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Cytotoxicity and biocompatibility of Zirconia (Y-TZP) 
posts with various dental cements

Objectives: Endodontically treated teeth with insufficient tooth structure are often 
restored with esthetic restorations. This study evaluated the cytotoxicity and biological 
effects of yttria partially stabilized zirconia (Y-TZP) blocks in combination with several 
dental cements. Materials and Methods: Pairs of zirconia cylinders with medium 
alone or cemented with three types of dental cement including RelyX U200 (3M ESPE), 
FujiCEM 2 (GC), and Panavia F 2.0 (Kuraray) were incubated in medium for 14 days. 
The cytotoxicity of each supernatant was determined using 3-(4,5-dimethylthiazole-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays on L929 fibroblasts and MC3T3-E1 
osteoblasts. The levels of interleukin-6 (IL-6) mRNA were evaluated by reverse 
transcription polymerase chain reaction (RT-PCR), and IL-6 protein was evaluated 
by enzyme-linked immunosorbent assays (ELISA). The data were analyzed using 
one-way ANOVA and Tukey post-hoc tests. A p < 0.05 was considered statistically 
significant. Results: The MTT assays showed that MC3T3-E1 osteoblasts were more 
susceptible to dental cements than L929 fibroblasts. The resin based dental cements 
increased IL-6 expression in L929 cells, but reduced IL-6 expression in MC3T3-E1 cells. 
Conclusions: Zirconia alone or blocks cemented with dental cement showed acceptable 
biocompatibilities. The results showed resin-modified glass-ionomer based cement 
less produced inflammatory cytokines than other self-adhesive resin-based cements. 
Furthermore, osteoblasts were more susceptible than fibroblasts to the biological 
effects of dental cement. (Restor Dent Endod 2016;41(3):167-175)
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Introduction

Many endodontically treated teeth show a significant loss of tooth structures. Thus, a 
full-coverage crown restoration is often needed to prevent undesirable tooth fractures. 
If there is extensive destruction of the tooth structure, then a post and core system 
is required to provide appropriate retention and support of the crown.1 Over the past 
several decades the patient’s need for esthetic dental restorations have increased, 
which resulted in the development of several tooth colored restorative materials.2 More 
recently, a wide range of esthetic posts have become commercially available including 
fiber reinforced composite resin posts (FRC) and yttrium stabilized zirconia (Y-TZP) 
based ceramic posts.3,4 Zirconia posts are composed primarily of zirconium dioxide and 
exhibit high flexural strength and chemical durability.5 Although these posts are used 
frequently, there are questions regarding their adhesion to the tooth substance. The 

Hyeongsoon Shin, 
Hyunjung Ko, Miri 
Kim*

Department of Conservative 
Dentistry, Asan Medical Center, 
Ulsan University, Seoul, Korea

Received January 13, 2016;
Accepted April 22, 2016

Shin H, Ko H, Kim M
*Correspondence to 
Miri Kim, DDS, PhD.
Associate Professor, Department 
of Conservative Dentistry, Asan 
Medical Center, University of Ulsan, 
43 gil 88, Olympic-ro, Songpa-gu, 
Seoul, Korea 05505
TEL, +82-2-3010-3850; FAX, +82-
2-3010-6967; E-mail, kmrne@
hanmail.net

Research article
ISSN 2234-7658 (print) / ISSN 2234-7666 (online)
http://dx.doi.org/10.5395/rde.2016.41.3.167

http://crossmark.crossref.org/dialog/?doi=10.5395/rde.2016.41.3.167&domain=pdf&date_stamp=2016-08-04


168 www.rde.ac

ability of dental cements to bond to zirconia is uncertain.6,7 
The most common cause of failures in endodontic dowels 
was dowel de-bonding (37%).8 Therefore, it is important 
to optimize bonding techniques to provide sufficient 
bond strength for the retention of restorations, prevent 
microleakage, and increase resistance to fracture/fatigue.9 
A failure of the zirconia restorations to bond with dental 
cements can result in the release of excess or residue 
cement into adjacent tissues. Furthermore, bonding failure 
of zirconia restoration with cement may result in tooth 
discoloration, periodontal problems, or secondary dental 
caries.10,11

The in vitro cytotoxicity evaluation for dental cements 
and other dental materials requires selecting the 
most appropriate cells and examining the secretion 
of inflammatory cytokines.12 Inflammation causes the 
secretion of bone resorbing and inflammatory cytokines 
such as interleukin-6 (IL-6).13 IL-6 was shown to be 
present in cells of patients with apical periodontitis and 
the levels were proportional to the size of the periapical 
lesions.14

With such a broad range of dental materials, there 
are a number of factors to consider in making an 
appropriate choice. Although many studies have shown 
the biocompatibility of zirconia,15,16 the biological effects 
of zirconia restorations bonded with dental cements in 
clinical situations have not been reported. In this respect, 
this study evaluated the cytotoxicity and biological effects 
of zirconia restorations in combination with various dental 
cements.

Materials and Methods

Preparation of specimens

We prepared 96 zirconia cylinders (Lava, 3M ESPE, Seefeld, 
Germany) that measured 5 mm in diameter and 12 mm in 
height. The cylinders were densely sintered and washed 
with acetone in an ultrasonic bath. The cylinders were then 
rinsed with distilled water, and sterilized by autoclaving at 
130℃ for 15 minutes. Then, the cylinders were randomly 
divided into five groups of 12 cylinders. Group 1 was the 
negative control group consisting medium alone. Group 2 
was the positive control group consisting pairs of cylinders 
without cement. Groups 3, 4, and 5 consisted pairs of 
cylinders cemented with RelyX U200 (3M ESPE, St. Paul, 
MN, USA), FujiCEM 2 (GC, Tokyo, Japan), and Panavia F 
2.0 (Kuraray, Okayama, Japan), respectively (Table 1). Two 
cylinders were cemented under pressure and each cement 
gap was adjusted to 100 μm film thickness.
Each pair of cylinders was immersed in serum-free 

medium at a volume/surface area ratio of 1 cm2/mL for 14 
days at 37℃ in a sealed container. The medium without 
zirconia was maintained under the same conditions and 
used as the negative control. 

Cell cultures

L929 cells (American Type Culture Collection, Manassas, 
VA, USA) were thawed and then plated in 100 mm culture 
dishes containing RPMI 1640 medium (HyClone, Logan, 
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Table 1. Type, composition, and batch number of tested cements

Product Type Composition Lot No. Manufacturer

RelyX U200
Dual polymerized 
self-adhesive 
resin cement

55 - 65% glass powder 
15 - 25% methacrylated phosphoric acid esters 
10 - 20% TEGDMA 
1 - 5% silane-treated silica 
1 - 5% sodium persulfate 

535365
3M ESPE, St. Paul, 
MN, USA

FujiCEM 2
Resin-modified 
glass-ionomer 
cement

30 - 40% polyacrylic acid 
30 - 40% distilled water 
2% silica powder 
20% silicone dioxide 
2 - 3% benzensulfonic acid sodium salt

1307041
GC Dental, Tokyo,
Japan

Panavia F 2.0
Dual polymerized 
self-adhesive 
resin cement

Paste A: 10-MDP, silanated silica, hydrophobic 
aromatic and aliphatic dimethacrylate, 
hydrophilic dimethacrylate photoinitiator, and 
dibenzoyl peroxide
Paste B: silanated barium glass, sodium fluoride, 
sodium aromatic sulfinate, dimethacrylate 
monomer, and BPO

A: 00571A 

B: 00110B

Kuraray Medical Inc.,
Okayama, Japan

MDP, 10-methacryloxydecyl dihydrogen phosphate; TEGDMA, Triethyleneglycol Dimethacrylate; BPO, benzoyl peroxide.
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UT, USA) supplemented with 10% fetal bovine serum 
(FBS, Gibco, Grand Island, NY, USA) and 1% penicillin-
streptomycin. The cells were cultured in a humidified 
atmosphere containing 5% CO2 at 37℃. MC3T3-E1 cells 
(American Type Culture Collection) were cultured in α-MEM 
medium (Gibco) under the same conditions. The media for 
both cells were changed every other day. 

Cell viability test

Cultured L929 and MC3T3-E1 cells were seeded at an 
initial density of 1 × 105 cells/mL in their respective 
media containing 10% FBS in three 96-well culture 
plates. After 24 hours for attachment period, a 100 µL 
aliquot of test specimen was added to each well. The cell 
viability was determined using 3-(4,5-dimethylthiazole-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay kits 
(Trevigen Inc., Gaithersburg, MD, USA) according to the 
manufacturer’s instructions following incubation for one 
and three days. The colorimetric changes were quantified 
at 540 nm using a microplate reader (Molecular Devices, 
Sunnyvale, CA, USA). Each sample was tested in triplicate, 
and the entire assay was repeated twice. The data were 
analyzed using one-way analysis of variance (ANOVA) and 
Tukey post-hoc tests (p = 0.05).

Reverse transcription polymerase chain reaction (RT-PCR)

Cultured L929 and MC3T3-E1 cells were seeded at an 
initial density of 2 × 105 cells/mL in their respective 
media containing 10% FBS. After 24 hours, the medium 
was collected, and supernatants of test or control 
specimens were added. The supernatants were removed 
after three days and then total RNA was extracted using 
TRIzol Reagent (Invitrogen, Carlsbad, CA, USA). The RNA 
samples were reverse-transcribed to cDNA (MP Biomedicals, 
Santa Ana, CA, USA). The cDNA was examined with gene-
specific PCR for IL-6 and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) expression (TaKaRa BIO Inc., 
Shiga, Japan) using the primers and reaction with the Gene 
AMP PCR system 9700 (Perkin-Elmer, Norwalk, CT, USA). 
The gels were photographed under ultraviolet illumination, 
and the bands were quantified. The IL-6 mRNA expression 
was normalized relative to GAPDH mRNA expression in 
the same samples. The data were analyzed using one-way 
ANOVA and Tukey tests (p = 0.05, SPSS 12.0, SPSS GmbH, 
Munich, Germany).

Enzyme-linked immunosorbent assay

The total protein content in culture supernatants was 
measured using BCA assay kits (Pierce Biotechnology, 
Rockford, IL, USA). The concentrations of IL-6 in cell 
culture supernatants were determined using commercially 

available Quantikine Enzyme-linked immunosorbent 
assay (ELISA) kits (R&D Systems Inc., Minneapolis, MV, 
USA) according to the manufacturer’s instructions. The 
absorbance was measured at 450 nm using a microplate 
reader. The data were analyzed using one-way ANOVA and 
Tukey tests (p = 0.05).

Fluorescent staining

L929 and MC3T3-E1 cells were seeded in 35 mm dishes 
(Ibidi, Martinsried, Germany) at densities of 1 × 105 cells/
well and 5 × 104 cells/well, respectively. After 24 hours, 
the medium was removed and the supernatants of the 
test or control specimens were added. The cells were then 
cultured for additional 24 hours. The supernatants were 
removed and the cells were fixed with 3.7% formaldehyde 
for 10 minutes. The cells were permeabilized with 0.1% 
Triton X-100 (Sigma-Aldrich, St Louis, MO, USA) for 5 
minutes. The cells were then incubated with 1% bovine 
serum albumin for 30 minutes to block non-specific 
binding. The cells were stained for 20 minutes with 
rhodamine phalloidin (1:200, Molecular Probes, Eugene, 
OR, USA) to stain F-actin filaments and 4’,6-diamidino-
2-phenylindole (DAPI, Molecular Probes) to stain nuclei. 
The cells were washed with phosphate buffered saline 
(Gibco) and observed by fluorescence microscopy (Olympus, 
Tokyo, Japan) at x250 magnification. Total cell counts 
of DAPI staining were estimated using the fluorescence 
microscope. The proportion of damaged cells was measured 
using Image J (National Institutes of Health, Bethesda, 
MD, USA). Thirty specimens of each group were observed 
by the manual method of Image J program. Cell images 
were estimated by well-trained single observer, and the 
procedure was repeated three times.

Statistical analysis

Data were analyzed by one-way ANOVA and the Tukey HSD 
test at a 0.05 significance level. Statistical analysis was 
performed with SPSS for Windows (SPSS 12.0, SPSS GmbH).

Results

Cell viability test

In MTT assay, L929 cell viability was significantly lower in 
Group 5 than in Group 1 after one day (p < 0.001). The 
cell viability was significantly lower in Groups 3, 4, and 
5 than in Group 1 after three days (p = 0.005, p = 0.029, 
and p = 0.008, respectivley, Figure 1a). The viability of 
MC3T3-E1 cells decreased gradually from one to three days 
in all groups except the negative control (Group 1). The 
differences were significant after three days (p < 0.001, 
Figure 1b). A comparison of the two cell lines showed 
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that MC3T3-E1 osteoblasts were more vulnerable to dental 
cements than L929 fibroblasts.

RT-PCR

The expression of IL-6 mRNA in L929 cells was higher in 
Groups 2 through 5 than in the negative control group 
after one day. After three days, IL-6 mRNA levels were 
higher in Groups 2 and 3 than in the negative control (p < 
0.05). However, the IL-6 mRNA levels were lower in Groups 
4 and 5 than in the negative control (p < 0.05, Figures 2a 
and 2c). In MC3T3-E1 cells, the expression of IL-6 mRNA 
was higher in Groups 2 and 5, but lower in Groups 3 and 
4 than in the negative control after one day. After three 
days, the IL-6 mRNA expression was significantly higher 
in Groups 2 and 3 (p < 0.05) than the negative control. 
However, the mRNA levels were significantly lower in 
Groups 4 and 5 (p < 0.05) than in the negative control 
(Figures 2b and 2d). 

ELISA

IL-6 secretion by L929 cells was significantly higher 
after one and three days in all four experimental groups 
compared with the negative control group (p < 0.001, 
Figure 2e). Conversely, IL-6 expression by MC3T3-E1 cells 
was significantly lower in Groups 3, 4, and 5 than in the 
negative control group (p < 0.001, Figure 2f).

Fluorescent staining

Total undamaged cell numbers of L929 (Figure 3a) and 
MC3T3-E1 (Figure 3b) were lower in Groups 3 and 5 
than in the negative control group (p < 0.05). These 
reductions were more pronounced for MC3T3-E1 cells (p 
< 0.05). Although the cells maintained the same density 
in the presence of resin-modified glass-ionomer cements 
(RMGI), the cells treated with resin cement extract did 
not display same densities. A few cells with treated resin 
cements (RelyX U200 and Panavia F 2.0) condensed nuclear 
morphology partially, and cells had strikingly decreased 
numbers. 
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Figure 1. Effects of zirconia with or without an intermediate cement layer on the viability of (a) L929 and (b) MC3T3-E1 
cells measured by MTT assays. Groups with the same lower case letters did not differ significantly on those days. 
*Significant difference from the negative control group at each time period, according to Tukey tests. Error bars mean ± 1.0 
standard deviations. 
MTT, 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide; OD, optical density; CTR, Group 1, negative control; 
ZR, Group 2, positive control; ZR + RU, Group 3, zirconia with RelyX U200; ZR + FU, Group 4, zirconia with FujiCEM 2; ZR 
+ PF, Group 5, zirconia with Panavia F 2.
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Figure 2. Effects of zirconia with or without an intermediate cement layer on IL-6 expression by (a) L929 and (b) 
MC3T3-E1 cells. The graphs in (c) and (d) show the densitometric quantification of protein expression of the bands shown 
in (a) and (b). The results are presented as fold increases relative to control. The graphs in e and f present ELISA results. 
*Significant difference from the negative control group at each time period, according to Tukey tests. Different lower 
case letters indicate significant between group differences. 
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL, interleukin-6; PCR, polymerase chain reaction; CTR, Group 1, 
negative control; ZR, Group 2, positive control; ZR + RU, Group 3, zirconia with RelyX U200; ZR + FU, Group 4, zirconia 
with FujiCEM 2; ZR + PF, Group 5, zirconia with Panavia F 2.0.
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Discussion

Extensive loss of tooth structure is often encountered 
when restoring endodontically involved anterior teeth. This 
loss has a deleterious effect on esthetic results.17 Zirconia 
restorations are esthetic,18 partially adhesive, very rigid, 

and brittle. These zirconia post & core cannot be etched 
and do not bond effectively to resins, which makes them 
less predictable and requires suitable bonding methods.19 

Dental materials such as cements and restorative 
materials should be evaluated in cytotoxicity tests for 
its biocompatibility.20 The health risk of dental materials 
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Figure 3. Fluorescent staining of (a) L929 and (b) MC3T3-E1 cells treated with medium only (CTR) or the supernatant 
of each test group (ZR, ZR + RU, ZR + FU, and ZR + PF). Rows represent cells stained with DAPI, rhodamine-conjugated 
phalloidin, and both after three days in culture. Cells exposed to FujiCEM 2 (ZR + FU) showed very similar cell densities 
with control groups in DAPI staining, and the cells were as undamaged as in the control group. In contrast, a few of 
the nuclei of the RelyX U200 (ZR + RU) and Panavia F 2.0 (ZR + PF) extract-treated cells remarkably decreased in cell 
numbers. Damaged cells showed flat and thin shapes. 
CTR, negative control; ZR, positive control; ZR + RU, zirconia with RelyX U200; ZR + FU, zirconia with FujiCEM 2; ZR + PF, 
zirconia with Panavia F 2.0, DAPI, 4’,6-diamidino-2-phenylindole.
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is very important and a continuously emerging issue. 
Historically, safety issues of dental materials like amalgam, 
heavy metals in dental cement, and bisphenol in dental 
monomers have been raised. For example, it was reported 
that the cellular response to a biomaterial can be affected 
by cross-linked material and soluble monomers that may 
leach from the material.21 In this experiment, different 
responses of two cell types were investigated. 
The MTT results in our study indicated that the 

cytotoxicity was different for L929 and MC3T3-E1 cells, 
which is consistent with previous findings. Previous studies 
have demonstrated that five different endodontic sealers 
had different cytotoxicity to L929 mouse fibroblasts, ROS 
17/2.8 rat osteoblasts, and MC3T3-E1 mouse osteoblasts.22 

Although the cellular responses to these sealers differed, 
mouse osteoblasts were more vulnerable to cytotoxic agents 
than fibroblasts.22 These findings suggest more than one 
cell line should be involved in assessing the cytotoxicity of 
dental materials. We also found that MC3T3-E1 cells were 
susceptible to supernatants from zirconia blocks alone in 
the absence of dental cement. However, several previous 
studies confirmed that zirconia is not cytotoxic.7,23-25 
Although pure components of zirconia are not cytotoxic, 
responses to zirconia blocks may differ among cell lines. 
In previous report, CAD-CAM all-ceramic materials had 
presented different cell viabilities between human gingival 
fibroblasts and oral keratinocytes.26 The study demonstrated 
that the cell viability and migration ability of keratinocyte 
were negatively influenced by the tested CAD/CAM zirconia 
ceramics, whereas gingival fibroblast cell functionality 
was overall not negatively influenced. Biocompatibility of 
zirconia was well reported that it seemed to be suitable 
for making dental implants. However, some studies also 
point out its drawbacks. It was also found that most of the 
studies on zirconia dental implants are short-term studies 
and there is a need for more long-term clinical trials to 
prove that zirconia is worth enough to replace titanium as 
a biomaterial in dental implantology.
Resin-based composite cements have become standard 

materials for attaching ceramic prosthetics to tooth 
structures. Panavia F 2.0 contains 10-methacryl-
oyloxydecyl-dihydrogen-phosphate (MDP), and RelyX U200 
is another phosphate monomer-containing resin cement.8 

Resin cements have shown favorable mechanical retention. 
MDP-containing resin cements are popular for ZrO2 
prosthetics in clinical applications due to their low rates 
of failure and minimum loss of retention.27 Panavia F 2.0 
was reported to provide better shear bond strengths than 
other glass-ionomer or RMGI-based cements.28 However, 
we showed that Panavia F 2.0 and RelyX U200 were more 
cytotoxic and induced higher levels of IL-6 than the 
RMGI FujiCEM 2. This result differs from that of a previous 
study,29 which found that Panavia F 2.0 was the least 
cytotoxic cement. The study did not assess RMGI cements.

The release of IL-6 was reported to play an important 
role in the pathogenesis of inflammation.30 IL-6 may be 
useful in making a differential diagnosis or may function 
as a biomarker that can predict the progression of bone 
resorption.14 IL-6 is considered as both pro- and anti-
inflammatory cytokine because it is produced during 
inflammation and after secretion of tumor necrosis factor 
(TNF)-α and IL-1. IL-6 subsequently inhibits the secretion 
of TNF-α and IL-1.31 IL-6 was shown to interfere with 
programmed cell death in circulating mature neutrophils32 
and was implicated in the regulation of enhanced 
neutrophil-mediated cytotoxicity. Besides proinflammatory 
mediators such as nitric oxide (NO), prostaglandin E2 
(PGE2), and IL-8 were suggested indicators of inflammatory 
reactions.33 Further studies are needed to elucidate the 
exact mechanisms of another cytokines. Our results suggest 
that dental resin cements, but not glass-ionomer based 
cement, may affect cell survival by inducing the secretion 
of IL-6. 
The results showed that L929 cells were more viable 

than MC3T3-E1 cells in the presence of dental cements. 
Resin cements were more cytotoxic to MC3T3-E1 cells and 
increased the expression of IL-6 mRNA than the glass-
ionomer based cement. The expression of IL-6 mRNA 
increased in Panavia F 2.0 group on 1 day, and RelyX U200 
group on 3 days. Some of these results of RT-PCR of IL-6 
were not exactly in accordance with the results of ELISA. 
It is thought that the results came from sensitivity and 
specificity of the tests. 
The biocompatibility was also confirmed by fluorescent 

staining. Generally, the DAPI staining of nucleic acids 
shows evidence of cell morphologic destruction.34 Cellular 
morphologic destructions can be detected by fluorescence 
microscopy using stains, such as DAPI, that bind to nucleic 
acids. In the present study, cells exposed to FujiCEM 2 
showed very similar cell densities with control groups in 
DAPI staining, and the cells were as undamaged as in the 
control group. In contrast, a few of the nuclei of the RelyX 
U200 and Panavia F 2.0 treated cells did not display the 
typical morphology, but rather a strikingly decrease in cell 
numbers. Also we used rhodamine-conjugated phalloidin 
to visualize F-actin filaments. Changes in actin fibers are 
readily observed by fluorescence staining, indicating that 
intracellular changes in F-actin fibers occur before any 
gross morphological changes become evident. 
Most of the cells exhibited original straight actin cables 

extending from the perinuclear region to the cell periphery, 
similar to those in control groups. These results indicate 
intracellular changes in F-actin fibers occurs prior to 
gross morphological changes.35 The influence of exudates 
on cells and spreading was confirmed by visualizing the 
actin cytoskeleton morphology and organization. Actin 
microfilaments are essential in maintaining cell shape, and 
the permeability of tight junctions.36 
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Conclusions

This study showed that zirconia posts alone, and posts 
with various dental cements are biocompatible with limited 
cytotoxicity. RMGI cements less produced inflammatory 
cytokines than resin based cements. Further, our data 
showed that the mouse osteoblasts were more susceptible 
than the mouse fibroblasts to potential cytotoxic dental 
cement materials.
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