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Abstract

INTRODUCTION. Several fluoride-containing dental restoratives are currently available, including glass
ionomers (GIC), resin-modified glass ionomer cement (RMGIC), polyacid-modified composite resins
(compomers), composites, and amalgams. The fluoride release capabilities of these materials differ due to
their matrices and setting mechanisms, which in turn influence their antibacterial and cariostatic properties.
Glass ionomer cements are particularly favored for their chemical bonding and fluoride release. However,
their limitations include water sensitivity and reduced wear resistance, leading to the development of resin-
modified glass ionomers. These materials aim to improve moisture sensitivity and mechanical strength while
still providing fluoride release. Despite extensive research on fluoride release, comparative studies involving
other fluoride-releasing materials are limited.

AIM. This study aims to evaluate the fluoride release of two glass ionomer cements, a compomer, and
a composite resin, and to assess the impact of topical fluorides on their fluoride-releasing abilities.
MATERIALS AND METHODS. The present in-vitro comparative study was conducted at the College of Dental
Sciences, Davangere, Karnataka. Four restorative materials were evaluated over 42 days: Conventional
GIIC (GC Fuiji II), RMGIC (Vitremer, 3M), Compomer (Dyract AP, Dentsply), and Composite (Tetric N Ceram,
Vivadent). Specimens were prepared in disc-shaped molds, immersed in deionized water, and fluoride levels
measured using a fluoride ion-selective electrode at various intervals.

RESULTS. The study revealed distinct fluoride release patterns among the materials. Group | demonstrated
the highest fluoride release on Day 1, significantly surpassing Groups Il, lll, and IV (p < 0.001). While Groups |
and Il showed a pronounced decrease in fluoride release by Day 2, all groups exhibited a consistent decline
over time, with notable intergroup differences.

CONCLUSIONS. The fluoride release characteristics of the evaluated restorative materials varied significantly,
emphasizing the importance of material selection based on their fluoride-releasing capabilities to enhance
dental health.
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INTRODUCTION

Pesiome

BBELEHWE. B HacTosiLiee Bpems 4OCTYNHO HECKONIbKO pTopcoaepXallmx pecTaBpauMOHHbIX MaTepmnanos
ansa 3ybos, Bkovas cteksonoHomepsbl (GIC), CTEKNOMOHOMEPHbLIN LLEMEHT, MOANDULMPOBAHHbLIA CMOJION
(RMGIC), kKoMNO3UTHbIE CMOJbI, MOAUPULMPOBAHHBIE NOANKNUCIOTAMKU (KOMMOMEPbI), KOMMO3UTbI U aMalib-
rambl. CNoCoBHOCTb 9TUX MaTepMasnoB BbIAENATL PTOP pas3nnyaeTcs B 3aBMCUMOCTUN OT UX MaTpuULbl U Me-
XaHW3MOB CXBaTblBaHWS!, YTO, B CBOI O4Yepenb, BAUSET Ha UX aHTUOakTepuabHble N KapnocTaTnyeckme
cBoncTBa. CTEKSIONOHOMEPHBLIE LLEMEHTBI 0COBEHHO LEHATCS 3@ UX XMMUYECKOE CBSA3bIBAHUE U BblAENEHNE
¢dTopa. OgHaKko K nx HegocTaTkaM OTHOCATCS YYBCTBUTENIBHOCTb K BOAE M NMOHMXEHHAst U3HOCOCTOMKOCTb,
4YTO NPUBENO K pa3paboTke CTEKIOMOHOMEPOB, MOANDULMPOBAHHbLIX cCMoNamu. Llenbio aTux matepuanos
ABNSIETCH MOBbILLEHNE YYBCTBUTENIBHOCTU K Bflare 1 MeXaHNM4eCKOon NPOYHOCTM NPU OAHOBPEMEHHOM Bblae-
neHumn pTopa. HecmoTpsa Ha 0B6LLMPHBIE MCCNenoBaHUS NO BblAeNneHno GTopa, CpaBHUTENbHbLIE UCCNIEA0BaA-
HUS C UCNONIb30BAHMEM APYIUX MAaTEPUANOB, BblAENSAOWMX GTOP, OrPaHNYEHbI.

LIEJIb UCCJIEAOBAHUNA — oueHUTL BblaeneHne propa AByMst CTEKIOMOHOMEPHBIMU LLEMEHTaMK, KOMIMOMEPOM
1 KOMMO3UTHOM CMOJION, a TakXe OLLEeHUTb BANSHNE MECTHbIX GTOPMAO0B Ha X CMIOCOOHOCTL BblAENATL PTOP.
MATEPUAbI M METO/bIl. HacTosiwee cpaBHUTENBHOE UCCNeaoBaHKe in vitro Obi10 npoBeaeHo B Konneaxe
CTOMAaTONOorMyeckmx Hayk B [laBaHrepe, wrat KapHartaka. B TeqyeHne 42 gHel oLeHNBaNnUCh YeTblpe PeECTaB-
paunoHHbIX MaTepuana: obbiuHblii GIIC (GC Fuji Il), RMGIC (Vitremer, 3M), komnomep (Dyract AP, Dentsply)
1 komno3wuT (Tetric N Ceram, Vivadent). O6pasubl roTOBUAM B ANCKOOBPa3HbIX dopmax, Norpyxanm B 4eno-
HU3VPOBAHHYIO BOAY U N3MEPSANN YPOBEHb GTOPMAA C NOMOLLLIO GTOPUAHONO MOHOCENEKTUBHOIO 9N1EKTPO-
[a C pasnnyHbiMMU MHTEPBANaMM.

PE3YJIbTATbI. ccnepoBaHue BbIABUIO pa3finiHblie 3aKOHOMEPHOCTM BblaeneHns Gropa U3 pasimyHbixX Ma-
Tepuanos. [pynna | npoaeMoHCTpmpoBana Hanbonbluee BolaeneHme ¢gropa Ha 1- feHb, 3HAYNTENBLHO Npe-
B3ouas rpynnst I, Il v IV (p < 0,001). B To Bpemsa kak B rpynnax | n |1l Habnioaanock BbIpaXXeHHOe CHUXEHNe
BblaeneHns GTopa ko BTOPOMY LHIO, BO BCEX Fpynmnax Habnoaanocb NOCTOSHHOE CHUXEHMWE C TEYEHMEM Bpe-
MEHWN, C 3aMETHbLIMU MEXIPYNMOBbLIMU PA3NINYNAMMU.

BbIBObl. XapakTepucTrkn BbiaeneHns GTopa y OLLeHNBaAEMbIX PECTaBPaLMOHHbLIX MaTepPManioB 3HAYNTENb-
HO pPa3nMyYyanncChb, YTO NOAYEPKMBAET BaXHOCTb BbiIOOpa MaTepmnanoB, OCHOBAHHOIO HA UX COCOBOHOCTU Bbl-
nenatb GTop, 4NN yay4yleHns 300poBbs 3y0O0B.

Knwuesble cnoBa: BbiaeneHne ¢topa, 3yOHble pecTaBpaTopbl, CTEKIOMOHOMEPHbI LEMEHT, CTEK/IOMOHO-
Mep, MOaNGULMPOBAHHBI CMOJION, KOMIOMEP, KOMNO3MTHas cMona

UHdopmauumna o ctatbe: noctynuna — 14.01.2025; ncnpasneHa — 09.02.2025; npuHara — 11.02.2025
KoH®AUKT nHTepecoB: aBTOPbl COOOLLAIOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GUHAHCUPOBAHME U NHANBUAYASIbHbIE 611arofapHOCTY s AEKNAPUPOBAHUS OTCYTCTBYIOT.

Ana untupoBaHua: LLleHsn C., LLineaHHa B., Oxaaxae K.P., Cun M., NMpaeeaeH A., XaritaH A. CpaBHUTENb-
Has OLeHKa BbICBOOOXAEHUSA pTopa YEThbIPbMSA KOMMEPYECKWN A0CTYMNHLIMU CTOMATONIOrMYECKUMU pecTaBs-
pauMoHHbIMM MaTepuanamu: nccnegosaHue In Vitro. 9ngoaoHTus Today. 2025;23(1):46-54. https://doi.
org/10.36377/ET-0077

Several fluoride-containing dental restoratives are  fluoride they release [1].

perties of these materials are linked to the amount of

available today, including glass ionomers, resin-modi-
fied glass ionomer cement, polyacid-modified compos-
ite resins (compomers), composites, and amalgams.
These products differ in their fluoride release capa-
bilities due to their varied matrices and setting mecha-
nisms. Generally, the antibacterial and cariostatic pro-

Glass ionomer cements are favored in dentistry for
their chemical bonding and fluoride release properties.
They can also absorb fluoride from external sources,
but their use is limited by issues such as early water
sensitivity, poor strength, and reduced wear resis-
tance [2; 3]. To address these limitations, resin-modified
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glass ionomers were developed. They mitigate mois-
ture sensitivity and low initial mechanical strength of
conventional glass ionomers. Although they can re-
lease fluoride in amounts comparable to convention-
al cement, the fluoride release can be influenced by
factors such as the type and amount of resin used in
the photochemical polymerization. Polyacid-modified
composite resins (compomers) combine characte-
ristics of glass ionomer cement and light-curing com-
posites. These resins primarily set through photo-initi-
ated polymerization, with a limited acid-base reaction
contributing to fluoride release but not to the harden-
ing process. Fluoride release in resin composites de-
pends on various factors, including the type and parti-
cle size of fluoride-containing fillers, resin type, silane
treatment, and the polymer matrix’s hydrophilicity and
acidity [4].

Despite extensive research on fluoride uptake in
glass ionomer cements, comparative studies with other
fluoride-releasing materials are limited. This study aims
to evaluate the fluoride release of two glass ionomer
cements, a compomer, and a composite resin, and to
assess the impact of topical fluorides on their fluoride-
releasing abilities.
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MATERIALS AND METHODS

The present in-vitro comparative study was per-
formed at the College of Dental Sciences, Davangere,
Karnataka

The present study aimed to compare fluoride re-
lease and uptake among four restorative materials
over 42 days: Conventional Glass lonomer Cement (GC
Fujill), Resin-Modified Glass lonomer Cement (Vitremer,
3M), Compomer (Dyract AP, Dentsply), and Composite
(Tetric N Ceram, Vivadent). Specimens of each material
were prepared using disc-shaped plastic molds (Fig. 1),
then immersed in deionized water. Fluoride levels in the
water were measured at various intervals using a fluo-
ride ion-selective electrode and digital ion analyzer.

Specimen Preparation

Ten specimens of each material were prepared and
grouped as follows:

— Group I: Conventional Glass lonomer Cement (GC
Fuji Il);

— Group II: Resin-Modified Glass lonomer Cement
(Vitremer, 3M);

— Group lll: Compomer (Dyract AP, Dentsply);

— Group IV:Composite (Tetric N Ceram, Vivadent).

Fig. 1. Disk-shaped specimens of Group | (A): Conventional Glass lonomer Cement; Group Il (B): Resin-Modified
Glass lonomer Cement; Group Il (C): Compomer; Group IV (D): Composite

Puc. 1. O6pasubl B dopme ancka na rpynnei | (A): 0Obl4HbIA CTEKIOMOHOMEPHbIN LeMeHT; rpynnbi |l (B):
CTEKJIOMOHOMEPHbI LEMEHT, MOANOULMPOBaHHLI cMonoii; rpynnsi ll (C): komnomep; rpynnbi IV (D): koMno3uT

dHdodoHmus
T
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Fig. 2. Fluoride Electrode with lon Analyser

Puc. 2. dTopunaHbIii 3NeKTPOL C MOHHbLIM
aHanM3aTopom

Forty specimens in total were made using 9 mm
diameter, 2 mm height plastic molds. The molds were
placed on a glass slide with a mylar strip. Materials
were hand-mixed according to manufacturer instruc-
tions, placed into molds, covered with a mylar strip, and
pressed with a glass slide to ensure uniform discs as
per the manufacturer direction.

The excess material was trimmed to 9 mm x 2 mm,
and each specimen was stored in 8 ml of distilled deion-
ized water at 37°C.

Measurement of Fluoride Release

Fluoride concentration in the water surrounding the
specimen discs was measured using an Orion Fluoride
Electrode (9409BN) connected to a Jenway 3330 pH
meter (Fig. 2). To ensure accuracy, TISAB lll (Total lonic
Strength Adjustment Buffer) was added to maintain pH
between 5.0 and 5.5, freeing fluoride ions from binding
and eliminating hydroxyl ion interference.

Initial Fluoride Release Measurement
After 1 day, specimens were washed with 2 ml of
distilled deionized water (DDW). The 10 ml of collected
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solution (8 ml storage and 2 ml wash) was analyzed for
fluoride concentration. Specimens were then returned
to fresh 8 ml DDW. This process was repeated for 2, 3,
7,14, and 21 days.

Fluoride Release During Topical Exposure

After 21 days, specimens were washed with 2 ml
DDW and exposed to 1.23% APF gel for 5 minutes. Post-
exposure, specimens were rinsed and returned to 8 ml
of fresh DDW at 37°C. Fluoride release was measured
daily from day 22 to day 35.

Fluoride Release Post Recharge

Following the 14-day fluoride immersion period,
specimens were stored in fresh 8 ml DDW for 7 days
without fluoride exposure. They were then washed with
2 mI DDW, and both solutions were collected for fluoride
estimation.Out of the 10 ml collected, 3 ml was mixed
with 3 ml of TISAB Il buffer. Fluoride concentration was
analyzed using the Orion Fluoride Electrode, with re-
sults reported in ppm (parts per million).

Statistical Analysis

The results were statistically evaluated using the
Kruskal-Wallis test and Mann-Whitney U test, following
assessment with the Shapiro-Wilk test, which indicated
a skewed distribution. A significance level of p < 0.05
was set for all analyses.

RESULTS

Analysis of Initial Fluoride Release

Fig. 3 and 4 present the daily fluoride release pat-
terns for each group throughout the study. The release
patterns were generally similar across all fluoride-re-
leasing materials, yet there were notable differences
in the amount of fluoride released. Group | exhib-
ited the highest fluoride release (median:18.36 ppm,
[IQR: 18.36-18.87] on Day 1), significantly more than
Groups Il (14.72 ppm [IQR: 14.72-16.21]), lll (8.96 ppm
[IQR: 8.96-9.97]), and IV (2.4 ppm [IQR: 2.4-2.91]), with
p < 0.001 for all comparisons (1&ll, 1&l1l, 1&IV, &I, 11&IV,

20
® 15+
(3]
Q
&
10+
g B
3
L 54 \I\ — T
LI —= s—35—3—6—6—3% 3
s 5 5 T~
0 T T T T T T T T T T T T T T T 1 I I ) I ) I T T T T
1 2 3 7 14 21 22 283 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Days
—o—Group | —o—Group Il —o— Group Il —o— Group IV

Fig. 3. Line graph illustrating the trend of fluoride release across each day, with points representing
the median values

Puc. 3. JInHelHbi rpaduk, MAnioCTPUPYIOLWMA TEHAEHUNIO BblaeNneHns GTopa B TEYEHNE KaXA0ro AHS,
C TOYKaMM, NPeaCTaBAAOLWMMU CPEOHNE 3HAYEHNS
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I&IV). All groups reached their peak fluoride release on
the first day. Following this initial peak, Groups | and |l
experienced a more pronounced reduction in fluoride
release by the second day (9.74 ppm [IQR: 9.74-12.47]
for Group I, 8.76 ppm [IQR: 8.76-10.41] for Group II)
compared to Groups lll (6.44 ppm [IQR: 6.44-7.2]) and
IV (1.72 ppm [IQR: 1.72-2.06]). This trend of decreasing
fluoride release continued consistently on Day 3 (Group
I: 9.75 ppm [IQR: 9.75-10.82], Group II: 8.18 ppm [IQR:
8.18-8.99], Group lll: 3.83 ppm [IQR: 3.83-5.02], Group
IV: 1.21 ppm [IQR: 1.21-2.06]) and 7, with p < 0.001
observed across all groups (1&ll, 1&lll, 1&IV, H&l, &IV,
H&IV).

MccneposaHus / Scientific researches

Analysis of Fluoride Release During Fluoride
Immersion Period

Fig. 4 illustrate the daily fluoride release from each
group during immersion in 1.23% APF gel. On Day 22,
which marked the first day of fluoride application, there
was a statistically significant difference in fluoride up-
take among Groups |, Il, lll, and IV (Group |: 5.69 ppm
[IQR: 5.69-7.04], Group Il: 4.85 ppm [IQR: 4.85-6.1],
Group lll: 2.5 ppm [IQR: 2.5-3.5], Group IV: 0.87 ppm
[IQR: 0.87-1.12]). This trend continued through Day 32,
the 14th day of fluoride application, where significant
differences in fluoride uptake were again observed be-
tween the groups.

Table 1. Descriptive statistics (median and interquartile range) and Intergroup comparisons for fluoride release

on each day

Ta6nuua 1. OnucartenbHas CTaTUCTUKA (MeaVaHa U MEXKBaPTUIIbHbIA AMana3oH) 1 MEXIPynnoBble CPaBHEHUS

Mo BblaeneHuto ¢pTopa B TeYeHMe Kax aoro aHs

Groups
Days I Il m \'} p-value
(n=10) (n=10) (n=10) (n=10)

1d 18.36(18.36-18.87)a | 14.72(14.72-16.21)b 8.96(8.96-9.97)c 2.4(2.4-2.91)d <0.0001*

2d 9.74(9.74-12.47)a 8.76(8.76-10.41)b 6.44(6.44-7.2)c 1.72(1.72-2.06)d <0.0001*

3d 9.75(9.75-10.82)a 8.18(8.18-8.99)b 3.83(3.83-5.02)c 1.21(1.21-2.06)d <0.0001*

7d 6.88(6.88-8.05)a 5.64(5.64-6.7)b 3(3-3.92)c 1.19(1.19-2)d <0.0001*
14d 4.49(4.49-6.44)a 3.93(3.93-6.05)b 2.34(2.34-3.83)c 0. 97(0 97-1.82)d <0.0001*
21d 3.24(3.24-4.68)a 3.41(3.41-3.99)b 2.12(2.12-2.91)c .9(0.9-1.15)d <0.0001*
22d 5.69(5.69-7.04)a 4.85(4.85-6.1)b 2.5(2.5-3.5)c 0.87(0.87-1.12)d <0.0001*
23d 5.44(5.44-7.06)a 4.69(4.69-6.73)b 2.87(2.87-3.2)c 0.92(0.92-1.05)d <0.0001*
244 6.08(6.08-6.99)a 5.06(5.06-6.01)b 2.87(2.87-3.2)c 0.76(0.76-0.83)d <0.0001*
25d 6.07 (6.07-7.14)a 4.65(4.65-5.91)b .8(2.8-3.39)c 0.65(0.65-0.8)d <0.0001*
26d 6.08(6.08-6.99)a 5.36(5.36-6)b 2.83(2.83-3.33)c 0.61(0.61-0.71)d <0.0001*
27d 5.99(5.99-7.33)a 5.62(5.62-7.04)b .9(2.9-3.47)c 0.46(0.46-0.66)d <0.0001*
28d 6.43(6.43-7.51)a 5. 96(5 96-7.23)b 2.61(2.61-3.67)c 0.34(0.34-0.58)d <0.0001*
29d 6.6(6.6-7.37)a .6(6.6-7.32)b 2.87(2.87-3.55)c 0.33(0.33-0.45)d <0.0001*
30d 6.94(6.94-7.37)a 4(6.4-7.34)b 2.73(2.73-3.66)c 0.35(0.35-0.45)d <0.0001*
31d 6.95(6.95-7.41)a 6.38(6.38-7.69)b 2.96(2.96-3.2)c 0.28(0.28-0.38)d <0.0001*
32d 6.53(6.53-8)a 6.85(6.85-7.22)b 2.94(2.94-3.27)c 0.27(0.27-0.35)d <0.0001*
33d 7.53(7.53-8.34)a 6.31(6.31-7.88)b 2.69(2.69-3.64)c 0.23(0.23-0.27)d <0.0001*
34d 7.87(7.87-8.63)a 6.85(6.85-7.61)b 2.76(2.76-3.47)c 0.17(0.17-0.21)d <0.0001*
35d 7.79(7.79-8.75)a 6.72(6.72-8.15)b 2.95(2.95-3.26)c 0.18(0.18-0.22)d <0.0001*
36d 4.93(4.93-5.43)a 4.08(4.08-4.55)b 2.88(2.88-3.12)c 0.17(0.17-0.23)d <0.0001*
37d 4.81(4.81-5.48)a 2.96(2.96-3.26)b 2(2-2.24)c 0.16(0.16-0.23)d <0.0001*
38d 4.88(4.88-5.17)a 2.84(2.84-3.16)b 1.4(1.4-1.67)c 0.13(0.13-0.16)d <0.0001*
39d 478(4.78-5.21)a 2.74(2.74-3.17)b 1.1(1.1-1.32)c 0.11(0.11-0.15)d <0.0001*
40d 4.94(4.94-5.24)a 2.65(2.65-2.74)b 1.07(1.07-1.15)c 0.1(0.1-0.13)d <0.0001*
41d 4.98(4.98-5.18)a 2.37(2.37-2.67)b 0.91(0.91-1.02)c 1(0.1-0.14)d <0.0001*
42d 4.86(4.86-5.26)a 2.19(2.19-2.82)b 0.95(0.95-0.99)c 0.1(0.1-0.13)d <0.0001*

Note: n — number of samples per group; * statistically significant (p < 0.05). Different letters indicate significant differences be-

tween the pairs.

lMpumedaHusi: n — konndecTso o6pasLoB B rpymnne;
CYLLLECTBEHHbIE Pa3/iMymMsa MeXay napamu.

dHdodoHmus
————TLT

* CTAaTUCTUYECKW 3HAYUMBIN (P

< 0.05). Pa3Hble OykBbl yKa3blBalOT Ha
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When comparing the fluoride release on Day 22 with
Day 35, Group lll showed no significant change (Day 35:
2.95 ppm [IQR: 2.95-3.26], p = 0.9499). In contrast,
Groups | (7.79 ppm [IQR: 7.79-8.75], p < 0.0001) and |l
(6.72 ppm [IQR: 6.72-8.15], p < 0.0001) exhibited a no-
table increase in fluoride release on Day 35 compared
to Day 22, suggesting these groups had a greater re-
charge capacity at the end of the immersion period.
Group IV showed a significant increase from Day 22 to
Day 35 (p = 0.0014), indicating improved fluoride re-
lease dynamics.

Analysis of fluoride release (ppm) following the
14-day immersion period in 1.23% APF gel is summa-
rized in Fig. 5, which compares daily fluoride release
across different groups.
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Fig. 4. Box and Whisker Plot showing the fluoride
release from each group during immersion in 1.23%
APF gel with significant comparisons marked above
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In Group |, the median fluoride release was 3.24 (IQR
3.24-4.68) at 21 days, 4.93 (IQR 4.93-5.43) at 36 days,
and 4.86 (IQR 4.86-5.26) at 42 days. Pairwise compari-
sons revealed significant differences between 21 vs.
36 days (p < 0.0001) and 21 vs. 42 days (p < 0.0001),
while no significant difference was observed between
36 and 42 days (p = 0.8170).

For Group Il, the median fluoride release was 3.41
(IQR 3.41-3.99) at 21 days, 4.08 (IQR 4.08-4.55) at
36 days, and 2.19 (IQR 2.19-2.82) at 42 days. Signifi-
cant differences were noted between 21 vs. 36 days
(p=0.0003), 21 vs. 42 days (p < 0.0001), and 36 vs.
42 days (p < 0.0001).

In Group lll, the median fluoride release was 2.12 (IQR
2.12-2.91) at 21 days, 2.88 (IQR 2.88-3.12) at 36 days,
and 0.95 (IQR 0.95-0.99) at 42 days. No significant dif-
ference was found between 21 and 36 days (p = 0.0613),
but significant differences were observed between 21
vs. 42 days (p < 0.0001) and 36 vs. 42 days (p < 0.0001).

Finally, Group IV had a median fluoride release of
0.90 (IQR 0.90-1.15) at 21 days, 0.17 (IQR 0.17-0.23)
at 36 days, and 0.10 (IQR 0.10-0.13) at 42 days. Signifi-
cant differences were detected between 21 vs. 36 days
(p<0.0001) and 21 vs. 42 days (p < 0.0001), while
no significant difference was found between 36 and
42 days (p = 0.9517).

DISCUSSION

Dental caries result from an imbalance between
demineralization and remineralization of dental hard tis-
sues, influenced by pathological factors such as acido-
genic bacteria and reduced salivary function, alongside
protective factors like salivary flow and fluoride [5; 6].
Fluoride plays a pivotal role in caries prevention by en-
hancing enamel resistance, promoting remineraliza-
tion, and inhibiting plaque bacteria, thereby reducing
bacterial adhesion and limiting metabolic activity be-
tween meals [7].
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Fig. 5. Box and Whisker Plot showing the Inter-group Comparison of Fluoride Release after the 14 days
of Immersion In 1.23% APF Gel with significant pairwise comparisons marked overhead.
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A study by Kidd et al. found that 75% of restorative
procedures involved replacements, with 40% attribu-
ted to secondary caries, underscoring fluoride’s es-
sential role in preventing recurrent caries [8]. To sustain
effective fluoride levels, a rechargeable, slow-release
fluoride system in dental materials is highly desira-
ble [9; 10]. This study focused on evaluating two critical
aspects of fluoride’s role in caries prevention: fluoride
release and uptake from four tooth-colored restorative
materials — conventional glass ionomer, resin-modified
glassionomer, compomer, and fluoride-releasing com-
posite resin.

Various methods exist for estimating fluoride ion
release, including distillation with spectrophotomet-
ric analysis, indirect methods, and ion-selective tech-
niques. However, many of these methods fail to accu-
rately measure fluoride due to its complexation with
metals like aluminum. This study employed the ion-se-
lective method combined with Total lonic Strength Ad-
justment Buffer (TISAB), effectively dissociating fluoride
from polyvalent cations, ensuring precise measure-
ment [11; 12].

Levallois and Fovet found that resin-modified glass
ionomer cements released more fluoride in water than
in artificial saliva, due to the presence and thickness
of a CaF, layer [13]. Similarly, El Mallakh and Sarkar
showed that conventional glass ionomer cements re-
leased more fluoride in distilled water than in artificial
saliva [12]. This study focused on evaluating maximum
fluoride release from two glass ionomer cements,
a compomer, and a composite resin using deion-
ized water to avoid interference from other variables.
Conventional GIC, known as the “Gold Standard” for
fluoride release, was used as a comparison bench-
mark [13].

Fluoride release from materials typically peaks ini-
tially and then decreases over time. In this study, fluo-
ride release was measured on days 1, 2, 3, 7, 14, and
21. The results showed that conventional glass iono-
mer cement released the most fluoride, followed by
resin-modified glass ionomer cement, compomer, and
composite resin, which released the least. The con-
ventional and resin-modified glass ionomers exhibited
a high initial release that sharply decreased, while the
compomer and composite demonstrated significantly
lower release. This pattern is consistent with previous
studies, where conventional glass ionomer cement
showed the highest initial fluoride release due to its
higher fluoride content. Resin-modified glass iono-
mer cement released less fluoride than conventional
glass ionomer cement, likely because the resin ma-
trix encapsulates fluoride ions, slowing their release.
Compomer exhibited even lower fluoride release, po-
tentially due to its more tightly bound or less hydro-
philic matrix. Composite resin had the lowest fluoride
release, likely due to the poor solubility of its fluoride-
containing salts [14; 15]. The rapid initial decrease in
fluoride release observed in the conventional and res-
in-modified glass ionomers, known as the “Initial Burst
Effect”, is likely due to the dissolution of glass particles
in the polyalkenoic acid during setting. Following this

dHdodoHmus
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burst, fluoride release slows as the glass continues
to dissolve in the acidic environment of the hydrogel
matrix [16].

Topical fluoride treatments vary in type and concen-
tration. A study by Ahn et al. found that 1.23% APF gel
released more fluoride compared to neutral fluoride
gel and demonstrated superior fluoride deposition in
enamel. Given that higher fluoride concentration leads
to greater fluoride uptake, the current study utilized
1.23% APF gel as the recharge solution [17].

In this study, a statistically significant difference in
fluoride release was observed during the fluoride im-
mersion period. Both conventional glass ionomer ce-
ment and resin-modified glass ionomer cement exhib-
ited higher fluoride release compared to compomer and
composite materials after recharge. Notably, fluoride
release was greater on day 34 compared to day 22 for
the conventional and resin-modified glass ionomers,
consistent with previous studies [18; 19].

Okuyama et al. similarly evaluated fluoride release
and uptake in various dental materials. They found that
fluoride release peaked on day 1 and then decreased.
After 21 days, materials were exposed to 1000 ppm
NaF daily for 14 days. Conventional and resin-modified
glass ionomers showed an increase in fluoride release
on day 14, likely due to fluoride diffusion into the mate-
rial matrix. Compomer and composite materials, how-
ever, did not show fluoride reuptake. The higher fluo-
ride release observed on day 35, compared to day 22,
was attributed to additional fluoride binding in the glass
ionomer cement [15].

Fluoride release analysis after 14 days of immersion
revealed a statistically significant difference among
the materials. Conventional glass ionomer cement re-
leased the most fluoride, although this gradually de-
creased over the next 7 days, consistent with other
studies [17; 18].

Rothwell et al. also investigated fluoride release
in resin-modified glass ionomers, a compomer, and
a conventional glass ionomer after exposure to fluori-
dated toothpaste. They observed that fluoride release
increased the day after exposure but returned to base-
line within 3 days, likely due to superficial absorption
rather than deep diffusion [18]. Post-fluoride applica-
tion, fluoride release depends oninitial release and ma-
terial porosity. The higher resin content in resin-mod-
ified glass ionomer, compomer, and composite likely
contributed to their lower fluoride release compared to
conventional glass ionomer cement [2; 20-22]. Over-
all conventional glass ionomer cement exhibited the
highest fluoride uptake and re-release, followed by
resin-modified glass ionomer cement. Although other
groups released some fluoride, they did not demon-
strate significant fluoride uptake.

This study presents several strengths, including
a comparative analysis that directly evaluates fluoride
release among various fluoride-releasing materials,
thereby enhancing our understanding of their effec-
tiveness. The clinical relevance of the findings is no-
table, as they focus on materials commonly used in
dental practice, which can inform clinical decisions
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and ultimately improve patient care. Furthermore, the
standardized methodology employed for measuring
fluoride release ensures that the results are reliable
and reproducible.

LIMITATIONS

Despite its strengths, this study has some limita-
tions. First, the research is conducted in an in vitro set-
ting, which may not fully replicate the complexities of
the oral environment. Additionally, the assessment of
fluoride release is limited to a short duration, potentially
overlooking long-term behaviors of the materials in clin-
ical settings. Lastly, while multiple fluoride-releasing
materials are tested, the study may not encompass all
available options, limiting the findings’ generalizability.
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