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SUMMARY
Objectives: Whereas dental materials came in direct or close contact with oral tissue, it is a great concern about the biocompatibility of those 

materials. This study was performed to evaluate possible DNA damage to buccal cells exposed to dental materials.   
Methods: This prospective, longitudinal clinical study was conducted over a three months period. Class II restorations were placed in 60 young 

patients with no previous filling using one of three tested dental materials (two glass ionomers; Ketac Molar and Ionofil Molar and one compomer 
material; Twinky Star). DNA damage was analysed by micronucleus assays, in buccal exfoliated epithelial cells.

Results: In patients treated with Ketac Molar, a significant frequency of micronuclei (p = 0.027) and binucleated cells in samples taken 30 days 
following restoration (p = 0.029) was confirmed. In patients treated with Twinky Star, a statistically significant increase in the number of binucleated 
cells in samples taken after 7 and 30 days following restoration (p = 0.001 and p < 0.001, respectively) was observed. In all samples collected 90 
days after treatment, there was no statistical difference in the number of any cell changes.

Conclusion: In this study long-term biocompatibility of tested materials was confirmed. Glass ionomers and compomers are widely used materi-
als in paediatric dentistry, and this study has proved their safety for usage in children.
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INTRODUCTION

Many different types of dental materials are used to replace 
destroyed dental tissue. All of them came in direct or close contact 
with oral tissue. Therefore, it is a great concern about the biocom-
patibility of those materials, and it is of crucial importance that 
they are harmless moreover for surrounding oral tissue as well as 
for an organism in general. Thanks to their exclusive properties, 
glass ionomers (GIC) and resin materials, compomers and com-
posites are the most commonly used dental materials especially for 
children, and they are recommended materials for the restorations 
of primary teeth (1). Namely, glass ionomers chemically bond 
with dental structures, have a chemically set reaction, containing 
fluoride, and also allows some moisture in the field of operation. 
Compomers introduced 20 years after glass ionomers are poly-
acid modified resin composites, and they combine aesthetic and 
mechanical properties from resin composites, adhesion properties 
and the fluoride release of GICs. According to Nicholson, com-
pomers are promising materials for the deciduous teeth treatment 
(2). Twinky StarTM, light-cured compomer, used in this study is 
a compomer available in a wide range of colours and with glitter 
incorporated in it, invented especially for children. According to 

Fishman et al. (3), choosing the colour for restorative filling by 
itself increases children’s interest, willingness and cooperation 
but also decreases the anxiety and fear in the treatment process.

The micronucleus (MN) test was introduced at the end of 19th 
century by Howell and Jolly, and since then it became the most 
widely and the most reliable assay to evaluate the cytogenetic 
damage (4). Micronucleus assay can be done in exfoliated epi-
thelial cells but also in human erythrocytes and lymphocytes (5). 
The epithelial cells are highly proliferative, and more than 90% 
of cancers arise in epithelial tissues, and these cells can be easily 
collected from the mouth without causing discomfort to patients. 
The procedure is feasible, cheap, and accurate; final results can 
be obtained in a short time period, so it is an efficient and widely 
used method for detection of genetic damage. The cells of oral 
epithelium are renewed regularly, where the new cells produced 
by mitosis in the basal layer migrate to the surface to replace 
rejected ones. 

The oral cavity is the initial part of the digestive and respira-
tory tract. Buccal cells are the first barrier for the inhalation or 
ingestion route and can metabolize proximate carcinogens to 
reactive products (6). Oral epithelial cells represent the desired 
target cells for the early detection of genotoxic changes caused 
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by carcinogenic agents that enter the body by inhalation and in-
gestion, especially those which are used for therapeutic purposes 
within the oral cavity (5). The presence of micronuclei indicates 
irreversible genomic instability. It was accepted that the pres-
ence of MN in buccal epithelial cells may predict the potential 
risk of both precancerous and cancerous lesions in digestive or 
respiratory system (7).

During the cell division, in the stem cells of the basal layer, the 
genetic damage, breakage or loss of chromosomes can be mani-
fested itself in the form of micronuclei. Also, mentioned changes 
could manifest as the cells with condensed chromatin, fragmented 
nucleus (karyorrhexis), pyknosis of the nucleus which is indicative 
of apoptosis, or they could completely lose its nuclear material 
(karyolysis) which is indicative of necrosis (8, 9).

The aim of this study was to determine in vivo biocompatibility 
of compomers and glass ionomers in buccal cells by micronucleus 
test. To the best of our knowledge, this is the first prospective, 
longitudinal clinical study conducted over a three months period 
assessing the genotoxicity effects of different widely used glass 
ionomers and compomers directly in young patients with no 
previous filling.

MATERIALS AND METHODS

Subjects
The study was carried out at the Department of Paediatric and 

Preventive Dentistry, School of Dental Medicine, University of 
Zagreb, and approved by the University’s Ethical Committee 
which also confirmed that the study was in full accordance with 
ethical principles including the World Medical Association Dec-
laration of Helsinki. All participants and their parents/guardians 
were acquainted with the purpose of the study and asked to sign 
an informed consent form.

The study comprised 60 patients, 22 boys and 38 girls, aged 
6–14 (mean age 8.67 ± 2.15 years). The sample was selected by 
examining subjects in need of one tooth decay treatment who 
visited the Dental Clinic for Paediatric and Preventive Dentistry 
at the School of Dental Medicine of the University of Zagreb. 
The inclusion criteria for this study were good general health 
(absence of acute and chronic diseases) without taking any 
medication, no previous restorations in the oral cavity and no 
orthodontic appliance.

The subjects were randomly assigned into three numerically 
equal groups (20 each), according to the material that was used 

for the restorative procedure. In the first group, the restorations 
were done using GIC material Ketac Molar (3M Espe, Seefeld, 
Germany), while in the second group GIC material Ionofil Mo-
lar (Voco, Cuxhaven, Germany) was used. In the third group, 
the restorations were done with the compomer type of material 
Twinky Star (Voco, Cuxhaven, Germany). The composition of 
the materials, as provided by the manufacturers, is presented in 
Table 1. The Class II preparations were incrementally filled with 
dental materials, according to the manufacturer’s instructions.

Each patient filled out a questionnaire answering questions 
regarding demographic factors (age, gender), lifestyle factors, 
personal factors (health status, use of medication, X-ray exposure), 
and dietary aspects.

Sample Collection
Samples of epithelial cells were collected from each participant 

using the swab technique; immediately before (control), and 7, 30 
and 90 days following the restoration of the tooth. One hour be-
fore sampling, the participants were asked to refrain from eating. 
Since subjects were kids, it was implied that they did not smoke 
or drink alcohol prior to sampling. After rinsing the oral cavity 
with tepid water, a buccal swab was taken by gently brushing the 
gingival area along the glass-ionomer or compomer restoration 
with an interdental brush and applied to encoded microscopic 
slides pre-warmed at 37 °C.

Micronucleus Assay in Buccal Epithelial Cells
After dropping the cells were allowed to air-dry and then 

fixed in methanol (80% v/v) at 4 °C for 20 min. Staining was 
carried out with 5% Giemsa solution for a period of 10 minutes. 
Afterward, the slides were rinsed with distilled water and air-
dried. The analysis was done under a light microscope with a 
400× magnification, and each micronucleus and other nuclear 
anomalies were additionally verified under 1,000× magnification. 
Two replicate slides were prepared for each subject, and 1,000 
epithelium cells per preparation were scored for each sampling 
time. Frequencies of nuclear abnormalities other than micronuclei, 
such as binucleated cells, karyorrhexis, karyolysis, nuclear buds, 
and “broken eggs” were also evaluated and classified according 
to Tolbert et al. (8). In order for a micronucleus to be counted 
as such, it has to meet following conditions: it must consist of 
nuclear material; completely separated from the parent nucleus; 
less than 1/3 of the diameter of associated nuclei; smooth, oval 
or round shaped; on the same plane of focus; and it must be of 

Manufacturer Lot Chemical composition 
Ketac Molar Quick Aplicap 3M ESPE, Seefeld, Germany #493820 Al-Ca-La fluorosilicate glass, ZnO

5% copolymer acid (acrylic and maleic acid), polyacrylic enoic acid, 
tartaric acid, water

VOCO Ionofil Molar 
AC Quick

VOCO, Cuxahaven, Germany #1232230 Aluminofluorosilicate glass and pigments, pure polyacrylic acid, 
(+)-tartaric acid, water

Twinky Star VOCO, Cuxahaven, Germany #0919531 Ba-Al- Str-fluorosilicate glass, Silicon dioxide, BisGMA, UDMA, 
TEGDMA, carboxylic acid modified methacrylate, camphorquinone, 
BHT

Table 1. List of materials investigated in the study
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the same colour, texture and refraction as the main nucleus. Cells 
with two nuclei were considered binucleate. Nuclear anomalies, 
such as karyorrhexis (nuclear disintegration), karyolysis (dissolu-
tion of the nucleus), nuclear buds (precursors of micronuclei) and 
nucleoplasmic bridges (nuclei that appear cinched) were recorded 
separately (8, 10).

Statistical Analysis
For statistical evaluation Statistica 7.0 (Dell Software, Califor-

nia, USA) software package was employed. Descriptive statistical 
analysis was used to determine the basic statistical parameters 
(mean, standard error, standard deviation, and relative standard 
deviation, median and minimum and maximum values). The 
data were subjected to an analysis of variance (ANOVA) using a 
general linear model procedure of Statistica 7.0 software package. 
The difference among the tested groups was assessed by analysis 
of variance and Tukey HSD post hoc test. Multiple regression 
analysis, General Regression Model (GRM) from linear/nonlinear 
modelling method and canonical correlation analysis were used 
for the assessment of the predictor variables influence (age, gen-
der, state of health and use of medication, X-ray exposure, and 
dietary habits) on dependent variables (number of micronucleated 
and binucleated cells, cells with nucleoplasmic bridges, nuclear 
buds, pyknosis, condensed chromatin and karyorrhexis). The 
results of GRM were expressed in the form of Pareto charts of  
t values. The Pareto chart represents a series of bars whose heights 
reflect the impact of each predicted variable on the dependent 
variable. The bars are arranged in descending order of height 
from up to down. So, the categories represented by the tallest bar 
have the highest significance on the dependent variable. Statistical 
significance was set at p < 0.05, which is marked with the vertical 
line in each graph.

RESULTS

Basic statistical parameters used to gain results for the micro-
nucleus assay in buccal cells before and following the placement 
of glass ionomer cement (Ketac Molar or Ionofil Molar) and 
compomer (Twinky Star) are presented in Figures 1 and 2.

Analysis of variance confirmed a statistically significant differ-
ence between the tested groups, which were subdivided according 
to exposure time and type of material used and tested for follow-
ing parameters: the number of micronucleated and binucleated 
cells, cells with nucleoplasmic bridges, nuclear buds, pyknosis, 
condensed chromatin, and karyorrhexis (Figures 3 and 4).

In patients treated with Twinky Star, ANOVA and Tukey 
HSD post hoc test did not confirm a statistically significant dif-
ference in the frequency of micronuclei. The highest frequency 
was after 7 days following restoration, but it was not statistically 
significant (p = 0.092) compared to the day 0. Also, there was no 
statistical difference for the frequency of nucleoplasmic bridges, 
nuclear buds, pyknosis, condensed chromatin, and karyorrhexis. 
As opposed to that, the frequency of karyolysis was statistically 
significant − higher in samples taken 30 days following restoration 
(p < 0.001) compared to the day 0 but also compared to the day 7 
and 90 (p = 0.020). Concerning the frequency of the number of bi-
nucleated cells, a statistically significant increase in samples taken 

after 7 and 30 days following restoration (p = 0.001 and p < 0.001, 
respectively) was observed. As opposed to that in samples taken 
after 90 days there was no statistical difference (p = 0.162).

In patients treated with Ketac Molar statistically significant 
frequency changes in the number of binucleated cells, cells with 
nucleoplasmic bridges, nuclear buds, pyknosis, condensed chro-
matin, and karyorrhexis were not observed. As opposite to that 
ANOVA and Tukey HSD post hoc test confirmed a statistically 
significant difference in the frequency of micronuclei in samples 
taken 30 days following the restoration (p = 0.027). In the samples 
collected 7 and 90 days following the restoration, there were no 
statistical differences.

Lastly, in patients treated with Ionofil Molar, according to 
ANOVA and Tukey HSD post hoc test statistically significant 
frequency changes in the number of micronucleated cells, cells 
with nucleoplasmic bridges, nuclear buds, pyknosis, condensed 
chromatin, and karyorrhexis were not observed. The only signifi-
cant difference was observed in the number of binucleated cells 
in samples taken 30 days following the restoration (p = 0.029).

There was no statistically significant difference between the 
three tested materials during the same time of exposure for these 
parameters, except for the number of binucleated cells in the 
samples taken 7 days following the restoration with Twinky Star 
and Ketac Molar (p = 0.010).

A general model of regression was employed to evaluate the 
influence of the subjects’ general characteristics (age, gender, 
state of health and use of medication, X-ray exposure, and dietary 
habits) on the parameters of the number of binuclear and micro-
nuclei cells, number of nuclear buds and nucleoplasmic bridges, 
karyolysis and karyorrhexis. None of the tested factors was found 
to significantly influence the condensation of the chromatin and 
the number of nuclear buds (Figure 3). Time of exposure and 
type of material had a significant effect on the occurrence of 
micronuclei cells (β = 0.296, p = 0.018 and β = 0.202, p = 0.024, 
respectively) while only the time of exposure was found to impact 
the karyolysis (β = 0.255, p = 0.005) positively but also pyknosis 
(β = 0.248, p = 0.007). Consumption of canned meat, type of ma-
terial, time of exposure, and age significantly impact the occur-
rence of binuclear cells (β = 0.287, p = 0.009; β = 0.281, p = 0.017; 
β = 0.194, p = 0.022; β = −0.328, p = 0.022, respectively). Among 
the possible confounding variables, only the gender displayed a 
connection to the number of nucleoplasmic bridges (β = −0.301, 
p = 0.039). The greatest number of tested factors had a significant 
effect on the occurrence of karyorrhexis: exposure to RTG, tea 
intake, gender, time of exposure, and vegetable intake (β = 0.331, 
p = 0.007; β = −0.275, p = 0.022; β = −0.292, p = 0.033; β = 0.170, 
p = 0.045; and β = 0.276, p = 0.046, respectively) (Figure 4).

DISCUSSION

The aim of this study was to evaluate the potential genotoxic 
effect of glass ionomer cements and compomer material from buc-
cal cells in the proximity of dental restoration. The genotoxicity 
effects were assessed by micronucleus assay in buccal exfoliated 
epithelial cells because oral epithelial cells represent a preferred 
target site for early genotoxic events (11). All patients in this study 
were children with one of the dental materials listed before what 
allows time for cells to undergo mitosis.  
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Fig. 1. The frequency of cells with micronuclei, binuclear cells, karyolysis and karyorrhexis in 1,000 buccal epithelial cells of 
patients (n = 20/material) treated with glass-ionomers or compomer materials for each time-point of measurement.
Mean values are expressed as columns, error bars represent standard deviations. 
*Statistically significant values (p < 0.05) in comparison to the values prior treatment (0 days). 
†Statistically significant values (p < 0.05) between materials in the same time-point of measurement. 

Fig. 2. The frequency of cells with nuclear buds, nucleoplasmic bridges, pyknotic cells and cells with condensed chromatin in 
1,000 buccal epithelial cells of patients (n = 20/material) treated with glass-ionomers or compomer materials for each time-point 
of measurement. 
Mean values are expressed as columns, error bars represent standard deviations.
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Since it has been for the first time used on the buccal mucosa, 
micronucleus assay is widely used, and such an in vivo exami-
nation permits the elucidation of the agents directly in a target 
tissue, buccal epithelium (12). Micronucleus assay is based on the 
frequency of small nucleus resembling structures in the cytoplasm 
(10). Micronuclei are fragments or whole chromosomes which did 
not reach spindle poles and remanded as a microscopically visible 
round to oval cytoplasmic chromatin mass next to the nucleus 
(11, 13). The presence of a micronucleus in the cell indicates ir-
reparable genomic damage, and the basal layer of oral epithelium 
contains the stem cells that may express genetic damage (chromo-
some breakage or loss) as MN during nuclear division (10, 14). 
Whereas the formation of micronuclei presents a morphological 
manifestation of genomic damage, cells must undergo at least 
one cell division cycle (15). The optimal timing between 7 and 
21 days after exposure is needed because peak expression may 
vary depending on the effects of particular DNA damage or chro-
mosomal exposure on the basal cell turnover rate. In this study, 
a significant increase in the number of micronucleated cells was 
only confirmed in subjects who were treated with Ketac Molar, 
and it was only observed 30 days after treatment. After 90 days the 
number of micronuclei cells has been decreased which confirmed 
long-term biocompatibility of material. This significant initial 
increase in the number of micronuclei could be explained by the 
fact that dental materials release small doses of potentially toxic 
substances in their environment that is especially noted in the 
first 30 days (16). Galic et al. in their in vitro study also reported 
a slight increase in the micronucleus frequency in lymphocytes 
treated with eluates of Ketac Molar (17). They assumed it was in-
dicating the persistence of leached active components, presumably 
ZnO that was suspected to be clastogenic. Glass ionomers also 
contain metal components, such as aluminum, iron and calcium, 
so the cytotoxic effects of GICs, according to Santos et al., may 
be attributed to those components (18). Leaching of these ions 
is proven, and the most attention regarding biocompatibility was 
dedicated to the extended release of aluminum because aluminum 
is known to have nuclear effects and it is also responsible for 
increased chromosomal aberration (19).

In addition to metals, glass ionomers also contain fluoride, 
which releases into the environment especially at low pH and 
thus reduces the acid solubility of hard tissue. The highest amount 
of fluoride releases initially, in the first few hours till the month 
after placement, but the fluoride release has been found even 
after the period of 2 years after placement. Also, the release of 
fluoride increases after application of fluoride gels. This exclusive 
property of fluoride release allows the caries protective effect 
but also enhances the possibility of adverse effects of fluoride. 
Fluoride exerts various toxic cellular effects, mainly consisting 
of its interaction with enzymes whether to act as an enzyme in-
hibitor including phosphatases or stimulate enzyme activity (20). 
Furthermore, fluoride promotes cell proliferation which under the 
microscope could also be detected as an increase in the number 
of binuclear cells. The increase in the number of binuclear cells 
was observed after 7 and 30 days in specimens after the placement 
of Twinky Star restoration, and 30 days after the placement of 
Ionofil Molar restoration concerning initially taken samples, but 
after 90 days the number of binucleated cells returned to normal. 
After 30 days it was observed that frequency means of binuclear 
cells were significantly higher in samples after the Twinky Star 

restoration in comparison with the Ketac Molar restorations. Our 
results are consistent with the study of Rezende et al. (21), where 
an increase in the number of binucleated cells after treatment 
with dental materials containing monomers was noticed. Namely, 
the greater increase was observed after treatment with Twinky 
Star, material which contains monomers. Although necrosis 
can be partly induced by mechanical damage to oral cells due 
the swabbing technique used, close contact of material and oral 
mucosa may cause the oral damage and cell death. In this study, 
the different morphological changes in cell nuclei: karyolysis, 
pyknosis, and karyorrhexis, which describe the different mor-
phological manifestation of cell death, were observed. Pyknosis 
is irreversible condensation of chromatin, and it is followed by 
karyorrhexis or fragmentation of the nucleus (22). Results from 
this study indicate no statistically significant effects of treatment 
with different materials in the number of cells with pyknosis or 
karyorrhexis.

In the morphological picture of karyolysis, DNA is slowly dis-
appearing, and karyolysis presents the late stage of the cell death 
process. In our research, the significant increase in karyolysis 
was observed only after 30 days after treatment with Twinky Star.

As noted earlier, Twinky Star is compomer, the only material in 
this study which contains, according to the manufacturer, various 
polymerizable monomers; BIS-GMA, diurethane dimethacrylate, 
and TEGDMA. Urcan et al. found that the most commonly  used 
monomers show cytotoxic response and that their metabolic radi-
cal intermediates have the potential to induce even DNA double 
strand breaks (23). According to them, the most cytotoxic mono-
mer is BisGMA. The integral part of the molecule BisGMA is 
Bisphenol A, a molecule which could produce an estrogenic effect 
(24). Chang et al. in their study tested Twinky Star compomer, 
and they concluded that it possesses good biological property 
(25). Namely, the haemolytic test was lower than 5%, the results 
of the acute general toxicity test were negative, and samples had 
no toxicity. Quinlan et al. investigated the potential cytotoxicity 
of compomer and they concluded that it could be potentially 
toxic, especially if it is partially cured, and it causes the cell 
death (26). There was no significant increase in the formation of 
nucleoplasmic bridges, nuclear buds or the increase of pyknosis 
or condensed chromatin at any material used in this study in any 
considered period.

According to Nefic and Handzic, a number of biological, 
ecological, environmental, demographic, and lifestyle factors can 
affect micronucleus frequency (27). Namely, numerous biologi-
cal, environmental and demographic factors can interfere with 
in vivo researches. Medical procedures (radiation, chemicals), 
micronutrient deficiency (folic acid), lifestyle factors (alcohol, 
smoking, drugs, exercise, stress, nutrition) and genetic factors can 
influence damage to the DNA molecule and to genotoxicity, thus 
they can interfere with genotoxin toxicity analysis (28). Therefore, 
a general model of regression has been employed to evaluate their 
influence on the parameters of DNA damages. 

According to the results of multiple regression analysis, the 
incidence of micronucleated cells significantly depended only on 
the material used for filling and the time elapsed from filling place-
ment. Our observations are in agreement with those published 
by Tadin et al., who also failed to detect any significant effect of 
lifestyle factors on the incidence of micronuclei in the oral mu-
cosa cells (10). Some studies found that increase in micronuclei 
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Fig. 3. Multiple regression analysis results. Significant dependence of measured cytogenetic endpoints (cells with nuclear buds, 
nucleoplasmic bridges, pyknotic cells and cells with condensed chromatin) on gingival cells sampling time (exposure duration), 
type of dental material used for restoration and demographic and lifestyle factors as possible predictors.

Fig. 4. Multiple regression analysis results. Significant dependence of measured cytogenetic endpoints (cells with micronuclei, 
binuclear cells, karyolysis and karyorrhexis) on gingival cells sampling time (exposure duration), type of dental material used 
for restoration and demographic and lifestyle factors as possible predictors.
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is connected with alcohol consumption and smoking (9), but 
since this study was conducted on children, those factors were 
excluded. In this study, the number of micronuclei was slightly 
higher in girls, but the difference was not statistically significant. 
In some studies higher frequency of micronucleus was observed 
in women, but this discrepancy usually occurred in younger age 
and it might be related to the fact that the micronucleus in women 
commonly contains the inactive X chromosome (11, 29). Results 
in this study are in agreement with those published by Bonassi 
et al. (30) who reported that effect of gender on the frequency 
of micronucleus in exfoliated buccal cells is not significant. 
Ferraz et al. (9) also indicated that the gender did not affect the 
frequency of micronuclei, but they reported that karyolysis and 
karyorrhexis were more common among man, contrary to our 
results, where the karyorrhexis was more often observed among 
girls than boys. Besides that, the number of binucleated cells 
significantly depended on the material used for filling and the 
time elapsed from filling placement but also on the frequency of 
consuming canned meat, and an inverse correlation with the age 
of the patient was detected. These diminished rates of binucleated 
cells could mean slowing proliferative capacity of an organism 
in general (31). This study has certain limitations. Even the buc-
cal micronucleus assay is minimally invasive, painless and easy 
access to sample collection; there is technical heterogeneity of 
the sampling procedure because there is no robotic system that 
could collect cells uniformly (5, 30).

Besides that, this is an in vivo study which cannot be standard-
ized, but it allows an evaluation of effects in their natural setting. 
Each patient served as the own control to eliminate the individual 
variations and was regularly monitored over time. Based on our 
results obtained in this study we can conclude that the observed 
increase in DNA damage is only temporary and may have no 
biological significance, which confirmed long-term biocompat-
ibility of tested materials.

CONCLUSION

Based on results obtained in this study we can conclude that 
the observed increase in DNA damage is only temporary and 
may have no biological significance, which confirmed long-term 
biocompatibility of tested materials. Our study has proved that the 
mentioned dental materials are safe for future restoration usage 
especially in paediatric dentistry. 
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