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Abstract: Introduction: The degree of polymerization of dental resin cement materi-
als is very important for the longevity and quality of the clinical success of the restorative
procedure. Insufficiently effective polymerization reaction of dental resin cement materials
may result in adverse effects on the mechanical and adhesive performance of the material.
It is believed that the proportion of triethylene glycol dimethacrylate (TEGDMA) mono-
mers in the chemical structure of the material significantly influences the polymerization
reaction. With the increase in TEGDMA, the degree of conversion of monomers into the
polymer increases.

Aim: The aim of this study has been to determine the degree of polymerization of
dual cure dental resin cement.

Material and methods: For the analysis of the degree of polymerization, Fourier
transform infrared (FTIR) spectroscopy was used. 10 samples of dual cure resin based
cement Variolink I were prepared in accordance with the manufacturer's instructions.
Analysis was performed 24 hours after polymerization procedure.

Results: Degree of polymerization of Variolink II resin based cement ranged from
69.2% to 98.7% with a mean value of 85.81%.

Conclusion: Variolink II dual cure resin cement contains a significant percentage of
TEGDMA which can be the cause of high degree of polymerization. The minimum accep-
table percentage of the degree of polymerization of dental resin cement has not yet been

established.
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1. INTRODUCTION

The general trend of aesthetic dentistry is the
application of resin based cement in the cementation
procedure of indirect restorations, owing to the esta-
blishment of an excellent bonding between materials
and dental tissues, as well as the possibility of achi-
eving superior aesthetics with the use of color
cement comparable to the restoration color. Resin
based cements as compared to a group of conventio-
nal cements show advantages such as color selec-
tion, adhesion to dental tissue, reduced solubility,
improved mechanical properties and the possibility
of light or light-chemical polymerization [1]. The
free radical polymerization mechanism is a feature
of most polymeric dental materials, as well as resin
based products, and involves the conversion of
organic monomers into the crosslinked polymer
structure [2]. According to the mechanism of the

polymerization reaction, the resin based cement
materials are divided into light cure, self cure and
dual cure materials [3,4,5]. Light cure cements show
better properties for handling, but passing light, and
consequently adequate polymerization in inaccessi-
ble regions of the tooth structure, such as the intra-
radicular space, can be a problem. Dual cure
cements are designed to overcome all difficulties in
working with light cure cement materials [6]. Today,
the most widely used resin based cement materials
are from the group of dual cure because of the
ability to polymerize under light in a short time,
while achieving adequate polymerization in regions
that are not available or are hardly accessible to light
polymerization [3,7]. Although this group of materi-
als includes two mechanisms of polymerization, they
are independent and supplementary [8]. Dual cure
cements are different in their use characteristics,
composition and properties such as the ability to
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polymerize, bending and hardness resistance [9].
The attractive application of self-adhesive dual cure
cements is reflected in the fact that the entire cemen-
tation process is simplified, the handling of the
material is easier, and the dentine is no longer pre-
sent [3,10,11]. The polymerization of resin based
cement depends on certain factors, of which the
following are important: the type and percentage
distribution of filler particles, the type of organic
resin matrix, the concentration and type of
polymerization initiator, the intensity of the light
emitted and the exposure time [12,13,14,15]. In the
literature, the polymerization efficiency or degree of
conversion of monomers in the polymer is defined
as the percentage of double carbon-carbon C = C
bond of the monomers that cross into the single C-C
bond of the polymer and counts as the ratio of dou-
ble C = C bond in the polymerized and
unpolymerized material [16]. To calculate the degree
of polymerization efficiency, apply the following
equation:

DC = [l'Rpolymerized/ Runpolymerized] x 100

DC=degree of conversion (in %)
R=ratio of peak area to 1638 cm™ and 1608 cm™ in
polymerized and unpolymerized material

Theoretically, during the polymerization pro-
cess, all monomer molecules are converted to
polymers. However, dimethacrylate monomers
exhibit a certain percentage of residual unreacted
double C = C bonds in the polymer so that the
degree of polymerization efficiency varies between
55 and 75% [17]. For composite materials currently
available in the dental market, the conversion rate
varies between 36 and 67% [18]. The conversion of
monomers into polymer is an important determinant
of the physical and mechanical strength of the newly
formed polymer [16,19,20,21]. The degree of
polymerization efficiency is determined by applying
various methods such as micro-Raman spectroscopy,
Fourier transform infrared spectroscopy (FTIR), Dif-

ferential thermal analysis (DTA), Differential scan-
ning calorimetry (DSC) [22,23,24,25].

2. MATERIAL AND METHODS

For the analysis of the degree of
polymerization of resin based cement, 10 samples of
dual cure cement were prepared (Variolink II, Ivoc-
lar Vivadent AG Liechenstein, Table 1, Figure 1).
Samples of cement material were prepared in accor-
dance with the instructions of the manufacturer,
using silicone molds of a circular shape measuring 6
mm in diameter and 2.5 mm in height. Light
polymerization is enabled using the SmartLite PS
(Dentsplay, USA) LED lamp at the same distance
from the top surface of the mold. After the prepara-
tion of the samples, they were stored in closed mini
tubes in a water bath at a temperature of 37 ° C for
24 hours. A method of infrared spectroscopy with
Furie's transformation was used to analyze the
degree of polymerization of dual cure resin based
cement. The FT-IC spectra of the samples were
recorded in potassium bromide (KBr) tablets (0.5
mg of sample with 150 mg KBr) in the wavelength
range 400 to 4000 cm-1, on the FT-IC spectrometer
(Bomem Hartmann & Braun MB-series, Figure 2).
The analysis using an IC spectrometer was perfor-
med 24 hours after cementation procedure.

Figure 1. Resin based cement material Variolink 11

Table 1. Resin based cement material (name, manufacturer and chemical composition of the test material).

Material Manufacturer LOT N° Type of polymerization Composition
BisGMA, UDMA, TEGDMA
Ivoclar Vivadent AG, Liechenstein Dual cure resin cement Barium glass
VARIOLINK II LOT M36112 Base Application with Excite Ytterbiumtrifluoride

LOT M13215 Catalyst

DSC Ba-Al fluorosilicate glass

Dibenzoyl peroxide
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Figure 2. Infrared spectrophotometer with Fourier transformation, Bomem Hartmann

3. RESULTS
Table 2. Minimum and maximum values of polymerization efficiency, mean values and standard deviation of tested
material.
. Number of Degre.e Of Degrge Of Standard
Material polymerization | polymerization Mean value o
samples Cminimum naimum deviation
VARIOLINK 11 10 0,69181 0,98749 0,8581615 0,9002248

The values of the degree of polymerization
efficiency for the dual cure resin cement Variolink I1
ranged from 69.2% to 98.7% with a mean value of
85.81%.

4. DISCUSSION

The degree of conversion of resin based
cement materials during polymerization is of great
importance for the longevity and quality of the clini-
cal success of the restorative procedure [26].
Insufficiently effective reaction of polymerization of
resin based cement materials can result in adverse
effects on mechanical and adhesive performance
[20]. The conversion of monomers into the polymer
is rarely complete and it is generally accepted that it
is low in composite materials and in adhesives [16].
The chemical structure, the degree of conversion of
monomers, and the kinetics of the polymerization
reaction are important parameters that determine
mechanical performance and monomers in clinical
situations [27]. Basically, the degree of conversion
of monomers affects the structure of resin based
materials in terms of mechanical characteristics as
well as chemical stability and it has been determined
that it never amounts to 100% [16,23]. A lower
degree of polymerization efficiency may result in

altered biomechanical properties of the material, in
terms of reduced hardness, increased hydrolytic
degradation, reduced resistance to fracture and wear,
as well as significant release of residual monomers
and consequently altered biocompatibility of materi-
als [16,26]. In conditions of incomplete
polymerization when the conversion level is far
below the expected one, it is also possible to expect
a weaker bond strength of the material and dental
structure [28]. Dual polymerization combines light
and chemical polymerization, owing to a catalyst
that polymerizes dually. The polymerization reaction
occurs only chemically or only in light or combina-
tion. It is recommended that the polymerization
reaction be initiated in light for 10 seconds and then
left for 5 minutes to complete the whole process by
chemical means. Application of dual cure cements is
indicated for situations where there is a possibility of
insufficient light polymerization and adequate con-
version of monomers, such as the procedure for
cementing fiber posts [29]. With all the advantages,
dual cure cement material reduces the need for
mixing the two components and pronounced fluidity,
which can cause air bubbles and pore formation in
the material [18]. The polymerization of materials
with the structure of composite resins depends on
certain factors, of which the following are signifi-
cant: the species and percentage representation of
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inorganic particles, the organic component of the
material, the concentration and type of
polymerization initiator, the intensity of the light
emitted and the exposure time [12,13,14]. The avai-
lable literature data regarding the values of the
degree of polymerization efficiency of resin based
cement material suggest the following: the degree of
monomer conversion in the polymer ranges from
59.3% to 75.0% for self-cure materials and 66.6% to
81, 4% for dual cure materials [26]. In this study, the
range of the degree of polymerization efficiency for
the tested material ranged from 69% to 98%. It is
believed that the proportion of TEGDMA monomers
in the chemical structure of the material significantly
influences the polymerization reaction. With the
increase in TEGDMA representation, the degree of
conversion of monomers to the polymer [17] is also
increasing. Variolink II possesses a significant per-
centage of TEGDMA which gives an explanation for
the high degree of polymerization efficiency. The
degree of conversion of resin based cement materials
with BisGMA is dependent on the amount of TEG-
DMA in the sense that a higher proportion of TEG-
DMA increases the conversion rate due to the higher
mobility and reagency of the TEGDMA molecules
[30,31,32]. After activation, the light polymerization
process continues for the next 24 hours and the rea-
son for this is thought to be the TEGDMA molecule,
in the sense that a higher concentration of TEGDMA
gives less polymerization in the post-treatment
period. The maximum degree of conversion of
monomers is achieved 24 hours after light
polymerization [33,34]. The data of degree of con-
version for Variolink II cement in the current litera-
ture are not available.

5. CONCLUSION

The minimum acceptable percentage of
degree of polymerization of resin based cement
materials has not yet been established, nor there is a
definitive recommendation on the selection of
cementitious material of optimal clinical performan-
ce for a given prosthetic indication.
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TOR

CTEIIEH EOKACHOCTH ITOJIMMEPU3AIIMIE IBOJHOIIOJIMMEPU3YJY REI
HEMEHTA HA BA3U CMOJIA MEPEH ITPUMEHOM FTIR

Caskerak: YBOJ: CTeleH KOHBEp3Wj€ JCHTAJIHHUX LIEMEHTHHX MaTepujayia Ha 0aszn
CMOJIa TOKOM ITONIUMepHU3aIfje o 3Hadaja je 3a AYTOTPajHOCT W KBAIUTET KIMHUYIKOT
ycmexa pecraypaThBHe mporenype. HemoBosbHO edmkacHa peaxiuja MOJMMEPH3AINje
[IEMEHTHUX MaTrepHjajia Ha 0a3y cMoJla MOXKE Pe3yJITOBAaTH HENOBOJFHUM e(eKTUMa Ha
MeXaHHWYKe M anxe3uBHe nepdopmance marepujasa. Cmarpa ce na yneo TEGDMA mono-
Mepa y XeMH]jCKOj CTPYKTYpU Marepujaiia 3Ha4ajHO yTH4e Ha MOJIMMEPHU3aIOHY PEaKIH]y.
Ca nmosehamem 3actymbeHoctd TEGDMA, nosehapa ce u cTeneH KOHBEpP3Uje MOHOMEPA y
HOJIMMeEp.

Iwb pana: onpehuBame crerneHa epUKACHOCTH MOJMMEPU3alHje JBOJHONOINMEPH-
3yjyher JeHTaJHOT IIeMeHTa.

Marepujan u Merone: 3a aHaNM3y CTeNeHa e(PUKACHOCTH IOJIMMEPH3aLije KOpH-
mheHa je MeTona nH(paupBeHe crekrpockonuje ca PypujeoBom Tpancopmanujom. [Ipu-
TIPEeMJBEHO je JIeceT y30paka JABOjHOIIONUMepHu3yjyher neHTamHor nemMeHTa Bapuonuak 11 y
CKJIaIly ca YIyTCTBOM Ipom3Bolada. AHanu3a npuMeroM IC cnekTpomeTpa u3BpieHa je 24
caTa HaKOH MOJMMEpH3alrje IIEMEHTHOT MaTepHjaa.

Pesynratu: BpemHocTH creneHa epUKacHOCTH monumepusanuje Bapuonunk 11
1eMeHTa owmte cy y omncery og 69,2% 1o 98,7% ca cpenmwom BpenHOCcTH 01 85,81%.

3akspyuak: Bapuonunk I nocenyje 3nauajan npouentyanuu yaeo TEGDMA miro u
Jaje o0jallmbehe 32 BUCOK CTeleH e(hMKacCHOCTH TosiMMepH3anuje. Jom yBek Huje yTBpheH
MHHUMYM IIPUXBAT/FHBOT NPOLIEHTA YCIIEUIHOCTH MMOJMMEpHU3alitje lieMeHara Ha 0a3u cMo-
na.

Kmbyune peunm: nemeHTH Ha 0a3u cMoia, JBOjHONONIMMeEpHU3yjyhu LeMeHTH,
eduxacHocT nonumepusanuje, FTIR.



