study were of A2 shade and packed in standard aluminium moulds 

of the same dimensions to minimize the influence of shade and bulk on the polymerization 

process. The composites with darker shades tend to absorb a larger amount of light than the 

ones with light shades, which could increase the temperature during the polymerization.[4] 

The aluminium moulds allow easy removal of the composite samples without sticking to the 

walls of the mould after polymerization.[14] 

It has been recommended that the composite increments should not exceed a thickness of 2 

mm to provide uniform and maximum polymerization.[15] The samples used in our study 

were of 11 mm thickness to compare the maximum depth of cure achieved by LED and 

QTH lights. The distance between the light source and the composite surface can affect the 

light intensity reaching the surface for curing. It has been found that 1 mm of air reduces the 

intensity of curing light beam by approximately 10%.[16] Therefore, the curing light tip was 

kept steady at this distance for a period of 20 seconds which is considered optimal to initiate 

a reaction that ensures that the curing will continue to completion. 

Thermal increase in the fluid within dentinal tubules produced by light-curing units can 

cause pulpal damage. However, it is very difficult to predict the temperature rise in any 

particular tooth resulting from multiple variables such as preparation depth, remaining 

dentin thickness, the output intensity of the curing light, and exposure time. Previous studies 

have shown that intrapulpal temperature rise during light-curing is low because dentin is an 

excellent thermal insulator.[17] Understandably, the increased irradiance of the latest 

generation of curing lights has renewed concerns. A critical temperature rise of 5.5°C has 

been shown to cause necrosis in 15% of teeth and irreversible changes in 60% of teeth after 

an 11.1°C rise in pulpal temperature.[18] 

About 80% of the total energy of the halogen lamp is outside the useful curing range. Most 

of the energy is removed by the interference filter used, and only a small fraction of light 

cures the resin. In contrast, 100% of the light remaining emitted by blue LED lies within the 

spectrum that can be used to cure the resin.[9] The lower heat emission of LED curing lights 

has been promoted commercially as a distinct advantage over other types of curing lights. 

Previous studies suggested that LED curing lights, with their narrow spectral emission, 

generate significantly less heat from the light guide than QTH lights. The excessive 

exposure times with conventional lamps may result in a dangerous pulp chamber increase in 

temperature.[9,19] There is no infrared light transmitted to the sample and the tooth; therefore, 

no excessive heat is produced when LED lights are used. Our findings that the LED curing 

light produced a lower temperature rise in all groups as compared to QTH further 

corroborate this statement. Table 2 shows that the rise in temperature produced by LED 

curing unit was approximately half that of QTH. 

Depth of cure is considered an essential physical property of composite resin and is widely 

used to evaluate the polymerization efficiency of light-activated composite. Schattenberg et 

al. reported that the depth of cure of composite resins is mainly dependent on the exposure 

time and the distance of the light-guided tip of the light source from the composite resin.[20] 

McCabe et al. reported that an exposure time from 20 to 60 seconds can increase the depth 

of cure from 5% to 82%.[21] In our study, a significantly higher depth of cure was noted in 

the samples cured by LED light, while those cured with QTH had lesser values with an 

exception to Group III (MF2 with QTH) which is having values comparable to other groups 
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cured with LED. 

Surface microhardness is another indicative factor of the mechanical strength of a resin and 

correlates well with the material’s rigidity. DeWald and Ferracane (1987) stated that the 

depth of cure for light-activated dental resin composites has often been evaluated indirectly 

by measuring the hardness of the material at specific depths.[12] Aravamudhan K et al (2006) 

suggested that the depth of cure be defined as the level above which the hardness value of 

the cured resin composite is greater than or equal to 80-90% (or recently 80%) of the surface 

hardness value.[22] Vickers microhardness test was selected for this study because of its 

relative simplicity and reliability. It is considered a highly reliable indicator for the degree of 

polymerization of resin materials.[9,13]  

The outermost surface of the composite restoration receives photons without any hindrance. 

With more photons available, more camphorquinone molecules are raised to the excited 

state for polymerization. As light passes through the bulk of restorative material, its intensity 

is decreased due to light absorption and scattering by the resin and filler particles. 

Consequently, the surface nearest to the light source undergoes more complete 

polymerization while the polymerization in the layers beneath is much dependent on the 

intensity and properties of light. As the intensity of the light source increases, more photons 

are available for absorption by the photoinitiators. Composite resins have the capacity of 

reducing light penetration and consequently polymerization effect of the bottom surface.[23] 

These facts were corroborated by our results wherein the VHN microhardness values of the 

cured resin decreased with the depth of the restoration from its surface (Graph 1). 

Bouschlicher et al. in 2004101 reported that in order to optimize the clinical performance of 

restorations, the hardness of restorative material should at least be similar to that of the 

dentinal substrate not only superficially, but also in depth.[24] In this study, the highest values 

of VHN for all the groups were noted in the most superficial layers (1mm depth). These 

values were near to the value of dentin (80 VHN) and would thus, maintain the mechanical 

properties and marginal integrity of composite restoration when occlusal stresses are 

induced.[25] The VHN values at 2mm depth were also closer to that of dentin with an 

exception to groups I and III, while the values at 3 mm depth were significantly lower than 

the VHN of dentin. 

 

CONCLUSION 

LED light curing unit achieved a greater depth of cure and higher surface hardness with a 

significantly lower rise in temperature as compared to the QTH light curing unit. Therefore, 

LED light curing units are more efficient as well as biocompatible as compared to QTH 

units. NF composites exhibit a greater depth of cure and surface hardness as compared to the 

MF composite. The rise in temperature during curing is dependent on the curing unit but not 

the type of composite. 
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