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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 II 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 = [1-Rpolymerized/Runpolymerized] x 100 

DC=degree of conversion (in %) 
R=ratio of peak area to 1638 cm-1  and 1608 cm-1 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 II 

 
 
 

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

Material Manufacturer LOT N° Type of polymerization Composition 

VARIOLINK II 
Ivoclar Vivadent AG, Liechenstein 

LOT M36112 Base 
LOT M13215 Catalyst 

Dual cure resin cement 
Application with Excite 

DSC 

BisGMA, UDMA, TEGDMA 
Barium glass 

Ytterbiumtrifluoride 
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. 

Material 
Number of 

samples 

Degree of 
polymerization 

-minimum 

Degree of 
polymerization 

-maximum 
Mean value 

Standard 
deviation 

VARIOLINK II 10 0,69181 0,98749 0,8581615 0,9002248 
 

The values of the degree of polymerization 
efficiency for the dual cure resin cement Variolink II 
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 



Aleksandra Maletin, et al., Degree of polymerization of dual cure resin cement measured by FTIR 
Contemporary Materials, IX−1 (2018)                                                                                                          Page 19 of 21 

 
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. 

 
 
6. REFERENCE  
 
[1] R. L. Sakaguchi, J. M. Powers, Craig′s 

restorative dental materials, Thirteenth edition, 
Elsevier Mosby 2012. 

[2] J. S. Sim, H. J. Seol, J. K. Park, F. Garcia-
Godoy, H. I. Kim, Y. H. Kwon, Interaction of LED 
light with coinitiator-containing composite resins: 

Effect of dual peaks, J. Dent, Vol. 40 (2012) 
836−842. 

[3] R. Belli, M. Pelka, A. Petschelt, U. Loh-
bauer, In vitro wear gap formation of self-adhesive 
resin cements: A CLSM evaluation, J. Dent, Vol. 37 
(2009) 984−993. 

[4] H. Y. Marghalani, Sorption and solubility 
characteristics of self-adhesive resin cements, Dent 
Mater, Vol. 28 (2012) 187−198. 

[5] C. W. M. Chung, C. K. Y.Yiu, N. M. 
King, N. Hiraishi, F. R.Tay, Effect of saliva conta-
mination on bond strength of resin luting cements to 
dentin, J Dent, Vol. 37 (2009) 923−931. 

[6] L. A. Jongsma, N. De Jager, C. J. Klever-
laan, P. Pallav, A. J. Feilzer, Shear bond strength of 
three dual-cured resin cements to dentin analyzed by 
finite element analysis, Dent Mater, Vol. 28 (2012) 
1080−1088. 

[7] A. Cantoro, C. Goracci, A. Vichi, A. Maz-
zoni, G. M. Fadda, M. Ferrari, Retentive strength 
and sealing ability of new self-adhesive resin 
cements in fibre post luting, Dent Mater, Vol. 27 
(2011) 197−204. 

[8] M. F. Francisconi, C. M. Machado, L. F. 
Pegoraro, R. M. Carvalho, E. B. B. Jalkh, T. Aa Pe-
goraro, I. S. Ramalho, E. A. Bonfante, Light-curing 
effect on microhardness of dual-cure resin cements 
used for cementation of intraradicular posts, J Clin 
Dent Res, Vol. 13 (2016) 98‒106. 

[9] R. G. Viotti, A. Kasaz, C E. Pena, R S. 
Alexandre, C A. Arrais, A. F. Reis, Microtensile 
bond strength of new self-adhesive luting agents and 
conventional multistep systems, J Prosthet Dent, Vol. 
102 (2009) 306−312. 

[10] T. Hitz, B. Stawarczyk, J. Fischer, C. H. 
F. Hammerle, Are self-adhesive resin cements a 
valid alternative to conventional resin cements? A 
laboratory study of the long-term bond strength, 
Dent Mater, Vol. 28 (2012) 1183−1190. 

[11] I. Radovic, G. Corciolani, E. Magni, G. 
Krstanovic, V. Pavlovic, Z. Vulicevic, M. Ferrari, 
Light transmission through fiber post: The effect on 
adhesion, elastic modules and hardness of dual-cure 
cement, Dent Mater, Vol. 25 (2009) 837−844. 

[12] N. B. Cramer, C. L. Couch, K. M. 
Schreck, J. A. Carioscia, J. E. Boulden, J. W. 
Stansbury, C. N. Bowman, Investigation of thiol-ene 
and thiol-ene-methacrylate based resins as dental 
restorative materials, Dent Mater, Vol. 26 (2010) 
21−28. 

[13] Y. Jang, J. L. Ferracane, C. S. Pfeifer, J. 
W. Park, Y. Shin, and B. D. Roh, Effect of Insuffi-
cient Light Exposure on Polymerization Kinetics of 
Conventional and Self-adhesive Dual-cure Resin 
Cements. Oper Dent, Vol. 42 (2017) 1‒9. 



Aleksandra Maletin, et al., Degree of polymerization of dual cure resin cement measured by FTIR 
Contemporary Materials, IX−1 (2018)                                                                                                          Page 20 of 21 

 
[14] H. Watanabe, R. Kazama, T. Asai, F. 

Kanaya, H. Ishizaki, M. Fukushima, T. Okiji, 
Efficiency of dual/cured resin cement polymerization 
induced by high/intensity LED curing units through 
ceramic material, Oper Dent, Vol. 40 (2015) 
153−162. 

[15] R. Bansal, S. Taneja, M. Kumari, Effect 
of ceramic type, thickness, and time of irradiation on 
degree of polymerization of dual/cure resin cement, 
J Conserv Dent, Vol. 19 (2016) 414−418. 

[16] V. Miletic, A. Santini, I. Trkulja, 
Quantification of monomer elution and carbon-
carbon double bonds in dental adhesive systems 
using HPLC and micro-Raman spectroscopy, J 
Dent, Vol. 37 (2009) 177−184. 

[17] A. Amirouche-Korichi, M. Mouzali, D. 
C. Watts, Effects of monomer ratios and highly 
radiopaque fillers on degree of conversion and 
shrinkage-strain of dental resin composites, Dent 
Mater, Vol. 25 (2009) 1411−1418. 

[18] P. A. Acquaviva, F. Cerutti, G. Adami, 
M. Gagliani, M. Ferrari, E. Gherlone, A. Cerutti, 
Degree of conversion of three composite materials 
employed in the adhesive cementation of indirect 
restorations: A micro-Raman analysis, J Dent, Vol. 
37 (2009) 610−615. 

[19] N. C. Ottavia, L. Breschi, G. Turco, M. 
Diolosa, L. Fontanive, L. Manzoli, R. Di Lenarda, 
M. Cadenaro, Degree of conversion of two-step etch-
and-rinse adhesives: In situ micro-Raman analysis, J 
Dent, Vol. 40 (2012) 711−717. 

[20] Y. C. Ho, Y. L. Lai, I. C. Chou, S. F. 
Yang, S. Y. Lee, Effects of light attenuation by fibre 
posts on polymerization of a dual-cured resin 
cement and microleakage of post-restored teeth, J 
Dent, Vol. 39 (2011) 309−315. 

[21] A. Santini, V. Miletic, M. D. Swift, M. 
Bradley, Degree of conversion and microhardness of 
TPO-containing resin-based composites cured by 
polywave and monowave LED units, J Dent, Vol. 40 
(2012) 577−584. 

[22] C. O. Navarra, M. Cadenaro, S. R. 
Armstrong, J. Jessop, F. Antoniolli, V. Sergo, R. Di 
Lenarda, L. Breschi, Degree of conversion of Filtek 
Silorane Adhesive System and Clearfil SE Bond 
within the hybrid and adhesive layer: An in situ 
Raman analysis, Dent Mater, Vol. 25 (2009) 
1178−1185. 

[23] F. Calherios, M. Daronch, F. Ruegge-
berg, R. Parga, Effect of temperature on composite 
polymerization stress and degree of conversion, 
Dent Mat, Vol. 30 (2014) 613−618. 

[24] L. Campos, L. Boaro, H. Perez-Ferreira, 
L. Gomes dos Santos,T. Ribeiro dos santos, D. Par-
ra, Evaluation of polymerization shrinkage in dental 
restorative experimental composites based: BisG-
ma/TEGDMA, filled with MMT, J Appl Polym Sci, 
Vol. 133 (2016) 435−443. 

[25] F. Ferdosian, Y. Zhang, Z. Yuan, M. 
Anderson, C. Xu, Curing kinetics and mechanical 
properties of bio-based epoxy composites compri-
sing lignin-based epoxy resins, Eur Polym J, Vol. 82 
(2016) 153−165. 

[26] A. D. Vrochari, G. Eliades, E. Hellwig, 
K. T. Wrbas, Curing efficiency of four self-etching, 
self-adhesive resin cements, Dent Mater, Vol. 25 
(2009) 1104−1108. 

[27] HS Chang, JW Kim, Early hardness and 
shear bond strength of dual-cure resin cement light 
cured through resin overlays with different dentin-
layer thickness, Oper Dent, Vol. 39 (2014) 398−406. 

[28] A. Tagami, R. Takahashi, T. Nikaido, J. 
tagami, The effect of curing conditions on the dentin 
bond strength of two dual–cure resin cements, J 
Prosthodont Res, Vol. 61 (2017) 412-418. 

[29] L. Chang, L. Hong, Q. Yue-Tong, Z. 
Song, Z. Su-Qian, The influence of four dual-cure 
resin cements and surface treatment selection to 
bond strength of fiber post, Int J Oral Sci, Vol 6. 
(2014) 56-60. 

[30] K. Baroudi, A. M. Saleh, N. Silikas, D. 
C. Watts, Shrinkage behaviour of flowable resin-
composites related to conversion and filler-fraction, 
J Dent, Vol. 35 (2007) 651–655. 

[31] L. Boaro, L. Campos, V. Marques, A. 
Pimentel, C. Roma-Torres, W. Brandt, K. Cogo-
Muller, R. Braga, D. Parra, BisGMA/TEGDMA 
based material with antibacterial activity, Dent Mat, 
Vol. 32‒1 (2016) e8−e9. 

[32] S. Wille, I. Holken, G. Haidarschin, R. 
Adelung, M. Kern, Biaxial flexural strength of new 
Bis-GMA/TEGDMA based composites with different 
fillers for dental applications, Dent Mat, Vol. 32 
(2016) 1073−1078. 

[33] L. Feng, R. Carvalho, B. I. Suh, Insuffici-
ent cure under the condition of high irradiance and 
short irradiation time, Dent Mater, Vol. 25 (2009) 
283–289. 

[34] R. Alshali, N. Salim, J. Satterthwaite, N. 
Silikas, Post-irradiation hardness development, 
chemical softening, and thermal stability of bulk-fill 
and coventional resin-composites, J Dent, Vol. 43 
(2015) 209–218. 

 



Aleksandra Maletin, et al., Degree of polymerization of dual cure resin cement measured by FTIR 
Contemporary Materials, IX−1 (2018)                                                                                                          Page 21 of 21 

 
 

 
СТЕПЕН ЕФИКАСНОСТИ ПОЛИМЕРИЗАЦИЈЕ ДВОЈНОПОЛИМЕРИЗУЈУЋЕГ  

ЦЕМЕНТА НА БАЗИ СМОЛА МЕРЕН ПРИМЕНОМ FTIR 
 

Сажетак: Увод: степен конверзије денталних цементних материјала на бази 
смола током полимеризације од значаја је за дуготрајност и квалитет клиничког 
успеха рестауративне процедуре. Недовољно ефикасна реакција полимеризације 
цементних материјала на бази смола може резултовати неповољним ефектима на 
механичке и адхезивне пeрформансе материјала. Сматра се да удео TEGDMA моно-
мера у хемијској структури материјала значајно утиче на полимеризациону реакцију. 
Са повећањем заступљености TEGDMA, повећава се и степен конверзије мономера у 
полимер.  

Циљ рада: одређивање степена ефикасности полимеризације двојнополимери-
зујућег денталног цемента. 

Материјал и методе: За анализу степена ефикасности полимеризације кори-
шћена је метода инфрацрвене спектроскопије са Фуријеовом трансформацијом. При-
премљено је десет узорака двојнополимеризујућег денталног цемента Вариолинк II у 
складу са упутством произвођача. Анализа применом IC спектрометра извршена је 24 
сата након полимеризације цементног материјала. 

Резултати: вредности степена ефикасности полимеризације Вариолинк II 
цемента биле су у опсегу од 69,2% до 98,7% са средњом вредноcти од 85,81%. 

Закључак: Вариолинк II поседује значајан процентуални удео TEGDMA што и 
даје објашњење за висок степен ефикасности полимеризације. Још увек није утврђен 
минимум прихватљивог процента успешности полимеризације цемената на бази смо-
ла.  

Кључне речи: цементи на бази смола, двојнополимеризујући цементи, 
ефикaсност полимеризације, FTIR. 
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