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ABSTRACT 

 

Aim: The current study investigated the thermal 

conductivity of dimethacrylate- and silorane-based 

composite resins at different polymerization times and 

modes. 

Materials and Method: Forty dentin discs (8 mm 

diameter, 1.5 mm thick) were obtained from caries-

free human molar teeth. Filtek Silorane (3M ESPE, 

Minnesota, USA) and Filtek Z550 (3M ESPE, 

Minnesota, USA) composite were polymerized with a  

LED (Light-Emitting-Diode) curing device (Valo, 

Ultradent Products Inc., Utah, USA), in two modes in 

different times (xtra power mode, 3200 mW/cm2; 3-, 

6-, 9-, 12-, +2 s / standard mode 1000 mW/cm2, 10-, 

20-, 30-, 40-, +2 s)(n=10). Temperature changes in 

the dentin discs were measured with a K-type 

thermocouple (E-680, Elimko Co., Ankara, Turkey) and 

recorded. Data were statistically analyzed using 

Analysis of variance and independent sample t test 

(α=0.05) 

Results: Mean temperature changes were 

significantly different among polymerization times and 

modes (p<0.05). Temperature change of Filtek 

Silorane were significantly higher than Filtek Z550 for 

each time interval and curing mode (p<0.05).  

 Conclusion: As the polymerization time increases, 

the temperature increase in the dentin may adversely 

affect to the pulp health. 

Key Words: Thermal conductivity, dental composite  

resin, LED curing unit, polymerization time 

 

 

 

  

 

 

 

 

 

 

 
 
 
 
 
 

 

 
 
 
ÖZ 

Amaç: Bu çalıĢmada siloran-esaslı ve dimetakrilat-

esaslı kompozitlerin farklı polimerizasyon sürelerinde 

ve modlarında termal iletkenlikleri değerlendirildi 

Gereç ve Yöntem: Sağlam insan üçüncü molar 

diĢlerinden 40 dentin disk (8 mm çap, 1.5 mm kalınlık) 

hazırlandı. Filtek Silorane (3M ESPE Dental Ürünleri, 

Minnesota, ABD) ve Filtek Z550 (3M ESPE Dental 

Ürünleri, Minnesota, ABD) kompozit örnekleri, led ıĢık 

cihazı ile (Valo, Ultradent Products Inc., Utah, ABD) iki 

farklı modda ve farklı sürelerde (xtra power mod, 3200 

mW/cm2; 3, 6, 9, 12 +2 sn / standard mod 1000 

mW/cm2, 10, 20, 30, 40, +2 sn) polimerize edildi. 

Dentin örneklerindeki sıcaklık artıĢı, K tipi termokapıl 

(E-680, Elimko Co., Ankara, Türkiye) kullanılarak 

ölçüldü. Her zaman aralığı arasındaki ölçüm farkları 

(ΔT) kaydedildi. Veriler ANOVA ve bağımsız örneklem 

t-testi ile analiz edildi. (α = 0.05) 

Bulgular: Farklı polimerizasyon süreleri ve modları 

arasında ortalama sıcaklık artıĢları açısından anlamlı 

farklılıklar tespit edildi (p <0.05). Filtek Silorane 

kompozitin polimerizasyonu sırasında tüm modlar ve 

zaman aralıklarında Filtek Z550'ye kıyasla anlamlı 

derecede daha yüksek sıcaklık artıĢı görüldü (p 

<0.05). 

Sonuç: Polimerizasyon süresi arttıkça dentindeki ısı 

artıĢı pulpa sağlığını olumsuz etkileyebilir. 

Anahtar Kelimeler: Termal iletkenlik, dental komozit 

rezin, LED ıĢık cihazı, Polimerizasyon süresi. 
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INTRODUCTION 

 

Dental composite resins polymerize with free 

- radical polymerization under irradiation with visible 

light, using wavelength of 400-500 nm.1 Light emitting 

diode (LED) technology was proposed in 1995 for 

polymerization of dental composite resins.2,3 LEDs are 

more powerful when polymerizing resin-based 

materials. This is explained by the emission spectra of 

the LED being better matched to the absorption 

spectrum of the camphorquione than the broad 

spectrum of the halogen units.4 Because of its longer 

life-span (over 10.000 hours) and more consistent 

light output, LEDs uses too much in dental 

applications.5, 6 

The polymerization of the composite resins 

produces a temperature increase, caused by the 

energy absorbed and exothermic reaction during 

polymerization.7 The polymerisation of composite 

resins and the irradiation temperature of the LCUs are 

sources of temperature increase in the tooth cavities 

and may damage the inner tissues, especially the 

pulp.8 It suggested that external heating may enhance 

the mobility of reactive species and the conversion 

kinetics of resin composites during polymerization.9 

Temperature increase during polymerization is 

affected by factors like composition and transmission 

properties of the composite resins, intensity of light,  

type of light source, duration of light exposure and 

depth of the cavity or restoration.  10, 11  

Pulp is a vascularized tissue, so, during dental 

procedures, the pulp temperature may not exceed 

normal. 12 Previous studies have shown that the pulp 

results in significant damage and 15% loss of viability 

for temperature rise of 5,5 oC and 100% for 

temperature rise of 16,6 oC of the monkey teeth.13, 14  

When heat is applied to a solid material, the 

temperature rise proceeds from the high temperature 

zone into the low temperature zone in the material. 

This is called thermal conductivity.15 There are 2 

methods used to measure thermal conductivity: 

steady state and non-steady state. In steady state 

measurement methods, the sample is subjected to a 

constant temperature increase which does not change 

over time. After reaching equilibrium, thermal 

conductivity is determined by measuring the heat flow 

rate per unit area.16 There are several studies 

comparing various physical and mechanical properties 

of silorane-based composites and traditional 

methacrylate-based composites.17-19 However, there 

are not enough studies comparing the thermal 

conductivity of these composites. Therefore, the aim 

of the current study was to measure temperature rise 

in silorane- (Filtek Silorane, 3M ESPE Dental Products) 

and dimethacrylate-based (Filtek Z550, 3M ESPE 

Dental Products) composite resins during 

polymerization with VALO LED unit (Ultradent, Utah, 

USA) at standard mode and xtra power mode.  

 

MATERIALS AND METHODS 

 

Forty dentin disc samples were obtained from 

caries- and crack-free human third molars after 

obtaining informed consent from patients under a 

protocol approved by the local Ethics Committee 

Review Board (2018/77) for this research. In the 

literature, 7-10 samples are prepared from each 

material in order to measure the thermal conductivity 

of dental materials. We have prepared 10 samples 

from each group in our study.14, 20, 21 Dentin 

specimens were composed of 8 mm diameter   1.5 

mm thick, by using a low speed saw (Isomet, Buehler, 

Illinois, USA). In the current study a silorane-based 

composite resin (Filtek Silorane, 3M ESPE, Minnesota, 

USA) and a dimethacrylate-based composite resin 

(Filtek Z550, 3M ESPE, Minnesota, USA) were used. 

Property of materials that used in this study was 

shown in Table 1. 

 
Table 1. Brand, matrix, filler type, material type, 
manufacturer and lot of composite resin materials used in 
this study 
 

Mate
rial 

Matrix 
Filler 
Type 

Material 
Type 

Manufa
cturer 

Lot 

Filtek 

Silora
ne 

Epoxycyclohexy
lethylcyclopoly
methylsiloxane, 

bis-3,4-
epoxycyclohexyl
ethylphenylmet

hylsilane 

Silanized 
quartz, 

yittriumfl
orür 

Microhybri
d, 

silorane-

based 
composite 

resin 

3M 
ESPE, St. 

Paul, 
MN, USA 

N428

339 

Filtek 
Z550 

Bis-GMA, 
UDMA, Bis-EMA 

Zirconia, 
silica 

Nanohybri

d, 
dimethacr

ylate-

based 
composite 

resin 

3M 
ESPE, St. 

Paul, 

MN, USA 

N295
825 

 

Two adhesive systems and composite resins 

applied up to dentin discs 2 mm thickness and 

accordance with the manufacturer's instructions. 
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Composite specimens divided in two subgroups 

(n=10) and each subgroup polymerized with Valo LED 

light curing unit (Ultradent, Utah, USA)(LCU) in 

standard mode and xtra power mode.(Table 2) During 

polymerization, temperature rise of the pulpal side of 

dentin disc samples under composite resins was 

moniterized with a K-type thermocouple (E-680, 

Elimko Co., Ankara, Turkey). A silicon mold was used 

as a supporting structure for the samples. (Figure 1) 

The thermocouple was placed under dentin discs and 

thermocouple was coupled with a data logger. The 

specimens were polymerized and temperature rise 

was moniterized with respect to time. Temperature 

change recorded approximately 40 s in normal mode 

and 12 s in xtra power mode. Data were analyzed 

using One-way ANOVA and independent sample t test 

(α=0.05). 

 
Table 2. Brand, type of mode, output of the light tip, 
polymerization time and manufacturer of LED unit  
 

 

 

 

 
Figure 1. Apparatus for measuring temperature changes. 

 

RESULTS 

 

Table 3 is showing the mean temperature 

increase with silorane- and dimethacrylate-based 

composites in different cure modes. Different curing 

modes and curing times lead to significant differences 

in terms of temperature increase (p<0.05).  

Polymerisation of silorane based composite 

(Silorane) with LED curing device resulted in 

significantly higher mean temperature increase than 

dimethacrylate based composite (Z550) for each 

polymerization time and mode (p<0.05). Statistical 

analysis showed differences among the curing modes. 

The temperature increase was observed as the 

polymerization time of the composites increased 

(p<0.05). 

 

 
Table 3. Measurement times and temperature increase of 
composite samples. 
 

Mode  Duration Δt - Z 
550 

Δt - 
Silorane 

 

Standart 
mode 

10 s 
2.74 ± 
0.68 a,A 

3.93 ± 
0.98 b,AB 

P<0.05 

20 s 
4.06 ± 
0.52 a,C 

4.38 ± 
0.63 b,B 

30 s 
4.66 ± 
0.54 a,D 

5.95 ± 
0.63 b,C 

40 s 
4.80 ± 
0.53 a,D 

6.07 ± 
0.52 b,CD 

Xtra 
power 
mode 

 

3 s 
2.51 ± 
0.42 a,A 

3.47 ± 
1.16 b,A 

P<0.05 

6 s 
3.25 ± 
3.45 a,B 

4.57 ± 
1.21 b,B 

9 s 
3.86 ± 
0.50 a,BC 

5.48 ± 
1.40 b,C 

12 s 
4.23 ± 
0.49 a,C 

5.84 ± 
1.48 b,C 

Means  followed by different lowercase letters in the rows 
and uppercase letters in the columns differed statistically at 
the independent sample t test 5% level 

 

DISCUSSION  

 

In this study thermal conductivity of two 

different resin composites that placed on 1.5 mm 

thickness dentin and effect of heat generation af two 

different curing mode was compared. A K-type 

thermocouple was used in our study since the 

thermocouples were determined as reliable 

instruments for temperature change measurement in 

the literature. External heat may damage to the pulp 

tissue.22 Uses of high density light sources may cause 

heat that dangerous for pulpal health. During 

polymerization of resin composites there is two 

important factors causes increase of heat; exothermic 

reaction of polymerization and heat from LCU.23 

Masutomi and et al.8 found that exothermic reaction is 

more important than light source type, while Strang et 

al.24 defended otherwise.  

Brand 
Type of 
mode 

Output of 

the light 
tip 

(mW/cm2) 

Polymerization 
time (s) 

Manufacturer 

 

Valo 
LCU 

Standard 1000 10 Ultradent 

Products Inc., 
South Jordan, 

UT, USA 

Xtra 
power 

3000 3 
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Previous studies have shown that increased 

temperature during polymerization leads to necrosis in 

pulp cells and causes irreversible reactions in the 

pulp.25, 26 These reactions, which start with a 5.5 oC 

heat increase in the pulp, can turn completely necrose 

over 16.5 oC.22 In our study, the average temperature 

increase in the methacrylate-based composite 

specimens in any group did not reach the limits that 

would cause irreversible reaction for pulp cells. 

However, when the silorane-based composite 

specimens polymerized with standard mode LCU for 

30 s or more and xtra-power mode LCU for 9 s or 

more, the temperature increase in the dentin samples 

was over 5.5 oC. On the other hand, these curing 

times were higher than those specified in the 

manufacturer's instructions. In the standard curing 

times, which determined by the manufacturers of the 

composite resins, the temperature increase in both 

composite specimens did not reach a dangerous level 

for pulp health.  

It has been reported that the temperature 

rise decreases as the resin filler content of a dental 

material increase, because fillers are chemically inert 

and do not affect the heat of reaction.11 However, as 

the fillers temperature increases, the temperature of 

the resin matrix also increases. Fillers have the ability 

to absorb the external energy. This energy may cause 

heat increase in the composite resin matrix. So, the 

filler structure of the composite resin may play an 

indirect role in the increase in temperature.27 

A molecule called ‘Siloran’ is obtained by the 

combination of siloxane and oxirane molecules, which 

polymerize with cationic ring opening reaction.28 This 

reaction is induced by photoactivation of the 

camphorquinone. The oxirane molecules interacts with 

iodonium salts and the reaction spread from active 

centers.29 Some studies in the literature showed that 

silorane-based composites cause significant 

temperature increases than the dimethacrylate-based 

composites.30,31 Researchers thought that this was due 

to different heat patterns caused by the cationic ring 

opening reaction. 32 Moreover, the cationic ring 

opening reactions of the oxiranes are quite an 

exothermic reaction and causes heat increase. 33 

According to this informations the higher thermal 

conductivity of the silorane-based composite resin in 

this study can be explained by its chemical structure. 

 In this study  different ligth energy influence 

the heat produced during composite photo activation. 

The highest temperature change is measured for 

standard mode. Xtra power mode showed lower 

temperature rise than standard mode. When the Valo 

LCU is used in Xtra power mode, it creates light 

intensities close to the Plasma Arc devices. Thus, Valo 

LCU has shortened exposure time because of its high 

power (3200 mW/cm2).  Previous studies have showed 

that plasma arch lights occur more temperature rise 

than LED.34-36 But in our study xtra power mode 

caused less temperature rise. Manufacturer 

recommend a tree-second polymerization time for the 

universal hybrit composites. If used in more times xtra 

power mode may produce more head. Due to its low 

polymerization time and lower heat exposure time it 

caused lower temperature rise from standard mode.  

Comparison of temperature changes in 

different composites and curing modes of this study 

shows that silorane-based composite materials has 

higher thermal conductivy because of its chemical 

structure. Again, according to this study plasma mode 

of LCU occur almost same heats with normal mode 

during polymerization. The light device used in the 

study also leads to an increase in heat. The 

polymerization of the two composites were done 

under the same conditions and the temperature 

increase due to the light device became the standard 

for all samples. Thus, the thermal conductivity of 

composites could be compared on equal terms. 

However, the increase in temperature caused by the 

light device may affect the total heat increase 

affecting the pulp health. Therefore, the temperature 

increase caused by the light device used in the clinic 

should be considered. 

 

CONCLUSION 

 

The temperature increase resulting from the 

long polymerization time can reach a level that 

adversely affects the pulp health. So, the 

polymerization of the composite resin should be made 

according to the LCUs manufacturer's instructions. 
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