
Prilozi, Odd. biol. med. nauki, MANU, XXXIII, 1, c. 279–287 (2012) 
Contributions, Sec. Biol. Med. Sci., MASA, XXXIII, 1, p. 279–287 (2012) 

ISSN 0351–3254 
UDC: 616.314-74:615.46 

 
 
 

 
 
 
 

THE EFFECT OF VARIOUS DENTAL FILLING MATERIALS  
ON ARTIFICIALLY DEMINERALIZED DENTIN 

 
Rendjova V1, Apostolska S1, Gjorgoski I2 

 

1 Faculty of Dental Medicine, Ss. Cyril and Methodius University,  
Skopje, R. Macedonia 

2 Faculty of Mathematics and Natural Science, Ss. Cyril and Methodius 
University, Skopje, R. Macedonia 

 
 

A b s t r a c t: The aim of this study was to determinate the influence of fluoride, 
released by all of the restorative materials in the process of remineralization. To achieve 
this, we measured the concentration of the incorporated fluoride and calcium in dentin. 

 The research was done on 80 extracted third molars, in which we prepared 
first-class cavities. After the process of decalcination, we split the teeth into four differ-
rent groups (with 20 in each). The teeth from each group were separated vertically, in 
two halves. On the experimental half we applied the examined material (Fiji IX, Fuji 
Lining LC, G Bond and Prime&Bond) and we used the other half as a control. Later, the 
specimens were put into a glass bowl together with remineralization solution and were 
incubated at a temperature of 37°C. The incorporated fluoride and calcium concentra-
tion was determined by a significant increase of spectrometer.  

After applying the specimens in a remineralization solution, we perceived that 
the level of incorporated Ca2+ on the teeth restored with Fuji IX & Fuji Lining LC was 
significantly higher compared to the level of incorporated Ca2+ on the teeth, restored 
with dentin materials. Based on the results from this experiment, the conclusion shows 
that fluoride, released from the materials and incorporated into the dentin, speeds up the 
process of remineralization on hard dental tissues. 
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Introduction 
 

The incorporation of fluoride into restorative materials is one way of 
inhibiting growth and progress of cariogenic microorganisms, of preventing 
carious diseases and a way of stimulating the process of remineralization of 
dentin after restorative filling [15]. 

Glass ionomer cements are restorative materials which contain and 
release fluoride over a long time period [2, 3, 5]. The resistance of dentin to the 
occurrence of secondary caries in restorations with conventional and light 
curing glass ionomer cements has been determined by a few researches [9, 17]. 
In the last few years composite resins, adhesives and bonds which contain and 
release fluoride have also been in use [18]. Most of the fluoride released from 
the restorative materials is incorporated into the surrounding enamel and dentin, 
especially in those parts which are in direct contact with the restoratives, and 
makes them more resistant to cariogenic factors [1, 12]. Deposition of fluoride 
in different restorative materials can vary and depends primarily on the amount 
of fluoride released by these materials [7, 8]. Both fluoride released from the 
filing material and fluoride present in saliva, along with calcium and phosphate 
ions, are incorporated in demineralized dentin and enamel [4]. 

During this, a crystal enamel and dentin structure is formed, which con-
tains more fluoride and less carbonate and is much more resistant to acids. While 
some studies suggest increased mineralization of dentin and enamel after appli-
cation of restorative materials containing fluoride, other studies show that remi-
neralization on both enamel and dentin can occur after application of the uni-
versal bond which does not contain fluoride, in the presence of calcium and 
phosphate ions [10, 11]. 

 
 

Aim 
 
After the above, the aim of this study was to determine the influence of 

restorative materials on the process of remineralization by measuring the level 
of incorporated fluoride and calcium in the dentin. 

 
 

Material and method 
 
 The concentration of fluoride and calcium in dentin was determined on 

the extracted third molars. After extraction of teeth the soft tissues were remo-
ved and the crowns were separated from the roots. In all teeth we made first 
class cavities with the bottom of the cavities in the dentin. For decalcination of 
dentin we used 150 ml, 0,1M lactic acid with pH 4, 6. Earlier prepared dental 
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crowns were put in glass containers with the surface above and through them 
we applied 8% methylcellulose gel. After 24 hours we set a filter paper through 
the gel and through it we applied the solution for decalcination. The containers 
were closed and the samples were incubated at a temperature of 37°C for a 
seven day period. After decalcination, the dental crowns were divided into four 
equal groups of 20 crowns. 

Crowns from each group were separated vertically in halves and from 
each group were formed 2 subgroups A and B. 

On the halves of the A subgroups we applied the researched materials 
and the halves from the B subgroups were used as a control sample group. 
Later, each of the examined samples was put in a glass bowl with reminerali-
zation solution and was incubated at 37˚C. The remineralization solution that 
was prepared ex tempore was composed of: 1.5 mmol/l CaCl2, 0.9 mmol/l 
KH2PO4, 130 mmol/l KCl, 0.1 ppm NaF and 20 mmol/l, HEPES with pH 7.0. 
After 3 weeks all of the tested samples were removed from the remineralization 
solution. In the teeth of the examined groups we removed the tested material, 
separated the crown enamel from the dentin and prepared the teeth to determine 
the concentration of fluoride and calcium. The concentration of fluoride and 
calcium was determined spectrometrically following the modified method des-
cribed by Quentin KE [16]. The obtained results from all trials were statistically 
analysed using descriptive and analytical statistical methods: mean minimum, 
max, rank, standard deviation, standard error, median, proportions, LSD test, 
and Prison’s coefficient of liner correlation and student t-test for two bound 
copies. The levels of probability of achieving the zero hypotheses are 0.05 and 
0.01. The overall statistical analysis was done using a computer statistical prog-
ramme from the Institute of Medical Statistics at the Medical Faculty in Bel-
grade.  

 
 

Results 
 
The results of measurements of the amount of fluoride incorporated into 

dentin showed that in the case of Fuji IX, Fuji Lining LC and Prime&Bond 
there is a statistically highly significant difference in average values of fluoride 
between examined and control groups. For a period of three weeks the greatest 
incorporation of fluoride in dentin was noticed after applying Fuji IX, Fuji 
Lining LC and Prime&Bond, while the teeth restored with G Bond showed a 
statistically insignificant amount of fluoride (Tab. 1).  

Middle values of incorporated calcium are given in Tab 2. While mea-
suring the concentration of calcium, ANOVA the numerical characteristics of 
observation have shown that p < 0.01, which leads us to the fact that there is a 
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statistically highly significant difference in the average calcium values among 
the tested and control groups after a period of 3 weeks. 

 
Table 1 
 

Concentration of incorporated fluoride in dentine, 3 weeks after applying material 
 

 FLLC FIX GB P&B 
mean .1657 . 21433 0.039986667 0.09901 
min .14552 .202790 .026190 .06924 
max .18432 .22597 .05327 .12878 
range .0388 .02318 .02708 .05954 
SD .068179071 .085865911 .011266532 .020127602 
SE   .0006817907 .0035054611 .0045995425 .0082170591 
median .16929 .21433 .041555 .09901 

 
Table 2  
 
Concentration of incorporated Ca  in dentin (µg Ca/mg), 3 weeks after applying the material 

 
 FLLC FIX GB P&B 

mean 1.95027 1.992243 1.02364 1.21329 
min 1.8227 1.19445 .97586 1.08264 
max 2.07784 2.79041 1.07276 1.34394 
range .2551 1.59596 .0969 .2613 
SD .11110235 .5141676 .03386 .04394 
SE   .04536 .20990806 .01382 .04394 
median 1.95027 1.99243 1.02331 1.21329 

 
The amount of incorporated calcium among groups restored with Fuji 

IX & Fuji Lining LC was significantly larger than the amount of calcium incur-
porated in the groups restored with G Bond, Prime&Bond. There is no sta-
tistical significant difference in the amount of incorporated Ca between the 
samples restored with G Bond, Prime&Bond. 

When comparing the amount of incorporated fluoride with the amount 
of incorporated calcium in dentin, after a period of 3 weeks Prison’s coefficient 
of liner correlation showed a statistically highly significant positive correlation, 
p < 0.01 (Fig. 1). 
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Figure 1 – Corelation between incorporated fluoride and calcium  in dentin, 

3 weeks after applying the material 
 
 

Discussion 
 

The aim of this study was to determine the influence of fluoride on the 
remineralzation potential of four restorative materials. For this research we used 
dentin, because the examined materials are applied directly on dentin and the 
sensitivity of dentin is higher compared with that of enamel. Dentin is more 
sensitive to the action of acids, it demineralisates faster than enamel and the 
process of remineralization is also faster. The incorporation of fluoride is a dyna-
mic process in correlation with the amount of fluoride released from the res-
torative material. The results obtained from this study showed that three weeks 
after applying the restorative material, the amount of incorporated fluoride was 
highest among the samples restored with Fuji IX, and lowest in the teeth treated 
with Prime&Bond. The group of teeth restored with G Bond showed a statisti-
cally insignificant difference between the experimental and control groups. The 
research of several authors shows that the amount of incorporated fluoride in 
dentin after application of conventional glass ionomer cements was significantly 
larger compared with the amount of incorporated fluoride after the application 
of resin-modified glass ionomer cements, compomers or composite resins [6, 13]. 

Tsanidis believes that, despite small differences, the amount of incurpo-
rated fluoride between the two glass ionomer cements does not differ signifi-
cantly [20]. The difference in the amount of incorporated fluoride between glass 
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ionomer cements and dentin adhesives is due to the fact that dentin adhesives 
are applied in a thin layer and glass ionomer cements in greater quantity [8]. 
There are few studies confirming the remineralization effect of fluoride-relea-
sing restorative materials [15]. In our study we also examined the deposition of 
calcium ions in dentine after restoration with Fuji IX, Fuji lining LC, G Bond, 
Prime&Bond, after a period of 3 weeks. The groups restored with glass ionomer 
cements showed the largest deposition of Ca ions in dentin. The deposition of 
Ca ions in the groups treated with dentin adhesives was significantly lower. 
There was no significant difference in the amount of incorporated calcium in 
dentin between the two studied glass ionomer cements and two dentin adhesi-
ves. According to test made by Extercate, fluorides released from glass ionomer 
cements together with calcium and phosphate ions diffusing from the pulpal 
side may result in enhanced remineralization of demineralised dentin close to 
the restoration. No differential effect on overall lesion remineralisation could be 
measured between the conventional and resin-modified glass ionomer cement 
[6]. Hotta’s research shows that increased mineralization occurs only in the high 
fluoride-release filling materials (glass ionomer cements) [11]. However, increa-
sed mineralization did not occur in the case of the low fluoride-release filling 
materials. 

Tominaga considers that there is no significant difference in the level of 
remineralization between glass ionomer cements and composites [19]. Remine-
ralization of a carious lesion may occur after application of the universal bond 
in the presence of calcium and phosphate ions. According to these researchers, 
the presence of fluoride correlates positively with the process of reminerali-
zation, which has been proved by the results from our research [4]. 

When comparing the amount of incorporated fluoride with the amount 
of incorporated calcium, we received a positive correlation for all of the resear-
ched groups. This leads us to the fact that in the materials where the incorpo-
ration of fluoride was larger, the incorporation of calcium was also larger. 
Contrary to the results presented in this study, Marczuk-Kolada could not detect 
an increase in the level of calcium after applying Fuji IX [14].  

 
 

Conclusion 
 

Based on the results from our research we came to the conclusion that 
fluoride, released from restorative materials and incorporated into adjacent den-
tin, accelerates the process of remineralization of hard dental tissues. 
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A p s t r a k t: Celta na ovoj trud e da go odredime vlijanieto na 

fluorot osloboden od materijalite za restavracija vrz proces na remine-
ralizacija, preku merewe na koncentracijata na inkorporiran fluor i 
kalcium vo dentin.  

Materijal i metod: Ispituvaweto go pravevme na 80 ekstrahirani 
treti molari, kaj koi isprepariravme kaviteti prva klasa. Po dekalcina-
cijata zabnite koronki gi podelivme vo ~etiri ednakvi grupi od po 20 
koronki. Koronkite od sekoja grupa gi separiravme vertikalno na polo-
vina pri {to na ednata polovina go apliciravme materijalot koj go ispi-
tuvavme (Fiji IX, Fuji Lining LC, G Bond i Prime&Bond), a drugata polovina ni 
slu`e{e kako kontrolna. Potoa sekoja grupa ispituvani i kontrolni pri-
meroci gi stavivme vo staklen sad so rastvor za remineralizacija i gi 
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inkubiravme na temperatura od 37°C. Koncentracijata na kalcium i fluor 
ja odreduvavme spektrofotometriski. 

Rezultati: Najgolema koncentracija na inkorporiran fluor od 
0,214 µg/mg zabele`avme kaj primerocite tretirani so Fuji IX, a najmala kaj 
grupata na Prime&Bond. Po aplikacija na primerocite vo rastvor za remi-
neralizacija koli~inata na inkorporiran kalcium kaj zabite restavrirani 
so Fuji IX i Fuji Lining LC be{e zna~itelno povisoka sporedeno so koli~i-
nata na inkorporiran kalcium kaj primerocite restavrirani so dentin 
athezivi. 

Zaklu~ok: Vrz osnova na rezultatite {to gi dobivme vo ova istra-
`uvawe mo`eme da zaklu~ime deka fluorot {to se osloboduva od materi-
jalot za restavracija i se inkorporira vo sosednite zabni strukturi go 
zabrzuva procesot na remineralizacija na tvrdite zabni tkiva. 
 
Klu~ni zborovi: fluor, kalcium, remineralizacija, dentin. 
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