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ORIGINAL RESEARCH

Mat e r i a l s a n d Me t h o d s

This study was carried out after taking Ethical and Scientific 
Committee approval (DPU/1184/41/2019) by Dr D Y Patil Vidyapeeth 
(DPU) (Deemed to be University), Pune, and Environmental Science 
Technology Study Centre of Bapuji Institute of Engineering and 
Technology, Davangere, Karnataka, India. The materials used in 
this study were R1: Jen Rainbow composite (Jen Dent Ukraine), 
R2: Tetric® N-Flow (Ivoclar Vivadent), and R3: RMGIC Fuji II LC (GC 
Corporation) (Figs 1 to 3).

In t r o d u c t i o n

Dental caries is a multifactorial disease affecting 60–90% of children 
and adults.1,2 F agents exhibit significant cariostatic activity.3,4 The 
F reduces the metabolic activity of bacteria and interferes with 
its adhesion by forming caries-resistant fluorohydroxyapatite 
crystals.5,6 The anticaries properties of F ions reduce the failure rate 
related to secondary caries in restorative materials. The amount of F 
released by the material is correlated with this property. Literature 
reports that the incorporation of F ions within the matrix or filler like 
yttrium F facilitates the release of F ions.7,8 Alternatively, hydrophobic 
materials are made hydrophilic by adding 2-hydroxyethyl methacrylate 
into the resin matrix to make them anticariogenic. Clinically, this is 
useful when the release is sustained over a longer period of time. 
Topical F application can restore F ions.9–11 Literature has demonstrated 
that F ions released in deionized water are stable. Nevertheless, it does 
not reflect the true complexity of the oral environment.8,12

Even though many advances have been made in restorative 
materials, the release of F from relatively newly developed 
materials like Jen Rainbow, Tetric® N-Flow, and Fuji II LC hasn’t 
been studied in-depth, and the existing literature fails to explain 
the rechargeability of these materials. The purpose of this study is 
to evaluate F dynamics in artificial saliva (M1) and deionized water 
(M2) over different time intervals (release 1st, 7th, 14th, 21st, and 
30th day and rerelease 31st, 37th, 44th, 51st, and 60th day).
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Ab s t r ac t
Objectives: To determine the initial fluoride (F) release and rerelease after recharge of three pediatric dental restorative materials when aged 
in artificial saliva (M1) and deionized water (M2).
Materials and methods: A total of 30 disks, 10 disks of each restorative material R1: Jen Rainbow, Jen Dent Ukraine; R2: Tetric® N-Flow, Ivoclar 
Vivadent, and R3: resin-modified glass ionomer cement (RMGIC) (Fuji II LC- GC Corporation) were fabricated and were tested for F dynamics in 
two different media, M1: artificial saliva, M2: deionized water group. The F initial release was measured on the 1st, 7th, 14th, 21st, and 30th day, 
and on the 31st day, acidulated phosphate F (APF) gel was applied and F rerelease was measured on the 31st, 37th, 44th, 51st, and 60th day using 
F ion-specific electrode (Orion). The result was statistically analyzed using two-way analysis of variance (ANOVA) and post hoc Bonferroni test.
Results: Fluoride (F) ion release was significantly higher in deionized water than in artificial saliva (M1), and F ion rerelease (after recharge) 
was significantly higher in artificial saliva (M1). Fuji-II LC demonstrated a significantly (p < 0.05) higher F release and rerelease among all the 
tested materials. Among the tested composites, R2: Tetric® N-Flow exhibited significantly higher F dynamics than R1: Jen Rainbow composite.
Conclusion: All the tested restorative materials exhibited optimum F release (0.024 ppm, that is, the range to prevent newer carious lesions) in 
both the pre and postrecharge conditions. Even though Fuji-II LC demonstrated significantly better F dynamics in the tested scenarios, Tetric® 
N-Flow has the additional advantage of improved mechanical retentive and esthetic properties along with the optimum F release in pre and 
postrecharge scenarios.
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Replenishing Disks with APF Gel 
On the 30th day of initial F release, all specimens from each 
material were exposed to 1.23% APF gel (Pascal International, 
USA) for 4 minutes. The excess gel was washed with respective 
media, and each disk was then dried with absorbent paper before 
being immersed in the airtight container containing 4 mL of fresh 
deionized water (M2) and artificial saliva (M1) in accordance with 
subgroups. Following the application of APF gel, F analysis was 
performed after the 31st, 37th, 44th, 51st, and 60th days.

Preparation of the Disk
A total of 30 disks, 10 disks of each restorative material R1: Jen 
Rainbow, Jen Dent Ukraine; R2: Tetric® N-Flow, Ivoclar-Vivadent; 
and R3: RMGIC (Fuji II LC- GC Corporation) were fabricated in 
polytetrafluoroethylene mold (5 × 2 mm diameter), and were 
tested for F dynamics in two different media M1: artificial saliva, 
M2: deionized water group. Dental floss was incorporated into each 
disk, and a mylar strip was supported on either side by glass slabs 
prior to curing. The cured disk was stored at room temperature for 
24 hours (Figs 4 and 5).13–15 

Disk Specimens are grouped as follows 
A total of 10 disks of each restorative material were divided equally 
between two storage media tested, media 1 and 2 [M1, artificial 
saliva (M1); M2, deionized water]. Each disk was suspended in a 
polyethylene tube containing 4 mL of storage media [artificial saliva 
(M1) or deionized water] in an airtight container for 24 hours. After 
24 hours, the suspended disk was rinsed with 1 mL of respective 
media (wash media). A total of 5 mL was collected for F analysis  
(4 mL of storage media and 1 mL of wash media). The same disk was 
then transferred into a fresh storage media for subsequent analysis. 
The testing was carried out every week on the 1st, 7th, 14th, 21st, 
and 30th day of the month.

Fig. 1: Jen Rainbow

Fig. 2: Tetric® N-Flow

Fig. 3: RMGIC Fuji II LC

Fig. 4: Artificial saliva

Fig. 5: Deionized water
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to the 7th, 14th, and 21st day by Tetric® N-Flow (R2). Whereas, 
Fuji II LC (R3) released significant F from the 1st to the 30th day. 
In deionized water, Tetric® N-Flow (R2) and Fuji II C (R3) showed 
significant F released from the 7th day, whereas Jen Rainbow 
released statistically significant F until the 21st day (Table 1).

Postrecharge release of F Ions in Artificial Saliva (M1) 
and Deionized Water Media (M2)
All three materials released statistically significant F in decreasing 
order on the 31st, 37th, and 44th day in both media. Jen Rainbow 
material released a significant amount of F on the 31st day in 
artificial saliva (M1) media and on the 51st day in deionized water 
media (M2), whereas Tetric® N-Flow released a significant amount 
of F on the 37th, 44th, and 60th days. Compared to composite 
resin, Fuji II LC released significant F from the 31st to the 60th day 
(M1 and M2) (Tables 1 and 2). Both the media (M1 and M2) showed 
statistically significant postrecharge F release. Despite the lower 
F release rate during the postrecharge phase compared to the 
prerecharge phase (p < 0.05), the release was within the optimum 
range (0.024 ppm) (Table 1).

In the Intragroup Comparison of F Release
In intragroup comparison, the F release was found to be decreasing 
across all the time intervals, and the difference seen among them 
was statistically significant (p < 0.001). Similar results were obtained 
in the postrecharge phase, wherein R3 showed the highest F uptake 
and rerelease, followed by R2 and R1 in descending order (Table 3). 
And the F rerelease values were to be decreasing with time, and 
this was consistent with all the groups in both media (M1 and M2) 
(Table 3).

In the Intergroup Comparison of F Release
In the pre and postrecharge phase, Fuji II LC (R3) had the highest 
amount of F release, which was statistically different (p < 0.05) from 

Estimation of F Release before and after recharging 
Fluoride (F) release was determined by buffering 5 mL of storage 
media with 0.1 mL of total ionic strengths buffer (TISAB III). In order 
to ensure the accuracy of the F concentration measurement, the 
manufacturer’s recommendations were followed along with standard 
solutions used to calibrate the F electrode (Orion). Standard solutions 
at concentrations of 0.1, 1, 10, 50, and 100 ppm were prepared 
from a 100 ppm stock solution of F. The electrode was recalibrated 
after every 10 measurements with the standard solutions of 1 and 
10 ppm.15,16 The collected data were analyzed statistically.

Stat i s t i c a l An a lys i s

Using Statistical Package for the Social Sciences 17.0 software, 
F release levels (ppm) of various dental restorative materials in 
different media were analyzed before and after the application of 
APF gel. The average and standard deviation were calculated for 
F release. We used the two-way ANOVA test followed by the post 
hoc Bonferroni test to compare intergroup and intragroup. The 
significance level was set at p < 0.05.

Re s u lt

Table 1 shows the F release from each material pre and postrecharge 
in the two storage media over a period of 10 weeks, expressed as 
mean ± standard deviation.

Prerecharge release of F Ions in Artificial Saliva (M1) 
and Deionized Water Media
All the tested restorative materials exhibited peak F release on 
the 1st day, then decreased gradually from 7th to 21st day, and 
maintained a steady rate until the 30th day of prerecharge. The F 
release between the interval was statistically significant by all the 
materials (p < 0.05). In the artificial saliva media (M1), Jen Rainbow 
(R1) released a significant amount of F on 1st and 30th day compared 

Table 1:  Comparing F ion release and recharge from three dental restorations between artificial saliva (M1) and deionized water medium (M2)

Days

F release before application of 1.23% APF Gel

Artificial saliva (M1) Deionized water (M2)

R1
Jen Rainbow

R2
Tetric® N-Flow

R3
Fuji II LC

R1
Jen Rainbow

R2
Tetric® N-Flow

R3
Fuji II LC

1st 4.05 ± 0.14 4.05 ± 0.14 3.99 ± 0.01 3.79 ± 0.01 3.88 ± 0.10 3.77 ± 0.04
7th 3.67 ± 0.01 3.72 ± 0.04 3.73 ± 0.00 3.56 ± 0.12 3.71 ± 0.01 3.73 ± 0.04
14th 2.19 ± 0.20 3.67 ±0.01 3.72 ± 0.00 1.83 ± 0.13 1.87 ± 0.10 2.05 ± 0.06
21st 1.32 ± 0.17 1.48 ± 0.03 1.50 ± 0.12 1.47 ± 0.04 1.54 ± 0.29 1.72 ± 0.14
30th 1.25 ± 0.23 1.25 ± 0.18 1.48 ± 0.04 1.28 ± 0.03 1.36 ± 0.04 1.56 ± 0.05

270.465
0.001*

931.613
p < 0.001*

1289.508
p < 0.0001*

411.925
p < 0.001*

1125.461
p < 0.001*

2694.810
p < 0.0001*

F release after application of 1.23% APF Gel

31st 1.78 ± 0.38 1.78 ± 0.38 1.70 ± 0.06 1.50 ± 0.23 1.45 ± 0.01* 1.93 ± 0.15
37th 1.14 ± 0.06 1.23 ± 0.08 1.32 ± 0.08 1.34 ± 0.07 1.47 ± 0.21 1.80 ± 0.07
44th 1.04 ± 0.01 1.04 ± 0.01 1.11 ± 0.09 1.21 ± 0.17 1.35 ± 0.34 1.76 ± 0.01*
51st 0.74 ± 0.02 0.78 ± 0.04 0.95 ± 0.03 0.78 ± 0.04* 0.78 ± 0.04 0.86 ± 0.05
60th 0.03 ± 0.01 0.72 ± 0.04 0.73 ± 0.00 0.01 ± 0.02* 0.70 ± 0.01* 0.73 ± 0.00

19.319
p < 0.001*

223.89
p < 0.0001*

53.168
p < 0.0001*

9.620
p < 0.001

45.033
p < 0.001*

29.219
p = 0.001*

*Significance at p < 0.005 
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Table 2:  Difference in the F release after recharge between materials in artificial saliva (M1) and deionized water (M2) using post hoc Tukey’s test

Days Artificial saliva (M1) Deionized water (M2)

R1 R2 R3
Mean F,
p-value R1 R2 R3

Mean F,
p-value

1st 0.26200
0.003*

0.25200
<0.0001*

14.63
0.001*

57.06
<0.0001*

7th 0.0380
0.001*

0.1580
0.021*

57.15
<0.0001*

0.18200
<0.0001*

0.26800
0.041*

0.101
0.905

14th 1.83800
<0.0001*

1.85200
<0.0001*

3.61
0.59

0.38000
0.020*

5.43
0.021*

21st 0.09400
0.003*

0.47200
0.002*

56.15
<0.0001*

0.0940
0.006*

2.84
0.098

30th 0.1960
0.047*

0.0780
0.019*

15.45
<0.0001*

0. 02400
0.040*

0.05000
<0.0001*

14.66
0.001*

*Significance at p < 0.005; significant difference at 1st, 7th 14th, 21st, and 30th day interval; artificial saliva (M1) (AS); deionized water (M2) (DW); Jen Rain-
bow (R1); Tetric® N-Flow (R2); Fuji II LC (R3); F, fluoride

Table 3:  Intragroup comparison of F release and recharge values at specified time intervals in artificial saliva (M1) and deionized water (M2) using 
post hoc Bonferroni test for of Jen Rainbow, Tetric® N-Flow, and Fuji II LC

Material 1–7th 1–14th 1–21st 1–30th 7–14th 7–21st 7–30th 14–21st 14–30th Mean F

F release

Artificial saliva (M1)

R1 1.860*

<0.0001
2.804*

0.001
2.732*

<0.0001*
1.540*

0.001*
2.484*

<0.0001*
2.412*

<0.0001*
270.465
0.001*

R2 0.384*

0.031*
0.384*

0.031*
2.576*

<0.0001*
2.554*

<0.0001*
2.192*

<0.0001*
2.170*

<0.0001*
2.192*

<0.0001*
2.170*

<0.0001*
931.613

p < 0.001*
R3 0.266*

<0.0001*
0.266*

<0.0001*
2.738*

<0.0001*
2.508*

<0.0001*
2.472*

<0.0001*
2.242*

<0.0001*
2.472*

<0.0001*
2.242*

<0.0001*
1289.508

p < 0.0001*
Deionized water (M2)

R1 1.744*

<0.0001*
2.248*

0.001*
2.274*

<0.0001*
1.722*

<0.0001*
1.722*

<0.0001*
2.252*

<0.0001*
411.925

p < 0.001*
R2 2.052*

<0.0001*
2.500*

<0.0001*
2.412*

<0.0001*
1.876*

<0.0001*
2.324*

<0.0001*
2.324*

<0.0001*
1125.461

p < 0.001*
R3 0.172

0.008*
1.866*

<0.0001*
2.014*

<0.0001*
2.178*

<0.0001*
1.694*

<0.0001*
1.842*

<0.0001*
2.006*

<0.0001*
0.148*

0.033*
0.312*

0.002*
2694.810

p < 0.0001*
F recharge

Material 31–37th 31–44th 31–5st 31–60th 37–44th 37–51st 37– 60th 44–51st 44–60th Mean F
Artificial saliva (M1)

R1 0.566*
0.007*

0.298*
0.006*

.372*
0.001*

0.074*
0.008*

19.319
P= 0.001*

R2 0.878*
0.002*

1.182*
0.001*

1.182*
0.001*

0.668*
<0.0001*

0.972*
<0.0001*

0.964*
<0.0001*

0.304*
0.001*

0.296*
<0.0001*

223.89
P<0.0001*

R3 0.086*
0.008*

0.366*
<0.0001*

0.412*
0.001*

0.452*
<0.0001*

0.452*
<0.0001*

0.336*
0.047*

0.382*
0.008*

53.168
p<0.0001*

Deionized water (M2)
R1 0.444*

<0.0001*
0.596*

<0.0001*
0.612*
0.013*

9.620
p < 0.001

R2 0.410*
0.014*

1.132*
<0.0001*

1.168* .001* 0.722*
<0.0001*

0.758*
<0.0001*

45.033
p < 0.001*

R3 0.556*
<0.0001*

556*
<0.0001*

0.286*
0.009*

0.716*
0.042*

716*
0.027*

29.219
p = 0.001*

*Significance at p < 0.005
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accurate estimate of F released because there are no existing ions 
in it.15,17,18 The current study proposed artificial saliva (M1) in an 
attempt to provide more reliable oral conditions, an opinion that 
has been endorsed by other authors.17,19,20

The purpose of the current study was to compare F ion release 
before and after recharging artificial saliva (M1) and deionized water 
(M2). It has been determined that the environment in which the 
materials are stored has no effect on the sequence of materials but 
can affect F release quantities. Therefore, the contents of the materials 
are thought to play an important role in ion release. The greatest 
release was found in Fuji II LC, followed by composite resin. Similarly, 
Mousavinasab and Meyers21 compared F release in deionized water 
(M2) with high viscosity GIC, RMGIC, compomer, and giomer. This 
study suggests that F release is highest in the case of high viscosity 
GIC, followed by RMGIC, and lowest in the case of giomer, when RMGIC 
has a lower F release because the resin matrix surrounds them.21

All materials released the most F on the 1st day. Jen Rainbow 
and Tetric® N-Flow were the highest, followed by Fuji II LC. The initial 
high F release by Jen Rainbow and Tetric® N-Flow contributed to 
the material’s composition of fluoridated fillers. Subsequently, the 
release was gradually reduced. As a result of F absorbed into the 
restorative materials, this release has occurred. In this process, ions 
present in the media are important.22

In comparison to Jen Rainbow, Tetric® N-Flow released higher 
F throughout the remaining period. This is said to be due to the 

all the other tested groups, followed by R2 and R1 showed the least 
amount of F release in artificial saliva (M1) and deionized water (M2) 
media (Tables 4 and 5).

All restorative materials released F in the following order:

•	 Both artificial saliva (M1) and deionized media: Tetric® N-Flow 
> Jen Rainbow > Fuji II LC after 24 hours and Fuji II LC > Tetric® 
N-Flow > Jen Rainbow on 7th, 14th, 21st, and 30th day.

•	 After applying APF Gel, both artificial saliva (M1) and deionized 
water (M2) media: Tetric® N-Flow, Jen Rainbow > Fuji II LC in 
both media after 24 hours and Fuji II LC> >Tetric® N-Flow >Jen 
Rainbow from 37th day to the end of the experimental period.

•	 The F release by Jen Rainbow, Tetric® N-Flow, and RMGIC (Fuji 
II LC) at all measurement intervals were maximum in deionized 
water (M1) > artificial saliva (M1) before recharge and artificial 
saliva (M1) > deionized water (M2) after recharge.

Di s c u s s i o n

Fluoride (F) Ions released from Artificial Saliva (M1) 
and Deionized Water (M2)
In materials, the amount of F ion released will determine how 
effective it is at preventing caries. F is released in two phases by 
GIC, first by rapid release and then by diffusion-facilitated slower 
release for the long run.3,13 F is released into the surrounding tissue 
immediately after GIC is set. Furthermore, it can recharge itself. 
The use of deionized water (M2) is considered to give the most 

Table 4:  Intergroup comparison of F release values at specified time 
intervals in artificial saliva (M1) and deionized water (M2) using post 
hoc Tukey’s test

F release (M1) F release (M2)

1st R1-R2 0.14800*
0.008

R2-R3

R3-R1

7th R1-R2 0.06400
0.003*

0.14400*
0.027*

R2-R3 0.05200*
0.012*

0.20600*
0.003*

R3-R1

14th R1-R2 1.47600
<0.0001*

0.21600*
0.012*

R2-R3 1.52800*
<0.0001*

R3-R1 1.52800*
<.0001*

0.17800*
0.035*

21st R1-R2 0.33800*
0.035*

R2-R3

R3-R1

30th R1-R2

R2-R3

R3-R1

*Significance at p < 0.005; Significant difference at 1st, 7th, 14th, 21st, 
and 30th day interval; [artificial saliva (M1) (deionized water (M2); R1, Jen 
Rainbow; R2, Tetric® N-Flow; R3, Fuji II LC; F, fluoride]

Table 5:  Intergroup comparison of F recharge values at specified time 
intervals in artificial saliva (M1) and deionized water (M2) using post 
hoc Tukey’s test

F recharge (M1) F recharge (M2)

31st R1-R2 0.13800
0.647

0.47800*
<0.0001*

R2-R3 0.77200*
0.001*

0.59600*
<0.0001*

R3-R1 0.63400*
0.003*

37th R1-R2

R2-R3 0.47600*
<0.0001*

R3-R1

44th R1-R2 0.58800*
0.001*

R2-R3

R3-R1 0.57200*
0.002*

51st R1-R2 0.22000*
<0.0001*

R2-R3

R3-R1 0.17600*
<0.0001*

60th R1-R2 0.47000*
0.001*

0.40600*
0.016*

R2-R3

R3-R1 0.48000*
0.001*

*Significance at p < 0.005; Significant difference at 1st, 7th, 14th, 21st, and 
30th day interval; [artificial saliva (M1) (deionized water (M2) R1, Jen Rain-
bow; R2, Tetric® N-Flow; R3, Fuji II LC; F, fluoride]
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our results are in agreement. F levels were initially highest on the 
31st day, then dropped abruptly by the 37th day, and continued to 
decline throughout the experiment.

Fluoride (F) Release in Artificial Saliva (M1) and 
Deionized Medium
Fluoride (F) was released at a higher rate in artificial saliva (M1) 
postrecharge due to its higher pH than in deionized water (M2). 
According to Naoum et al.,32 this difference can be explained by 
the fact that porous materials release more F ions in an acidic 
environment. This means that in oral conditions, all the tested 
materials have a greater potential for recharge and provide the 
greatest amount of F to help prevent caries. Yusoff et al.33 compared 
F ion release from conventional GIC, RMGIC, and composite in 
deionized water (M2) and artificial saliva (M1). The material releases 
more F into artificial saliva (M1) than into deionized water (M2). In 
accordance with these studies, in the present study, F release from all 
materials in artificial saliva (M1) showed a significantly lower release 
rate than deionized water (M2) in prerecharge phase (p < 0.05).

The present study is limited by the fact that the oral environment 
is dynamic and different from the laboratory environment. We did 
not test whether the above-tested material releases F effectively 
in an oral environment to prevent and inhibit caries. The daily 
use of fluoridated dentifrices provides constant F recharge more 
effectively than APF gel. Artificial saliva (M1) cannot mimic saliva 
from the mouth. Therefore, it is not possible to extrapolate the 
findings of this study to clinical settings.

Co n c lu s i o n

Patients with moderate to high levels of caries are advised to use 
F-releasing materials that release the highest levels of F. In light of 
the limitations of this study, the following conclusion can be drawn:

•	 All tested materials were capable of releasing and recharging 
F ions.

•	 Of the tested materials, Fuji II LC consistently released the most F.
•	 Fluoride (F)—releasing composite resins released fewer F ions 

and had lower recharge capacities.
•	 Each of the tested materials released F in a similar manner after 

being recharged with 1.23% APF gel for 4 minutes.
•	 From day 1 to 14, all materials released 1 ppm of F in both 

artificial saliva (M1) and deionized water (M2).

Clinical Significance
From a clinical standpoint, all of the tested materials could provide 
a controlled release of F in the oral cavity at the site of recurrent 
caries risk. However, the selection of the device should be based 
on specific clinical circumstances.
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presence of the main source of F containing ytterbium F filler within 
the matrix of the composite resin.10,12,23 Whereas RMGIC (Fuji II LC) 
released maximum F on the 1st day due to the initial acid–base 
reaction, where integrating powder particles into a matrix facilitates 
rapidly diffused F from the surface by ”the initial burst effect.” This 
surface lost F ions are later replaced by diffusion of ions from the 
subsurface layer of the set cement matrix, which facilitates gradual 
slow F release throughout the study period. This was in accordance 
with the study by Weidlich et al.3

Overall, all the materials have released a significant amount 
of F in both artificial saliva (M1) and deionized water (M2) media 
in the descending order of Fuji II LC, followed by Tetric® N-Flow 
and Jen Rainbow in both media. This was similar to the study by 
Gururaj et al.24 and Harhash et al.,25 who stated, RMGIC releases 
a significantly high amount of F compared to resin composites 
materials. Although the release of F by Jen Rainbow was lesser in 
both the media, still it was more than the minimum concentration 
required for the prevention of caries.

Fluoride (F) ions released after recharging in Artificial 
saliva (M1) and Deionized water (M2)
Literature shows that F release from restorative materials decreases 
over time, and they need to be recharged with topical F agents to 
maintain the anticavity property. F ions release depends on inbuilt 
matrix and filler content, as well as the length of time that the 
charging agent is in contact with the material.26,27

After the recharge with 1.23% APF gel, Tetric® N-Flow released 
maximum and a significant amount of F in both mediums, and Jen 
Rainbow released a significant amount of F in deionized water (M2) 
alone. Fuji II LC released significant amounts of F in artificial saliva 
(M1) compared to deionized water (M2). In principle, hydrophilic resin 
and Ytterbium F in high concentration may allow the release of F 
even in ionized media like artificial saliva (M1).12,22,25 Jen Rainbow may 
have contained a lower concentration of F, which led to decreased F 
release in the ionic salivary medium having a higher concentration 
gradient of ions. Our study is in accordance with the study by 
Dionysopoulos, who presented a similar pattern of F release.9

The Fuji II LC material released a significant amount of F into 
artificial saliva (M1). This may be due to the water absorption by 
the 2-hydroxyethyl methacrylate, which enables the diffusion of F 
ions that are otherwise firmly encapsulated within the polyacrylate 
matrix. As well, the hydrophilic additives in the material at a 
sufficient rate may be promoting F release from the restorative 
materials.16 The postrecharge results of our study are consistent with 
those of the studies by Gandolfi et al.22 and Vieira et al.,28 in which pH 
is associated with F release. It is known that the amount of F released 
from a material is directly correlated with the acidic environment, 
where increased storage media acidity increases F release. As 
reported by Quader et  al.,29 high viscosity GIC, compomer, and 
giomer also exhibited F rechargeability, and the GIC tested released 
the highest levels of F ions before and after recharging. In the same 
way, our study showed all materials were released after recharge 
and were similar to the prerecharge sequence.

In a similar study, Ghajari et al.30 evaluated the F recharging 
properties of three GIC by using sodium F and APF gels. Despite all 
materials releasing F ions, the APF gel group released the maximum 
amount of F ions in his study. In a similar fashion, Bansal et al.31 
evaluated F release and rechargeability of restorative materials, 
and concluded the highest level of F ions were released on the 1st 
day, followed by a sharp decline. According to these investigators, 
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