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Abstract The aim of this study is to evaluate light-curing

composites polymerization quality (monomer/polymer)

carried out at different times and distances of irradiation

through the thermal analysis (TG-DTA). Samples have

been polymerized at 20, 40 and 60 s (0-2-4-6-8 mm)

through a constant polymerization and subsequently ana-

lysed by TG-DTA. The TG/DTA analysis shows that dif-

ferent light-curing times and different distance of

irradiation affect the quality of polymerization; it is nec-

essary to increase the curing time when the irradiation

distance is longer than 2 mm.

Keywords Thermal analysis � TG-DTA �
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Introduction

The use of light-cured resin composites is increasing,

because of the growing demand for esthetic restorative

results. The curing efficiency of light-cured resin com-

posites affects the clinical integrity of resin composite

restorations. For this reason, it is important to investigate

the factors that control the composite photopolymerization

reaction [1].

These materials are composed of basically two phases: a

resinous matrix (organic phase), comprising dimethacrylate

monomers and/or oligomers, photoinitiator and an inor-

ganic phase, known as filler, generally composed of par-

ticulate glass [2]. When the composite resins are irradiated,

the radicals generated attack the double bonds of the

monomers, creating cross-linked three-dimensional net-

work polymers [3]. The main monomers/oligomers used in

the resinous matrix phase are bisphenylglycidyl dimeth-

acrylate (BisGMA), triethylene glycol dimethacrylate

(TEGDMA) and urethane dimethacrylate (UDMA). The

photoinitiator system is commonly camphorquinone asso-

ciated with a tertiary amine. Silicate-based glasses, zirco-

nia, alumina, quartz and barium aluminium silicate are

used as fillers which normally are surface modified by a

coupling agent aiming to improve mechanical properties

[4, 5]. Nevertheless, several problems concerning the lack

of mechanical resistance mainly associated with restoration

in posterior teeth and heterogeneity in the polymerization

are frequently mentioned as drawbacks for the use of

polymer restoration dental composites as repairing mate-

rials. Both problems are related to the curing process

responsible for the formation of the crosslinking network

that provides mechanical resistance and hardness to the

final composite [6, 7].

The knowledge of polymerization mechanisms offers

the possibility to check the properties of the material set in

cavity. The degree of conversion (DC) of conventional

dental composites depends on several factors: power and

intensity of the bright source, time and distance of irradi-

ation, dimensions of the particles of the filler, etc. [8–11].

Therefore, a lower DC value is expected to cause a pre-

mature failure of the restoration because of increasing

wear, precocious staining, and marginal microleakage [12–

16].

Besides, in a wet environment, as the oral cavity, the

residual unpolymerized monomer pours out from the

polymerized material [17–19] and it is well-known that this

can cause several problems, such as toxic effects in the

pulpal cells [20–24].
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Studies have demonstrated that the distance from the top

of the highest cusp to the cavity floor can reach 8 mm at

deep cavities [25, 27], so the light intensity reaching the

deepest region can be strongly attenuated. As a conse-

quence, lower degree of conversion is expected from resin

cements when the energy is lower than that required for a

proper resin cement polymerization, leading to postopera-

tive sensitivity, staining, marginal breaking, poor adhesion

between the tooth and the indirect restoration [28],

microleakage, secondary caries, and changes in some

cement mechanical properties. The degree of conversion

depends on the energy supplied during light activation, and

can be characterized as the product of light intensity and

exposure time [29].

Many experimental techniques have been used to study

the degree of conversion (DC) or the number of ethylene

double carbon which are converted into single bonds

[30–32].

The validity of the thermal analysis has been demon-

strated to evaluate the dental materials and light-curing

composites conversion degree [33, 34]; differential thermal

analysis (DTA) and thermogravimetry analysis (TG) are

thermal analysis techniques. DTA is used to gather infor-

mation on transitions, heats and kinetic of reaction, and

others. TG has been used to quantify the inorganic part of

dental composites and the rate of mass change, respectively

[35, 36].

The aim of this study is to evaluate through the thermal

analysis (TG-DTA) the light-curing composites polymeri-

zation quality (monomer/polymer), carried out at different

times and distances of irradiation (0–8 mm; 20–60 s).

Materials and methods

The materials used were X Duo Ceram (DENTSPLY, UK),

Gradia Direct (GC, USA) (Table 1). Samples have been

prepared in a 2 mm thickness and a 4 mm diameter

stainless steel matrix in order to obtain an equivalent mass

of about 50 mg. The light intensity was 1200 mW/cm2

(Mini Led Satelec, Acteon Group, Merignac, France).

Before proceeding with the TG/DTA analysis, a double

weighing with a Gibertini electronic (mod. E42 Milano-

Italy) and a TG/DTA scale is made, through which the

following thermogravimetric analyses have been carried

out. Eight samples of each material (number of materi-

als = 2) for each group (number of groups = 15) have

been cured (20 s 0-2-4-6-8 mm; 40 s 0-2-4-6-8 mm; 60 s

0-2-4-6-8 mm).

Moreover, five samples of each material (controls)

underwent TG-DTA cycles without light-curing procedures

(15 controls total analysis).

Simultaneous thermal analyzer was used to measure the

mass change and heat effects (TG–DTA) on dental com-

posites performed by TG/DTA 6300 (Model TG/DTA

6300, Seiko Instruments Inc. Torrance, CA, USA). The

samples were heated at a constant rate of 10 �C min-1, from

25 to 600 �C under nitrogen atmosphere (100 mL/min).

In our figures, values are represented up to 500 �C in

order to remark peaks, as we did not observe other sig-

nificant differences between all materials while reaching

600 �C.

In the figures we also used the curves of a single com-

posite because all samples showed a similar behaviour.

Statistical analysis

Fisher’s PLSD, Scheffe and Bonferroni/Dunn were used to

evaluate the presence of statistically significant differences.

We did not insert the standard deviation because curves

often overlapped.

Results and discussion

It is well-known that during the preparation of the light-

curing composite resins, the laboratories first work the

inorganic part by making it react with the silane (silan-

ization process) and second, in the clinical phase, through

the photopolymerization, the reaction of the organic and

inorganic part is fulfilled [3, 19]. The final product of these

chemical interactions between silane and filler is affected

Table 1 The resin composite composition

Materials Manufactures Inorganic filler/wt%

Gradia

Direct

GC Methacrylate monomers 27%, Silica 38%,

Prepolymerised filler 35%, Pigments, Catalysts.

Inorganic filler: n.d.

X Duo

Ceram

Dentsply Methacrylate modified polysiloxane, dimethacrylate resin, fluorescence pigment, UV stabilizer, stabilizer,

Camphorquinone, ethyl-4(dimethylamino)benzoate, barium-aluminium-borosilicate glass, methacrylate

functionalised silicon dioxide nano filler, iron oxide pigments and titanium oxide pigments and aluminium sulfo

silicate pigments according to shade.

Inorganic filler: n.d.
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by the silanization that brings about the creation of reactive

molecules on the filler-silane interface; the subsequent

photopolymerization of the matrix with the silane-filler

reactive molecules gives a more stable final product that

improves the composite physical capacity. The TG/DTA

analysis allows to highlight the points where the resinous

parts (silane and matrix) deabsorb [10, 37, 38].

Figure 1 shows the representatives TG-DTA curves

obtained by heating uncured and cured composite resins.

Non-cured composite (a) showed a mass loss of 5.7% at

270 �C and 14.9% at 350 �C, whereas cured composite

(b) showed a mass loss of 0.4% at 270 �C and 7.4% at

350 �C. At about 270 �C, mass loss is most probably

caused by the weak bonds (hydrogen bonds or Van der

Waals strengths) break-up between monomer and silane,

and by the loss of the same molecules that have not reacted

[39, 40]. At about 350 �C, we can also observe another

mass loss due to the break-up of the strong (covalent)

silane–silane, silane–filler and silane–resin bonds. Thermal

stability and dental composite resins degradation were

monitored by measuring their TG curves.

Table 2 gathers properties of the composites taken from

the TG curves: 5% mass loss temperature (thermal stabil-

ity) [36], and residues at 600 �C (filler content after

burning the polymeric matrix). Mass loss percentage
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Fig. 1 TG-DTA curves for

uncured (a) and cured (b)

composite resins

Table 2 Thermogravimetric (TG) results (%)

Time Temperature of 5% mass loss/± 2 �C Mass loss at

600 �C/%
Distance of irradiation

0 mm 2 mm 4 mm 6 mm 8 mm

X DUO Ceram Dentsply

20 s 389 387 382 380 376 19.45 ± 0.23

40 s 398 392 390 390 384

60 s 399 392 391 391 389

Gradia Direct

20 s 328 317 314 314 312 49.62 ± 0.57

40 s 330 329 327 322 321

60 s 331 330 329 328 328
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differences were also due to different materials composi-

tions in organic/inorganic components ratio.

These results have to be attributed to the visible light-

cure that creates the cross-linked network polymers and

due to the interaction between the polymer chains and

inorganic particles. Cross-linked network consequently

prevents the dental composite resins from thermal

decomposition by enhanceming their thermal stability.

Figure 2a shows TG curves samples cured in 20 s at 0,

8 mm; it is possible to observe a higher thermal stability of

samples cured at shorter distances; however, thermal sta-

bility differences between shorter and longer light-cured

distances samples decreased if light-curing time was

enhanced (Fig. 2b, c).

So the importance of a correct curing time in clinical

procedure needs is evident in order to avoid the release of

the monomer; to improve the physical–chemical charac-

teristics of the material and, so to make the restoration

more lasting.

It’s important to emphasize that in this study a quality

comparison between the materials has not been made.

Conclusions

The thermal behaviour of all samples was investigated

using simultaneous TG/DTA methods. The TG/DTA

analysis shows different thermal behaviour between sam-

ples. Time and distance of irradiation affects the quality of

polymerization; it needs to increase the curing time when

the irradiation distance is longer than 2 mm.
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5. Anusavice KJ. Materiais Dentários, Phillips’ Science of Dental.

10th ed. Rio de Janeiro: Guanabara Koogan SA; 1998. p. 161.

6. Silva FF, Mendes LC, Ferreira M, Benzi MR. Degree of con-

version versus the depth of polymerization of an organically

modified ceramic dental restoration composite by Fourier trans-

form infrared spectroscopy. J Appl Polym Sci. 2007;104:325.

7. Neves AD, Discacciati JA, Orefice RL, Jansen WC. Correlation

between degree of conversion, microhardness and inorganic

content in composites. Pesqui Odontol Bras. 2002;16:349–54.

8. Rueggeberg FA, Hashinger DT, Fairhurst CW. Calibration of

FTIR conversion analysis of contemporary dental resin compos-

ites. Dent Mater. 1990;6:241–9.

9. Tarumi H, Imazato S, Ehara A, Kato S, Ebi N, Ebisu S. Post-

irradiation polymerization of composites containing bis-GMA

and TEGDMA. Dent Mater. 1999;15:238–42.

10. Imazato S, McCabe JF, Tarumi H, Ehara A, Ebisu S. Degree of

conversion of composites measured by DTA and FTIR. Dent

Mater. 2001;17:178–83.

11. D’Alpino PH, Wang L, Rueggeberg FA, Svizero NR, Pereira JC,

Pashley DH, Carvalho RM. Bond strength of resin-based resto-

rations polymerized with different light-curing sources. J Adhes

Dent. 2006;8:293–8.

12. Kakaboura A, Rahiotis C, Zinelis S, Al-Dhamadi YA, Silikas N,

Watts DC. In vitro characterization of two laboratory-processed

resin composites. Dent Mater. 2003;19:393–8.

13. Peutzfeldt A, Asmussen E. Resin composite properties and

energy density of light cure. J Dent Res. 2005;84:659–62.

14. Lee SY, Huang HM, Lin CY, Shih YH. Leached components

from dental composites in oral simulating fluids and the resultant

composite strengths. J Oral Rehabil. 1998;25:575–88.

15. Calheiros FC, Kawano Y, Stansbury JW, Braga RR. Influence of

radiant exposure on contraction stress, degree of conversion and

mechanical properties of resin composites. Dent Mater. 2006;22:

799–803.

16. Celik EU, Yapar AG, Ates M, Sen BH. Bacterial microleakage of

barrier materials in obturated root canals. J Endod. 2006;32:

1074–6.

17. Tanaka K, Taira M, Shintani H, Wakasa K, Yamaki M. Residual

monomers (TEGDMA and Bis-GMA) of a set visible light-cured

20 s

0 mm

8 mm

40 s

60 s

0 mm

0–8 mm

8 mm

TG %

Temperature/°C

100.0

95.0

90.0

85.0

80.0

75.0

100.0

95.0

90.0

85.0

80.0

75.0

100.0

95.0

90.0

85.0

80.0

75.0

100.0 200.0 300.0 400.0 500.0

100.0 200.0 300.0 400.0 500.0

100.0 200.0 300.0 400.0 500.0

(a)

(b)

(c)

Fig. 2 Comparative TG curves for samples cured in 20 s at 0 and

8 mm (a), 40 s at 0 and 8 mm (b), 60 s at 0 and 8 mm (c)

760 M. Ferrante et al.

123



dental composite resin when immersed in water. J Oral Rehabil.

1991;18:353–62.

18. Spahl W, Budzikiewicz H, Geurtsen W. Determination of

leachable components from four commercial dental composites

by gas and liquid chromatography/mass spectrometry. J Dent.

1998;26:137–45.

19. Pelka M, Distler A, Petschelt A. Elution parameters and HPLC

detection of single components from resin composite. Clin Oral

Investig. 1999;3:194–200.

20. Lee DH, Lim BS, Lee YK, Ahn SJ, Yang HC. Involvement of

oxidative stress in mutagenicity and apoptosis caused by dental

resin monomers in cell cultures. Dent Mater. 2006;22:1086–92.

21. Schweikl H, Hartmann A, Hiller KA, Spagnuolo G, Bolay C,

Brockhoff G, Schmalz G. Inhibition of TEGDMA and HEMA-

induced genotoxicity and cell cycle arrest by N-acetylcysteine.

Dent Mater. 2007;23:688–95.

22. Geurtsen W, Lehmann F, Spahl W, Leyhausen G. Cytotoxicity of

35 dental resin composite monomers/additives in permanent 3T3

and three human primary fibroblast cultures. J Biomed Mater Res.

1998;41:474–80.

23. Gwinnett AJ, Tay FR. Early and intermediate time response of

the dental pulp to an acid etch technique in vivo. Am J Dent.

1998;10:S35–44.

24. Subay RK, Demirci M. Pulp tissue reactions to a dentin bonding

agent as a direct capping agent. J Endod. 2005;31:201–4.

25. De Paula AB, Tango RN, Sinhoreti MA, Alves MC, Puppin-

Rontani RM. Effect of thickness of indirect restoration and dis-

tance from the light-curing unit tip on the hardness of a dual-

cured resin cement. Braz Dent J. 2010;21(2):117–22.

26. Daronch M, Miranda WG, Braga RR, Mirage X. A Composite

depth of cure using different light sources. J Dent Res. 2000;79:

370.

27. Hansen EK, Asmussen E. Visible-light-curing units: correlation

between depth of cure and distance between exit window and

resin surface. Acta Odontol Scand. 1997;55:162–6.

28. Price RBT, Félix CA, Andreou P. Effect of resin composite and

irradiation distance in the performance of curing lights. Bioma-

terials. 2004;25:4465–77.

29. Halvorson RH, Erickson RL, Davidson CL. Energy dependent

polymerization of resin-based composite. Dent Mater. 2002;18:

463–9.
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