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ABSTRACT

Background: Considering the important role of fluoride in preventing caries by reducing the 
number and activity of cariogenic bacteria and introducing new fluoride‑releasing tooth‑colored 
restorative materials, this study was performed to compare and evaluate fluoride ion release and 
antibacterial activity of resin‑modified GI, zirconomer, giomer (Beautifil), and Cention N.
Materials and Methods: In this experimental in vitro study, eighty samples (20 samples in each 
group) were prepared, 10 samples for fluoride testing and 10 samples for antibacterial activity. To 
evaluate the release of fluoride (PPM), fluoride ion‑selective electrode was used on days 1st, 3rd, 7th, 
14th, and 21st; and antibacterial activities against Streptococcus mutans were examined using direct 
contact test by absorption of light hourly once every 5 h and days 1st, 2nd, and 7th using an ELISA 
reader with a microplate reader of 800 TS at a wavelength of 630 nm. The results were analyzed 
using one‑way ANOVA, Tamhane post hoc test, and paired t‑test in SPSS software (IBM, Somers, NJ, 
USA) at a significant level of (P < 0.05).
Results: The release of fluoride from materials showed a statistically significant difference (P < 0.001). 
The maximum mean of fluoride released during the 1st, 3rd and 7th days belonged to the zirconomer 
group and the minimum for the giomer group. During the measurement period of light absorption 
from 0 to 24 h after planting, light absorption of foursubstances together was found to be statistically 
significant (P <.001). Zirconomer light absorption increased on the 7th day, unlike other substances, 
but still, the minimum light absorption was related to zirconomer.
Conclusion: The highest fluoride release was in zirconomer, Cention N, fuji II LC, and giomer, 
sequentially. Zirconomer showed maximum and giomer showed minimum antibacterial activities.

Key Words: Anti‑bacterial agents, beautifil restorative, dental caries resistance, fluorides

INTRODUCTION

After the introduction of glass ionomer 
cements (GIC), fluoride‑releasing restorative materials 

were introduced. High brittleness, physicomechanical 
properties, and poor abrasion resistance and 
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sensitivity to moisture in the early stages of setting 
limit their use as reliable materials in stress‑bearing 
areas. To overcome these problems, optimization of 
the composition of glass cements has been considered 
over the years[1] and some direct restorative materials 
like resin‑modified GIC  (RMGIC), zirconomer, 
prereacted glass ionomers  (giomer), and Cention N 
have been introduced which have different fluoride 
levels and release rates.[2]

Fluoride‑releasing materials such as glass ionomers 
have antibacterial properties and can prevent the 
formation of cariogenic biofilms such as Streptococcus 
mutans by forming fluorapatite, which is more 
resistant to acid attacks than hydroxyapatite, in 
addition to re‑mineralizing primary caries[3] Therefore, 
prevent secondary caries, known as one of the most 
important factors in the failure of dental restorations. 
It is clear that fluoride is effective in the biological 
properties of cariogenic streptococci, especially 
S.  mutans.[4] It reduces the production of lactic acid 
in bacterial plaque by disrupting the process of 
glucose uptake and glycolysis by bacteria. This ability 
of fluoride is mediated by a variety of mechanisms 
including inhibition of enzymes  (enolase, sulfatase, 
and catalase) and proton translocating F‑ATPases 
within the cytoplasm or on the cell membrane surface. 
In addition, the physiological ability of S.  mutans 
biofilm is affected by fluoride.[5] The pattern of 
fluoride release in the conventional glass ionomer 
is the rapid initial release and a rapid decrease in 
fluoride release occurs after a short time.[2,3] The 
disadvantage of conventional glass ionomer is its low 
mechanical properties. To improve it, materials such 
as resin, alumina, carbon, glass, hydroxyapatite, and 
fluorapatite nanoparticles have been added, creating 
resin‑modified glass ionomers without any problems 
in releasing fluoride.[6]

Giomer is the result of a combination of glass 
ionomer and composite resin, which combines the 
release and recharging properties of glass ionomer 
fluoride with the esthetics, polish ability, and high 
strength of composite resins.[7] Studies have shown 
that the rate of fluoride release in Giomer is higher 
than compomer and composite and it has been 
concluded that glass matrix plays an important 
role in fluoride release.[8] Zirconia‑reinforced glass 
ionomer (zirconomer), while maintaining the benefits 
of glass ionomer and eliminating the dangers of 
mercury, also has the strength and durability of 
amalgam.[9]

Cention N is an “Alkasite” restorative material, which 
refers to a new class of restorative materials that are 
similar to composite materials and are essentially a 
subset of the resin composite material category. This 
new class contains an alkaline filler that can release 
acid‑neutralizing ions.[10,11] The release of fluoride 
and hydroxide ions from a restorative material may 
help neutralize excess acidity during acid attacks by 
the cariogenic flora and prevent demineralization. 
Therefore, both agents may act simultaneously to 
increase the anti‑caries potential of Cention‑N.[12] 
In this study, the effect of antibacterial activity and 
fluoride release of several tooth‑colored restorative 
materials containing fluoride including resin‑modified 
glass ionomer  (Fuji II LC), giomer, zirconomer, 
and Cention‑N were examined due to the important 
role of fluoride in the prevention of caries and the 
introduction of new fluoride‑releasing tooth‑colored 
restorative materials.

MATERIALS AND METHODS

In this experimental in vitro study was approve 
in research and ethics committee of Isfahan 
(NO: 397755), 80 samples of the test materials (4 
groups of 20) including resin‑reinforced glass ionomer 
(Fuji II LC), Alkasite (Cention N), zirconomer, and 
giomer (Beautifil) were prepared according to the 
manufacturer’s instructions [Table 1]. In each group, 
10 samples were used for fluoride testing and 10 
samples for antibacterial activity.

Preparation of samples
According to the manufacturer’s instructions, the test 
materials were prepared in plastic cylindrical molds 
with a diameter of 4  mm and a height of 2  mm 
while the upper and lower surfaces of the samples 
were covered with Mylar strip and glass slides. The 
chemically curing materials were placed at room 
temperature for 10 min. Light cure materials (Beautifil 
and Fuji II LC) were cured from the top, bottom, and 
sides for 20 s for a total of 80 s using a light‑curing 
device (ultradent VALO, 1000 mw/cm2).

Measuring fluoride release
The set samples were taken out of the mold and 
immersed in 3  ml of distilled water in a polyethylene 
vial and kept in an incubator with 95% relative 
humidity at 37°C for 24 h. Fluoride measurements were 
performed on days 1st, 3rd, 7th, 14th, and 21st  using a 
fluoride ion‑selective electrode (Wood Road, Tollesbury, 
Essex CM9  8SJ U. K.) attached to an ion‑selective 
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electrode meter. The instrument was graded according 
to the manufacturer’s instructions using six standard 
fluoride solutions containing 0.20, 1.00, 2.00, 10.00, 
20.00, and 100  ppm fluoride, sequentially. After 
shaking the containers containing the sample, 1 ml of 
distilled water per vial was removed and was diluted 
with 0.1  ml of total ionic strength adjustment buffer. 
This solution was added to maintain the background 
ionic strength constant, fluoride decomposition, and PH 
adjustment. Then, the concentration of fluoride in each 
solution was measured and recorded in ppm. After 
each fluoride measurement, the samples were washed 
and dried in 50 ml of distilled water using ultrasonics 
for 1 min and immersed in a vial containing 3 ml of 
freshly distilled water.[13]

Determination of antibacterial activity
The samples were examined using direct contact test on 
a 96‑hole microplate. Direct contact test was performed 
based on the determination of microbial growth 
turbidity in microplates using the ELISA method. 
Optional species of S. Mutants were grown in brain 
heart infusion  (BHI) agar medium. Microorganisms 
were cultivated secondarily in a suitable cultivation 
environment and under gaseous conditions to 
confirm their purity. Optional species were inoculated 

individually into a tube containing 5 ml of sterile saline 
phosphate buffer. The suspension with a thickness of 
0.5 Mac Farland was prepared by a spectrophotometer 
with a wavelength of 630  nm. The prepared samples 
were placed on a plate. 10 µl  (approximately 107) of 
Mutans 0.5 Mac Farland were added to each sample 
and incubated for 1e h at 37°C. The suspension liquid 
was evaporated to ensure direct contact between 
the surface of the test specimens and the Mutates 
bacterium. Then, 245 μl of sterile BHI medium was 
added to each well and the plates were gently mixed 
for 2  min. 15 μl of the bacterial suspension was 
transferred from the wells to other wells containing 
fresh BHI  (215 μl) and then they were mixed for 
2 min. Bacterial growth kinetics were calculated by a 
spectrophotometer with a wavelength of 630  nm and 
read by the ELISA method with a microplate reader 
800 TS. Densitometer was read every hour for 5 h and 
three times on days 1st, 2nd, and 7th. Then, the average 
of three readings of light absorption at different times 
was calculated and its curve was drawn.[14]

Statistical analysis
Mean and standard deviation values of fluoride 
release and optical density were calculated. Due to 
the interaction of time factor and type of material, 

Table 1: Materials used in the study
Product Type Manufacturer Composition Shade Powder/liquid Instruction for use
Fuji II LC RMGI GC Corporation, 

Tokyo, Japan
2‑hydroxyethyl methacrylate, 
Polyacrylic acid and water. 58 
weight % fluoro‑aluminumsilicate

A2 1:1 Mix the required amount of cement. 
Working time is 3 min 45 s from the start 
of mixing at 23°C (73.4°F)
Light cure for 20 s using a visible light 
curing device (470 nm wavelength)

Cention N Alkalisite Ivoclar Vivadent 
USA

Liquid: UDMA 
DCP ‑ Tetramethyl‑xylylene‑Di 
UDMA (aromatic aliphatic‑UDMA) 
diisocyanates. PEG‑400 DMA
Powder: Filler barium aluminum 
silicate glass. Ytterbium 
trifluoride. Isofiller (tetric 
N‑Ceram technology). Calcium 
barium aluminum fluorosilicate 
glass. Calcium fluoro silicate 
glass

A2 1:1 Two measuring spoons of powder 
and 2 drops of resin of Cention 
N (Ivoclar Vivadent) apply to a mixing 
pad and mixed manually to a smooth 
consistency. The mixing time did not 
exceed 60 s. The material was left for 
10 min from the start of mixing or light 
cure for 40 s

Zirconomer Zirconia 
reinforced 
GI

Shofo Dental 
Corporation, 
Japan

Powder: Alumino‑fluoro‑silicate 
glass, zirconium oxide, tartaric acid
Liquid: Polyacrylic acid, deionized 
water

A2 2:1 Divide the dispensed powder into 2 
equal portions; first half to the dispensed 
liquid and mix for 5-10 sec. with the 
plastic spatula provided. Then, add the 
remaining half and mix until it reaches a 
thick putty‑like consistency. Mixing must 
be completed within a total of 30 s

Beautifil Giomer Shofo Dental 
Corporation 
Japan USA

Bis‑GMA, UDMA, Bis‑MPEPP, 
TEGDMA. 83.3 weight % 
fluoro‑silicate glass

A2 ‑ Each layer should not be>2 mm, and 
light cure for 20 s

GI: Glass‑ionomer, GIC: GI cements, RMGIC: Resin‑modified GIC, UDMA: Urethane dimethacrylate, DCP: Tricyclodecan‑dimethanol dimethacrylate, PEG‑400 
DMA: Polyethylene glycol 400 dimethacrylate, Bis‑GMA: Bisphenol A‑glycidyl methacrylate, Bis‑MEPP: Bisphenole A ethoxylate dimethacrylate, TEGDMA: 
Triethylene glycol dimethacrylate, GC: Company name, LC: Light cure



Figure 1: The amount of fluoride released to PPM from the 
test material over 21 days.

Figure  2: Light absorption of experimental materials in 
nanometers at different times.
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it was not possible to use two‑way ANOVA instead 
of one‑way repeated measure ANOVA. Therefore, 
data were statistically analyzed by repeated measure 
one‑way ANOVA and for pair comparison between 
different materials in different times Tamhane post 
hoc test was done. For intergroup comparison in 
different times repeated measure one‑way ANOVA 
followed by paired t‑test was done. Statistical analysis 
was performed using SPSS software version 22 (IBM, 
Somers, NJ, USA) at a significant level of (P < 0.05).

RESULTS

Repeated measure one‑way ANOVA test showed a 
significant difference in fluoride release on different 
days and substances  (P  <  0.001). The maximum 
cumulative fluoride release on days 1‑7 was related 
to zirconomer, followed by Cention N, Fuji II LC, 
and Beautifil, sequentially, and the minimum was 
related to Beautifil, which remained stable until day 
21 [Figure 1].

Zirconomer showed an intense decrease in 
fluoride release during the measurement period. 
On day 14th, it was approximately equal to the 
amount of fluoride released from Cention N and 
Fuji II LC  (Zirconomer  =  2.20±0.49; Cention 
N = 1.89 ± 1.07; Fuji II LC = 1.49 ± 0.18).

Tamhane test showed that there is a significant 
difference between the fluoride release from the 
study materials at different times  (all P  <  0.05). 
Exceptions, in this case, were between Cention 
N and Fuji II LC on days 3, 7, 14; and 21 and 
between Fuji II LC and zirconomer on days 14 and 
21. Paired t‑test showed a significant difference 
between the zirconomer group and the Fuji II LC 
group among all days. Moreover, in Cention N group, 
except between days 1 and 14  (P  =  0.299), 1 and 
21  (P = 0.89), 3 and 21  (P = 0.214), and in Beautifil 
group except between days 1 and 3 (P = 0.13), 1 and 
7 (P = 0.17), 3 and 7 (P = 0.57), 3 and 21 (P = 0.10), 
significant differences were reported among the other 
days [Table 2].

The tested materials had a statistically significant 
difference in light absorption as an indicator of 
antibacterial activity (P < 0.001). After 48 h, Beautifil 
had the maximum light absorption and zirconomer 
had the lowest absorption. Zirconomer light 
absorption, unlike other materials, increased on the 
7th day, but the minimum light absorption was related 
to zirconomer [Figure 2 and Table 3].

DISCUSSION

Caries is a biofilm‑dependent dental disease 
that increases with sucrose intake. The bacterial 
composition of dental biofilm is relatively constant 
when exposed to small changes in the oral 
environment. When increased sucrose intake occurs, 
the formation and evolution of cariogenic biofilms 
occur due to the growth and dominance of S. mutans. 
Environmental changes shift toward demineralization. 
Although other acidogenic and uric acid bacteria 
are involved in the caries process, S.  mutans is the 
most important bacterium involved. S. mutans is very 
acidogenic and resistant to acid.[15,16] One solution to 
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reduce the number and severity of caries is to use 
fluoride‑releasing restorative materials.[17] Therefore, 
in this study, the amount of antibacterial activity 
and that of fluoride release in new fluoride‑releasing 
restorative materials were investigated.

The amount of fluoride released from these substances 
was calculated over  21  days. Various factors such as 
temperature, powder/liquid ratio, mixing time, setting 
time and porosity affect the rate of fluoride release. 
In this study, the powder to liquid ratio and mixing 
method were in accordance with the manufacturer’s 
instructions for each material. In addition, the 
temperature was determined for all the studied 
materials and all samples were kept in the incubator 
at 37°C during the experiment.

In this investigation, distilled water was preferred 
to artificial saliva due to its high viscosity and the 
presence of ions in artificial saliva as a storage 
medium. These ions can affect the release of fluoride 
ions from restorative materials. Therefore, they lead to 
a wrong assessment of the released fluoride ions. The 
storage medium was changed every 24  h due to the 
possibility of saturation of the released fluoride ions 
in the medium, which interferes with the additional 
release of fluoride ions.[6,7]

According to the results of this study, the release of 
fluoride from four substances showed a statistically 
significant difference  (P  >  0.001). The maximum 
mean of fluoride released during the days 1st, 3rd, 
and 7th  belonged to the zirconomer group and the 

minimum for the giomer group. The amount of 
fluoride released by the zirconomer showed an 
intense decrease during the measurement period 
and on day 14th, it was approximately equal to the 
amount of fluoride released from the Cention N and 
the resin‑modified glass ionomer. Throughout the 
measurement period, the amount of Giomer fluoride 
release was reported to be almost constant and 
minimal.

In this study, similar to the study conducted by 
Tiwari et  al., zirconomer had the highest fluoride 
release and the lowest light absorption  (highest 
antibacterial effect).[8] In this study, zirconomer had a 
higher fluoride release rate and antibacterial activity 
than the resin‑modified glass ionomer, indicating that 
differences in antibacterial activity may be related 
to different fluoride release rates. Some studies 
have concluded that the amount of fluoride released 
is associated with antibacterial activity,[8] which 
confirms this hypothesis. The results of this study 
also revealed that not only did the rate of fluoride 
release in Cention N increase on day 7th  and was 
higher than on other days compared to Fuji II LC, 
but also the amount of light absorption decreased, 
and this result can confirm the direct relationship 
between fluoride emission and antibacterial activity. 
Fluoride release from the material is important 
due to the formation of fluorapatites as well as the 
anti‑caries property that can prevent the formation 
of microorganisms.[2,10] The high level of fluoride 
release from the zirconomer can be explained by 

Table 2: Mean and standard deviation of fluoride release of experimental restorative materials in (ppm) on 
days 1, 3, 7, 14 and 21
Materials/days Mean±SD

1st 3rd 7th 14th 21th

Cention 2.21±0.35 2.72±0.74 3.35±1.44 1.89±1.07 2.26±1.41
GI 5.96±1.05 2.72±0.42 2.53±0.31 1.49±0.18 2.00±0.18
Zirconomer 35.45±5.34 10.65±3.06 5.23±1.33 2.20±0.49 2.60±0.53
Giomer 0.38±0.10 0.33±0.11 0.34±0.09 0.24±0.04 0.28±0.02
Total 11.00±14.67 4.10±4.23 2.86±2.02 1.45±0.95 1.78±1.16

GI: Glass‑ionomer, SD: Standard deviation

Table 3: Mean and standard deviation of light absorption of experimental restorative materials cultured 
in (nanometers) at different times
Material/times Hour 0 Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 Hour 24 Hour 48 7th day
Cention 0.04±0.001 0.04±0.001 0.05±0.002 0.05±0.001 0.07±0.001 0.07±0.001 0.06±0.001 0.28±0.08 0.19±0.04
GI 0.05±0.002 0.04±0.001 0.05±0.002 0.05±0.001 0.06±0.001 0.06±0.001 0.07±0.001 0.27±0.03 0.26±0.04
Zirconomer 0.05±0.001 0.05±0.001 0.05±0.001 0.05±0.001 0.06±0.001 0.06±0.001 0.06±0.001 0.05±0.001 0.18±0.05
Giomer 0.04±0.001 0.05±0.001 0.05±0.001 0.05±0.001 0.07±0.001 0.07±0.001 0.06±0.001 0.34±0.03 0.24±0.02

GI: Glass‑ionomer
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its chemical composition, physical properties, and 
mixing consistency  (powder to liquid ratio of 8:1).[8] 
The reason for the rapid release pattern of fluoride 
from the zirconomer may be due to the fine glass 
particles. Various studies have reported that small 
fine glass particles have a larger surface area for 
the acid‑base reaction. Therefore, it increases the 
ability to quickly release fluoride from restorative 
materials.[11,12] According to the results of other 
studies, the explosive fluoride release was in Fuji II 
LC.[18] In this study, the zircomer showed a higher 
explosive release of fluoride than the Fuji II LC. 
Moreover, the presence of HEMA in Fuji II LC 
causes it to gradually absorb water to release fluoride 
ions.[19]

There was a significant difference in the amount of 
fluoride released on different days and substances, 
but in all groups, the amount of fluoride released 
almost decreased over time. The maximum amount 
of cumulative fluoride release on days 1–7 was 
related to zirconomer, followed by Cention N, Fuji 
II LC, and Beautifil, sequentially, and this order 
remained constant until day 21st. Throughout the 
measurement period, the giomer fluoride release 
rate was almost constant and minimal. The fluoride 
ion content decreased over time. According to other 
studies by Kiran and Hegde,[20] Neelakantan et  al.[21] 
and Cardoso et al.[22] who compared GIC with various 
restorative materials, the effect of initial surface 
wash or the effect of surface wash‑off and explosive 
release of fluoride may lead to a high initial fluoride 
content, and a rapid fall over the next few days 
that is probably due only to slow and continuous 
diffusion through cement pores, fractures, and mass 
diffusion.[23,24]

Cention N fillers include barium aluminum‑silicate 
glass, ytterbium trifluoride, an isofiller  (Tetric 
N‑Ceram technology), a calcium barium 
aluminum fluorosilicate glass filler and a calcium 
fluorosilicate  (alkaline) glass. Of this amount, 
78.4% of the filler material, only 24.6% of the final 
restorative material, is responsible for the release 
of fluoride ions. Moreover, the filler materials in 
Cention‑N are surface modified, so they are resistant 
to degradation and can lead to the release of small 
amounts of fluoride ions. GIC has a thick layer of 
300  nm silica gel on its surface which increases its 
thickness after absorbing water. While in Cention‑N, 
due to the formation of calcium fluoride and calcium 
phosphate, a surface layer with a thickness of 0.5 μm 

is seen that is resistant to washing with deionized 
water.[25]

The source of fluoride in giomer is surface prereacted 
glass ionomer  (PRG). Giomer lacks or has a small 
amount of glass ionomer matrix phase. For this reason, 
a significant amount of acid‑base reaction is not 
observed in it. Since PRG is prereacted with acid, the 
acid‑based giomer reaction is not critical.[26,27] Another 
possible explanation for the difference between the 
release rate of fluoride giomer and glass ionomer 
is the presence of porosity, which may have a large 
effect on fluoride release. The porosity in the giomer 
is less than that in the glass ionomer, resulting in less 
fluoride release. Giomer also contains resin materials 
that act as a barrier against the fluoride release and 
water and it has a filler with variable solubility.[28,29] 
Many studies have been conducted on the fluoride 
release from different restorative materials from the 
past to the present that have had different results.[30‑32] 
One of the advantages of GICs that makes them 
desirable restorative materials is their ability to release 
fluoride and their antibacterial properties due to their 
low pH during setting.[33,34] As mentioned in studies, 
fluoride has a cariogenic property that can inhibit the 
formation of microorganisms.[10] To prevent caries, the 
amount of fluoride and its release from the restorative 
material should remain high without changing the 
physical properties of the restoration. A  high level of 
fluoride release  (also called initial burst) adjacent to 
the restoration reduces the viability of the bacteria. 
Therefore, it prevents tooth decay by re‑stimulating 
enamel/dentin remineralization.[35] However, 
continuous release of fluoride by GICs prevents 
secondary caries.[29,30] Fuji II LC cement has 
antibacterial activity against S.  mutans, Salivaris and 
Uralis. Nakajo et  al. studied the inhibitory effect of 
glass ionomer cements on the production of acid by 
Streptococcus bacteria. They found that the F‑released 
from these cements inhibited the glucose metabolism of 
S.  mutans at concentrations lower than those required 
for bacteriostatic and bactericidal effects. The obtained 
variable results can be attributed to the experimental 
protocols and sample size, storage medium, storage 
environment change frequency, and the amount of 
media used to measure fluoride levels.[36] In this 
study, the fluoride‑containing preservative solution 
was distilled water, similar to the study carried out 
by Garoushi et  al.[18] because it absorbs fluoride more 
rapidly than artificial saliva. Therefore, in this study, 
the amount of the released fluoride could not be as 
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much as the amount released from the substance in the 
oral environment. The oral environment is dynamic 
and different from in  vitro conditions. Despite the 
importance of laboratory studies to answer short‑term 
questions, the actual performance of restorative 
materials can only be determined by long‑term clinical 
studies. Therefore, more clinical trial studies with 
more parameters are recommended to evaluate these 
characteristics in in vivo environmental conditions.

CONCLUSION

Fluoride is clearly known as an anti‑caries agent, and 
fluoride release is an important part of restorative 
materials. In this study, zirconomer had the highest 
fluoride release rate by day 14 and was approximately 
equal to Fuji II LC and Cention N by day 14. giomer 
had the lowest fluoride release rate throughout all the 
period. In 48 h after setting, giomer had minimum and 
zirconomer had maximum antibacterial effects. The 
antibacterial effect of zirconomer decreased on the 
7th day, unlike other substances, but still, the maximum 
antibacterial effect was related to zirconomer.
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