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The effect of thickness and translucency of 
polymer-infiltrated ceramic-network material 
on degree of conversion of resin cements
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Department of Prosthodontics, Faculty of Dentistry, Akdeniz University, Antalya, Turkey

PURPOSE. The aim of the present study was to determine the degree of conversion of light- and dual-cured resin 
cements used in the cementation of all-ceramic restorations under different thicknesses of translucent (T) and 
high-translucent (HT) polymer-infiltrated ceramic-network (PICN) material. MATERIALS AND METHODS. T and 
HT PICN blocks were prepared at 0.5, 1.0, 1.5, and 2.0 mm thicknesses (n=80). Resin cement samples were 
prepared with a diameter of 6 mm and a thickness of 100 μm. Light-cured resin cement was polymerized for 30 
seconds, and dual-cure resin cement was polymerized for 20 seconds (n=180). Fourier transform infrared 
spectroscopy (FTIR) was used for degree of conversion measurements. The obtained data were analyzed with 
ANOVA and Tukey HSD, and independent t-test. RESULTS. As a result of FTIR analysis, the degree of conversion 
of the light-cured resin cement prepared under 1.5- and 2.0-mm-thick T and HT ceramics was found to be lower 
than that of the control group. Regarding the degree of conversion of the dual-cured resin cement group, there 
was no significant difference from the control group. CONCLUSION. Within the limitation of present study, it 
can be concluded that using of dual cure resin cement can be suggested for cementation of PICN material, 
especially for thicknesses of 1.5 mm and above. [ J Adv Prosthodont 2020;12:61-6

KEYWORDS: Hybrid ceramic; Resin cement; Degree of Conversion; Fourier transform infrared spectroscopy (FTIR)

https://doi.org/10.4047/jap.2020.12.2.61https://jap.or.kr J Adv Prosthodont 2020;12:61-6

INTRODUCTION

In recent years, development in scanning and milling sys-
tems and the increase of  chair-side applications have accel-
erated the production of  new materials adapted for com-
puter-aided design/computer-assisted machining (CAD/
CAM) technology.1,2 Aesthetic restoration materials used in 
CAD/CAM are mainly ceramics and composite resins. In 
addition, materials are developed to combine the positive 
properties of  both materials used in permanent restora-

tions.3 One of  the combined materials containing both 
ceramic and composites is polymer-infiltrated ceramic-net-
work (PICN) material. PICN, also called, hybrid ceramic is 
based on a porous sintered and compact feldspar ceramic 
block, which is then infiltrated with a polymer using pres-
sure and heat.4,5 The elasticity module of  this PICN was 
reported to be relatively closer to dental tissues than dental 
ceramics.6 In addition, it was shown that hybrid ceramics 
may cause lesser abrasion on opposite teeth than enamel.7

The clinical success of  ceramic based restorations is 
directly related to the mechanical properties of  cement that 
will endure functional loads, as well as the micro structure of  
ceramic.8 Thus, adequate polymerization is a key point for 
obtaining satisfactory clinical performance of  resin cements 
and to ensure sufficient mechanical characteristics.9 It is a 
general view that the degree of  conversion of  resin cements 
should increase during the cementation procedure. The rea-
son is that when the degree of  conversion increases, the 
amount of  unreacted residual monomer in resin decreases.10 
Inadequate degree of  conversion can cause negative effects 
of  residual monomers on dental pulp, weakness of  restora-
tion-tooth connection, edge leak, postoperative sensitivity, 
coloring, and secondary caries.9,11,12
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Degrees of  conversion of  composite resins are widely 
studied in the dental literature and the spectroscopic meth-
ods are the most preferred method to determine the degree 
of  conversion of  composite resins.9,11-13 Fourier transform 
infrared spectroscopy (FTIR) measures vibration frequen-
cies of  various bonds in molecules and gives information 
about functional groups in molecules.14 In addition, it is an 
advantage of  these methods to work with samples similar to 
the clinical applications of  resin cements.

Light-cure resin cements used for cementation of  all-
ceramic restorations have advantages such as adequate work 
time and ease of  cleaning extra cement after cementation.15 
However, the degree of  conversion varies according to the 
amount of  light that reaches the resin.16 To solve this prob-
lem, dual-cure resin cements are used in thick and low-trans-
lucent restorations. Although the additional chemical polym-
erization provides an advantage in these kinds of  restora-
tions, adequate conversion cannot be obtained without pho-
topolymerization.17 The light transmitted through ceramic 
restorations can affect polymerization level, and the most 
common factors related to restoration causing this situation 
are thickness and translucency.18,19 For these reasons, the aim 
of  this study was to evaluate the degree of  conversion of  
light- and dual-cure resin cements used for translucent and 
high-translucent hybrid ceramic restorations of  different 
thicknesses. The null hypothesis was that the increase in res-
toration thickness and translucency of  Vita Enamic would 
not affect the degree of  conversion of  resin cements.

MATERIALS AND METHODS

The materials used in this study are shown in Table 1. From the 
blocks of  hybrid ceramics (Vita Enamic, VITA Zahnfabrik, Bad 

Säckingen, Germany), high-translucent (HT - 2M2) and 
translucent (T - 2M2) samples with thicknesses of  0.5, 1.0, 
1.5, and 2.0 mm were prepared using a low speed precision 
cutting machine (IsoMet Low-speed; Buehler, IL, USA) 
under water coolant. Ten blocks for each shade were used 
for preparing the specimens. 80 specimens were obtained 
and divided into eight subgroups according to two resin 
cements groups (n = 10). The obtained samples were pol-
ished	with	 sandpaper	 (Atlas	Zımpara,	 Istanbul,	Turkey)	
under water then cleaned ultrasonically with distilled water. 
Finishing and polishing were done using a two-stage labora-
tory finishing kit (Technical Kit, VITA Zahnfabrik, Bad 
Säckingen, Germany). To obtain the proper thickness of  
block samples, they were measured with a digital caliper. 
(Mitutoyo Digimatic, Mitutoyo Corp., Kanagawa, Japan).

For standardizing the size of  resin cement samples, a 
stainless steel block of  100 µm in thickness with a hole of  
6.0 mm in diameter was used as a guide placed between 
blocks samples, and Mylar strip was used on glass to adjust 
the thickness. The hole on the metal guide was filled with 
resin cement and was covered with another Mylar strip. 
Ceramics block samples were placed on the hole with light 
pressure, and then polymerization processes were carried 
out according to the manufacturer’s recommendations. 
After the curing of  resin cement, samples were carefully 
removed from the metal mold. Broken, cracked samples and 
samples with non-regular edges were not included in the 
study. After checking the thickness of  all samples by digital 
calipers, and after making sure that all samples were 100 µm 
(± 10 µm) in thickness, FTIR analyses were performed. In 
control groups, instead of  ceramic block samples on resin 
cement, only Mylar strip and another glass were placed and 
polymerization was carried out (Fig. 1).

Table 1.  The materials used in this study

Materials Manufacturer Color Composition Lot No.

Light cure resin 
cement

RelyX Veneer, 3M ESPE, 
St. Paul, MN, USA

A1 Bis-GMA, TEGDMA, Silica and Ceramic Particles N776174

Dual cure resin 
cement 

RelyX U200, 3M ESPE, 
St. Paul, MN, USA

A2

Base paste; Fiberglass, Phosphoric Acid Methacrylate Esters, 
TEGDMA, Silano Treated Sílica and Sodium Persulfate.
Catalyst paste; Fiberglass, Substitute Dimethacrylate, Silane 
Treated Sílica, P-Toluenesufonate Sodium and Calcium Hydroxide.

628965

Hybrid ceramic
Vita Enamic, Vita Zahnfabrik, 
Bad Säckingen, Germany

HT - 2M2 Ceramic; SiO2, Al2O3, Na2O, K2O, B2O3, ZrO2, Cao
Polymer; UDMA, TEGDMA

41470
T - 2M2

Fig. 1.  Representative image of the standardization of resin cement samples.
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Polymerization was performed by applying light for 30 
seconds for light-cure resin cement and 20 seconds for 
dual-cure resin cement in accordance with the recommenda-
tions of  the manufacturers. For the polymerization process, 
the wide-spectrum LED light curing device (VALO 
Cordless, Ultradent Products, Inc., South Jordan, UT, USA) 
was applied in high-power mode with a light power output 
of  1400 mW/cm2. For the control group, instead of  hybrid 
ceramic sample, only a glass and Mylar strip were used for 
measuring the conversion rate of  resin cements obtained as 
a result of  direct contacting with the light curing. For the 
measurement of  degree of  conversion, 180 specimens in 
total were prepared from both resin cements. All resin 
cement specimens were stored in light-proof  containers for 
24 hours at room temperature before FTIR analysis.

The degree of  conversion of  light and dual-cure resin 
cement specimens was performed by FTIR (Bruker, Billerica, 
MA, USA). The degrees of  conversion of  groups in the 
study were analyzed using a potassium bromide (KBr) tablet 
test, which does not have absorption in the infrared region. 
Hence, prepared resin cement samples were powdered and 
then mixed with KBr to obtain tablets. Next, these tablets 
were placed in the sample reading section of  the spectros-
copy device and spectroscopic graphics were obtained. The 
measurements were done in the range of  4000-500 cm-1 in 
wavelength and at a 4 cm-1 wavenumber resolution. One sin-
gle measurement was done for each of  the 180 samples in 
total.

In the spectrum obtained with measurements, aliphatic 
C=C bonds were determined and recorded as 1638-cm-1 

-wavelength absorption pick values and aromatic C=C dou-
ble bonds as 1609-cm-1-wavelength absorption pick values.

The obtained data were applied to the formula below. In 
this way, the conversion level of  each sample was calculated 
in percentage. 

DC (%) = 1 - [(C aliphatic / C aliphatic) / (U aliphatic /
                 U aromatic)] × 100
Statistical analysis was done with a statistical software 

package (SPSS 18, Chicago, IL, USA). For normality analy-
ses of  data, Kolmogorov-Smirnov and Shapiro-Wilk were 
used. According to the results, one-way analysis of  variance 
(ANOVA) and Tukey’s HSD multiple comparison test were 
applied. For the statistical analysis of  the differences 
between the resin cement groups of  the same thickness, an 
independent t-test was used. The significance level of  the 
statistical analysis was 0.05. Additionally, the power analysis 
was performed by using a software package (G*Power 3.1; 
Universität Düsseldorf).

RESULTS 

The conversion degrees of  resin cements are shown in 
Table 2. According to the obtained results, when restorative 
materials thickness increased, the degrees of  conversion of  
light-cure resin cements decreased. It was found that degree 
of  conversion of  light-cure resin cements under TLC 1.5 
mm, TLC 2.0 mm, and HTLC 1.5 mm were lower than the 

control group (P < .05). It was observed that the degree of  
conversion of  dual-cure resin cement groups varied 
between %84.04 ± 1.46 and %80.66 ± 5.79, but there was 
no statistically significant difference among the groups (P > 
.05). 

When the degrees of  conversion of  light- and dual-cure 
resin cements were compared, higher conversion levels were 
observed in the control group and TLC 0.5 and TLC 1.0 
groups. However, the difference was not found to be statis-
tically significant (P > .05). When TDC 1.5 and TDC 2.0 
were compared with the light-cure groups, significantly 
higher degrees of  conversion were observed (P < .05).

Similarly, when the degrees of  conversion of  resin cement 
samples prepared using HT ceramics of  1.5 mm and 2.0 
mm thicknesses were compared, it was found that the 
degree of  conversion percentage of  dual-cure resin cement 
samples was higher. The degree of  conversion of  resin 
cement in HTDC 1.0 group was higher than 1.5 mm group 
and the difference between these two groups was statistical-
ly significant (P > .05).

DISCUSSION

According to the results of  the study, the null hypothesis 
was partially rejected. It was concluded that the translucency 
of  hybrid ceramic has no effect on the degree of  conver-
sion of  light-cure resin cement to be used. However, the 
increase in the thickness of  hybrid ceramic investigated in 
the present study caused a statistically significant decrease in 
the degree of  conversion of  light-cure resin cements, espe-
cially at 1.5 mm and above (P < .05). In addition, the results 
show that the degree of  conversion of  dual-cure resin 
cement is not affected by ceramic thickness and translucen-
cy (P > .05).

Table 2.  The degree of conversion (%) of light-cure and 
dual-cure resin cements

Groups
Sample 

Thickness 
(mm)

Light-cure
Resin Cement

Dual-cure
Resin Cement

Control - 85.96 ± 4.71a 80.76 ± 4.86a

Translucent

TLC 0.5 0.5 85.38 ± 4.28a 82.61 ± 5.58a

TLC 1 1.0 75.12 ± 11.71abc 81.02 ± 1.10a

TLC 1.5 1.5 69.94 ± 5.43bc 83.02 ± 1.60a

TLC 2 2.0 63.58 ± 5.86c 84.04 ± 1.46a

High 
Translucent

HTLC 0.5 0.5 81.16 ± 5.33ab 80.82 ± 2.69a

HTLC 1 1.0 85.58 ± 3.13a 80.66 ± 5.79a

HTLC 1.5 1.5 69.44 ± 12.45bc 83.06 ± 0.53a

HTLC 2 2.0 75.26 ± 8.67abc 81.06 ± 0.86a

Different lower superscript indicates statistically different groups according to 
the one-way ANOVA and Tukey HSD (P < .05)
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Translucency is one of  the important factors in the 
selection of  the material to be used, especially in the resto-
ration of  esthetic zone.15 Translucency of  dental ceramics 
varies depending on microstructure and crystalline vol-
ume.20 It is known that if  the crystals in the structure of  the 
ceramic are smaller than the wavelength of  visible light, the 
material will be seen as more transparent.20,21 Some studies 
have shown that translucency decreases with increasing res-
toration thickness.22-24 However, in the same studies, it was 
reported that the materials with a high glass matrix ratio 
were not affected by the increase in thickness.22,24 This situa-
tion has been stated to develop as a result of  the decrease in 
the porous structure and the prevention of  light scattering. 
Heffernan et al.25,26 stated that the difference in translucency 
of  ceramics of  similar thickness results from a structurally 
different proportion of  crystalline composition. The micro-
structure of  the hybrid ceramic used in the present study is 
similar to that of  glass ceramics, which makes the light 
transmittance higher than the materials having polycrystal-
line structure. Due to the low porous structure of  the 
hybrid ceramic, it was concluded that translucency did not 
affect the degree of  conversion of  resin cements.

The results of  the present study show that the increase 
in the thickness of  the hybrid ceramic used in the present 
study affects the degree of  conversion of  light-cure resin 
cements. Runnacles et al.27 investigated the degree of  con-
version of  light-cure resin cements under ceramics of  dif-
ferent thicknesses. According to the results of  their study, 
the degree of  conversion of  the resin cements prepared 
under 0.5- and 1.0-mm-thick ceramic samples were similar 
to those of  the control group, but there was a statistically 
significant decrease in the degree of  conversion at thick-
nesses of  1.5 mm and above. Researchers have reported 
that light-cure resin cements exhibit low conversion degrees, 
especially in different all-ceramic restorations prepared over 
1.0 mm in thickness.28,29 In the present study, light-cure resin 
cement showed a decrease in degree of  conversion with 
increasing thickness, and this decrease was found to be sta-
tistically significant in groups prepared similarly to those 
prepared by Runnacles et al.27 This is thought to be due to 
the thickness increase affecting the amount of  light reaching 
the resin cement.

Dual-cure resin cements are used to provide secure 
cementation with additional chemical polymerization, espe-
cially in restorations where the light transmittance is low. 
However, in the absence of  light activation, chemical polym-
erization alone is not sufficient.30 Kilinc et al.31 evaluated the 
degrees of  conversion of  dual-cure resin cements prepared 
using ceramics of  (1 - 4 mm) different thicknesses. The 
degree of  conversion of  dual-cure resin cements prepared at 
thicknesses up to 3.0 mm were reported to be similar to 
those of  the control group. Similar studies indicated that an 
increase in ceramic thickness by 2.0 mm does not affect the 
degree of  conversion of  dual-cure resin cement.32-34 Similar 
to previous studies, in the present study, increasing the 
thickness of  the hybrid ceramic to 2.0 mm did not affect 
the degree of  conversion of  dual-cure resin cement. It has 

been concluded that this situation is due to dual-cure resin 
cements having fast developing photoactivation with light 
application and a slow progressing chemical polymerization 
process.

It has been stated that the degree of  conversion of  resin 
cements is affected by factors such as the color, transparen-
cy, and thickness of  the restorative materials, the chemical 
structure and filler amount of  the resin cement, the power 
output and application time of  the light irradiation, the air 
bubbles remaining during mixing, and the ambient tempera-
ture.18,19 In the present study, samples were prepared under 
the standardized conditions such as ambient temperature, 
the power output of  light source, and irradiation time. In a 
previous study evaluating the effect of  color and translucency 
of  restoration on the degree of  conversion of  resin cements, 
it has been pointed out that the translucency of  the material 
was a more effective factor compared to its color.31,35 So, the 
present study evaluated the effect of  translucency of  restor-
ative materials on degree of  conversion of  resin cement 
rather than the color. It was found that the amount of  inor-
ganic particles contained in composite resin cements was a 
factor affecting polymerization shrinkage and conversion 
degree.36-38 In our study, one light cure and one dual cure 
resin cement were used. The limits of  our study include not 
using resin cement with different filler ratio. 

CONCLUSION

Within the limitations of  present study, the following con-
clusions can be made; 

The use of  both light- and dual-cure resin cements is 
suitable for the cementation of  hybrid ceramic restorations 
used in the present study up to 1.0 mm in thickness, accord-
ing to the preference of  clinician. 

The use of  dual-cure resin cement for the cementation 
of  hybrid ceramic restorations over 1.0 mm in thickness is a 
more favorable choice.
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