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Abstract - Due to patient’s demand for esthetic appearances, 
composite resin restorations currently occupies a significant 
portion of dentist’s routine practice. It is very important that 
the esthetic characteristics of the material be able to mimic 
the natural tissue. It is known that dental composites are 
susceptible to discolouration because of several factors such as 
water hydrolysis, UV light exposures and staining substance. It 
is important to consider that the different irradiation 
procedures will lead to different structures of the resulting 
polymer. Thus, the purpose of this study is to compare and 
evaluate the effect of different curing modes of LED curing 
light on submicron hybrid composite resin and its relation to 
colour stability. Aim: To evaluate and compare the effect of 
different curing modes of LED curing light on submicron 
hybrid composite resin and its relation to colour stability. 
Methods and Material: Universal submicron hybrid 
composite, Brilliant Everglow (Coltene) was cured using Light-
emitting diode operated into two different curing modes: 
continuous and intermittent. Forty specimens of composite 
disc with 3mm diameter and 1.5mm thickness were divided 
into two groups of 20 samples each. Group1: Continuous 40s: 
480 mW/cm2. Group2: intermittent 30s: 480 mW/cm2 for 10s 
followed by 5s rest. These polymerised samples were immersed 
in methylene blue dye for 24 hours and later washed and 
immersed in absolute alcohol for 24 hours. The colour released 
into absolute alcohol was assessed by spectrophotometer. 
Statistical Analysis: Results were analysed for 
spectrophotometer values using the Wilcoxon rank sum test. 
Results: The group cured with intermittent curing mode 
stained less compared to the group cured with a continuous 
curing mode. Conclusion: Irradiation time plays a crucial role 
in staining of the polymerized light cured resin. The specimens 
cured using intermittent curing mode had a lesser dye 
absorption, signifying the role of curing modes on the physical 
properties of composite resins like colour stability.  

Key Words: irradiation time, light intensity, 
spectrophotometry, staining. 

 

 

1. INTRODUCTION  

Composite resin restorations have begun to constitute a 
significant portion of dentist’s routine practice due to the 
patient’s increasing demand for an esthetic appearance. 
Currently available dental composites provide satisfactory 
strength and high esthetic appearance. Proper colour match 
of a composite restoration with the adjacent teeth is 
important not only at the initial stage of the restoration, but 
also over a longer period of time. 

However, despite the recent developments, colour stability 
of light cured composites after long term intraoral exposure 
remains a concern. The clinical performance of composite 
resins is directly related to the degree of monomer 
conversion after photo-polymerization.1 

The parameters that influence the degree of polymerization 
of composite resins: composition, shade and translucency, 
characteristics of the light-curing unit used, rate of curing, 
distance between light-curing tip and restoration surface, 
duration of photo-polymerization.2,3 

Photo-polymerization is of fundamental importance for 
optimization of the physical and mechanical properties and 
clinical results of composite material.4 Thus, the percentage 
of remaining double bonds (C=C) is considered a 
fundamental parameter influencing a variety of mechanical, 
chemical and biological properties.5 Despite significant 
developments in improving the optical properties of resin 
composite materials, their colour stability remains a 
challenge.  

Thus, the purpose of the study was to evaluate and compare 
the effect of different curing modes of LED curing light on 
submicron hybrid composite resin and its relation to colour 
stability. 

1.1 MATERIALS AND METHOD 

The research protocol designed was ethically approved by 
the Institutional Ethical Committee. 
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40 specimens of composite resin disc (Brilliant Everglow 
A2/B2 shade, Coltene) with 3 mm diameter and 1.5 mm 
thickness were prepared by using spherical Teflon moulds. 
The samples were divided into two groups of 20 samples 
each. 

These resin composites were cured with LED curing units by 
continuous and intermitttent mode. The LED light cure unit 
used is Bluephase N MC (Ivoclar Vivadent). 

Group 1: Brilliant Everglow A2/B2 shade (Coltene) cured for 
40s at continuous light curing mode at 480 mW/cm2. 

Group 2: Brilliant Everglow A2/B2 shade (Coltene) cured for 
30s at Intermittent light curing mode at 480 mW/cm2 for 30 
seconds (10 sec curing followed by 5 sec rest). 

After polymerization, the composite resin samples were 
removed from the moulds, placed in an empty test tube and 
each specimen was placed in an incubator (37 ± 2℃) for 24 
hours. Later, they were individually immersed in 1 ml of 2 % 
methylene blue solution and placed at 37 ± 2℃. After 24 
hours, the specimens were rinsed under running distilled 
water for 1 minute and stored at 37 ± 2℃ at relative 
humidity for 24 hours. The specimens were immersed in 
new test tubes containing 1 ml of absolute alcohol for 24 
hours. The solutions were filtered and centrifuged for 3 
minutes at 4000 revolutions per minute, and the 
supernatant was used to determine dye absorbance in a 
spectrophotometer. 

1.2 STATISTICAL ANALYSIS 

Data were analyzed statistically for spectrophotometer using 
the SPSS 12 Software. The Wilcoxon rank sum test was used 
for the end absorbance changes between the groups. P-value 
less than 0.05 was considered as a significant level. 

1.3 RESULTS 

Higher mean absorption was recorded in Group 1 
(continuous curing mode) as compared to Group 2 
(intermittent curing mode). The maximum absorption using 
the continuous curing mode was found to be 0.033 while in 
the intermittent mode is was 0.009. The difference in the 
mean absorption among the groups was found to be 
statistically significant. Descriptive analysis for absorption of 
two methods have been described in table 1. 

The difference in the median values of two methods was 
statistically highly significant between groups 1 and 2 with 
p-value < 0.0001.  

The graphical representation of the data for two methods 
along with error bars is shown in chart 1. 

 

 

Table -1: Descriptive analysis for absorption of two 
methods. 

 

 

Chart -1: Mean absorption of two methods along with 
error bars. 

2. DISCUSSION 

Composite resins have been introduced into the field of 
conservative dentistry to minimize the drawbacks of the 
acrylic resins and silicate cements in the 1940s. These early, 
chemically cured composite resins required base paste to be 
mixed with the catalyst, leading to problems with the 
proportions, mixing process and colour stability. Since 1970, 
composite materials polymerized by electromagnetic 
radiation appeared.  

The irradiance of the light source, the exposure time and 
light transmission of composite resins are significant 
variable that affect the hardness or conversion profile of the 
material. Also, its properties depend on the degree of 
conversion of monomer. A high degree of conversion not 
only gives hardness and strength to the material,6 but also 
colour stability.7 Thus, a reduction in remaining double 
bonds to the lowest possible level is normally considered a 
desirable feature of a polymerization system. Incomplete 
cure of the material leads to lower mechanical properties 
and wear performance; leakage residual monomer and 
colour stability decline as well.8 

Different factors influence staining of resin based materials. 
Staining susceptibility of composite resins might be 
attributed to their degree of water sorption and 
hydrophilicity of matrix resin, that is, if the resin composite 
can absorb water it can also absorb other fluids like 
Methylene blue dye.9 The glass filler particles will not absorb 
water into the bulk of the material; however, can adsorb 

Methods 
Absorption 

Mean SD Median Minimum Maximum 

Continuous 0.025 0.006 0.025 0.016 0.033 

Intermittent 0.006 0.002 0.006 0.003 0.009 

P-value* < 0.0001 (S) 
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water onto the surface. The life of the resin composite may 
decrease due to excess of water sorption. This may lead to 
expansion of the resin component and leading to micro-
crack formation. Therefore, the interfacial gaps between the 
filler and matrix allow penetration of stains and 
discolorations. The present study measures the dye 
penetration and indirectly reflects the amount of conversion 
of the double bonds as it is given that composites containing 
more than 35% of unconverted C=C bonds are susceptible to 
discoloration.10  

In the present study methylene blue was used, as this dye 
dissolves as monomer and dimer in aqueous environment 
and is readily taken up by the composite discs by sorption 
phenomenon.11 

To prevent the bias, mylar strips on the surface of the discs 
was used to obtain a smooth surface finishing. 

For analyzing the dye absorbance, the discs were placed in 
methylene blue and then in absolute alcohol by which there 
was a release of methylene blue absorbed by the composite 
discs into the alcohol.12 Alcohol uptake of the dye may be due 
to the hydroxide groups that are suitable for cationic dye 
removal like methylene blue.13 

Since instrument measurements eliminate the subjective 
interpretation of visual-colour comparison, 
spectrophotometers have been used to measure colour 
changes in dental materials. Spectrophotometer works on 
the basis of Beer-Lambert’s law, which states that the 
absorption of light transmitted through a medium is directly 
proportional to the concentration of the medium. 
Spectrophotometer is an instrument for physical analysis, 
and provides wavelength-by-wavelength spectral analysis of 
the reflecting and/ or transmitting properties of objects 
without interpretation by human.14 

The degree of conversion of a given resin composite is 
influenced by the energy density.15 Insufficient energy 
density results in less than maximal coversion,5 and the 
demonstrated differences in quantity of remaining C=C are 
reflected in other polymerization characteristics. 

Energy density (J/cm2) is equal to the product of light 
intensity and the irradiation time.5 The peak wavelength 
among light curing units varies from about 450-490 nm, and 
the irradiance ranges from 400-800mW/cm². A 2mm thick 
resin composite restoration requires a radiant exposure of 8 
J/cm2 (400mW/cm2 x20s=8000mWs/cm²).12 In the present 
study keeping the light intensity constant, it was observed 
that the energy density decreased for the samples cured with 
continuous mode for 40s. 

3. CONCLUSION 

 The role of different curing modes of LED on the colour 
stability of the composite resins was determined. The 
specimens cured using continuous curing mode had a higher 

dye absorption, signifying the role of curing modes on the 
physical properties of composite resins like colour stability.  

REFERENCES 

[1] Poggio C, Lombardini M, Gaviati S, Chiesa M. 
Evaluation of Vickers hardness and depth of cure of 
six composite resins photo-activated with different 
photopolymerization modes. J Conserv Dent 2012; 
15: 237-41. 

[2] Price RB, Ehrnford L, Andreou P, Felix CA. 
comparison of Quartz-tungsten-halogen, light-
emitting diode, and plasma arc curing lights. J Adhes 
Dent 2003; 5: 193-207. 

[3] Choudhary S, Suprabha B. effectiveness of light 
emitting diode and halogen light curing units for 
curing microhybrid and nanocomposites. J Conserv 
Dent 2013; 16: 233-7. 

[4] Chandrashekhar V, Reddy LP, Prakash TJ, Rao GA, 
Pradeep M. Spectrophotometric and colorimetric 
evaluation of staining of the light cured composite 
after exposure with different intensities of light 
curing units. J Conserv Dent 2011; 14(4): 391-394. 

[5] Peutzfeldt A, Assmussen E. The effect of post curing 
on quantity of remaining double bonds, mechanical 
properties and invitro wear of two resin 
composites. J Dent 2003; 31:341-51. 

[6] Ferracane JL. Correlation between hardness and 
degree of conversion during the setting reaction of 
unfilled dental restorative resins. Dent Mater 
1985;1:11-4. 

[7] Asmussen E. Factors affecting the color stability of 
restorative resins. Acta Odontol Scand 1983;41:11-
8. 

[8] Knezevic A. Composite photopolymerization with 
diode laser. J Operative Dent 2007;32(3):279-284. 

[9] Bagheri R, Burrow MF, Tyas M. Influence of food-
simulating solutions and surface finish on 
susceptibility to staining of aesthetic restorative 
materials. J Dent 2005;33:389-98 

[10] Sarafianou A, Iosifidou S, Papadopoulos T, Eliades G. 
Color stability and degree of cure of Direct 
Composite restoratives after accelerated aging. 
Oper Dent 2007;32:406-11. 

[11] Yavuz, Aydin AH. New method for measurement of 
surface areas of microleakage at the primary teeth 
by biomolecule characteristics of methilene blue. 
Biotechnol. And Biotechnol. Eq. 19/2005/1. 

[12] Micali B, Basting RT. Effectiveness of composite 
resin polymerization using light-emitting diodes 
(LEDs) or halogen-based light-curing unit. Braz Oral 
Res 2004;18:266-70. 

[13] Abd El-Latif MM, El-Kady MF, Ibrahim AM, Ossman 
ME. Alginate/ Polyvinyl Alcohol - Kaolin composite 
for removal of methylene blue from aqueous 
solution in a batch stirred tank reactor. J Am Sci 
2010;6:5. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 08 Issue: 01 | Jan 2021                 www.irjet.net                                                                      p-ISSN: 2395-0072 

 

© 2021, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 226 

[14] Okubo SR, Kanawati A, Richards MW, Childress S. 
Evaluation of visual and instrument shade 
matching. J Prosthet Dent 1998;80:642-8. 

[15] Imazato S Tarumi H, Kobayahi K, Hiaraguri H, Oda 
K, Tsuchitani Y. Relationship between the degree of 
conversion and internal discoloration of light 
activated composite. Dent Mater 1994; 14:23-30. 

[16] Lai YL, Lui HF, Lee SY. In vitro color stability, stain 
resistance, and water sorption of four removable 
gingival flange materials. J Prosthet Dent 2003; 
90:293-300. 

[17] Okte Z, Villalt P, Garcia-Godoy F Jr, Murray P. Effect 
of curing time and light curing systems on the 
surface hardness of compomers. Oper Dent 2005; 
30:540-5. 

 

 


