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INTRODUCTION

The use of light-curing dimethacrylate-based dental 

composite resins is popular and has become routine for 

the restoration of damaged or decayed teeth, because 

of their excellent aesthetic qualities and because their 

mechanical properties are compatible with host teeth 

[Ferracane, 2011]. In addition, these resins are user-friendly 

because of straightforward, rapid, controlled initiation of 

polymerization process.

Two ingredients are essential for external light-com- 

posite resin interactions, that is, photons and the 

photoinitiator [Leprince et al., 2013; Cramer et al., 2011]. 

Photons supplied externally by a light-curing unit (LCU) 

initiate the polymerization process, whereas the 

photoinitiator, which is excited by photons to produce 

            대한치과재료학회지 45(3) : 179-186,� 2018
Korean� Journal� of� Dental�Materials� (Korean� J�Dent�Mater)

ISSN:2384-4434� (Print);� 2384-3268� (Online)
Available� online� at� http://www.kadm.org

http://dx.doi.org/10.14815/kjdm.2018.45.3.179

복합레진의 중합에 대한 457 nm 빛의 영향

노정훈1, 이동호2, 설효정3, 권용훈3*

교수, 부산대학교 의과대학 의학전문대학원 의공학교실1

치과의사, 부산대학교 치의학전문대학원 치과재료학교실2

교수, 부산대학교 치의학전문대학원 치과재료학교실3

 

 

Effect of 457 nm light on the polymerization of dental composite resins 

Jung-Hoon Ro1, Dong-Ho Yi2, Hyo-Joung Seol3, Yong Hoon Kwon3*

1Professor, Department of Biomedical Engineering, School of Medicine, Pusan National University, Busan, Korea.
2Dentist, Department of Dental Materials, School of Dentistry, Pusan National University, Yangsan, Korea.

3Professor, Department of Dental Materials, School of Dentistry, Pusan National University, Yangsan, Korea.

본 연구는 457 nm의 빛이 복합레진의 중합에 미치는 영향을 평가한 것이다. 이를 위하여 파장이 457 nm인 레이저와 LED를 

광원으로 그리고 6종의 복합레진을 시료로 선택하였다. 광 세기는 레이저와 LED 광조사기가 각각 530 mW/cm2과 900 mW/cm2 

이었고 광 조사된 시료의 미세경도와 중합도를 평가하였다. 그 결과 시료의 중합도는 두 광원에 대해서 비슷하였다 (윗면에서 각각 

54.4-67.7%와 55.2-67.1% 이었고, 바닥면에서 각각 35.1-53.8%와 45.4-53.1% 이었다). 미세경도는 기본적으로 두 광원에서 비슷하였다 

(윗면에서 각각 28.5-83.6 Hv와 19.1-82.4 Hv 이었고, 바닥면에서 각각 22.5-65.4 Hv와 16.8-74.4 Hv 이었다). 그러나 어떤 시료는 

바닥면에서 레이저로 광조사된 경우가 LED로 광조사된 경우보다 약간 낮은 미세경도값 (28.5-65.4 Hv vs 47.2-74.4 Hv)을 보였다. 

본 결과는 457 nm의 빛이 복합레진을 LED의 경우와 비슷한 수준으로 광중합 할 수 있음을 시사한다.
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free radicals, is a constituent of the resin matrix. The 

free radicals so formed then convert monomers into a 

polymer network. Camphorquinone (CQ) is the photoin- 

tiator used in all light-curing dental composite resins and 

has a light absorption band approximately at 380-510 nm. 

Since light is maximally absorbed through the comple- 

mentary relation, blue light matches maximally with 

yellow CQ, which is why all LCUs emit blue light. 

Quartz-tungsten-halogen (QTH)-lamp based LCUs have 

the widest spectral distribution [Kumar et al., 2012; 

Mousavinasab and Meyersm, 2011; 조호성 등, 2010], and 

their emission band (at 370-520 nm) matches the 

absorption band of CQ. However, light-emitting diode 

(LED) LUCs have much narrower emission band 

(approximately 425-500 nm) [Poggio et al., 2012; 

Polydorou et al., 2011; 이응주 등, 2005], which is more 

focused on the absorption peak of CQ. On the other 

hand, the light emitted by lasers is highly narrow 

(monochromatic), coherent, and directional, and of the 

available lasers, the argon laser had been widely studied 

in dentistry in conjunction with dental composite resins 

due to its spectral match with CQ in the higher wavelength 

region of its absorption band (488 nm) [Mirsasaani et 

al., 2011; Tielemans et al., 2009; 박주석 등, 1995]. 

However, despite its excellent ability to polymerize dental 

composite resins, the argon laser has not been widely 

accepted as a LCU because of its cost. Under these 

circumstances, the diode-pumped solid state (DPSS) laser 

can provide an alternative. Initially, this type of laser 

was used as a light source for flow cytometers [Habbersett 

et al., 2007; Telford et al., 2005]. However, recent 

advancements in laser diode technology have resulted 

in the availability of high power DPSS and diode lasers 

of various wavelengths. The ability of a laser emitting 

at 473 nm has been examined for the curing of dental 

composite resins [Kwon et al., 2008; Park et al., 2010; 

Yun et al., 2012]. According to these studies, this DPSS 

laser is able to polymerize various dental composite resins 

to the levels achieved by other LCUs, such as, QTH and 

LED LCUs. This encourages the consideration that a diode 

laser of 457 nm, which lies in the absorption band of 

CQ, might be useful for the polymerization of dental dental 

composite resins. Due to the recent appearance, the test 

of this laser in dentistry is limited [권 등, 2017; 박, 2017]. 

Accordingly, the aim of this study was to evaluate the 

degree of polymerization of dental composite resins using 

the 457 nm diode laser as a light source. Through the 

study, microhardness and degree of conversion (DC) were 

examined and compared. 

MATERIALS AND METHODS 

1. Dental composite resins and LCUs 

For the study six different dental composite resins with 

A3 shade [two nanocomposite resins: Premise Packable 

(PR) and Filtek Z350XT (ZX); two microhybrid resins: 

Aelite LS Posterior (AL) and Tetric EvoCeram (TE); two 

flowable resins: Tetric N Flow (TF) and Esthet X Flow] 

were used. Their details are listed in Table 1. 

For light curing, a LED (L.E.Demetron, Kerr, Danbury, 

CT, USA) and a diode laser (LVI Technology, Seoul, Korea) 

of 457 nm were used (Figure 1). The output light intensity 

of LED was 900 mW/cm2 according to its built-in 

radiometer, and the output power and spot size of the 

laser beam were approximately 150 mW (PM3/FIELDMAX, 

Coherent, Portland, OR, USA) and 6 mm, respectively. 

The resultant light intensity was approximately 530 

mW/cm2. 

2. Microhardness test

To measure the surface microhardness (Hv) of 

specimens, resin was filled into a metal mold (4×2×3 
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mm) and light cured for 40 s using LCU. The cured 

specimen was removed from the mold and aged for 24 

hr in a 37℃ dry and dark chamber. The microhardness 

of top (z=0) and bottom (z=3 mm) surfaces was measured 

using a Vickers hardness tester (MVK-H1, Akashi, Tokyom 

Japan) (n=12 for each test condition) by measuring the 

Table 1. Materials tested in the present study 

Code Composition Filler content vol%/wt% Manufacturer

PR
Bis-EMA, TEGDMA, 

Barium glass, SiO2
71/84

Kerr

Orange, CA, USA

ZX
Bis-EMA, Bis-GMA, TEGDMA, UDMA, 

Non-aggregated silica, zirconia/silica, nanoclusters
63.3/78.5

3M ESPE

St. Paul, MN, USA

AL
Bis-EMA, Bis-GMA, TEGDMA, 

Glass frit, amorphous silica
74/88

Bisco Inc.,

Schaumburg, IL, USA

TE
Bis-GMA, UDMA, Ba-Al-Borosilicate glass filler, 

Al2O3,YbF3
61/82

Ivoclar Vivadent, 

Schaan, Liechtenstein

TF
Bis-EMA, UDMA, TEGDMA, 

Barium glass, YbF3,SiO2
39/63

Ivoclar Vivadent,

Schann, Liechtenstein

EF
Bis-GMA adduct, TEGDMA, Ba-F-B-Al 

silicate glass, silica
53/61

Dentsply Caulk

Milford, DE, USA

PR: Premise Packable; ZX: Filtek Z350XT; AL: Aelite LS Posterior; TE: Tetric EvoCeram; TF: Tetric N Flow; EF: Esthet X Flow 

Bis-EMA: ethoxylated bisphenol A glycidyl methacrylate; Bis-GMA: bisphenol A glycidyl methacrylate; TEGDMA: triethyleneglycol 

dimethacrylate; UDMA: urethane dimethacrylate

wt%: weight percent according to the manufacturers
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Figure 1. Emission spectrum of the used LCUs
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size of microindentations which were made using a 200 

gf load and 10 s dwell time conditions. 

3. Degree of conversion (DC)

Specimens (n=7 per condition) prepared for microhar- 

dness test were used to evaluate DC (%). Immediately 

after microhardness measurement, top and bottom 

surfaces of specimens were scratched (approximately a 

thickness of 100-150 μm) with a scalpel to obtain powder. 

The collected powder was then dissolved in ethanol and 

subjected to transmission FTIR spectroscopy (Nicolet 6700, 

Thermo Fisher Scientific Inc., Waltham, MA, USA). Spectra 

(averages of 32 scans) were recorded from 7800-350 cm-1 

at a resolution of 0.09 cm-1. The DC of cured specimens 

was evaluated using a baseline technique. For dimeth- 

acrylate-based composite resins, the peak corresponding 

to aliphatic C=C bonds (at 1636 cm-1) and the reference 

C-C aromatic ring bonds (at 1608 cm-1) were chosen. 

Uncured resins were also tested as described above. The 

DC was calculated using the following formula:

  C=Ccured / aromaticcured
DC (%)=100×{1-[――――――――――――――――― ] } 

C=Cuncured / aromaticuncured

4. Statistical analysis

Results were analyzed using one-way ANOVA with 

post-hoc Tukey test for multiple-comparisons. The 

student’s t-test was used to analyze LCU results. Statistical 

significance was accepted for p< 0.05.  

 

RESULTS

Table 2 shows the DC achieved by two LCUs. For 

the specimens, flowable resin EF had the highest DC 

regardless of the LCU used, and AL had the second highest. 

The DC achieved using two LCUs were not significantly 

different on top (54.4-65.9% for the laser; 55.2-67.1% 

for LED) and bottom surfaces (35.1-53.8% for the laser; 

45.4-53.1% for LED).

The microhardness of specimens is shown in Table 3. 

On top surface, microhardness by the laser and LED were 

28.5-83.6 Hv and 19.1-82.4 Hv, respectively. On bottom 

surface, for the laser and LED treated specimens, 

microhardness were 22.5-65.4 Hv and 16.8-74.4 Hv, 

respectively. Difference between top and bottom surfaces 

was 18.0-65.9% and 8.3-42.7% for the laser and LED, 

Table 2. Degree of conversion (DC; %) of the tested specimens 

Top surface Bottom surface

457 nm laserA LEDA 457 nm laserα LEDα

PR 57.1±2.5a 58.6±0.9ab 47.7±3.0ab 54.1±0.8a

ZX 58.6±3.2a 58.2±2.5ab 47.5±2.7ab 46.8±2.9b

AL 65.9±2.4b 62.1±2.3bc 35.1±2.5c 45.4±1.9b

TE 58.2±3.3a 55.2±3.4ad 50.1±1.9bd 47.5±4.1b

TF 54.4±1.9a 56.7±2.9ad 43.6±3.2a 46.6±3.2b

EF 67.7±1.2b 67.1±1.3e 53.8±0.6d 53.1±1.2a

p-value < 0.001 < 0.001 < 0.001 < 0.001

* Statistically significant difference for resin product is shown by superscript lettersa,b,... Same letters are not significantly different 

(p > 0.05). letter is not significantly different. 
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respectively. The microhardness values of two LCUs were 

not significantly different on top and bottom surfaces 

(p>0.05).

DISCUSSION

Lasers provide highly monochromatic, coherent, and 

directional light as compared with other light sources. 

Due to these exceptional features, lasers have been used 

in many fields as a light source. In dentistry, the 488 

nm argon laser is used for the light curing of 

camphorquinone-based dental materials [Mirsasaani et al., 

2011; Tielemans et al., 2009; 박주석 등, 1995], and is 

commonly used for the restoration of decayed or damaged 

teeth in conjunction with dental composite resins. 

However, an argon laser represents a substantial 

investment, and thus, other types of LCUs, such as, QTH 

and LED, are more popular in dental practices. DPSS 

lasers produce light by pumping a solid medium (crystal) 

with a powerful laser diode, and then doubles the 

frequency of the light produced. Initially, a 532 nm DPSS 

laser was used as a light source for flow cytometers 

[Habbersett et al., 2007]. Recently, the feasibility of a 473 

nm laser was examined for the light curing of dental 

composite resins [Kwon et al., 2008; Park et al., 2010; 

Yun et al., 2012]. The advantages of the 473 nm DPSS 

laser as compared with the argon laser are its portability 

and lower price. Among the lasers, the 457 nm laser 

was only recently introduced and has not been previously 

examined in dentistry.

Polymerization is a complex process that converts 

monomers to a polymer network via the activation of 

a photoinitiator (CQ) in the presence of an accelerator 

(a tertiary amine). The activation of CQ is initiated by 

the blue light from LCUs. However, since the bandwidth 

of LED and laser blue light is quite different, the resultant 

degree of polymerization can be influenced by the 

difference of emission bands. 

DC provides a means of quantifying monomer 

conversion to polymer [Rueggeberg et al., 1990]. In the 

present study, the DC values of the specimens produced 

by two LCUs at different light intensity (530 mW/cm2 

vs 900 mW/cm2 for the 457 nm laser and LED, respectively) 

were similar (on top surface: 54.4-67.7% for the laser, 

55.2-67.1% for LED; on bottom surface: 35.1-53.8% for 

the laser, 45.4-53.1% for LED), although AL had a much 

lower DC value on its bottom surface when cured using 

Table 3. Microhardness (Hv) of the tested specimens 

Top surface Bottom surface

457 nm laserA LEDA 457 nm laserα LEDα

PR 64.4±0.7a 71.1±0.5a 53.9±2.7a 63.4±0.4a

ZX 79.8±4.2b 81.1±2.1b 65.4±3.9b 74.4±3.8b

AL 83.6±2.7c 82.4±5.1b 28.5±3.6c 47.2±1.8c

TE 44.1±1.8d 41.4±1.2c 37.7±2.8d 37.8±1.5d

TF 28.5±1.1e 19.1±1.2d 22.5±1.5e 16.8±0.8e

EF 34.8±0.3f 34.2±0.6e 27.7±1.4c 27.7±1.2f

p-value < 0.001 < 0.001 < 0.001 < 0.001
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the laser. This achievement of a similar DC by the laser 

at a lower light intensity suggests that monochromatic 

light can more effectively achieve polymerization. 

Microhardness can be used to quantify the degree of 

polymerization, and the Vickers hardness test evaluates 

hardness by making a microindentation in the specimen 

surface. The dimension (size) of microindentation can 

be affected by many factors, such as, filler content, 

cross-link density, and monomer content [Ferracane et 

al., 1985; Peutzfeldt and Asmussen, 2004]. The similar 

microhardness achieved (on top and bottom surfaces) 

using two LCUs in the present study suggests that the 

457 nm laser provides an excellent means of curing dental 

composite resins. However, lower microhardness was 

observed for some specimens (PR, Z3, and AL) treated 

with the laser on the bottom surface. This could have 

been due to their higher filler contents (fillers block light 

transmission to the bottom surface) or its lower light 

intensity. The highest microhardness decrease was found 

in AL. Based on our preliminary data, it was attributed 

to an exceptionally high level of light attenuation than 

the other specimens

In the present study, DC and microhardness were poorly 

correlated (R<0.26), showing that higher DC values do 

not automatically mean high microhardness [Lima et al., 

2012; Calheiros et al., 2008; Bouschlicher et al., 2004]. 

Thus, since cross-link density, filler distribution, and 

condensation by shrinkage, are not fully reflected to the 

DC values, it can be less sensitive in estimating the degree 

of polymerization than by microhardness. 

CONCLUSION

Within the limitations of the present study, the following 

conclusions could be reached:

1. Dental composite resins cured using the 457 nm laser 

were found to be similar to the same resins cured 

with LED in terms of microhardness and DC. 

2. Accordingly, it is believed that the 457 nm laser has 

substantial potential as a light source for the light-curing 

of dental composite resins.
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Effect of 457 nm light on the polymerization of dental composite resins 
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The aim of this study was to determine if a 457 nm blue laser could effectively polymerize dental composite 

resins. After light curing 6 dental composite resins using a laser or a LED light-curing unit at 530 mW/cm2 and 

900 mW/cm2, respectively, degree of conversion and microhardness were evaluated. Degree of conversion of specimens 

by the laser and LED was similar (on top surface 54.4-67.7% and 55.2-67.1%, respectively; on bottom surface 

35.1-53.8% and 45.4-53.1%, respectively). Microhardness was also similar (on top surface 28.5-83.6 Hv and 19.1-82.4 

Hv, respectively; on bottom surface 22.5-65.4 Hv and 16.8-74.4 Hv, respectively), although, in some cases, laser-treated 

specimens showed slightly lower microhardness than the LED-treated on bottom surface. The present study shows 

that the 457 nm laser can polymerize dental composite resins to the same level as LED achieved. 

Key Words : Composite resin, Laser, Microhardness, Degree of conversion   
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