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1. Introduction

Contemporary composite materials are typically based on

dimethacrylate resins which harden via free-radical polymer-

ization. Activation by visible light is the primary mode of

triggering the polymerization.1,2 Polymerization occurs by

subsequent addition of dimethacrylate monomer molecules,

resulting in rapid growth and crosslinking of polymeric

chains. During polymerization, free radicals are located on

growing polymeric chains and represent reactive sites that

must be reached by monomeric molecules for addition to take
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Objectives: To investigate the 24 h post-cure polymerization and the effect of temperature on

the post-cure polymerization of one conventional and three bulk-fill composite materials.

Methods: A conventional composite GrandioSO (GR) and three bulk-fill composites: Tetric

EvoCeram Bulk Fill (TECBF), Quixfil (QF) and X-tra fil (XF) were investigated. The samples

were cured for 20 s with irradiance of 1090 mW/cm2. Composite samples were divided into

two groups: the ‘‘room-temperature’’ group (RT, n = 5) and the ‘‘body-temperature’’ group

(BT, n = 5) and they were stored in dark at 20 8C and 37 8C, respectively. Measurements of

degree of conversion (DC) were made immediately after curing (0 h) and 24 h post-cure

(24 h). To analyse the extent of post-cure DC increase, the DC values of 0 h-RT/24 h-RT and

0 h-BT/24 h-BT were compared. To analyse the difference in DC between RT and BT, the DC

values of 0 h-RT/0 h-BT and 24 h-RT/24 h-BT were compared.

Results: DC increase 24 h post-cure was significant for all composites and ranged between

6.3% and 8.2% in RT and between 12.5% and 15.7% in BT. All composites demonstrated a

higher DC in 24 h-BT compared to 24 h-RT. The difference was statistically significant for GR,

TECBF and QF.

Conclusions: All composites demonstrated a significant post-cure effect after 24 h. Post-cure

temperature increase from 20 8C to 37 8C yielded a higher post-cure DC increase.

Clinical significance: Due to the temperature effect on the final DC, studies performed at

composite samples at room temperature may record more inferior properties than these

attained in the oral cavity.

# 2014 Elsevier Ltd. All rights reserved.

* Corresponding author at: Malekova 18, 10040 Zagreb, Croatia. Tel.: +385 12853761.
E-mail addresses: mpar@inet.hr (M. Par), ozren@mef.hr (O. Gamulin), marovic@sfzg.hr (D. Marovic), eklaric@sfzg.hr (E. Klaric),

tarle@sfzg.hr (Z. Tarle).

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.intl.elsevierhealth.com/journals/jden

http://dx.doi.org/10.1016/j.jdent.2014.08.004
0300-5712/# 2014 Elsevier Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdent.2014.08.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdent.2014.08.004&domain=pdf
http://dx.doi.org/10.1016/j.jdent.2014.08.004
mailto:mpar@inet.hr
mailto:ozren@mef.hr
mailto:marovic@sfzg.hr
mailto:eklaric@sfzg.hr
mailto:tarle@sfzg.hr
http://www.sciencedirect.com/science/journal/03005712
www.intl.elsevierhealth.com/journals/jden
http://dx.doi.org/10.1016/j.jdent.2014.08.004


place.3 Since polymeric chains are relatively immobile due to

high molecular mass, the reaction is controlled by the mobility

of monomer molecules. In the initial stages of polymerization,

monomer is free to flow to reactive sites and addition proceeds

rapidly. However, as degree of conversion (DC) increases, it

becomes increasingly difficult for monomer to reach reactive

sites and therefore the rate of reaction decreases.4

Free radical polymerization features complex kinetics, with

phenomena known as autoacceleration and autodecelera-

tion.3 Autoacceleration occurs in early stages of polymeriza-

tion because limited mobility of free radicals located on

growing polymeric chains inhibits termination. This results in

the increase of reaction rate, despite the fact that the amount

of reactants is decreasing. Autodeceleration occurs in later

stages of polymerization when increasing viscosity limits the

mobility of monomer molecules, thus inhibiting propagation.

In other words, kinetics of polymerization reaction is largely

affected by mobility of reactants during both early and late

stages of reaction.5 Due to the increasing diffusivity limita-

tions, the polymerization rate slows down significantly and

reaction extends for prolonged periods of time.

Most of the polymerization reaction occurs during the first

minutes after irradiation; however a significant portion of

reaction may take place after curing.6 The extent of post-cure

reaction depends on initial DC,7 resin composition,8 availabil-

ity of free radicals9 and the temperature of the sample.10

Bulk-fill composites are designed for placement in layers

up to 4 mm. In order to achieve properties that enable such

placement, manufacturers have addressed issues of shrinkage

stress and depth of cure by various composition modifica-

tions.11 These modifications may alter polymerization kinet-

ics, especially because slower polymerization is sometimes

used as a strategy to reduce shrinkage stress.12,13

The aims of this study were: (I) to assess the post-cure DC

increase for one conventional and three bulk-fill composites,

and (II) to examine the influence of temperature on the post-

cure DC increase. The null-hypotheses were: (I) there is no

difference between the DC values obtained immediately after

curing and 24 h post-cure, and (II) there is no difference in the

post-cure DC increase between the samples stored at 20 8C and

37 8C.

2. Materials and methods

Composite materials are listed in Table 1. Three bulk-fill

composites were investigated and a conventional composite

GrandioSO (Voco, Cuxhaven, Germany) was used as a control.

Cylindrical samples with diameter of 3 mm and height of

6 mm were prepared using a solid stainless steel mould with

polished and thus reflective surface. The outside shape of the

mould was cuboid, with dimensions of 20 � 6 � 8 mm.

Uncured composite material was applied in bulk into the

mould, both mould apertures were covered with a polyeth-

ylene terephthalate (PET) film and curing was performed with

a LED curing unit Bluephase G2 (Ivoclar-Vivadent, Schaan,

Liechtenstein) for 20 s in the wavelength range of 380–515 nm.

The irradiance of Bluephase G2 in ‘‘high’’ mode, as stated by

the manufacturer, is 1200 mW/cm2 while the value of

1090 mW/cm2 was measured using a single CureRite radiom-

eter (Caulk Dentsply, Konstanz, Germany, model no. 644726).

Taking into account the variability of the irradiance measure-

ments obtained by some hand-held radiometers,14,15 in the

present study the radiometer was used for monitoring the

constancy of the curing unit irradiance before the polymeri-

zation of each composite material. The variations were under

10%, and value of 1090 mW/cm2 represents the arithmetic

mean of ten measurements. The curing time of 20 s

corresponded to or exceeded manufacturer’s recommenda-

tions for all tested materials. The light probe of the curing unit

Table 1 – Manufacturers’ information about the composite materials used.

Type Composite material/
code

(Manufacturer)

Shade/LOT (EXP) Composition Filler amount
wt%/vol%

Conventional GrandioSO/GR (Voco,

Cuxhaven, Germany)

A2/1222126 (2014/11) Inorganic fillers in a methacrylate

matrix (Bis-GMA, TEGDMA)

89/73

Bulk-fill Tetric EvoCeram Bulk Fill/

TECBF (Ivoclar Vivadent,

Schaan, Liechtenstein)

IVA/P82299 (2015/12) Dimethacrylates: Bis-GMA, Bis-

EMA, UDMA, barium glass, ytter-

bium trifluoride, mixed oxide and

prepolymer; additives, catalysts,

stabilizers, pigments

81/61

Quixfil/QF (Dentsply,

York, Pennsylvania, USA)

Universal/121200233

(2014/05)

UDMA, TEGDMA, di- and tri-

methacrylate resins, carboxylic

acid modified dimethacrylate re-

sin, butylated hydroxy toluene

(BHT), UV stabilizer, camphorqi-

none, ethyl-4-dimethylamino-

benzoate, silanated strontium

aluminium sodium fluoride phos-

phate silicate glass

86/66

X-tra fil/XF (Voco,

Cuxhaven, Germany)

U/1311472 (2015/03) Inorganic filler in a methacrylate

matrix (Bis-GMA, UDMA, TEGDMA)

86/70

Bis-GMA: bisphenol-A-glycidylmethacrylate; TEGDMA: triethylene glycol dimethacrylate; Bis-EMA: ethoxylated bisphenol-A-dimethacrylate;

UDMA: urethane dimethacrylate.
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