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Objectives: The purpose of this article was to review the fluoride release and uptake ability of some restorative
materials which are used for minimally invasive procedures.

Methods: The literature search on published researches and review articles were carried out by using PubMed,
Trip and Cochrane library databases. The search terms used were fluoride, restorative materials, atraumatic
restorative treatment or ART, glass ionomer or GIC, resin modified glass ionomer cement or RMGIC. The articles

included were between 2000 and 2015.

Conclusion: Fluoride release varies with m factors including the type of restorative materials used and also the
media in which it is stored. Fluoride uptake is dependent on the type of the cement and the availability of
fluoride including fluoride releasing capacity in the material.

Fluoride releasing capacity

1. Introduction

Dental caries is a multifactorial disease condition involves cario-
genic microorganisms such as mutans streptococci and lactobacilli.' These
bacteria can be found in dental plaque on the tooth and gum, and can
produce extracellular polysaccharides that assist bacterial adhesion.'-*
Without cariogenic bacteria and fermentable carbohydrate the process
of demineralisation process is not possible to start in order to produce
acid, which is the cause of demininerlisation of dental hard tissue which
leads to formation of a cavity, known as dental caries.>™

Dental caries can be prevented by avoiding the favourable condition
for de-mineralisation of hard tissues of tooth in the oral environment.
Fluoride is the most beneficial topical agent, which exerts an anti-caries
effect by means of several mechanisms including enhancing reminer-
alisation and inhibiting microbial growth and their metabolism.®® The
availability of fluoride in the oral environment, such as saliva and
crevicular areas can be provided from the external agents such as
dentifrices and from specif type of restorative material, releases fluoride
from it’

There are several restorative materials available in the market
which include conventional glass-ionomer cements, resin modified
glass-ionomer cements, compomers, composites and amalgams. Some
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restorative materials have the capacity of releasing fluoride in oral
environment, which can help inhibit recurrent caries. The fluoride re-
leasing capacity varies from one restorative material to the other and
also depends on oral environment, such as pH of saliva.'”"? It also
depends on other factors such as, powder liquid ratio, constituents of
restorative cement and ability to releasing of fluoride from the finasl set
in oral environment of a patient.'*'®

The aim and objective of this review was to discuss the fluoride
release capacity from different dental restorative materials, such as
glass ionomer cements (GIC) and resin modified glass ionomer cements
(RMGIC), compomeres, and their ability of fluoride releasing capacity
of in oral environment.

A significant number of original research (in-vitro) and review pa-
pers on the fluoride releasing and recharging capacity in dental re-
storative materials such as glass ionomer cements and resin modified
glass ionomer cement were identified through PubMed, Trip and
Cochrane library published between 2000 and 2015. Those papers
studied and summarized on the issue of fluoride releasing capacity in
restorative materials in different media at different intervals of time,
including pH of the envornment. Also, fluoride uptake due to topical
applications and re-release into the media from dental materials were
included in this review paper. This paper also discusses the various
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Table 1
Fluoride releasing capacity of marketed Conventional GIC: commonly used brands.
Storage Medium Vo 1(ml) Sample dimension d x h (mm) Fluoride released (ppm), [pg/cm?]* pH Name of CGIC Ref
1 day 7 days 14-15 days 28-30 days

DIW 01 4x8 69.92 15.48 8.34 - NM GC Fuji VII 38
01 4X8 22.05 3.64 2.36 - NM GC Fujji IX GP fast 39
01 4X8 53.82 5.29 4.29 - NM GC Fujji IX GP extr 39
01 4X8 31.62 5.541 4.64 - NM GC Fuji II LC 39
25 5x2 7.184 1.054 0.811 - 4 NM 17
10 5x25 9.991 1.512 0.671 - NM CG2 23
10 5x3 1.22 0.29 0.20 0.16 NM KME 34
30 6x2 18.9 1.27 - - NM Fuji I 35
30 6x2 8.94 0.35 - - NM Fuji IX 35
05 5x2 1.6 2.6 0.8 1.0 NM GC Fuji I 36
05 5x2 2.5 2.0 1.1 1.0 NM GC FujiVII 36
05 5x2 1.4 1.0 0.6 0.7 NM GC Fuji IX 36
3 8.4x2.6 27.62 5.19 4.90 2.35 NM Ionofil Plus 36
3 8.4x2.6 25.56 3.95 4.00 1.86 NM Fuji IX 33
05 8.6x1.65 18.6 - 8.35 - NM Shofu-FX 33
20 9x2 3.38 5.51 1.42 1.85 NM GC 24
05 10x1 24.04 13.08 19.44 11.81 NM Ketac-Fil Plus aplicap 16
02 5x2 14.21 1.84 1.10 - NM Ketac-Fil Plus 7

AS 02 3x2.7 23.7 36.1 31.5 22.4 05 GI-1 44
02 3x2.7 2.3 3.9 3.3 2.3 05 Ketac-Molar 44
02 3x2.7 2.0 3.1 2.6 1.7 05 FX 44
02 3x2.7 14.7 22.5 18 10.9 05 Hi-Dense 44
10 5x25 6.975 1.062 0.552 - NM CG2 44
05 5x25 1.14 1.79 1.74 1.16 NM Fuji VII 24
05 8.6x1.65 8.22 - 5.11 - 07 Shofu-FX 24
25 10x2 7.35 0.81 - 0.64 07 Fuji II 22
25 10x2 18.37 2.02 - 1.597 07 Fuji II 22

Other 10 5x 2.5 22.29 3.533 1.31 - Lacticacid CG2 23
02 5x3 - - 59.03 - 4.3 Fuji IX 27
02 5x3 - - 56.53 - 4.6 Fuji IX 27
02 5x3 - - 55.44 - 5.0 Fuji IX 27
02 5x3 - - 53.12 - 5.5 Fuji IX 27
02 5x3 - - 52.48 - 6.2 Fuji IX 27
02 5x3 - - 66.70 - 4.3 Fuji I 27
02 5x3 - - 65.72 - 4.6 Fuji I 27
02 5x3 - - 62.81 - 5.0 Fuji I 27
02 5x3 - - 59.38 - 5.5 Fuji II 27
02 5x3 - - 55.63 - 6.2 Fuji I 27
05 8.6x1.65 17.53 - 15.58 - 4.3 Shofu-FX 24
02 8.6x1.65 21.89 7.80 6.09 - 4.3-7 Vidrion R 47
02 8.6x1.65 45.65 17.93 16.08 - 4.3-7 Vitro Fil 47
02 8.6x1.65 27.68 15.14 12.70 - 4.3-7 Vitro Molar 47
02 8.6x1.65 27.03 12.73 9.97 - 4.3-7 Bioglass R 47
02 8.6x1.65 18.50 5.38 3.69 - 4.3-7 Ketac Fil 47

Where, NM: Not mentioned, CGIC: Conventional glass ionomer cement, RMGIC: Resin modifies glass ionomer cement, AS: Artificial saliva, DIW: De-ionised water,

Ref: Reference.

2 Blue highlights: Values are in [ug/cm?].

16-18

factors influencing the fluoride release/uptake capacity in the mate-
rials.

2. Fluoride release capacity from restorative materials

Fluoride release from dental restorative materials can be part of the
setting reaction and can also be added to the formulation with the
specific intension to obtain fluoride releasing potential. The released
fluoride from the material can protect the tooth tissues from deminer-
alization in the region near to the restorative material (inter-phase
areas). Fluoride precipitated from a restorative material and released in
the oral environment in the form of CaF,, which serves as a reservoir of
fluoride when the pH drops. Fluoride release from the restorative ma-
terial after application of fluoridated agents may occur partly by
washout of the fluoride ion which is retained on the surface and in the
porous regions of restorative materials, otherwise, they may be in-
corporated into the matrix. These fluoride releasing restorative mate-
rials act as a fluoride reservoir to maintain an increased level of fluoride
around restorations and thus prevent or inhibit formation of secondary
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caries.

2.1. Conventional glass ionomer cement (GIC)

Glass ionomer cements (Glass polyalkenoate cements) is the generic
name for the materials, which are based on the reaction of glass powder
and polyacrylic acid. GIC's are widely used in restorative dentistry as
luting cements, bases of a prepared tooth cavity, anterior and posterior
filling materials, including bone cements. They are often tooth-coloured
materials that bond chemically to dental hard tissues and release
fluoride for a longer period.®

Glass ionomers were developed and patented in the 1960s by Alan
Wilson and co-workers at the laboratory of the Government Chemist in
London. They were prepared by Wilson and co-workers, had adequate
handling and working characteristics but slow setting characteristics
along with poor hydrolytic stability which disqualified them for wide-
spread clinical usage.'’

Conventional glass ionomer cements were then introduced in 1972
by Wilson and Kent. They were derived from aqueous polyalkenoic acid
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such as polyacrylic acid and a glass component that was usually
fluoroaluminosilicate. When the powder and liquid were mixed to-
gether, an acid-base reaction occurred where; the acid attacked the
glass network which resulted in the release of cations, mainly AI** and
Ca®* or Sr**. Later, these cations serve to form salt bridges between
the polyacid chains and result in the formation of a silica hydrogel,
However the calcium polyacrylate formation exhibits faster reaction
kinetics than that of aluminum polyacrylate. As the metallic polyalk-
enoate salt begins to precipitate, gelation begins and proceeds until the
cement sets hard. Glass ionomers bond to tooth structure undergoes
several mechanisms including chelating the carboxyl groups of the
polyacrylic acid with the calcium in the apatite of the enamel and
dentine. Its physical properties can be modified by varying the powder
— liquid ratio or chemical formulation.?%?!

It has been determined in previous studies that conventional glass
ionomers have the capacity of a slow releasing potential and steady
flow-rate of the fluoride ions from the sample into the liquid
medium.'®'**?> Two mechanisms have been proposed by which
fluoride may be released from glass-ionomers into the medium. One
mechanism is a short-term reaction, which involves rapid dissolution
from the outer surface into solution. The second is a long term reaction,
which involves the sustained diffusion of ions through the bulk ce-
ment.'®?° Also, the fluoride releasing capacity of conventional GIC
varies from one medium to other.”* Few studies have shown that
fluoride release from the GICs depends on the type of storage media
used, which may either inhibit or benefit fluoride release from the ce-
ment to the media.”>*° Conventional glass ionomer cement released
higher concentrations of fluoride in deionised water than in artificial
saliva, and the capacity for fluoride release was higher in a lower pH
solution.”***27-29 Table 1 highlights the fluoride releasing capacities
in different media at different intervals of time.

GIC releases the highest amount of fluoride in the first 24 h during
the early setting time and this phenomenon is called the initial bust.**’
The reason behind the initial bust is due to surface wash off ef-
fect.?**>%* The initial bust of fluoride is important for remineralisation
as well as for the reduction of viability of microorganisms that may
have been left in the carious dentine, thus providing higher amounts of
fluoride when it is most needed to help prevent secondary caries.'® The
capacity of fluoride release starts to decrease after 24-48 h and main-
tains a fairly constant level within 10-20 days.®* This reduction of
fluoride releasing capacity after a week is from a balance between the
erosive leaching of glass particles in the bulk of the cement and diffu-
sion of the leached fluoride through the cement matrix. Long term
fluoride release occurs in smaller amount in conventional GIC which
ranges from several months to five years.'”

In vitro, fluoride release from different brands of conventional GIC
(5 - 6 mm in diameter, 2-3 mm in length) in the first 24 h ranged from
1.22ppm to 18.9 ppm, while another brand of a conventional GIC
(8.4 mm in diameter, 2.6 mm in length) released fluoride ranging from
25.56 ppm to 27.62 ppm.'7>>33353¢ After the initial bust, the fluoride
release slowed down gradually.> On the 7th day fluoride release
ranged from 1ppm to 1.5ppm (5 - 6 mm in diameter, 2-2.5mm in
length) and 5.19 ppm to 3.95ppm (8.4mm in diameter, 2.6 mm in
length).'7-2333:35:35 After the 7th day, there was a prolonged long-term
fluoride release. Different ranges of fluoride release were observed in
different media; higher amounts of fluoride release occurred in acidic
media, less in de-ionized media and lesser in artificial saliva, and also
varied with different pH of the media.'”*” A previous study showed the
fluoride released by one conventional GIC (5 mm X 2.5 mm) in the first
24hrs to be 9.99 ppm in a de-ionized medium, 6.98 ppm in artificial
saliva and 22.29 ppm in lactic acid (pH 4).'” The difference was due to
the different type of storage media. A low pH environment accelerated
the amount of fluoride released from this GIC.*®
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2.2. Resin-modified glass ionomer cement (RMGIC)

Glass ionomer materials have some disadvantages such as short
working time, long setting time, susceptibility to early moisture and
salivary contamination, desiccation after setting and brittleness. To
overcome these limitations and to preserve fluoride release, with better
mechanical and biological properties, resin-modified glass ionomer
cement materials were introduced. RMGIC's are conventional GIC's with
the addition such as hydroxyethylmethacrylate (HEMA).'® During its
initial setting, it undergoes both an acid-base ionomer reaction as well
as curing by photo-initiation and a self-cure of methacrylate carbon
double bonds.**** HEMA in RMGIC slowly absorbs the water to allow
for diffusion of fluoride ions into the medium.®" RMGIC's have the ca-
pacity to release fluoride over 1-2.7 years.'®

In one of the previous studies, it has been observed that RMGIC
(Vitremer™, dimension 11 mm X 1.5mm) released higher amounts of
fluoride in demineralising (pH 4.3) and remineralizing (pH 7) solutions
in the first two days, and thereafter it slowly decreased its fluoride
release.?” Many studies reported that fluoride released from RMGIC was
less than from conventional GIC, and this is because the resin network
present in the RMGIC can reduce the diffusion of water into the ce-
ment.'%24293%40 On the other hand, RMGIC released more fluoride
than a conventional GIC.?® One of the previous studies also showed that
under neutral pH conditions, the rate of fluoride release from a RMGIC
(KetacFil) at 72hr was significantly slower at a pH of 4.*' Table 2
highlights the fluoride releasing capacity in different media, in different
intervals of time and in different media for RMGIC materials.

3. Fluoride recharge/re-release of restorative materials from
topical application

The ability to take up and re-release fluoride to the oral environ-
ment when restorative materials are exposed to fluoridated products
such as toothpaste, mouthwash and fluoride gel, is an important
property of some restorative materials.>> When some restorative ce-
ments are exposed to topical fluoride, fluoride diffuses into the matrix
material, increasing its reservoir of fluoride, from which it is subse-
quently and slowly leached to the oral environment or medium in
which the restorative material is stored. This helps to strengthen the
enamel adjacent to the restorative material. The absorption and re-re-
lease of fluoride might be partly determined by the permeability of the
material. A complete permeable substance could absorb the ion deep
into its bulk, while a relatively impermeable material can only absorb
fluoride into the immediate subsurface.**

Re-charging is one of the important properties of GIC's. GIC when
restored in a tooth releases the fluoride to the oral environment during
the initial period of setting. Subsequently, it takes fluoride from the oral
environment or from dentifrices, recharges with it and slowly re-re-
leases with an increased quantity of fluoride to the oral environment.*?
This can help to avoid secondary caries and longetivity of the material.

Restorative materials with a higher fluoride releasing capacity also
have a higher fluoride recharging ability.?***** Restorative materials
with higher porosity allow deeper diffusion of the recharging agent.
This permits a higher amount of fluoride storage in these restorative
materials and subsequent re-release to the media. The tendency for the
amount of fluoride re-released after recharge, increases with the age of
the restorative material.**

Another research, found a higher amount of fluoride re-released
when restorative materials were treated with toothpaste (1000 ppm) as
compared to mouthwash (220 ppm).>° Toothpaste is higher in viscosity
than a mouth wash, which is difficult to wash out completely and may
have remained trapped in the pores of these materials and could then
release more fluoride on the first day after recharge. There is also a
variation of the concentration of fluoride in the recharge agents.*’
Hence, fluoride re-released from the restorative material treated with
toothpaste showed more release compared to that with mouthwash
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Table 2
Fluoride releasing capacity of marketed different Resin-Modified GIC: commonly used brands.
Storage Medium Vo 1(ml) Sample dimention d x h (mm) Fluoride released (ppm), [pg/cm?]* pH Brand name of RMGIC Ref
1 day 7 days 14-15 days 21 days 28-30 days

DIW 10 5x25 6.014 1.037 0.753 - - NM Ketac N100 23
10 5x3 12.33 1.37 0.80 - 0.80 NM Rely x luting 2 34
10 5x3 4.35 0.66 0.40 - 0.39 NM Vitremer 34
05 8.6x1.65 8.08 - 5.59 - - NM Fuji-II-LC 24
20 9x2 2.88 2.06 2.02 - 2.19 NM Ketac™N100 16
04 11x1.5 41.5 3.21 2.24 - - NM Vitremer™ 37
02 5x2 8.56 1.51 1.23 - - NM vitremer 7
02 5x2 4.80 0.78 0.48 - - NM Fuji II LC 7

AS 02 3x2.7 22.1 40.2 37.2 30.6 25.6 05 Photac-Fil 44
02 3x2.7 9.1 14.9 12.2 8.6 7.0 05 Photac-Fil Quick 44
10 5x25 5.012 - 0.602 - - NM Ketac N100 23
05 5x2 1.17 - 2.49 2.15 1.86 NM Vitrimer 3M ESPE 36
05 8.6x1.65 6.59 - 2.04 - - 07 Fuji-II-LC 24
25 10x2 4.35 0.52 - - 0.43 07 Fuji II LC 22
25 10x2 0.81 0.84 - - 0.655 13 Fuji II LC 22

Other 10 5x25 16.088 2.825 1.552 - - Lacticacid Ketac N100 23
05 8.6x1.65 13.52 - 11.83 - - 4.3 Fuji-II-LC 24
04 11x1.5 79.86 8.24 5.047 - - Lacticacid Vitremer™ 37
02 8.6x1.65 26.64 8.16 5.82 - - 4.3-7 Vitremer 47
02 8.6x1.65 42.65 10.65 5.82 - - 4.3-7 Vitro fil LC 47
02 8.6x1.65 28.75 12.75 10.39 - - 4.3-7 Resiglass 47

Where, NM: Not mentioned, CGIC: Conventional glass ionomer cement, RMGIC: Resin modifies glass ionomer cement, AS: Artificial saliva, DIW: De-ionised water,

Ref: Reference.
@ Blue highlights: Values are in [ug/cm?].

treatment.%%,iigﬂii

A study on the subject showed that fluoride released by restorative
materials was maximal at 24 h and gradually decreased on the 7th day
and 15th day. After application of 1.23% APF gel for 4 min, fluoride
release was maximum on the 16th day and decreased on the 22nd and
30t days in the media (de-ionized water, artificial saliva and lactic
acid), but not more than the initial burst.** RMGIC has a higher capa-
city to re-release fluoride immediately and 24 h after recharge than
conventional GIC, but the initial fluoride release (initial burst) before
treatment of recharge agent, was higher with the conventional GIC than
the RMGIC.?® Table 3 highlights the fluoride releasing capacities in
different media and at different intervals of time.

A higher amount of fluoride is released by conventional GIC when it
is exposed to neutral sodium fluoride and fluoridated dentifrices.*” The

cumulative fluoride released by GIC in artificial saliva in 28 days was
8.8 ppm without exposure to 2% NaF, 11.61 ppm when exposed to
neutral 2% NaF, and 10.21 ppm when exposed to fluoridated denti-
frices.** On the other hand the cumulative fluoride released by RMGIC
in artificial saliva in 28 days was 2.31 ppm without exposure to 2%
NaF, 2.41 ppm when exposed to 2% NaF, and 2.41 ppm when exposed
to fluoridated dentifrices. Conventional GIC's released significantly
higher amounts of fluoride than other restorative materials after it was
exposed to 0.2% NaF for 5min.*°

One of the previous studies accesses the fluoride releasing capacity
of CGIC and RMGIC before and after exposure to 1.23% APF gel for
4 min over 6 weeks. Fluoride releasing capacity was high for the first
24 h and thereafter the release rates continued to fall.**The mean levels
of fluoride released after exposure to 1.23% APF gel were considerably

Table 3
Cumulative fluoride releasing capacity of ART materials with and without exposure of fluoride agent.
Type of ART Storage Medium Sample dimention d x h (mm) Cumulative Fluoride release (ppm) [ug/cm?]* pH Brand name of ART Ref
Without expose With expose
2% NaF F TP F MW APF gel

CGIC DIW 4 x8 36.25 - 44.13 43.02 - NM GC Fuji IX Fast 39
4 x8 72.52 - 86.95 84.77 - NM GC Fuji IX extra 39
4 x8 50.68 - 67.38 64.38 - NM GC Fuji Il LC 39
4 x8 129.23 - 155.98 155.95 - NM GC Fuji VII 39
AS 3x2.7 139.5 - - - 30.3 05 GI-1 44
3x2.7 14.4 - - - 11.4 05 Ketac-Molar 44
3x2.7 11.5 - - - 26 05 FX 44
3x2.7 79.4 - - - 20.3 05 Hi-Dense 44
10x2 21.99 28.98 25.45 - - 07 Fuji I 42
10x2 8.8 11.61 10.21 — - 07 Fuji I 42
RMGIC DIW 4x8 4.75 - 12.79 10.53 - NM Dyract Extra 39
AS 3x2.7 155.7 - - - 85.5 05 Photac-Fil 44
3x2.7 51.8 - - - 53.9 05 Photac-Fil Quick 44
10x2 2.305 2.408 2.408 - - 07 Fuji II LC 42
10x2 5.3 6.96 6.5 - - 07 Fuji II LC 42

Where, NM: Not mentioned, CGIC: Conventional glass ionomer cement, RMGIC: Resin modifies glass ionomer cement, AS: Artificial saliva, DIW: De-ionised water,
Ref: Reference, NaF: Sodium fluoride, F TP: Fluoridated toothpaste, F MW: Fluoridated mouth wash.

2 Blue highlights: Values are in [ug/cm?].
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lower than those immediately before immersion into the APF gel.*”
There are short-term fluoride reservoir effects following the use of APF
gel, and also surface damage caused by this treatment.*®

A scientific investigation reported that the cumulative fluoride re-
leased in de-ionized water during 86 days from CGIC (Fuji IX GP) was
1,363 ppm whilst that from RMGIC (Ketac N100) was 715.9 ppm.*° The
same order was seen after recharging with a 0.2% NaF solution for
5min. Again, the fluoride release 24hrs from the recharge was lower
than the initial burst. Cumulative fluoride release amounts after 5 days
from CGIC and RMGIC in de-ionised water were 35% and 31% re-
spectively of their initial 5 days cumulative fluoride release
amounts.>**°

A previous study, evaluated the fluoride recharge potential in vitro
over two years. RMGIC's (Vitremer and Photac-fil Aplicap) had a higher
ability for initial fluoride release as well as a higher recharge poten-
tial.*’ In the case of the CGIC's, one of the brands, Chemfil, showed
relatively low initial fluoride release but its recharge potential in-
creased steadily where as another CGIC, Ketac-fil, showed opposite
effects.””

4. Factors influencing the release or uptake of fluoride

There are several factors influencing the release/uptake of fluoride
from the ART materials. Fluoride release from restorative materials is
dependent on exposed surface area, not on weight of the sample.*®
Initial fluoride burst from restorative materials, especially GIC, is
probably associated with release of fluoride which is loosely bound
with cement and originates from the acid-base reaction between the
glass and polyalkenoic acid.'® The rate of fluoride release depends on
several experimental and intrinsic variables such as media in which
samples are stored, surface area exposed in media, temperature, pH of
the medium, powder-liquid ratio of the material, method of mixing,
resin matrix, solubility and porosity of the material,'®-23-2429:41.48

Fluoride releasing capacity from restorative materials in an acidic
environment will be higher compared to those in a neutral pH en-
vironment. This is because, dissolution of the restorative material in-
creases with decreasing pH. Release of fluoride from the all type of
restorative materials was influenced by pH variation of the storage
medium.?>?%2%49-51 Many studies related to storage media to de-
termine the fluoride release, confirmed that acidic solutions show more
release of fluoride from the matrix of restorative materials than that in
remineralizing solutions, water or artificial saliva.23-25*%%°

Higher amount of fluoride are released from restorative materials in
de-ionized water (pH 7) than in artificial saliva (pH 7), indicating that
fluoride release is significantly influenced by the ionic strength and
composition of artificial saliva.'®?%?%°° The nature of fluoride in-
corporated in restorative materials also affects the fluoride recharge
ability and recharge potential of fluoride varies with the type of ma-
terials.*® The fluoride recharge and re-release abilities of restorative
materials depend on the composition of the material, on the frequency
of the fluoride exposure, as well as the type and concentration of
fluoridating agents.'®>> A higher porosity allows a deeper diffusion of
the recharge agent into the restorative material and results in more
fluoride storage and release.*”*'

5. Conclusion

In conclusion, fluoride release varies with types of restorative ma-
terial, their matrices, setting mechanisms, fluoride content, nature of
fluoride incorporated into resin based materials, media in which it is
stored, and how it is stored. Fluoride uptake will be dependent on the
cement and the available type of fluoride.

Both CGIC and RMGIC show initial burst phenomena. A few studies
showed more fluoride released from RMGIC than CGIC. However, most
studies highlighted that CGIC released more fluoride than RMGIC.
Fluoride released from resin based restorative materials is less because
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of the resin content compared to CGIC's which act as a barrier for
fluoride to diffuse through the medium. The fluoride releasing capacity
of restorative materials into a medium is maximal in a pH cycling model
and then less in de-ionized water and even less in artificial saliva.
Materials which are predominantly a salt matrix such as CGIC's and
RMGIC's are more sensitive to changes in pH.

The large differences of fluoride release and recharge from the
different restorative materials reported in studies is due to different
methodology used including sample dimensions, types of storage
media, duration of storage, pH of the storage media, volume of storage
media and methods used to measure the fluoride released.
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