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ABSTRACT 

BACKGROUND AND OBJECTIVE: Light cured composites allow dentists to begin the process of polymerization 

on demand. According to the importance of curling on the mechanical properties of composites, the purpose of this 

meta-analytical study is to compare the effectiveness of light curing LEDs and QTH devices on the hardness of 

composites. 

METHODS: In this meta-analysis review articles from the PUBMED, SCOPUS, and ISI databases were analyzed 

without any limitations in language or time, to compare the hardness of composites after curing with LED and QTH 

devices .Two analyzes were carried out with out any limitation in time or language, with a radiation intensity of less 

than 500 and more than 500 mW/cm2. The thickness of the cured composite in both groups was considered to be 2 

mm. Non-matched articles with the variables mentioned in the study were deleted. Data were analyzed using the 

random effects model (α=0.05(. 

FINDINGS: Using the random effects model, there was no significant difference between the hardness of 2 mm 

thickness of the composite after curing with LED and QTH at light intensity higher than 500 mW/cm2 (p = 0.43) but 

there was a significant difference (p=0.000)at an intensity less than 500 mW/Cm2. 

CONCLUSION: The lightcure LED device was better in terms of its effect on the hardness of composites at below 

500 mW/cm2 intensity than QTH, but did not show differences at higth intesity.  
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Introduction 

From the beginning of the emergence of dentistry, 

many efforts have been made to make a material that 

can withstand the needs of beauty and has good 

biological mechanical properties. Ligth cure base resin 

composites were one of the first cosmetic restorative 

materials for the anterior and posterior teeth. 

Lightweight composites allow dentists to start the 

process of polymerization initially, one of the 

advantages of these composites to self-cure 

composites. Suitable curing of optical composite 

restorations is necessary to achieve the physical 

properties expected of the structure (1).  

Inadequate exposure results in a reduction in 

degree of conversion, increased toxicity, reduced 

hardness, increased pigmentation, reduced flexural 

strength, increased wear, increased margin fracture and 

poor bonding (2). Many of the light cure composite 

resins use starting ketone, such as camphorquinone, 

which absorbs light photons mostly at 474 nm. There 

is a relationship between the diffusion of the output 

spectrum of the light source and the maximum 

absorption of the initiator on the physical properties of 

the cured composite (1). Therefore, the type of light 

cure device is very effective in reducing the 

polymerization quality of composites (2). Quartz, 

Tangestan Halogen (QTH and LED) Ligth emidding 

diode are the most common sources of light cure that 

are used in dentistry.  

QTH creates a wide range of wavelengths that peak 

in devices ranging from 450 to 490 nm, so that 

different initiation molecules that are substitutable for 

camphorquinone can be used (3). QTH bulbs have 

been standard for the long-term standard of the optical 

system for many years, despite comparatively low 

thermal performance. Compared to LED, QTH has a 

narrow wavelength range in the range of 450 to 490 

nm, and has a longer life-span, which does not affect 

their light power after a long time. However, the LED 

has a narrow wavelength spectrum which does not 

polymerize well composite resins that contain alternate 

initiators (monoacrylic phosphonyl oxide or TPO390 

nm or phenylpropionone or PPD410 nm) due to the 

different wavelengths of these optical initiators (3). 

Curing depth and surface microprocessor tracking 

are the main parameters for evaluating the 

polymerization of the composite and the efficiency of 

the light source. Fugolin et al showed that the degree 

of polymerization of the composites is related to their 

hardness (4). In a study, Movafy et al. (5) showed that 

composite hardness is similar with both light cure 

devices. Yap et al. (6) and Platt et al. (7) and Santos et 

al. (8) also reported similar results. On the other hand, 

Yap et al. (2004) showed that composite 

polymerization using halogenated devices is more than 

types of LED. Soh et al (10) also give a similar view. 

Due to the different results of these two devices and 

the importance of sufficient curing of composites, the 

aim of this study is to evaluate systematic and meta-

analyzing the effects of these devices on the resin 

composite hardness. 

 

 

Methods 

This systematic review study was based on 

PRISMA (prior items in systematic review and meta-

analysis) and AMSTAR (evaluation of methodological 

qualitative criteria in systematic reviews). Information 

obtained from this study consists of 3 databases, 

pubmed, scopus, and ISI using the key words Bonding 

* OR Composite * OR Sealant * OR Resin * OR Teeth 

Or Tooth OR Dental OR Emal OR Dentin) AND ((led 

OR "light emitting diode") AND (QTH OR "quartz 

tungsten halogen") AND (light cure OR light curing). 

This search used a combination of controlled words 

and terminology to extend search strategies to the 

above mentioned bases without any restrictions in 

language or time. 

In the search , 261 articles from Pubmed and 178 

articles from ISI and 277 articles from Scopus were 

obtained. To complete the articles, a manual search 

was made in the references of the articles. Out of the 

17 final papers on the effects of two light cure QTH 

and LED devices on composite hardness, 7 papers 

were accepted according to our entry criteria and then 

evaluated with critical tools in this study, and 3 articles 

due to lack of full text were excluded after contacting 

to the author by email and did not receive a response, 

and 7 articles were excluded from the list due to non-

compliance with the study. 

Articles with the following characteristics were 

included in the study: 

1- Composite thickness: 2 mm, which was used in 

most papers. 

2- Exposure intensity: In terms of intensity of exposure 

in two QTH and LED devices, ranges of above 500 

and below 500 (Mw/cm2) were further considered. 

3- composite hardness measurement was performed by 

Vickers or Knoop method. 

Articles with the following features were excluded: 
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1.Studies using composite thicknesses other than 2 mm. 

2.Studies with an exposure intensity of less than 360 

mW/cm2. 

3. Studies used exposure times greater than 40 seconds 

or less than 20 seconds. 

4. Review articles 

The data included in the study were analyzed using 

statistical variables including sample size, mean and 

standard deviation. The analyzes carried out consisted 

of two analyzes of high intensity and below 500 

mW/cm2 in a 2 mm thick composite. After extracting 

the sample size, the mean and standard deviation of the 

selected studies data were entered into the 

Comprehensive Meta-Analysis, Version 2, Biostat 

software. Then, Forest Plot and relevant statistics were 

extracted by the software. 

 

 

Results 

In the preliminary search, 330 studies were found 

that after the removal of similar studies (duplicates) 

and non-related studies, 7 studies were entered this 

research for scientific and statistical evaluation 

according to entrance criteria (Fig 1). The 

characteristics of the entered studies were shown in 

Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA Flow chart of entered articles in 

this study and search strategy 

 

To determine the statistical model used to calculate 

the overall effect of the results, Cochrane Q 

homogeneity test was used and the significance level 

of 0.05 was considered. Therefore, the I2 index was 

used to determine the amount of heterogeneity and 

values above 50% were considered as high 

heterogenicity.  

 

Table 1. Characteristics of studies included  

in the analysis 

Composite 

thickness 

(mm) 

Exposure 

time 

(Sc) 

Exposure 

intensity 

(MW/Cm2) 

Type of 

device 

Name of 

authors 

1,2 40 500 QTH-LED Araujo11 

1,2 20,40 850,950 QTH-LED Castillo12 

1,2 20 440,700 QTH-LED Correr13 

2 40 700 QTH-LED Groninger14 

2,3 40 600 QTH-LED Hegdem15 

2 30 400,600 QTH-LED Rode16 

2 40 600 QTH-LED Sabatini17 

 

According to the test, the homogeneity of the 

averages was rejected. Therefore, a random-effect 

model was used to analyze the results. In analysis, 

according to the severity of curing, using the random 

effects model (Fig 2), there was a significant 

difference between the hardness of the composite mass 

at a thickness of 2 mm following the curing with LED 

and QTH at exposure intensities below 500 MW (I2= 

96, Q=326.72, p=0.000). At exposure intensities above 

500 MW/cm2, using a randomized model, it was 

shown that there was no significant difference between 

the hardness of the composite mass in a thickness of 2 

mm after the curing with LED and QTH (Fig. 3) 

(I2=91.25, Q=274.38, p=0.43). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Forrest plot comparison of composite 

hardness after curing with LED and QTH in 

exposure intensity below 500 mw/cm2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronically search 

 

Pubmed: 261 

Scopus: 277 

ISI: 178 

Total obtained articles after removing the 

similar papers=330 

 

Total obtained articles after evaluation 

based on the inclusion and exclusion 

criteria (N=17) 

 

Total obtained articles after evaluation the 

quality of articles and data extraction 

 

Manual search 

N=0 

 

Composite micro 

hardness with 2mm 

thickness after curing 

with intensity<500 

MW/cm2 using two light 

cure devices 

N=5 

 

Composite micro hardness 

with 2mm thickness after 

curing with intensity>500 

MW/cm2 using two light 

cure devices  

N=2 
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Fig. 3. Forrest Plot Comparison of Composite 

Hardness after Curing with LED and QTH in 

Exposure intensity above 500 MW/Cm2 

 

Discussion 

This meta-analysis study showed that there is a 

significant difference between the hardness of 

composite mass of 2 mm thickness after the curing 

with LED and QTH at radiation intensities below 500 

MW/Cm2. But in radiation intensities above 500 

MW/Cm2, there is no significant difference between 

the hardness of composite mass of 2 mm thick after the 

curing with LED and QTH. Since most of the papers 

used 2 mm composite thickness and commonly used 

composite thickness in the clinic, only studies that 

measured the thickness of 2 mm were introduced. 

Correa in a study stated that composite thickness up to 

2 mm had no effect on the composite hardness 

between two light curing devices (13). In general, for 

optimal polymerization, a composite resin restoration 

of 2 mm thickness, the intensity of the device and 

sufficient time for radiation are important which is 

referred to as "energy density" (Exposure 

intensity*time). All the articles entered in this study 

had exposure times in the range of 20 to 40 seconds, 

which is an accepted time within the clinical range. 

Felix et al. showed that exposure of composites in less 

than 20 seconds would weaken their structure (18). 

In the intensity of exposure in two QTH and LED 

devices, a range of less than 500 and more than 500 

(Mw/cm2) were further considered, which from the 

first 17 papers on the impact of QTH and LED on 

composite hardness, 10 papers investigated this 

subject. In other papers, the intensities were much 

lower, such as 131 and 190 (Mw/cm2). Since exposure 

intensities of less than 360 mW/cm2 are not suitable 

for composite cure, studies that investigated less that 

this intensity were excluded from our study (20, 19). 

Taking into account these two factors the time and 

intensity of the radiation, a composite mass of 2 mm 

thick requires a minimum radiation exposure of 28 

J/Cm (2400 MW/cm2).  

A study by Yaman and colleagues to compare the 

effects of two types of Hilux, VIP and two types of 

light-emitting diodes (Elipar free light2, Smart Lite) on 

the depth of curing and the micro hardness of different 

restorative materials showed that there is a significant 

increase in the curing depth and surface hardness of 

the nanocomposite in the LED type compared to 

halogen, which was evaluated due to the high 

thickness of the composite, and was excluded from our 

study (21).  

The radiation intensity of both devices in this study 

was below 500 mW per square centimeter and 

therefore the results are consistent with our study. 

In studies by Marchan et al. (22), Kusgoz et al. (23), 

and Habbzoglu et al. (24), because the LED group was 

below 500 and the QTH group with a severity of over 

500, were not classifiable, the composite thickness was 

below 1 mm or the difference in intensity above 500 

was very high (530 and 1200), were excluded from our 

study. Polymerization depends not only on the 

intensity of light, but also on the total amount of light 

transmitted along the length of the polymer. Therefore, 

a possible reason for the better LED performance at 

low radiation intensities may be related to the density 

of LED energy with resin composite pigments, while 

these pigments result in the diffusion of light due to 

QTH, so that the total light output to the composite in 

the LED is greater (24).  

On the other hand, LEDs have a thin diffraction 

spectrum similar to the Camphorquinone absorption 

spectrum. This spectral homogeneity allows full use of 

the light emitted by LEDs, which is not the case with 

halogen or plasma arches. It has been shown that light 

blue in various portions of the spectrophotometric 

absorption of Camphorquinone produces different 

levels of curing efficiency and that light is very 

effective in the vicinity of the absorption peak in the 

cure [3]. Therefore, the factors and the proximity of 

the absorption spectrum of the LED to the 
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camphorquinone cause the LEDs to perform well even 

at low energies and have a higher performance than 

halogenated types. On the other hand, at high 

intensities, this study showed that there is no 

difference between the two devices, and the 

performance is the same. Since high intensities are 

associated with higher heat production, it seems that 

the use of LEDs with intensities below 500 mW per 

cm is also sufficient to make the composite hard 

enough, although it is not possible to give a definite 

opinion according to a hardness criterion. 

Since the seven articles in this review are all intra-

laboratory studies and are therefore classified as 

preliminary studies, the level of evidence is low, and 

because of this concern, high credibility articles and 

methodology and standardization of the method, 

calibration of observers, accurate data reporting and 

appropriate statistical analysis based on data 

distribution were included in the study. Most of the 

journals in this research were effective scientific 

journals. Despite the fact that randomized clinical trials 

and clinical studies have high evidence, these studies 

have not yet been released to evaluate the efficacy of 

light cure devices. Since only the composite hardness 

cannot be a suitable criterion for determining the 

superiority of a curing device, it is suggested that 

studies on the effect of these two devices be adjusted 

on other mechanical properties of composites. The 

results of this study showed that LED light cure device 

in low intensity (less than 500 MW/cm2) could 

polymerize the composite and affect its hardness better 

than QTH device, but at higher intensities, there is no 

difference between the two devices. 

 

 

Conflict of Interest: No conflicts of interest. 

 

 

Acknowledgment 

Hereby, we would like to thank the research and 

technology deputy of Mashhad University of Medical 

Sciences to support this research.  

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
jb

um
s.

20
.4

.4
2 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
56

14
10

7.
13

97
.2

0.
4.

7.
1 

] 

                               5 / 6

http://dx.doi.org/10.18869/acadpub.jbums.20.4.42
https://dor.isc.ac/dor/20.1001.1.15614107.1397.20.4.7.1


J Babol Univ Med Sci; 20(4); Apr 2018                                                                                                                                                                       47 

 

References 

1.Lohbauer U, Belli R, Ferracane JL. Factors involved in mechanical fatigue degradation of dental resin composites. J D Res. 2013; 

92(7):584-91. 

2.Sherwood IA. Essentials of operative dentistry: Boydell & Brewer Ltd; 2010. 

3.Singh TK, Ataide I, Fernandes M, Lambor RT. Light curing devices-a clinical review. J Orofacial Res Vol. 2011;1(1): 15-9. 

4.Fugolin AP, Correr-Sobrinho L, Correr AB, Sinhoreti M, Guiraldo RD, Consani S. Influence of irradiance on Knoop hardness, 

degree of conversion, and polymerization shrinkage of nanofilled and microhybrid composite resins. Gen Dent 2016;64(2):26-31. 

5.El-Mowafy O, El-Badrawy W, Wasef M, Omar H, Kermanshahi S. Efficacy of new led light-curing units in hardening of class ii 

composite restorations. April 2007;73(3):54-63. 

6.Yap AU. Soh MS. Curing efficacy of a new generation high-power LED lamp. Oper Dent. 2005;30(6):758-63.  

7.Platt JA, Clark H, Moore BK. Curing of pit & fissure sealants using Light Emitting Diode curing units. Oper Dent. 

2005;30(6):764-71. 

8.Santos GC Jr, El-Mowafy O, Rubo JH, Santos MJ. Hardening of dual-cure resin cements and a resin composite restorative cured 

with QTH and LED curing units. J Can Dent Assoc. 2004;70(5):323-8. 

9.Yap AU, Soh MS, Han TT, Siow KS. Influence of curing lights and modes on cross-link density of dental composites. Oper Dent 

2004;29(4):410-5. 

10.Soh MS1, Yap AU, Siow KS. The effectiveness of cure of LED and halogen curing lights at varying cavity depths.Oper Dent. 

2003;28(6):707-15. 

11.De Araujo CS, Schein MT, Zanchi CH, Rodrigues SA,. Demarco Jr. Composite resin microhardness: the influence of light curing 

method, composite shade, and depth of cure. J Contemp Den Prac. 2008;9(4):43-50. 

12.Castillo R, Milward PJ, Martin A, Christopher D. Effect of preoperative occlusal matrices on the vickers microhardness of 

composite disks polymerized with qth and led lamps. J Estheti Restorative Dentistry 2015; 27(4):203-12. 

13.Correa MB, Henn S, Marimon JL, Rodrigues SAT Jr, Demarco FF. Factors influencing the microhardness of a microhybrid 

composite. Gen Dent. 2010;58(2):94-8. 

14.Groninger AIS, Soares GP, Sasaki RT, Ambrosano GMB, Lovadino JR, Aguiar FHB. Microhardness of nanofilled composite 

resin light-cured by LED or QTH units with different times. Brazil J Oral Sci. 2011;10(3):189-92. 

15.Hegde MN, Hegde P, Malhan B. Evaluation of depth of cure and knoop hardness in a dental composite, photo-activated using 

different methods. J Conserv Dent. 2008;11(2):76-81. 

16.Rode KM, de Freitas PM, Lloret PR, Powell LG, Turbino ML. Micro-hardness evaluation of a micro-hybrid composite resin light 

cured with halogen light, light-emitting diode and argon ion laser. Laser Med Sci. 2009;24(1):87-92. 

17.Sabatini C. Comparative study of surface microhardness of methacrylate-based composite resins polymerized with light-emitting 

diodes and halogen. Eur J Dent. 2013;7(3):327-35. 

18.Felix CA, Price RB, Andreou P. Effect of reduced exposure times on the microhardness of 10 resin composites cured by high-

power LED and QTH curing lights. J Canadian Dent Associat. 2006;72(2):147. 

19.Marchan SM, White D, Smith WA, Raman V, Coldero L, Dhuru V. Effect of reduced exposure times on the microhardness of 

nanocomposites polymerized by QTH and second-generation LED curing lights. Oper Dent. 2011;36(1):98-103. 

20.Kusgoz A, Ülker M, Yesilyurt C, Yoldas OH, Ozil M, Tanriver M. Silorane-based composite: depth of cure, surface hardness, 

degree of conversion, and cervical microleakage in Class II cavities. J Esthet Restor Dent. 2011;23(5):324-35. 

21.Batu Can Yaman, Begium Guray Efes, Can Dorter Yavus, Sami Buyukgokcecu. The effects of halogen and light-emitting diode 

light curing on the depth of cure and surface microhardness of composite resins. J Conserv Dent. 2011;14(2):136-9. 

22.Hubbezoglu l, bolayir G, murat dogan O, dogan A, özer A, bülent B. Microhardness evaluation of resin composites polymerized 

by three different light sources. Dent Mat J . 2007;26(6): 845-53. 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
jb

um
s.

20
.4

.4
2 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
56

14
10

7.
13

97
.2

0.
4.

7.
1 

] 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.18869/acadpub.jbums.20.4.42
https://dor.isc.ac/dor/20.1001.1.15614107.1397.20.4.7.1
http://www.tcpdf.org

