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ABSTRACT 
 

Aim:  The study aimed to measure the amount of fluoride released from fluoride containing 
materials. Zirconia reinforced glass ionomer cement (Zirconomer, SHOFU INC), high density glass 
ionomer cement (KetacTM Molar, 3MTM ESPETM) and packable posterior glass ionomer restorative 
material (GC Fuji IX GP) were used in the study. 
Methodology:  Thirty samples of 2 mm length × 2 mm width × 2 mm height were prepared from 
each material using a custom made Teflon mould. The amount of fluoride released was measured 
after 7 hrs, 14 hrs, 24 hrs, 48 hrs, 5th day, 10th day, 15th day and 20th day of immersion in artificial 
saliva using Ion Specific Electrode (ELIT 9801). The results obtained were statistically analyzed 
using ANOVA and post hoc Tukey test. 
Results:  Ketac molar exhibited maximum release of fluoride followed by Zirconomer and Fuji IX. 
Significant statistical difference was observed in fluoride release of different materials after 14 hrs, 
24 hrs, 5th, 10th and 20th day (p<0.05). 
Conclusion:  All materials used in the present study released fluoride, but a higher rate of fluoride 
release was observed in packable posterior glass ionomer material compared to zirconia reinforced 
glass ionomer material and high density glass ionomer material. 
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1. INTRODUCTION  
 
Dental caries an infectious, multifactorial disease 
remains the most prevalent chronic disease. 
There is growing evidence supporting the in 
action ideas that dental caries can be controlled 
by altering the bacterial flora in the mouth, 
modifying the diet, increasing the resistance of 
the tooth to acid attack or reversing the 
demineralization process [1]. 
 
Knowledge of the aeitology of caries and its 
sequelae, advancements in research and 
availability of dental materials, growing evidence 
supporting less invasive management of dental 
caries is observed. In clinical practice, utilization 
of fluorides and sealants has been shown to be 
successful in reducing dental caries [2]. 
 
The beneficial role of fluoride for oral and dental 
health is well documented and undisputable. 
Among fluoride releasing materials, the glass 
ionomer materials are essential materials in 
clinical practice, frequently used for minimally 
invasive restorative procedures because of their 
versatile role of inhibition of early stages of 
demineralization, self-adhesion and good 
biocompatibility [3-6]. 
  
Dental materials containing fluoride exhibit 
marked differences in the release of fluoride and 
uptake characteristics and may serve the role of 
fluoride reservoir to increase the level of fluoride 
level in saliva, hard dental tissues or help in 
prevention or reduction of secondary caries [7]. 
 
Restorative material with inclusion of zirconia 
fillers has been introduced in the market. 
Conventional glass ionomer cements exhibit low 
wear resistance and marginal integrity, and is 
often cited as a reason to exclude them as an 
occlusal restorative material. Manufacturers 
claim reinforcement of structural integrity of the 
restoration due to superior mechanical properties 
such as high flexural modulus and compressive 
strength for the restoration of posterior load 
bearing areas with a combination of outstanding 
strength, durability and sustained fluoride 
protection for anti-cariogenic benefits in patients 
with high caries risk [6,8].  
 
In clinical perspective, it is crucial that any 
modifications in the material to improve physical 
and/or mechanical properties must not 
compromise the fluoride releasing properties [9]. 

Amount of fluoride released from zirconia 

reinforced glass ionomer is not well documented 
in the literature, thus it is imperative to know the 
amount of fluoride released when compared to 
other  glass ionomer materials already adopted 
in clinical practice as amount of fluoride release 
is of paramount importance to achieve the 
cariostatic and antibacterial effects. This study 
aimed at comparing and evaluating the amount 
of fluoride released from zirconia reinforced glass 
ionomer cement (Zirconomer, SHOFU INC,             
high density glass ionomer cement (KetacTM 
Molar, 3MTM ESPETM) and packable posterior 
glass ionomer restorative material (GC Fuji IX 
GP).  
 
2. MATERIALS AND METHODS  
 
Three glass ionomer materials, Zirconia 
reinforced glass ionomer cement (Zirconomer, 
SHOFU INC), high density glass ionomer cement 
(KetacTM Molar, 3MTM ESPETM) and packable 
posterior glass ionomer material (GC Fuji IX GP) 
were tested in this study. 
 
The samples were prepared according to the 
manufacturer’s instructions and packed into 
custom made Teflon moulds of 2 mm length ×          
2 mm width × 2 mm height. The specimens of 
each group (n=10) subsequent to coating with 
dental varnish were immersed in sterile 
containers containing 20 ml of artificial saliva 
(Sodium chloride 0.4 g/l, potassium chloride         
0.4 g/l, calcium chloride-H2O 0.795 g/l, sodium 
sulphur-H2O 0.005 g/l, sodium dihydrogen 
phosphate-H2O 0.69 g/l, distilled water 1000 ml) 
with a pH of 5.5 and stored at 37°C in the 
incubator.  
 
Fluoride ion concentration in the artificial saliva 
was determined after 7, 14, 24, 48 hrs and 5th, 
10th, 15th and 20th day. The samples were 
removed, dried and placed in new sterile 
containers containing artificial saliva after each 
time interval. 1ml of TISAB II (Total ionic strength 
adjustment buffer NaOH 5.8 g, CDTA 0.4 g, NaCl 
3 g, Acetic acid) was added to the artificial saliva 
to decomplex the fluoride and provide constant 
ionic strength. Fluoride release measurement 
was recorded using ion specific electrode (ELIT 
9801) after thoroughly shaking the solution. The 
concentration of fluoride in the sample solutions 
was recorded in ppm [7,9]. 
 
The results obtained were statistically analyzed 
ANOVA and post hoc Tukey test.  
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3. RESULTS AND DISCUSSION 
 
3.1 Results 
 
All the materials evaluated in the study released 
fluoride during the entire time period. Maximum 
amount of fluoride release was related to Ketac 
molar followed by Zirconomer and then Fuji IX. 
The highest amount of fluoride release was seen 
after 7 hrs for Zirconomer, 24 hrs for Ketac molar 
and 48 hrs for Fuji IX followed by a decrease in 
the consequent days (Fig. 1). Statistical analysis 
of the data showed significant differences (p 
value < 0.05) in the mean amount of fluoride 
release between the groups at 14 hrs, 24 hrs, 5th, 
10th and 20th day (Tables 1 and 2). 
 
3.2 Discussion 
 
Any modifications employed in the material to 
improve physical and/or mechanical properties 
must not compromise the fluoride releasing 

properties. Fluoride released from fluoride 
containing restorative materials effectively 
protect the tooth tissues from demineralization in 
the area adjacent to the restorative materials 
[10,11]. 
 
Initial release of fluoride reduces the number of 
viable bacteria and induces remineralization of 
enamel and dentin [12]. Fluoride release from the 
material brought about by diffusion is affected by 
the concentration of the particles and the 
material matrix. Diffusion of fluoride from the 
matrix exposed on the surface of the material is 
rapid. This phenomenon of “burst effect” is 
usually seen during the first two days 
[13,14,15,16]. A large concentration of the 
fluoride becomes part of the matrix during the 
acid dissolution of the powder particle surfaces. 
Fluoride release decreases rapidly, stabilizing 
after 2 to 3 weeks. Constant release of fluoride 
for long periods of time favours prevention of 
progression of lesions. 

 
Table 1. One way ANOVA test to compare the three gr oups in each time period separately 

 
Time Group N Mean Standard deviation Significance  
7 hours Group A (Zirconomer) 10 1.026 0.396 0.121 
 Group B (Ketac Molar) 10 1.190 0.365  
 Group C (Fuji IX) 10 0.768 0.170  
14 hours Group A (Zirconomer) 10 0.824 0.194 0.047* 
 Group B (Ketac Molar) 10 1.370 0.409  
 Group C (Fuji IX) 10 0.746 0.132  
24 hours Group A (Zirconomer) 10 0.828 0.203 0.028* 
 Group B (Ketac Molar) 10 1.584 0.446  
 Group C (Fuji IX) 10 0.828 0.130  
48 hours Group A (Zirconomer) 10 0.812 0.182 0.112 
 Group B (Ketac Molar) 10 1.522 0.639  
 Group C (Fuji IX) 10 1.048 0.351  
5th day Group A (Zirconomer) 10 0.704 0.047 0.035* 
 Group B (Ketac Molar) 10 1.104 0.255  
 Group C (Fuji IX) 10 0.776 0.108  
10th day Group A (Zirconomer) 10 0.816 0.097 0.031* 
 Group B (Ketac Molar) 10 1.218 0.266  
 Group C (Fuji IX) 10 0.776 0.048  
15th day Group A (Zirconomer) 10 0.540 0.152 0.326 
 Group B (Ketac Molar) 10 0.444 0.684  
 Group C (Fuji IX) 10 0.418 0.033  
20th day Group A (Zirconomer) 10 0.360 0.032 0.006* 
 Group B (Ketac Molar) 10 0.412 0.019  
 Group C (Fuji IX) 10 0.332 0.036  

*p<0.05 statistically significant 
 



Time Group  
(I) 

Group
(J)

10th day Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C (Fuji IX)
14 hours Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C (Fuji IX)
15th day Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C (Fuji IX)
20th day Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C (Fuji 
24 hours Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C (Fuji IX)
48 hours Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C (Fuji IX)
5th day Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C 
7 hours Group A (Zirconomer) Group B (Ketac Molar)
  Group C (Fuji IX)
 Group B (Ketac Molar) Group C (Fuji IX)

 

Fig. 1. Fluoride release of the materials in ppm
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Table 2. Posthoc Tukey test 
 

Group  
(J) 

Mean 
difference  
(I-J) 

Standard  
deviation  

Group B (Ketac Molar) -0.402 0.105 
Group C (Fuji IX) 0.040 0.105 
Group C (Fuji IX) 0.442 0.105 
Group B (Ketac Molar) -0.546 0.172 
Group C (Fuji IX) 0.078 0.172 
Group C (Fuji IX) 0.624 0.172 
Group B (Ketac Molar) 0.096 0.256 
Group C (Fuji IX) 0.122 0.256 
Group C (Fuji IX) 0.026 0.256 
Group B (Ketac Molar) -0.052 0.019 
Group C (Fuji IX) 0.028 0.019 
Group C (Fuji IX) 0.080 0.019 
Group B (Ketac Molar) -0.756 0.185 
Group C (Fuji IX) 0.00E+00 0.185 
Group C (Fuji IX) 0.756 0.185 
Group B (Ketac Molar) -0.710 0.274 
Group C (Fuji IX) -0.236 0.274 
Group C (Fuji IX) 0.474 0.274 
Group B (Ketac Molar) -0.400 0.103 
Group C (Fuji IX) -0.072 0.103 
Group C (Fuji IX) 0.328 0.103 
Group B (Ketac Molar) -0.164 0.206 
Group C (Fuji IX) 0.258 0.206 
Group C (Fuji IX) 0.422 0.206 

*p<0.05 statistically significant 

 
Fluoride release of the materials in ppm  

 
 
 
 

; Article no.BJAST.26398 
 
 

Significance  

0.006* 
0.923 
0.003* 
0.020* 
0.894 
0.009* 
0.926 
0.884 
0.994 
0.042* 
0.329 
0.003* 
0.004* 
1 
0.004* 
0.057 
0.674 
0.235 
0.006* 
0.767 
0.020* 
0.713 
0.448 
0.144 
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In the present study maximum amount of fluoride 
release was observed by Ketac molar at 24 hrs, 
1.584 ppm. Zirconomer exhibited maximum 
amount of release of fluoride at 7 hrs, 1.026 ppm 
followed Fuji IX at 48 hrs, 1.088 ppm. Fluoride 
release by Zirconomer was constant from 14 hrs 
up to 10 day with a decline thereafter. According 
to a study conducted by Xiaoming Xu, John O. 
Burgess they reported more release of fluoride 
from Fuji IX when compared to Ketac Molar over 
a period of 21 days while study conducted by 
S.A. Mazzaoui et al. reported that fluoride 
released is more from Ketac Molar when 
compared to Fuji IX over a period of 28 days 
[17,18]. 
 
Fluoride elution is affected by various factors 
such as composition, solubility, fluoride content 
of the material, porosity, nature of the dissolving 
medium, pH of oral cavity and temperature [18]. 
The pattern of rapid elution of fluoride by 
Zircomer may be attributed to the finely 
controlled micronization of the glass ionomer 
particles as claimed by the manufacturers. It is in 
conjunction with results reported by various 
studies that smaller glass particles provide a 
larger surface area, which increase the acid-base 
reactivity, and hence, have increased capacity to 
release fluoride from the powder more rapidly 
thereby increasing the fluoride release of the 
materials [14,19,20]. 
 

In this study artificial saliva was used to measure 
fluoride release to better simulate the oral 
environment and more clinically relevant than 
deionized water, buffers and organic acids. 
However as observed in a study conducted by El 
Mallakh and Sarkar, 1990 and Damen et al. 1996 
the amount of fluoride released in artificial saliva 
is lower than in deionized water [21,22,23].  
 
Slow and constant release of fluoride from 
restorative materials may have enormous clinical 
implications in vivo. Fluoride release from the 
materials is followed by a continuous uptake 
process involving increase in the fluoride 
concentration in the saliva and adjacent hard 
tissues, thereby decreasing demineralization of 
the hard tissues [7]. According to Cate et al. 
dentin demineralization was inhibited in clinically 
relevant percentage at fluoride levels above           
1 ppm [24]. The effect of the pattern of release of 
fluoride needs to be further studied. 
 

4. CONCLUSION 
 
Within the limitation of the study it can be 
concluded that Ketac Molar released higher 

amount of flouride followed by Zirconomer and 
Fuji IX respectively. Highest amount of fluoride 
was released on 24th hours followed by 48th hour 
and least amount on the 20th day. 
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