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ABSTRACT

Objective: The aim of this in vitro study was to investigate the fluo-
ride-releasing/recharging and antimicrobial effects of restorative ma-
terials used in pediatric dentistry.

Material and Method: High-viscosity and resin-modified glass-iono-
mer cement, glass carbomer, compomer, giomer and composite were 
tested. Dental materials’ fluoride-release was measured in distilled wa-
ter (DW) and artificial saliva (AS) for eight weeks using a fluoride-spe-
cific electrode. At the end of eight weeks, specimens were divided into 
three groups for recharging with acidulated phosphate fluoride gel and 
fluoride varnish. After recharge, fluoride release was measured again. 
Agar diffusion test was used to assess antimicrobial effects against 
S. mutans and L. acidophilus. The statistical analysis was done with 
Mann-Whitney U and Friedman tests using SPSS-22 software. 

Results: High-viscosity glass-ionomer cement showed the highest 
fluoride-release in both storage media, followed by glass carbomer, 
while giomer demonstrated the lowest. After recharge, the increase 
in the varnish group was significantly higher than others (p<0.05). 
Fluoride-release in DW groups was significantly higher than in the AS 
groups for all materials during the test period (p<0.05). None of the 
materials showed antimicrobial effects.

Conclusion: It was concluded that fluoride-release from glass iono-
mer-based materials is higher than that from resin-based materials. 
Fluoride-release from materials decreases in AS. Glass carbomer can be 
used as an alternative to glass ionomers. 

Keywords: Antimicrobial effect, fluoride-release, dental materials, 
giomer, glass carbomer

ÖZ

Amaç: İn vitro çalışmamızın amacı çocuk diş hekimliğinde kullanılan 
güncel restoratif materyallerin fluorid salınımını saptamak, yeniden 
yükleme sonrası salınımlarını değerlendirmek ve bu materyallerin an-
timikrobiyal etkinliğini araştırmaktır. 

Gereç ve Yöntem: Çalışmamızda yüksek viskoziteli cam iyonomer siman, 
rezin modifiye cam iyonomer siman, cam karbomer, kompomer, giomer 
ve rezin kompozit kullanıldı. Fluorid salınımı distile su (DS) ve yapay tü-
kürük (YT) içerisinde 8 hafta boyunca fluorid spesifik elektrod ile ölçüldü. 
8. haftanın sonunda örnekler üç gruba ayrıldı. Birinci gruba hiçbir ajan 
uygulanmazken, ikinci gruba asidüle fosfat fluorid jel, üçüncü gruba ise 
fluorid verniği uygulandı ve yükleme sonrası salınımları incelendi. S. mu-
tans and L. acidophilus’a karşı antimikrobiyal etkinin değerlendirilmesin-
de agar difüzyon testi kullanıldı. İstatistiksel analizler SPSS-22 programı 
kullanılarak Mann-Whitney U ve Friedman testleri ile yapıldı. 

Bulgular: Her iki ortamda da en yüksek fluorid salınımını yüksek viskozi-
teli cam iyonomer siman yaparken, bunu cam karbomer izledi. En düşük 
salınım giomerde saptandı. Fluorid yüklemesi sonrası tüm materyallerin 
salınımı artarken; vernik gruplarındaki artış, diğer gruplardan anlamlı 
düzeyde yüksek bulundu (p<0,05). Çalışma boyunca materyallerin DS 
gruplarındaki fluorid salınımı YT gruplarından anlamlı derecede yüksek 
bulundu (p<0,05). Materyallerin hiçbiri antimikrobiyal etki oluşturmadı. 

Sonuç: Cam iyonomer esaslı materyallerden fluorid salınımının daha 
çok olduğu; yapay tükürük içerisinde materyallerin salınımının azaldığı 
ve cam karbomerin fluorid salınımı açısından cam iyonomer simanlara 
alternatif olarak kullanılabileceği görüldü.

Anahtar Kelimeler: Antimikrobiyal etki, fluorid salınımı, dental mater-
yaller, giomer, cam karbomer
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INTRODUCTION

A restorative material used in dental clinics should have certain 
properties, such as good marginal adaptation, biocompatibili-
ty, fluoride-release and high strength. Since fluoride-contain-
ing silicate cements have been shown to prevent formation 
of caries, interest in fluoride-releasing materials has increased 
(1). Among these materials, conventional glass ionomer ce-
ment (GIC) emerges at the top because of its efficacy in resist-
ing secondary caries formation around restoration. Presently 
preferred restorative materials in pediatric dentistry are fluo-
ride-releasing materials, such as conventional glass ionomer 
cements, resin-modified glass ionomer cements (RMGIC), com-
pomers, glass carbomers and giomers (2,3).

Giomers are hybrid restorative materials developed over the 
last decade, combining the properties of "glass ionomer" and 
"composite" materials. Pre-reacted glass ionomer fillers (PRG) 
was added into the resin matrix. PRG filler is made by reacting 
acid-reactive glass containing fluoride with polyalkenoic acid 
in water before being incorporated into the resin materials. The 
PRG fillers allow the material to fluoride-release and recharge (4).

Glass carbomers, a new type of dental material, are glass iono-
mer-like cements containing carbomized nanoparticles. How-
ever, they are separated from glass ionomers by nano-sized 
particles and fluorapatite content. These particles reduce the 
solubility and increase the stress resistance. They also help to 
induce remineralization faster (5,6).

Glass ionomer cements have anticariogenic effects because of 
their long-term ion releasing properties. The fluoride content 

of cements is consumed quite quickly in a few months. Howev-
er, the glass ionomer cements have a fluoride uptake capacity 
from the environment. Different topical fluoride application 
methods (e.g. fluoride varnishes and fluoride gels) and differ-
ent fluoride concentrations are used for fluoride-recharge of 
the materials (7). The storage medium also has an effect on flu-
oride-release (8). 

In addition to the remineralization effect of fluoride, there 
are also antimicrobial effects. Fluoride acts on bacterial me-
tabolism and plaque acidity by inhibiting glycolytic enzymes 
and proton-releasing adenosine-triphosphatase (3). Fluoride 
containing restorative materials are preferred in pediatric 
dentistry because of their anticariogenic properties. However, 
fluoride-release and recharge amounts also vary due to the 
different contents of restorative materials. The aim of this in 
vitro study was to investigate the fluoride-releasing/recharg-
ing and antimicrobial effects of current restorative materials 
used in pediatric dentistry in distilled water (DW) and artificial 
saliva (AS). 

MATERIAL AND METHOD

The Ethical Committee of the Marmara University Health Sci-
ences Institute approved the present study under report num-
ber 27.02.2014/3.

Dental materials tested in this study
High-viscosity and resin-modified glass ionomer cement, glass 
carbomer, compomer, giomer and composite (as control) were 
tested (Table 1). 
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Table 1. Chemical compositions of tested materials

Material Species Chemical composition Manufacturer

Fuji IX GP 
Capsule

High viscosity glass 
ionomer cement

Powder: Fluoroaluminosilicate glass, polyacrylic acid dust
Liquid: Polyacrylic acid, polybasic carboxylic acid, distilled water

GC, Japan

Fuji II LC 
Capsule

Resin modified 
glass ionomer 
cement

Fluoroaluminosilicate glass, polyalkenoic acid, HEMA, aluminum 
chloride, camphorquinone and water

GC, Japan

GCP Glass Fill Glass Carbomer Fluorosilicate glass, apatite, polyacid GCP, Netherlands

Dyract XP Compomer

Sr-Al-N-Fluoroaluminosilicate glass, strontium fluoride, 
UDMA, TEGDMA, TMPTMA, TCB resin, dimethacrylate resins, 
dimethylamino benzoic acid ethyl ester, camphorquinone, BHT, UV 
stabilizer

Dentsply, Germany

Beautifil II Giomer
Bis-GMA, TEGDMA,
S-PRG filler, aluminofluoroborosilicate glass, DL-camphorquinone

Shofu, Japan

Filtek Z 250 Resin Composite
Bis-GMA, UDMA, Bis-EMA, zirconia / silica restorative filler, 
inorganic filler (60%)

3M ESPE, Germany

HEMA:2-hydroxyethyl acrylate UDMA: Urethan dimethacrylate TEGDMA: Triethylene glycol dimethacrylate TMPTMA: Trimethylolpropane trimethacrylate TCB 
resin: Butan 1,2,3,4- tetracarboxylic acid 2-hydroxymethacrylate BHT: Butylated hydroxytoluene Bis-GMA: Bisphenol A-Glycidyl Methacrylate Bis-EMA: Bisfenol-A 
dimethacrylate dimethacrylate
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Preparation of specimens
Sixty specimens of each material were prepared and placed into 
cylindrical teflon moulds (5.0 mm diameter × 2.0 mm height). 
Materials were cured or set according to the manufacturers’ 
instructions. After disc specimens were removed from their 
moulds, they were stored for 24 hours in a humidor at 37°C.

Determination of fluoride ion release
Artificial saliva was prepared similar to other release studies, 
in order to evaluate the fluoride release of the samples in our 
study (9). Thirty disc samples were placed in 2 mL AS (pH=7.0) 
and the other thirty were placed in 2 mL DW (pH=5.0). Two disc 
specimens were placed in each plastic test tube. Solutions were 
replaced at two hours, one, two and seven days, then weekly 
for seven weeks. At the same time, the amount of released flu-
oride ions was measured. At each measuring time, each spec-
imen was rinsed with DW, dried and transferred to the plastic 
test tube with fresh DW/AS. During the entire experiment, all 
specimens were incubated at a constant temperature of 37°C 
to mimic the oral environment.

One mL of solution was mixed with 0.1 mL of TISAB III (total 
ionic strength adjustment buffer) and the fluoride concentra-
tion was measured with a specific fluoride ion electrode (Ori-
on9690BN electrode, Orion Research, Inc., Beverly, USA). Before 
each session, the electrode was calibrated. The measured fluo-
ride ion concentrations were recorded in ppm.

Fluoride ion recharge with acidulated phosphate fluoride 
(APF) gel or fluoride varnish
Following the eight weeks period, the samples were divid-
ed into three groups (n=5). Then 5 mL of 12300 ppm fluo-
ride containing APF gel (Gelato APF Fluoride Gel, Keystone 
Industries, New Jersey, USA) was applied to the first group 
for four minutes at room temperature and 0.4 mL of 22600 
ppm fluoride containing fluoride varnish (Duraphat, Col-
gate-Palmolive Company, China) was applied to the second 
group. The last group was accepted as the control group. 
After the samples were removed from the tubes, they were 
washed and placed again in the newly prepared 2 mL DW/
AS, without any application to them. In the first and second 
group, specimens were washed after recharge, placed in 
plastic tubes with fresh 2 mL AS/DW and stored at 37°C. The 
solutions were replaced at the same intervals as before, and 
the recharged specimens also were assessed at these same 
intervals for the amounts of fluoride-released over another 
eight weeks.

Evaluation of antimicrobial effects
The antimicrobial effects of materials against Streptococcus 
mutans (S. mutans)(ATCC 25175) and Lactobacillus acidophi-
lus (L. acidophilus)(ATCC 11975) were evaluated with an agar 
diffusion test. Bacterial strains used in the study of antimicro-
bial activity were obtained from the Refik Saydam Hıfzıssıh-
ha Institute Culture Collection Center, Ankara, Turkey. The 
strains stored at -20°C were cultured on Mitis Salivarius agar 
(for S. mutans) and Rogosa SL Agar plates(for L. acidophilus) 

at 37°C for 24 hours in 5% CO2. Appropriate single colonies 
from plates were transferred into Hewitt THB Broth (for S. mu-
tans) and Brain-Heart Infusion broth (for L. acidophilus) (10). 
Suspension of the strains prepared in PBS was then adjusted 
to 0.5 McFarland scale=approximately 1.5×108 bacterial cells 
in mL. The suspension of S. mutans was inoculated onto the 
surface of Mitis Salivarius agar and L.acidophilis onto Rogosa 
SL Agar plates. 

To evaluate the antimicrobial effects of the materials, forty 
disc-shaped specimens (5.0 mm×2.0 mm) were prepared from 
each material. Half of the specimens were used to observe the 
effect on S. mutans and the other half the effect on L. acidoph-
ilus. The specimens prepared for each bacterium were divid-
ed into four groups (n=5) to evaluate them at different times 
(direct, second hour, seventh day, second month) and placed 
in plastic tubes containing 2 mL of DW and incubated at 37°C. 
For the agar diffusion test, the prepared disk-shaped speci-
mens were placed on petri dishes (150mm in diameter) with 
a distance of 2.5 cm between them and 1.5 cm away from the 
plate edge. Each petri dish was filled with one sample from 
each material.

The literature states that the pH changes of the materials during 
the setting may be responsible for their antimicrobial effects 
(11,12). For this reason, agar diffusion tests were repeated for 
two conditions. Firstly, the materials were set outside and then 
placed on the agar. Secondly, the materials were set in the agar. 
Seven wells were opened on the plates for this experiment. 
Restorative materials were placed in six of these wells so they 
did not float to the edge of the well. A commercially available 
toothpaste containing 1450 ppm fluoride was placed in the 
seventh well to be a positive control. 

Plates were then incubated at 37°C for 48 hours in 5% CO2. The 
presence of the inhibition zones around the specimens were 
measured. The tests were run in two rounds, five parallel runs 
and the results were expressed as the diameter of the inhibi-
tion area and the findings were evaluated.

Statistical Analysis
Data were statistically analyzed using the IBM SPSS Statistics 
22 (IBM SPSS, Turkey) program. According to Shapiro-Wilk test 
it was determined that the normal distribution of the parame-
ters was not appropriate. The Mann-Whitney U test was used to 
compare the two groups of parameters. The Kruskal-Wallis test 
was used for inter-group comparisons, and the Mann-Whitney 
U test was used for post-hoc evaluations. The intra-group com-
parison of the parameters was performed using the Friedman 
test. Significance was assessed at p<0.05.

RESULTS

Fluoride ion release
The mean fluoride ion release from each material in both me-
dia over eight weeks before fluoride-recharge is shown in Fig-
ure 1 and Figure 2.
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All materials, except for composite, show the highest fluo-
ride-release rates on the first day, which then fell quickly on 
the second day. On the seventh day, the release rates increased 
again, and then the amount of fluoride continued to decline on 
other measurement days, and the decline between successive 
measurement days was statistically significant (p <0.05).

When the materials in DW are sorted according to the fluo-
ride-release, from highest to lowest at the second hour, the 
first and second day, the sequence is high-viscosity GIC (Fuji IX), 
Glass carbomer (GCP Glass Fill), RMGIC (Fuji II LC), compomer 
(Dyract XP), giomer (Beautifil II) and composite (Filtek Z250). 
The sequencing was observed as high-viscosity GIC, RMGIC, 
glass carbomer, compomer, giomer and composite, respective-
ly, in the other measurements (Figure 1). When the amount of 
fluoride was measured in the AS, high-viscosity GIC released 
the highest fluoride until the forty-second day, followed by 
glass carbomer, RMGIC, giomer, compomer and composite, 
respectively. On the other days, RMGIC released more fluoride 
than glass carbomer (Figure 2).

Fluoride-release rates of all materials in the DW group were al-
ways higher than those in the AS group (p<0.05) (Figure 3).

Fluoride-recharge
Following fluoride-recharge with APF gel and fluoride varnish, 
there was a burst of fluoride ion release from all materials, except 
for composite. After recharge, all materials showed the highest 
release amount at the second hour, and then fluoride amounts 
declined rapidly in the subsequent measurements. There was a 
statistically significant difference between the recharge materials 
for all tested materials in both the DW and the AS at the post-re-
charge measurement times (p<0.05). Fluoride varnish groups of 
all materials showed more recharge ability than APF gel groups. 
No increase in the fluoride-release amounts in the control group 
was observed. As in the pre-recharge results, all materials showed 
significantly higher ion release in DW than in AS (p<0.05).

In the DW, the fluoride-release of the materials in the control 
group was decreased in the sequence of high-viscosity GIC, 

Figure 1. Fluoride-release rates of all materials according to 
time in distilled water.

Figure 2. Fluoride-release rates of all materials according to 
time in artificial saliva

Figure 3. Fluoride-release of tested material in distilled water and in artificial saliva.
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RMGIC, glass carbomer, compomer, giomer and composite, 
respectively. In the APF gel group, there was a statistically 
significant difference in release amounts at all measurement 
times after recharge (p<0.01). The sequence of the materials 
from highest to lowest was seen as RMGIC = high-viscosity GIC 
(no significant difference between two materials p>0.05), glass 
carbomer, compomer, giomer and composite. The sequence of 

the materials in the varnish group was similar to that of the APF 
gel group. Fluoride-release at the second hour of the materials 
was reduced in the sequence of high-viscosity GIC, glass car-
bomer, RMGIC, compomer, giomer and composite, respective-
ly. On and after the thirty-fifth day, RMGIC showed the highest 
fluoride-release. Similar results were observed in the AS groups 
(Figure 4, Figure 5).

Figure 5. Fluoride-release from materials in artificial saliva after recharge.

Figure 4. Fluoride-release from materials in distilled water after recharge.
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Post-recharge fluoride-release amounts of all materials, except 
composite in APF gel and varnish groups, were significantly 
higher than pre-recharge amounts in both DW and AS (p<0.05). 
Release rates of the materials showed an increase at the second 
hour after recharge with APF gel and varnish, but did not reach 
the highest release rates before recharge.

Antimicrobial effect
As a result of the agar diffusion tests performed on the days 
of the experiment, none of the set materials showed inhibition 
zone (Figure 6).

When the samples were set after placing in the agar, only 
RMGIC showed an inhibition zone (3 mm) on S. mutans (Figure 
7). No inhibition zone was observed on L. acidophilus (Figure 8). 
A large inhibition zone around the toothpaste was observed 
on both media.

DISCUSSION

Fluoride ion release
The anticariogenic effects of fluoride-releasing materials are 
proportional to the amount of released fluoride. Studies on 
glass ionomer cements have found that there are two process-
es during fluoride-release: a rapid release occurs in the first of 
these, followed by a slower release through diffusion in the 
long term (3,13).

In the present study, fluoride-release from tested materials in 
DW and AS was compared. The highest release was found in 
high viscosity GIC, followed by glass carbomer, RMGIC, com-
pomer and giomer, respectively. Similar to our study Mousav-
inasab and Meyers (14) compared the amounts of fluoride-re-
lease from high-viscosity GIC, RMGIC, compomer and giomer 
in DW. Scientists found that the highest release was in high-vis-
cosity GIC, followed by RMGIC and lowest in the giomer. Mean-
while, Hasan et. al. (15) stated in their study that glass carbomer 
showed the highest fluoride-release, followed by high-viscosi-
ty GIC and RMGIC respectively. According to these results we 
believe fluoride ions in RMGIC have a lower fluoride release 
because the resin matrix surrounds them (2,14). We also found 
that the fluoride amount order of materials in the AS was the 
same as the materials in the DW. It has been determined that 
the environment in which the materials are stored does not 
change the sequence of the materials, but affects fluoride-re-
lease quantities. For this reason, it is thought that the contents 
of the materials play an important role in the ion release. 

Giomer, used in the present study, showed the lowest release 
rate in both media. This finding of our study is similar to the 
findings of Jingawar et al. (16) and Abdul-Quader et al. (4). 
Lower fluoride-release from the giomer is explained by the 
presence of S-PRG fillers as a fluoride component. Because the 
glass particles in the giomer do not undergo a pronounced ac-
id-base reaction, they contain very little glass ionomer matrix 
phase (14,16). 

According to our study, measured fluoride amount from glass 
carbomer was found to be close to RMGIC in both media, lower 
than high viscosity GIC and higher than other materials. Sim-
ilarly, Kucukyilmaz et. al. (17) reported in their study that the 
highest release in the high-viscosity GIC was followed by glass 
carbomer. In their study of glass carbomer, Thanjal et al. (18) 
stated that the release of fluoride is reduced when heat is ap-
plied according to the manufacturer's recommendation. 

Many studies on short- and long-term fluoride-release of glass 
ionomer cements have shown that the highest release rate was 
recorded on day one, then declines rapidly, until it reaches a 
stable level (19,20). All the materials in the study showed the 
highest fluoride-release on day one, and fluoride continued to 
be released in relatively low amounts until day fifty-six. Glass 
ionomer cements and glass carbomer showed a much higher 
fluoride amount on the first day than other materials. Compara-
ble to our findings, Basso et al. (20) stated that all glass ionomer 

Figure 6. Set specimens placed on both Rogosa SL and MS 
agar

Figure 7. Inhibition zone on S. mutans

 Figure 8. Inhibition zone on L. acidophilus
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cements in their study showed the highest release values   on 
day one and continued to decrease in release until day 28. The 
high release rate in the first day from the glass ionomer-based 
materials was probably due to the initial burst effect of the flu-
oride-containing glass particles (2).

All ions, including fluoride, are released in greater amounts 
in acid than in neutral conditions. This is associated with in-
creased rates of overall degradation of the glass-ionomer as 
indicated by increases in roughness on storage in acid (3,13). 
Yusoff et al. (21) compared fluoride-release from CGIC, RMGIC 
and compomer in DW and AS. All materials released more flu-
oride in water than AS. In accordance with these studies, in the 
present study, fluoride-release from all materials in AS (pH=7,0) 
showed significantly lower release rate than DW (pH=5,0) at all 
measurement times (p<0.05). 

Fluoride ion release after recharge
Studies in the literature have shown that fluoride released from 
dental materials decreases over time. Therefore these materials 
need to be recharged with fluoride agents at certain intervals 
to continue the anticariogenic effects and fluoride-release in 
the oral environment. As fluoride-release varies according to 
the materials, post-recharge release is dependent on the type 
of material and the kind of applied agent (3,15,22). 

Abdul-Quader et al. (4) compared the fluoride-release/re-
charge properties of high-viscosity GIC, compomer and gio-
mer. All materials exhibited the ability to recharge with fluo-
ride, and the highest release rate before and after recharge was 
seen in high-viscosity GIC. Likewise in our study release rate of 
materials after recharge was similar to pre-recharge sequence. 
The highest release after recharge was again observed in the 
high-viscosity glass ionomer cement, while the lowest was 
found in the giomer. Glass carbomer showed higher release 
amount than RMGIC in the control and APF groups in the AS. 
At other measurement times, RMGIC showed a higher release 
amount than glass carbomer in all groups (p<0.05). Lopes et. 
al. (23) compared fluoride-release/recharge pattern of high-vis-
cosity GIC, RMGIC, glass carbomer and compomer. In accor-
dance with our results, high-viscosity GIC in their study showed 
the highest fluoride release. The released fluoride amounts 
from RMGIC and glass carbomer were close to each other be-
fore and after recharge.

All of the materials used in the present study showed more 
fluoride-release in DW (pH=5.0) than in AS (pH=7.0) at all mea-
surement times. Naoum et al. (24) evaluated fluoride-release 
and recharge properties of four dental materials in DW and 
lactic acid. The release of all materials in lactic acid was found 
to be higher than in the distilled water groups. The difference 
between AS and DW is explained by the fact that increasing the 
porosity of the materials in the acidic environment also increas-
es the release of ions.

We found that release rate of all materials increased after re-
charge with APF gel and fluoride varnish. The highest increase 
was seen in the fluoride varnish group, which has the high flu-

oride concentration. Likewise, Fallahinejad-Ghajari et al. (25) 
evaluated fluoride-release of three GIC recharged with NaF 
and APF gels. Measured fluoride amount from all materials in-
creased after recharge, but the highest increase was observed 
in the APF gel group, the group with the high concentration of 
fluoride. 

Bansal and Bansal (26) examined the fluoride-release and re-
charge ability of restorative materials. They stated that all ma-
terials showed a high level of fluoride in the first measurement, 
but then they showed a sharp decrease. In accordance with 
these investigators, in our study, all materials showed the high-
est fluoride-release in the second hour after recharge. On the 
first day measurement, a sudden drop was detected, and this 
decline continued to pre-recharge fluoride values   within one 
week. The high fluoride amount measured in the first 24 hours 
after application of fluoride agents is explained by washout of 
fluoride ions that are retained on the surface or in the pores of 
the restorative material (3,7).

In the present study, the fluoride-release values of the materi-
als recharged with APF gel and fluoride varnish increased, but 
none reached the fluoride values of day one. Materials can’t 
reach the initial fluoride amount after fluoride recharge, be-
cause of the wearing down of the materials (27).

Antimicrobial effect
Fluoride-release quantities in various materials show the an-
timicrobial capacity of the material. Some researchers report 
that the low pH value during the setting reactions of glass ion-
omer cements is more effective on antimicrobial effect than 
the fluoride-release and that they do not show any antimicro-
bial activity after setting has been completed (12,28).

In the present study none of the groups showed any inhibition 
zones in the agar diffusion tests with set specimens. In accor-
dance with our study, Vermeersch et al. (11) investigated the 
antimicrobial effects of GIC, RMGIC and composite on S. mu-
tans by agar diffusion test and compared the effects of set and 
unset materials. While none of the set specimens showed anti-
microbial effect, only GIC and RMGIC showed antimicrobial ef-
fect from unset specimens. They suggested there was a signif-
icant relationship between the acidity of the material and the 
inhibition zone. 

Vermeersh et al. (11) stated that the samples set in the agar ex-
hibited antimicrobial effect. In their study comparing the anti-
bacterial activities of high-viscosity GIC, RMGIC and compomer, 
Tiwari et. al. (29) reported that there was no inhibition zone 
in the compomer, while an inhibition zone occurred in other 
materials. They thought that this result might be related with 
dissimilarity in release of fluoride and setting mechanisms. 
However in our study, only RMGIC formed an inhibition zone 
around the materials that were set in the agar. We thought that 
the reason for this result is caused by the difference in setting 
reactions. The RMGIC has two-stage setting reaction, the first is 
the acid-base reaction, and the second is the light activation. 
This mechanism may increase fluoride release and antimicro-
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bial effect during setting reaction. In accordance with the pres-
ent study, Yeşilyurt et al. (12) separated the GIC specimens into 
two groups, set and unset specimens. After the materials are 
set, they didn’t form an inhibition zone, while a small inhibition 
zone is formed in unset specimens. Fluoride released from the 
materials is thought to be insufficient to generate the inhibi-
tion zone.

Studies indicate the amount of fluoride required to prevent 
caries has not yet been determined. The use of long-term fluo-
ride-releasing dental materials should be preferred, especially 
in patients with moderate to high risk of caries, until the ideal 
fluoride concentration is determined (2,30).

CONCLUSION

In conclusion our results proved that the fluoride release and 
recharge capacity of resin-based materials is less than glass 
ionomer-based materials. The release rate of the materials is 
reduced in AS and glass carbomer can be used as an alterna-
tive to glass ionomer cements in terms of fluoride-release. It 
was found that the fluoride amount released from the materi-
als was inadequate to prevent bacterial growth. It is important 
to know the physical and mechanical properties of restorative 
materials used in pediatric dentistry as well as the fluoride-re-
lease and recharge properties of these materials in clinical ma-
terial choice.
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