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ABSTRACT 
 
INTRODUCTION: Caries prevention and eradication has been the greatest dentists’ challenge world wide. As fluoride has been identified as 
one of the protective factors that tilt the caries balance towards the positive side. Therefore, fluoride releasing materials were elaborated with 
the purpose of reducing the incidence of caries.  
OBJECTIVES: to compare between the amount of fluoride releasing and recharging capacity of fluoride releasing nano-hybrid composite 
and resin reinforced glass ionomer.  
MATERIALS AND METHODS: Two hundred and seventy two round specimens (n=136 for each material) were used to prepare the required 
samples. Each 4 specimens immersed in 5 ml of artificial saliva were considered as one sample of total number sixty eight samples (n=34 for 
each group).The samples were divided randomly into two groups according to the materials used: Group І (experimental): reliaFIL light cure 
nano-hybrid composite and Group Π (control): Riva light cure resin reinforced glass ionomer. The amount of fluoride released in each sample 
was recorded on day 1, 7 and day 15 by using fluoride ion selective electrode. After 15 days each group was divided into 2 subgroups (n=17): 
Subgroup A: experimental subgroup (treated with ClinproTM white varnish) and Subgroup B: control subgroup (no fluoride varnish treatment). 
The amount of fluoride re-release was recorded at the same time intervals. Then, the recharge capacity was calculated as the difference in the 
fluoride release between experimental and the control subgroups.  
RESULTS: As for the fluoride release there was a statistical significant difference between two groups (P=0.05). However, there was no 
significant difference between the two groups in the fluoride re-release and recharge capacity (P=0.05).  
CONCLUSIONS: Fluoride releasing nano-hybrid composite had demonstrated a capacity of fluoride release and a recharge capacity 
comparable to resin reinforced glass ionomer. 
KEYWORDS: fluoride release, fluoride recharge, fluoride releasing nano-hybrid composite, resin reinforced glass ionomer, fluoride varnish 
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INTRODUCTION 
Dental caries is one of the most prevalent, chronic, 
multifactorial and transmissible infectious diseases caused 
by long term interaction between acid production from 
bacterial metabolism within the dental biofilm and 
fermentable carbohydrate (1). While caries is a highly 
preventable disease that has witnessed a decline in most 
developed countries in recent years, it continues to remain 
a global health problem, especially among young children 
(2, 3). Regrettably, secondary caries has been shown in 
studies worldwide to be the most common reason for the 
replacement of all types of restorations, regardless of the 
material used which is destructive for teeth (4, 5). 

Subsequently, the prime objective of dental treatment 
nowadays is changed not only for caries restoration but to 
make an attempt to induce changes in the dental tissues that 
may resist the initiation of carious process itself (6). A new 
trend in dental biomaterials science is seeking the 
improvement of restorative materials properties by the 
introduction of compounds with antibacterial activity such 
as chlorhexidine digluconate (CHG) or by the modification 
with fluoride compounds such as sodium fluoride (NaF) and 

calcium fluoride (CaF2) which would release fluoride to 
enhance the remineralization of dental tissue within the 
cavity and in the environment surrounding the restoration 
(7). 

The role of fluoride in preventing dental caries has been 
well-documented. It inhibits plaque metabolism and 
formation, alters its composition and reduces the ability of 
bacteria to produce large amounts of acid from 
carbohydrates. Besides this, fluoride inhibits enamel 
demineralization by being incorporated incrementally as 
fluorohydroxyapatite crystals on the tooth surface, making 
the surface more resistant to acid dissolution. In addition to 
inhibiting demineralization, fluoride increase the speed of 
the remineralization process by changing the mineral 
content of early carious lesions causing enhancement of 
remineralization (8). 

There are various restorative materials containing 
fluoride in their formulation available in the market such as: 
conventional glass ionomer restorative materials (CGIs), 
resin modified glass ionomers (RMGIs), and compomers, 
giomers and resin composites (RC) (9).  
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However, it was clinically significant that although 
advances have been made through different glass ionomer 
glass powder and placid liquid formulations over the past 
40 years, further improvements in the mechanical properties 
of the current glass ionomers are required to be indicated for 
the restoration of posterior dentition (10). Moreover, the 
success rate of resin based composites seems to be declined 
in the long term due to secondary caries which being 
attributed mainly to polymerization shrinkage (11). Thus, 
there has been a growing interest in the development of 
composites resins with efficient fluoride release abilities 
and improved physical and mechanical properties to 
overcome their problem in releasing fluoride when 
compared to glass ionomers (12).  

With the emergence of science of Nanotechnology into 
the field of dentistry, development of resin materials with 
more favorable mechanical properties had been developed. 
Using this technology, a novel fluoride releasing nano-
hybrid composite (reliaFIL universal light cure composite) 
was developed aiming to promote better fluoride release and 
recharge capacity along with improved physical properties 
(13).  

As reliaFIL LC fluoride releasing nano-hybrid 
composite employed new chemistry, scarce studies 
examined its efficiency. Therefore, the present study was 
undertaken with an aim to evaluate the hypothesis that the 
fluoride releasing nano-hybrid composite (reliaFil LC) can  
promote fluoride release and recharge capacity after 
treatment with topical fluoride varnish compared with high 
fluoride‐releasing material (Riva light cure RRGI). The null 
hypothesis was assumed that there would not be any 
significant difference between both materials in fluoride 
release and recharge capacity. 
 
MATERIALS AND METHODS 
This in-vitro experimental study was performed in 
Department of Pediatric Dentistry and Dental Public Health, 
Faculty of Dentistry, Alexandria University and in the 
Institute of Graduate studies and Research, Environmental 
Studies Department, Alexandria University. The study was 
performed after receiving approval from the Research 
Ethical Committee, Faculty of Dentistry, Alexandria 
University. A sample size of thirty-four samples per group 
(total samples of sixty eight) was the minimum required 
sample to detect the smallest standardized effect size 
according to (Cohen’s d) (14) as in figure 1.  

 
Figure (1): Flow chart. 

According to the pilot study performed each four 
specimens immersed in 5ml of artificial saliva in plastics 
vials were considered as one sample. Forming the sixty 
eight required samples (thirty four samples for each group). 
Thus, a two hundred and seventy two round specimens (one 
hundred thirty six for each material) were used to prepare 
the required samples (n=68) (15). The samples were then 
divided randomly into two groups according to the materials 
used: Group І (experimental): reliaFIL light cure nano-
hybrid composite (reliaFIL LC, shade A2. Advanced 
Healthcare Ltd (AHL).  Kent, England) and Group Π 
(control): Riva light cure resin reinforced glass ionomer 
(Riva LC RRGIs, shade A2. SDI, Vic, Australia). 

The specimens were prepared with a specification of (5 
mm diameter × 2 mm thickness) by applying the restorative 
materials to a specially constructed teflon mold which 
ensured the standardization of shape and size of each pellet 
(15). Both materials were prepared according to 
manufacturer's instructions and cured from top to bottom 
for 30 seconds for the reliaFIL LC and 20s for Riva LC 
using led light cure device (Woodpecker Dte Lux V Dental 
Blue LED Light Cure machine). The specimens in each 
group were allowed to set for additional 24 hours in a 
humidifier recipient at 37°C with 95% humidity to simulate 
the oral environment. Then, all the samples were stored in 
the incubator for the evaluation tests (16). 
Evaluation tests 
Fluoride release 
After 24 hours of immersion, the containers were 
thoroughly shaken then the specimens were removed, dried 
and returned into new vials containing 5 ml artificial saliva 
for the next evaluation on day 7 and day 15 respectively. 
The fluoride concentration in the artificial saliva was 
recorded on day 1, 7 and day 15 through automated 
potentiometric titration using a fluoride ion selective 
electrode (ISE) (Fluoride electrode model 94-09BN, Orion 
Research Inc. Products gp.529 Main St. Boston MA 02129 
USA) for both groups (16). The amount of specific ion 
(fluorine) contained in artificial saliva was determined by 
direct potentiometric measurement of the voltage of a 
galvanic cell (17). Before fluoride analysis, the fluoride ion 
selective electrode was calibrated by using standard fluoride 
solution of 0.1, 1, 10 and 100 (ppm) to perform the fluoride 
slope curve. The standard and sample solutions were 
buffered with a total ionic strength adjustment buffer 
(TISAB III) at a ratio 1:1 with purpose of adding a chelating 
reagent to maintain constant pH and prevent any 
interference by foreign ions and to decomplex the fluoride 
ions making them available for measurement (16). The 
fluoride release concentrations were automatically 
displayed on the analyzer as millivoltage (mV) readings 
(17). Millivoltage (mV) readings were entered into the 
computer using EXCEL software that mathematically 
established the part per million (ppm) values through the 
fluoride slope curve of the standard fluoride solution 
concentration. 

• Topical fluoride exposure protocol: After 15 days of 
initial fluoride release the samples of each group were 
divided into 2 subgroups of seventeen samples (n=17): 
Subgroup A: served as experimental subgroup (in which the 
specimens were treated by fluoride varnish (Clinpro™ 
White Varnish 5% Sodium Fluoride with Tri-Calcium 
Phosphate.3M ESPE USAP) for 4 minutes then washed 
with copious artificial saliva for 10 sec and dried with 
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absorbent paper. Each four specimens after fluoride 
application were again immersed in plastics vials containing 
5 ml of fresh artificial saliva and incubated in 37°C for 24 
hours and Subgroup B: served as control subgroup (no 
topical fluoride varnish treatment was applied) (16). 

• Fluoride re- release evaluation: Artificial saliva was 
analyzed for fluoride re-release on day 1, 7 and day 15 using 
fluoride ion selective electrode (16) as previously described. 

• Fluoride recharge capacity: Recharge capacity was 
calculated as the difference in the fluoride release between 
experimental subgroup and the control subgroup (15). 
Statistical analysis 
Data were collected and entered to the computer using SPSS 
(Statistical Package for Social Science) program for 
statistical analysis (ver 25.0) (18). Descriptive statistics 
were displayed as minimum, maximum, median and inter-
quartile range of each group. Normality test was done using 
Kolmogorov-Smirnov test to determine if data set to be 
normally distributed. Comparisons of fluoride 
concentration difference at different time interval were 
evaluated using Friedman’s two-way analysis of variance 
by ranks. Dunn-Sidak method was used for pair-wise 
comparison of each two time interval for each group. Mann-
Whitney U test was used for comparison between two study 
groups at different intervals of time. Wilcoxon Signed 
Ranks test was used for comparing fluoride concentration 
before and after recharge. Percent change test was used for 
analyzing the recharge capacity of each materials during 
different intervals. Correlation for p value was carried out 
using Bonferroni correction for multiple comparisons. 
Level of significance was set at p value <0.05. 
 
RESULTS 
1. Fluoride release 
The median of fluoride release (ppm) for group I at different 
time intervals indicated that there was a statistically 
significant difference between the three intervals (P=0.005). 
The median of fluoride release at day 7 was higher than at 
day 1 and day 15 (Figure 2). 
 

 
Figure (2): Fluoride release (ppm) for group I (reliaFIL LC nano-
hybrid composite) at different time intervals. 
 

As for group II, there was only significant difference 
between the median of fluoride release in day 1 and day 7 
(P=0.005). Whereas, the median of fluoride release in day 7 
and day 15 and the median of fluoride release in day 1 and 
day 15 there was no statistically significant difference 
(P=0064, P=1.000) respectively. The median of fluoride 
release in day 7 was the highest among the three intervals 
(Figure 3). 

 
 

 
Figure (3): Fluoride release (ppm) for group II (Riva LC RRGIs) 
at different time intervals. 
 

Comparing the fluoride release between the two 
groups, there was a statistical significant difference 
(P=0.005), where the resin reinforced glass ionomer showed 
a higher median of fluoride release in all time intervals 
(Table 1). 
 
Table (1): Comparison between fluoride release (ppm) for 
the two studied groups I (reliaFIL LC nano-hybrid 
composite) and group II (Riva LC RRGIs) at different time 
intervals. 

Material  Day 1 Day 7 Day 15 

ReliaFIL 
LC nano-
hybrid 
composite 

N 34 34 34 

Min-Max 0.95-3.25 1.32-7.53 0.40-4.64 

Median 1.55 5.40 2.97 

IQR 1.15-2.08 4.36-5.96 2.07-3.30 

Riva LC 
Resin 
reinforced 
glass 
ionomer 

N 34 34 34 

Min-Max 6.37-27.40 7.56-26.36 6.28-25.47 

Median 9.82 12.89 10.82 

IQR 8.21-13.40 10.54-
15.20 8.26-14.31 

P value  p=0.005 p=0.005 p=0.005 
*Statistically significant difference (p<0.05). 
 
2. Fluoride re-release  
The median value of fluoride re-release (ppm) for subgroup 
IA indicated that there was a statistically significant 
difference between the three intervals (P=0.005). There was 
a statistically significant difference between the median of 
fluoride re-release in day 1, 7 and day 15 (P=0.005) with the 
highest fluoride re-release in day 1. However, there was no 
statistical significant difference in the median of fluoride re-
release in day 7 and day 15 (P=1.000) (Figure 4).  
 

 
Figure (4): Comparison of fluoride re-release (ppm) between 
experimental and control subgroups of reliaFIL LC nano-hybrid 
composite. 
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The comparison between the median of fluoride re-
release of subgroup IA and subgroup IB showed that there 
was a statistically significant difference in fluoride re-
release after recharge for all time intervals (P=0.001, 0.005, 
0.004 respectively). The median of fluoride concentration 
demonstrates an increase in the fluoride re-release capacity 
after recharging with topical fluoride varnish. (Figure 4) 

Fluoride re-release (ppm) for subgroup IIA indicated 
that there was a statistically significant difference between 
the three intervals (P=0.005) with the highest re-release in 
day 1. The comparison between each two intervals showed 
that fluoride re-release in day 1 was significantly different 
than in day 7 and day 15 (P=0.001, P=0.005) respectively. 
However, fluoride re-release in day 7 was not significantly 
different than day 15 (P=0.087) (Figure 5).  

 

 
Figure (5): Comparison of fluoride re-release (ppm) between 
experimental and control subgroups of Riva LC RRGIs. 
 

When comparing between the median of fluoride re-
release of subgroup IIA and subgroup IIB, there was a 
statistically significant increase in fluoride release after 
recharge for all time intervals (P=0.005, 0.001). The median 
of fluoride concentration demonstrates an increase in the 
fluoride re-release capacity after recharging with topical 
fluoride varnish. (Figure 5) 

3. When comparing between group I and group II after 
recharging with topical fluoride varnish in each time 
interval, there was no statistically significant difference in 
fluoride recharge capacity between the two materials in 
day 1, 7 and day 15 after recharging (P=0.237, P=0.120, 
P=0.431) respectively (Figure 6). 
 

 
Figure (6): Comparison between fluoride recharge capacity for 
the two studied groups I (reliaFIL LC nano-hybrid composite) and 
group II (Riva LC RRGIs) at different time intervals. 
 
DISCUSSION 
A novel fluoride releasing nano-hybrid composite resin 
(ReliaFIL universal light cure composite) was recently 

introduced and it’s characterized by better physical 
properties in addition to leachable fluoroaluminosilicate 
glass fillers as source of fluoride in its composition (19). 
The purpose of the present study was to compare the 
fluoride release capacity of fluoride this releasing nano-
hybrid composite resin (ReliaFIL light cure) with resin 
reinforced glass ionomer (Riva light cure) and the recharge 
capacity after treatment with topical fluoride varnish. 

There are many methods that have been employed to 
estimate the amount of fluoride release such as 
spectrophotometry, ion chromatography, fluoride ion-
specific electrodes and capillary electrophoresis. Ion 
specific electrode with an ion-analyser was used in this 
study because it is simple, inexpensive and does not require 
the use of complex laboratory equipment. Moreover, it 
gives an accurate and direct estimate of the free fluoride 
present in solution (20). 

The results of this study showed that the fluoride 
released from reliaFIL LC in day 1 did not show any high 
initial release (burst effect) which was in agreement with 
Yap et al (20), Attar et al (21), Xu et al (22) and with Bansal 
et al (16) confirming all that fluoride containing resin 
composite exhibited a gradual, sustained pattern of fluoride 
release; therefore they lack the burst effect.  

In addition, the release examined in day 7 was the 
highest among the three time intervals (day 1, 7 and day 15) 
which may be due to the mechanism of fluoride released 
from resin composite which is not an acid base reaction 
dependant. Instead it is thought to be a slow diffusion 
process mediated by an ability to allow water diffusion 
within the resin matrix. Itota et al (23) had also concluded 
that the fluoride released depends on the rate of water 
sorption of fluoride releasing restorative materials which is 
a diffusion controlled process and the segmental mobility of 
polymer chain within the matrix. As well, the 
fluoroaluminosilicate glass fillers added in the base of the 
resin matrix could have shut off the fluoride ions in the resin 
base making them difficult to be released initially however 
after 7 days more water diffusion may have led to increase 
the fluoride release. 

Moreover, this study demonstrated that the median of 
fluoride release in day 15 was lower than release in day 7 
which was in accordance with findings of Yab et al (20) and 
Mungara et al (15) that showed a decline in release from day 
7 to day 15. This could be explained by the fluoride release  
via an exchange mechanism in the direction of the lowest 
concentration as the existence of a concentration gradient is 
the driving force for fluoride release. It is expected that the 
fluoride release will decrease due to the diminishing of 
gradient as result of leaching out of fluoride from the 
materials. On the other hand, several studies (25, 16, 24, 26) 
had proposed that the pattern of fluoride release for fluoride 
releasing composite exhibited a high initial release from 
surface followed by a sharp decline after 2-3 days then 
stabilized sustained lower release.  

In the current study, reliaFIL LC nano-hybrid 
composite released a measurable amount of fluoride during 
the whole study which may be attributed to the presence of 
leachable glass filler (fluoroaluminosilicate) as a source of 
fluoride incorporated into the composite. Itota et al (27) also 
reported that Unifil Flow "fluoride releasing composite 
containing fluoroaluminosilicate glass" had released a 
higher amount of fluoride than Heliomolar which is a 
fluoride releasing composite containing ytterbium 
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trifluoride (YbF3). Also, it was reported by Naoum et al 
(28) that all fluoride releasing composite containing 
fluoroaluminosilicate glass demonstrated a good fluoride 
release ability. In contrary, Silva et al (29) noted that Tetric-
N-Ceram (TNC) (fluoride releasing nano-hybrid composite 
containing YF3) showd no detectable amount of fluoride 
release during the experiment. This could be related to the 
low amount of fluoride incorporated TNC and the low 
solubility and permeability of sparingly salt (YbF3) used.  

As for Riva light cure resin reinforced glass ionomer 
results, the median release in day 7 was higher than in day 
1 which complied with Neelakantan et al (26) who 
illustrated that the 2-Hydroxyl Methacrylate (HEMA) 
present in RMGIs slowly absorbs water needed for the 
diffusion of fluoride ions causing gradual release of 
fluoride, thereby explaining the higher release through time 
intervals. This was in disagreement with other studies (25, 
16, 24, 26) that revealed that fluoride release pattern of Riva 
LC appeared to be different than most of RMGIs that are 
characterized by a highly initial release at first day then a 
sharply decline occur till the 7th day. Those variations could 
be related to some of the factors related to the fluoride 
concentration in the set materials, size and composition of 
the inorganic filler, curing time and the inner-material 
porosity. 

Comparing the results of the fluoride release from 
reliaFIL LC and Riva LC, it was concluded that Riva LC 
had a higher median of fluoride release at different time 
intervals. This finding is in agreement with Xu et al (22), 
Neelakantan et al (26), and Bansal et al (16) Silva et al (29). 
This could be due to the high solubility of Ca–Al–F–silicate 
glass fillers in the resin-modified glass ionomers and their 
high porosity.  

Professionally applied fluoride varnish is a common 
caries preventive measure used in pediatric dentistry (30). It 
was used to recharge the tested restorative materials to 
mimic the clinical situation. The ability of the topical 
fluoride agent for recharging a material is dependent on the 
dose, frequency, concentration and duration of application 
of this agent (24). The fluoride re-release that occurs 
immediately after recharge is induced by superficial effect 
of the topical fluoride. While during the subsequent days, 
fluoride release is attributed to the ability of topical fluoride 
varnish to be diffused through the materials’ pores and to be 
stored until it would be re-released (34). 

The results obtained in the present study showed that 
both reliaFIL LC nano-hybrid composite and Riva LC 
RRGIs were able to be recharged with topical fluoride with 
no significant difference between the two materials. While 
several studies (28,32,33) were in disagreement with these 
findings; as the fluoride releasing composite displayed the 
least potential for fluoride recharge whereas the RMGIs 
displayed the greatest potential. This controversial finding 
may be attributed to the different fluoride filler system in 
reliaFIl LC nano-hybrid composite which is 
fluoroaluminosilicate leachable glass. The same glass filler 
in RMGIs is characterized by high solubility and high 
affinity to release fluoride. Thus, increasing the release and 
the recharge respectively due to the linear correlation 
between the release capacity and the recharge capacity. 

By tracking the fluoride recharge pattern, it was found 
that all time intervals analysed showed a high recharge 
percent that sustained to be higher than the pre-exposure to 
ClinproTM white varnish which was also in disagreement 

with several studies (22,32-34). The recharge percent was 
higher after the first 24 hrs with sharply decline nearly to 
pre-exposure amount. This may be accredited to the use of 
ClinproTM white varnish containing functionalized tri-
calcium phosphate with 5% sodium fluoride that was 
reported to have high and sustained fluoride release (35). 

A possible limitation of the present study that its an in-
vitro research that cannot replicate the natural oral 
conditions such as salivary flow characteristics, presence of 
plaque, difference in temperature and pH and the oral 
hygiene and dietary habits utilized by the patient. However, 
simulation of these conditions could give valuable 
informations. 

Within the limitations of the present study, the first 
tested null hypothesis can be rejected as there was statistical 
significant difference in fluoride release between fluoride 
releasing nano-hybrid composite (reliaFIL LC) and Resin 
reinforced glass ionomer (Riva LC RRGI). The second 
tested null hypothesis was accepted, as there was no 
statistical significant difference between the two materials 
after fluoride varnish recharge. 

As regard to the results of this study, reliaFIL light cure 
nano-hybrid composite could be considered a promising 
material that releases fluoride with the ability to be 
recharged by topically applied fluoride varnish. Hence, 
regular application of topical fluoride is essential to allow 
steady supply of fluoride ions, thereby, providing a balance 
of mechanical properties needed in loaded bearing 
restorations and fluoride release and recharge needed in 
high caries risk pediatric patients. 
 
CONCLUSION 
Based on the results of this study and its limitation, it could 
be concluded that fluoride releasing nano-hybrid composite 
(reliaFIL LC) had an acceptable fluoride release capacity 
and a recharge capacity comparable to resin reinforced glass 
ionomers. 
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