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ABSTRACT 
        The aims of this study were to compare the amount of fluoride release and degree 
of surface roughness of various restorative materials before and after application of 
different topical fluoride agents. 
        Specimens of a conventional glass-ionomer cement (Ketac-Fil Plus Aplicap) with 
and without varnish, a resin-modified glass-ionomer cement (Fuji II LC Capsule), a 
giomer (Beautifil), a compomer (Dyract AP), a fluoride-releasing resin composite 
(Tetric Ceram), and a resin composite (Z250) were prepared. Surface roughness of 
each freshly-prepared specimen was examined (day 0) and then placed in deionized 
water to determine the amount of fluoride release. Fluoride release and surface 
roughness were again measured at 1,2,3,4,5,6,7,14,21 and 28 days respectively. All 
specimens of each material were then divided into 2 groups and placed into APF gel or 
NaF gel for 4 minutes. The fluoride release and surface roughness assessment was the 
same as before recharge. Data were analyzed by factorial analysis, Dunnett’s T3 
multiple comparison, and Independent T test at a significant level of .05. 
        The amount of fluoride release from the various materials was significantly 
different. With all materials, except for Z250, the highest amount of fluoride release 
from freshly-prepared materials occurred during the first 24 hours. Fluoride release 
then dropped rapidly and gradually stabilized. After recharge, fluoride release from  all 
materials increased only on the first day. Exposure to APF gel or NaF gel had similar 
effects on the content of fluoride release from all materials except Dyract AP and 
Ketac-Fil Plus Aplicap. Glass-ionomer materials released the greatest amount of 
fluoride. Fluoride release from giomer was less than or equivalent to that from 
compomer. The lowest amount of fluoride release was from resin composite materials. 
Varnish did not significantly inhibit fluoride release from conventional glass-ionomer 
cement. 
        Surface roughness examination indicated that there was a trend of increasing 
surface roughness from Z250/Dyract AP/Beautifil, to Tetric Ceram, to Fuji II LC 
Capsule, to Ketac-Fil Plus Aplicap respectively. The basic resin composite materials 
showed rather low similar values of surface roughness. There was no significantly-
increased surface roughness for any materials after application of APF gel or NaF gel.  
 
KEY WORDS: FLUORIDE RELEASE/FLUORIDE RECHARGE/SURFACE 
                          ROUGHNESS/RESTORATIVE MATERIALS 
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CHAPTER 1 

INTRODUCTION 

 

 
        Fluoride has demonstrated anticariogenic effects and it is generally accepted in 

the decrease of caries prevalence. This beneficial effect has resulted in the 

development of restorative materials containing fluoride to obtain cariostatic 

properties. Fluoride ions released from glass-ionomer cements are effective in the 

prevention of secondary caries (1,2). These materials are well documented on their 

properties in the release and uptake of fluoride for long-term periods (3-5). Numerous 

restorative materials, such as compomers and fluoride-releasing resin composites, 

have been developed. It has been reported that they can inhibit secondary caries 

around restorations, in vitro (6,7). Recently, new products so called ‘giomers’ were 

released in the market. Still, little research concerning fluoride release by giomers has 

been done, and particularly, in the area of their characteristics. Likewise, there has 

been little to no study about surface roughness after fluoride recharge of these new 

materials. The effects of topical fluoride gels on the material surfaces should be a 

concern because the surface degradation indicates the durability of the materials in 

oral condition. 

        The rationale mentioned has led to this research. The purposes of this study were 

1) to compare the amount of fluoride release from various restorative materials before 

and after application of different topical fluoride recharge agents, and 2) to compare 

the degree of surface roughness of the materials before and after application of 

different topical fluoride recharge agents. 

        The anticipated benefits from this study are as follows: First, to know the amount 

of fluoride release before and after recharge with dissimilar pH of topical fluoride 

agents from various materials. Second, to learn about the alteration of the surface 

roughness of the materials after recharge. Third, to understand the effects of pH of 

topical fluoride agents on the materials’ surface roughness. Finally, this research could 
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become a baseline for further study on selection of restorative materials and topical 

fluoride agents that are most appropriate for the patients.  

  

 

Objectives of the Study 

1. To compare the amount of fluoride release from various restorative materials 

before and after application of different topical fluoride recharge agents. 

2. To compare the degree of surface roughness of the materials before and after 

application of different topical fluoride recharge agents. 

 

 

Hypotheses 

        The null hypotheses (H0) are:  

1. The amount of fluoride release from each material is not different. 

2. The amount of fluoride release at each time is not different. 

3. The amount of fluoride release after recharge with each fluoride recharge 

agent is not different. 

4. The degree of surface roughness of each material is not different. 

5. The degree of surface roughness at each time is not different. 

6. The degree of surface roughness after recharge with each fluoride recharge 

agent is not different. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 
        Fluoride, a trace element that is capable of increasing the resistance of tooth 

structure to demineralization and promoting remineralization, is therefore a 

particularly significant consideration for caries prevention. There are three different 

mechanisms of fluoride to exert its anticaries effect. Firstly, the presence of fluoride 

ions greatly enhances the precipitation into tooth structure of fluorapatite from 

calcium and phosphate ions existing in saliva. This insoluble precipitate replaces the 

soluble salts containing manganese and carbonate that were lost because of bacterial-

mediated demineralization. This exchange process contributes to the enamel becoming 

more acid-resistant. Secondly, non-cavitated carious lesions are remineralized by the 

same process. Thirdly, fluoride has antibacterial activity. In low fluoride 

concentrations, the enzymatic production of glucosyltransferase is inhibited by 

fluoride ions. This enzyme prevents glucose from forming extracellular 

polysaccharides, which in turn decreases bacterial adhesion and slows ecologic 

succession. Intracellular polysaccharide formation is also inhibited, prevention of 

storing carbohydrates by limiting bacterial metabolism between the host’s meals. 

Consequently, the duration of caries attack is limited to the periods during eating and 

abruptly after eating. In high fluoride concentrations utilized in topical fluoride 

treatments, fluoride ions are directly toxic to certain oral microorganisms, including 

suppression of  mutans streptococci growth (8).  

        The main reason for replacement of restorations is secondary caries or recurrent 

caries (9), which generally results from microleakage (7). Microleakage refers to the 

clinically undetectable passage of bacteria and fluids between cavity walls and 

restorative materials. The loss of marginal integrity as aforementioned leads to 

potential pathways for reinfection, since cariogenic bacteria can penetrate readily into 

the underlying dentin through these defects. Adaptation of restorative dental materials 

to the prepared tooth structure should be directed toward avoidance of microspaces 
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along the cavosurface and an undetectable interface between the material and the 

tooth. Compromise of this interface leads to the production of secondary caries. The 

process of secondary caries development associates with percolation of acidic by-

products into microspaces along cavosurfaces, resulting in demineralization of the 

tooth structure. In the absence of repair of the demineralized tooth substance, 

cavitation will ultimately occur along the cavosurface, contributing to clinically 

detectable caries and failure of the restoration. Both the non-restored tooth surface 

neighboring to the restoration and the cavosurface are at risk for caries development, 

and thus cause restoration failure when secondary caries takes place. At present, there 

is still no material that has perfectly sealing ability (10). Therefore, a material that can 

release fluoride or has antibacterial properties would be desirable. 

        Fluoride-releasing materials can be classified according to the amount of fluoride 

release from high to low as a conventional glass-ionomer cement, a resin-modified 

glass-ionomer cement, a compomer, and a fluoride-releasing resin composite, 

respectively (11). A recent addition to the continuum is a giomer. However, the 

potential for fluoride release from the giomer is unclear. Further investigations will be 

necessary to clarify it. 

        This research focuses on fluoride release from fluoride-releasing materials; thus, 

the literatures on fluoride will be exclusively reviewed.  

 

 

Conventional Glass-Ionomer Cements 

        Of the contemporary restorative materials that release fluoride, conventional 

glass-ionomer cements (GICs) have long been most extensively studied. Fluoride is 
incorporated in the glass during manufacture to function as an oxide scavenger and to 

lower the glass fusion temperature of the glass melt. It can improve handling 

properties and increase cement strength. Moreover, moderate amount of fluoride 

enhances translucency (12). The fluoride-releasing ability is directly affected by the 

setting reaction, which is caused by an acid-base reaction between a polyalkenoic acid 

and a fluoroaluminosilicate glass (FASG) powder. Mixing of the glass powder with 

the acid leads to the release of fluoride ions due to the attack of the acid on the surface 

of the glass particles. The fluoride ions have no further action in the setting reaction 
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but will remain within the matrix formed by the development of calcium and 

aluminum polyalkenoate chains (13). Although fluoride forms a principal constituent 

of many GICs, it seems to have no role in the cement-forming process. Consequently, 

fluoride ions can be released without affecting GICs’ physical properties (14). In 

contrast to fluoride ions, other components, such as calcium and aluminium, are 

involved in cement matrix formation and play a fundamental role in hardening and 

strengthening the ionomer salt hydrogel. For a long period after setting, fluoride in the 

matrix is available for elution (15). Although fluoride released from glass-ionomer 

restorations has been shown to take place for a long period of time (3,16), the greatest 

release occurs in the first 24-48 hours (17-19). This can be explained that there are two 

reactions of the kinetics of the fluoride release process. The first reaction is a rapid 

surface release in a short-term initial elution, and the second one is a slow long-term 

diffusion from the bulk (20). 

 

 

Resin-Modified Glass-Ionomer Cements 

        Resin-modified glass-ionomer cements (RMGICs) were designed to produce 

favorable physical properties similar to those of resin composites and resin cements 

while retaining the primary features of the conventional glass-ionomer cements (21). 

This aim is achieved by incorporating water-soluble resin monomers (2-hydroxyethyl 

methacrylate – HEMA) into an aqueous solution of polyacrylic acid irrespective of the 

presence of pendant methacrylate group. The resin-modified glass-ionomer cement 

refers to the material that undergoes both polymerization and acid-base reaction (22). 

The setting reaction occurs in two stages. The first stage is an acid-base reaction that 

produces gel through polyvalent metal-ion cross-linking of the free polyacrylic acid. 

The second stage is a photoinitiated setting reaction that takes place when 

methacrylate groups grafted onto the polyacrylic acid chain make a cross-link with 

methacrylate groups of the HEMA or when HEMA is polymerized to polyHEMA 

which is an excellent biocompatible polymer and has strong affinity to water with its 

hydrophilic hydroxyl group. Research studies have clearly demonstrated the ability of 

the resin-modified glass-ionomer cements to release fluoride (18,23). Like 

conventional glass-ionomer cement, resin-modified glass-ionomer cement releases 
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fluoride initially very high, but the release decreases in 2 to 3 weeks to a low, long-

term (18). 

 

 

Giomers 

        Giomer, also known as PRG composite, is a novel class of anhydrous resin-based 

restorative material that uses pre-reacted glass-ionomer (PRG) technology. The term 

‘giomers’ implies that they are combinations of glass-ionomer cements and resin 

composites. The manufacturer claimed that giomers possess advantage properties of 

both glass-ionomer cements and resin composites that have fluoride release, fluoride 

recharge, excellent esthetics, easy polishability, and biocompatibility. Giomers are 

distinguished by the fact that they are resin-based and contain pre-reacted glass-

ionomer particles. The particles are made of fluoroaluminosilicate glass that has been 

reacted with polyalkenoic acid before being incorporated into the resin. The pre-

reaction may involve only the surface of the glass particles called surface pre-reacted 

glass-ionomer or S-PRG, or virtually the entire particles termed fully pre-reacted 

glass-ionomer or F-PRG. Unreacted FASG particles, silica particles, and fumed silica 

are blended to optimize the physical properties of this material. Acidic resin 

monomers are not necessary to acid-base reaction since PRG fillers are already pre-

reacted. In giomer, the fluoride presumes to be more evenly distributed within the F-

PRG fillers. A hydrophilic monomer, HEMA, is included in urethane dimethacrylate 

(UDMA) to form a resin matrix that is conductive to water uptake and ion exchange. It 

is assumed that this PRG phase enhances sustainable fluoride release via ligand 

exchanges within the ion-rich hydrogel, without disrupting the integrity of the filler-

matrix interface that was conjectured to occur in materials such as compomers. 

Giomers are similar to compomers and resin composites in being light activated and 

requiring the application of a bonding agent to adhere to tooth structure (24,25).  

        Some researches on the properties or performance of giomers have been 

published (25,26). One recently published study has compared the difference of 

fluoride release between a conventional GIC, an RMGIC, a giomer and a compomer. 

No initial ‘burst’ type of release as GICs has been found. Besides, fluoride release was 

lower than that of other materials after 28 days (25). 
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Polyacid-Modified Resin Composites 

        Polyacid-modified resin composites or compomers are primarily light-cured, low-

fluoride-releasing resin composites. The major role of water in the acid-base reaction 

process and the inherent problems associated with the presence of water in free-

radical-setting methacrylate-based monomers had an important impact on the design 

of this new class of esthetic resinous restorative material (27). Compomers have been 

invented to describe a sub-group of products which supposedly coalesce the 

characteristics of composites and glass-ionomers, although many people would argue 

that they bear little resemblance to the latter group of materials. In addition, its 

properties are not as good as its prototypes’ properties (28,29). Even though the term 

compomer has been criticized as inappropriate (30), it is commonly used to briefly 

describe water-free, single-component, light-cured composites consisting of polyacid-

modified dimethacrylate monomers reinforced with strontium or barium 

aluminosilicate glass particles. It contains the essential components of conventional 

glass-ionomer cements as acid-decomposable glass and polymeric acid, but at levels 

that may be inadequate to promote an acid-base reaction (30). Exclusion of water is 

necessary to prevent premature setting of the material in the container and also ensures 

that setting occurs only by polymerization. A limited acid-base reaction is thought to 

occur subsequently as the material absorbs water. In the presence of water, acid groups 

are expected to ionize and to interact with the basic glass components to produce a 

glass-ionomer core analog with anticariogenic properties on account of fluoride 

release (27). Many studies (16,19,20,25) suggested that these materials released 

fluoride, but at significantly lower levels than conventional and resin-modified glass-

ionomer cements did. The anticaries property of such low fluoride release values has 

not been confirm in vivo yet. Certain studies (19,20,27) found that the fluoride release 

from compomers demonstrated a typical initial period of high release followed by a 

low release period as glass-ionomer cements did. In long-term period, the rate of 

fluoride release became equal to that of the GIC. The explanation that the fluoride 

release from compomer increases with time was connected to the diffusion of water 

into the material. The water is necessary to the formation of hydrogen ions, which by 

attacking the fluoride-containing glass particles leads to a liberation of fluoride (16). 

The previous study contradicted this outcome that the glass particles of compomer are 
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rather easily degraded by pure water. The fluoride release rate decreases with time as a 

result of the formation of a silica gel layer covering the glass particles (20). 

         

 

Fluoride-Releasing Resin Composites  

        Because of non-bacteriostatic property of resin composites, a great deal of 

research and development is currently being directed toward the formulation of 

fluoride-releasing resin composites. There are three different approaches to the 

development of fluoride-releasing resin composites reported (7). 

- Addition of water-soluble fluoride salts. In this approach, water-soluble fluoride 

salts, such as sodium fluoride (NaF), stannous fluoride (SnF2), and so on, were added 

and mixed with the polymer matrix-forming material. This approach is not ideal as 

soluble fluoride salts are easily washed out, causing a porous structure, which can 

compromise the physical and mechanical properties of the composite. 

- Matrix-bound fluoride. This group has been extremely investigated. The matrix-

bound fluoride system is desirable as it can maintain its structural integrity. 

Nevertheless, this system has weaknesses, such as instability, discoloration, and many 

more, which make it not suitable for usage in commercial restorative composites. 

- Fluoride-releasing filler system. This type can distinguish in two subsystems, 

namely, very sparingly-soluble compounds such as ytterbium trifluoride (YbF3) and 

leachable glass fillers.  

        Tetric® and Heliomolar®, in which the radiopaque fluoridating filler YbF3 is 

used, most likely release fluoride through an ion-exchange mechanism. Water 

diffusion into the composite reaches the YbF3 filler and results in fluoride release 

according to the reaction:  

  YbF3 + 3OH-  →  Yb(OH)3 + 3F-                 

        Subsequently, the fluoride ions diffuse out of the composite to the lowest fluoride 

concentration. The actual driving force for the fluoride release is the existence of a 

concentration gradient. Fluoride concentration level is higher in the composite and 

lower outside. The main advantage of this system is the adequate physical and 

mechanical properties that can be preserved despite substantial fluoride release. 
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        Although several papers have discussed fluoride-releasing resin composites, the 

number of investigations in which long-term fluoride release is measured as a function 

of time is quite small. According to one study, it is manifested that the amount of 

fluoride filler in wt% in the composite is not an important factor in the amount of 

fluoride released, but the type of fluoridating filler, the composite type, the particle 

size of the filler and the silane treatment are obviously important (7). Recent study 

found that the fluoride release of the experimental fluoride-releasing resin composites 

increased with the hydrophilicity and the acidity of the polymer matrix. An increase in 

the hydrophilic and the acidic characters of the matrix will allow more passage of 

water and fluoride ions liberated by fluoride-containing constituents incorporated in 

the matrix. Hence, while glass-ionomer cements showed a high early fluoride release 

rate which diminished over time, the experimental resin composite had a linear release 

rate (16). In the previous study with contrasting results, the fluoride-releasing resin 

composites stopped fluoride releasing by 14 days since after 14 days the fluoride 

concentration gradient may be too low to facilitate fluoride ions diffusion from the 

resin composites into the medium (31).  

 

 

Fluoride Uptake Characteristic 

        Glass-ionomer cements, compomers and fluoride-releasing resin composites have 

the capacity to replenish the fluoride by exposure to fluoridated dentifrices and topical 

fluoride agents (18,32,33). The capacity to absorb and re-release fluoride of these 

materials varies significantly. The glass ionomer-based materials showed a far greater 

potential for fluoride recharge than the resin composites, in which the recharge was 

almost negligible. One study reported that the exposure to a fluoridated toothpaste did 

not have any effect on the underlying fluoride release from the cement, release rates 

returning to baseline within a week of fluoride exposure. This implied that the fluoride 

uptake may be higher at a surface than a bulk diffusion effect (32).  
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Fluoride Ion Measurement 

        Determination of fluoride ion release is extremely dependent on methodology—

an area which is in need of much scrutiny and standardization. Many methods are used 

to measure fluoride ions released, such as fluoride ion-selective electrode (3,16-

19,23,27,32-36), ion chromatography (31), and capillary electrophoresis (25). Fluoride 

ion-selective electrode is the technique widely utilized due to its fast, simple, accurate, 

and economical method to measure the free fluoride ions in aqueous solutions. The 

equipments required for this technique are composed of a specific ion analyzer, a 

reference electrode, and a magnetic stirrer with stir bars. 

        Historically, most in vitro fluoride release studies have been performed by using 

a static immersion media that distilled or deionized water or artificial saliva are the 

most commonly used. Therefore, fluoride release and uptake may be dependent on the 

storage media in which specimens are suspended. When the fluoride released from 

different materials was compared by using deionized water or artificial saliva, all 

materials released more fluoride in deionized water. The levels of fluoride release 

observed in artificial saliva were probably more closely reflecting the chemical 

conditions of the oral environment (17). The pH of the environment also affected the 

fluoride release from the materials tested. The greatest amount of fluoride that the 

materials released was in lactic acid, whereas in water and artificial saliva, the amount 

of fluoride was similar (34). The comparison of fluoride release from the materials 

among three media: deionized water, artificial saliva and 

demineralizing/remineralizing solutions, showed that daily fluoride release from all 

materials was greater in the demineralizing/remineralizing solutions than in the other 

suspension media (35). Thus it can be concluded that pH cycling offers a better 

representation of the dynamic process of caries formation and may be preferential to 

deionized water or artificial saliva for measuring the anticariogenic effect of dental 

materials. The amount of fluoride released in deionized water could be different from 

that found in the oral cavity, because saliva is a constantly changing medium with 

respect to natural features like temperature, pH, protein content, and many other 

factors (36). Specimens in the present experiment were stored in deionized water as it 

was easily affordable. Fluoride concentration was measured by using a specific 

fluoride ion electrode and Total Ionic Strength Adjustment Buffer III (TISAB III). The 
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TISAB III was added to provide constant background ionic strength, decomplex 

fluoride, and adjust the solution pH.  

        It is significant that the calibration solutions are freshly prepared and that they are 

measured concomitantly as the test solutions to avoid temperature effects. The 

concentration of the calibration solutions should cover the full range of concentrations 

of the test solutions.  

 

 

Effects of Topical Fluoride Agents on Surface Degradation  

        A great number of fluoride compounds have been studied as potential topical 

caries-preventive agents. However, there are only three agents currently used that have 

proved to be superior in inhibiting dental caries or have gained acceptance, namely, 

neutral sodium fluoride (NaF), acidulated phosphate fluoride (APF) and stannous 

fluoride (SnF2) (37). Sodium fluoride has the advantage of possessing a relatively long 

shelf-life, with acceptable taste, and no adverse effects to the teeth or gingiva. Its 

disadvantage is that a treatment regimen of four applications within one month at 

recommended ages does not coincide with most recall procedures. Stannous fluoride 

has various disadvantages. One of it to state is that a fresh solution should be prepared 

for each treatment because the aqueous solution is unstable and undergoing hydrolysis 

and oxidation to stannous hydroxide and stannic ion (38). This reaction is believed to 

reduce the agent’s effectiveness. Another drawback is unacceptable taste, and the 

addition of flavoring agents to mask the unpleasant taste is normally not 

recommended. Furthermore, this agent can cause staining of teeth following topical 

application. Gingival irritation can occasionally occur, especially when the tissues are 

inflamed. APF solutions also have the advantage of being recommended for biannual 

or annual applications like SnF2. The solution is stable when stored in plastic container 

and need not be prepared fresh for each patient. Certain commercial products have a 

bitter taste because of the acid pH, while others are flavored. Moreover, there have 

been no reports of gingival irritation or tooth staining from operator-applied APF 

treatments. The recommended treatment time for operator-applied topical fluoride is 4 

minutes fluoride-to-tooth contact for each technique as paint-on by quadrant, paint-on 

by half-mouth and gel-tray whole mouth (37). 
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        Considering the composition and pH values of topical fluoride agents, the surface 

integrity of glass-ionomer-based and resin-based restorative materials subjected to 

these products represents a concern (39). Topical fluoride gels can cause surface 

damage, weight loss and decreased hardness of restorative materials (39-43). Although 

the effects of professionally applied fluorides on glass-ionomer cements and resin 

composites have been widely reported, minimal literature regarding their effects on 

compomers, fluoride-releasing resin composites and giomers is available.  

 

 

Surface Roughness Measurement 

       The effects of fluoride solutions or gels on the surface of restorative materials 

have been evaluated through surface profilometry (40), scanning electron microscopy 

(SEM) (40,41), environmental SEM (ESEM) (42), mass monitoring (44), or 

microhardness evaluation (39,43). Surface profilometry is extremely useful because 

surface changes can be effectively investigated and easily interpreted (40). The 

average roughness (Ra) is by far the most commonly employed parameter in surface 

measurement. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

 
Material Selection 

        The materials used in the study are summarized in Table 1. They were a 

conventional glass-ionomer cement (Ketac-Fil Plus Aplicap), a resin-modified glass-

ionomer cement (Fuji II LC Capsule), a compomer (Dyract AP), a giomer (Beautifil), 

a fluoride-releasing resin composite (Tetric Ceram), and a resin composite (Filtek 

Z250). All the experimental procedures were accomplished at room temperature. 

 

Table 1. Materials used in the study and number of specimens prepared in each group. 

 
Group Product Manufacturer Composition Lot number / 

 Color 

Number of 

specimens 

 

1 

 

Ketac-Fil 

Plus 

Aplicap 

 

3M ESPE,  

PA, USA 

 

- calcium fluoroalumino 

silicate glass 

- acrylic acid/maleic acid 

copolymer 

- tartaric acid 

 

 

021/013 

Shade A3.5 

 

10 

 

2 

 

Ketac-Fil 

Plus 

Aplicap   

      +       

Ketac 

Glaze 

 

3M ESPE,  

PA, USA 

 

- same as above 

 

 

 

-dicyclopentyl 

dimethylene diacrylate 

-  2-propenoic acid, 2-methyl-,  

2-[(2-hydroxyethyl) 

(3-methoxypropyl)amino] 

ethyl ester 

 

021/013 

Shade A3.5 

 

 

0135 

 

10 
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Table 1. Materials used in the study and number of specimens prepared in each group 

(continued). 

 
Group Product Manufacturer Composition Lot number / 

Color 

Number of 

specimens 

 

3 

 

Fuji II LC 

Capsule 

 

GC Corp., 

Tokyo, Japan 

 

- fluoride containing glass 

- polyacrylic acid solution 

- HEMA 

 

0306195 

Shade A3 

 

10 

 

4 

 

Beautifil 

 

Shofu Inc., 

Kyoto, Japan 

 

- BIS-GMA 

- TEGDMA 

- S-PRG fillers 

- alumino fluoro-boro 

silicate glass 

- alumina oxide 

- camphorquinone 

 

040206 

Shade B2 

 

10 

 

5 

 

Dyract AP 

 

Dentsply- 

De Trey, 

Konstanz, 

Germany 

 

- UDMA 

- TCB resin 

- alkanoyl-poly-methacrylate 

- strontium fluoro silicate 

 glass 

- strontium fluoride 

- photo initiators 

- butyl hydroxyl toluene 

- iron oxide pigments 

 

60604604A 

Shade A3.5 

 

10 

 

6 

 

Tetric 

Ceram 

 

Ivoclar/ 

Vivadent,  

NY, USA 

 

- BIS-GMA 

- UDMA 

- TEGDMA 

- silanated barium glass 

- ytterbium trifluoride  

- silanated barium-aluminum     

fluorosilicate glass 

- silanated metal oxide 

- silica glass 

 

F51124 

Shade A3 

 

10 

 

7 

 

Filtek Z250 

 

3M ESPE, 

 MN, USA 

 

- BIS-GMA 

- UDMA 

- BIS-EMA 

- zirconia/silica filler 

 

20030216 

Shade A3 

 

10 
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Specimen Preparation and Immersion 

       Ten specimen discs of each group, 6 mm in diameter x 2 mm in height, were 

fabricated by using a split Teflon mold. The materials were placed into a mold covered 

on each side with a polyester strip and a glass slide. A white thread was incorporated 

into each specimen during fabrication to allow for suspension into the test medium. 

The thread was positioned at the center of the mold and protruded unequally out of 

each side to serve as an index for relocation of the surface roughness examination. 

Ketac-Fil Plus Aplicap and Fuji II LC were mixed in a triturator, according to the 

manufacturers’ instructions. Ketac-Fil Plus Aplicap was allowed to set for 15 minutes 

in a mold. For the light-polymerized materials; Fuji II LC, Beautifil, Dyract AP, Tetric 

Ceram and Filtek Z250, after the upper glass slide was placed over the mold and 

pressure was applied to extrude excess materials, it was removed. These materials 

were light-polymerized for 40 seconds through the polyester strip with a light-curing 

unit (Heliolux DLX, Vivadent, Schann, Liechtenstein). Prior to the start of the 

experiment, the intensity of the light source was checked with a light meter that is 

especially synchronized with the light-curing unit. When the light tip was brought in 

contact with the light meter, the indicator of the light meter turned from red to green 

and indicated that the intensity was adequate. Immediately after setting, the polyester 

strips were discarded. Then each specimen was removed from its mold and immersed 

in 5 ml of deionized water in a sterile, small, airtight polyethylene vial for 24 hours at 

37ºC in an incubator (Memmert, Schwabach, Germany). The deionized water in this 

study was made of double-distilled water deionized by a water deionizer (Barnstead, 

Model D 4745, Dubuque, IA, USA). Ten specimens of Ketac-Fil Plus Aplicap were 

coated with varnish for glass-ionomer cement (Ketac Glaze) before immersed in 

water. After 24 hours, the discs were removed from the vials. The vials were 

thoroughly shaken and the deionized water was analyzed. The discs were then re-

immersed in the vials containing 5 ml of fresh deionized water. The removal and 

refilling of the deionized water procedure was repeated for 28 days. To avoid fluoride 

saturation of the solution, the stored deionized water was changed daily. The amount 

of fluoride ions released in the sample solutions during the first seven days and at days 

14, 21 and 28 was measured. 
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Determination of Fluoride Release 

       To determine the amount of fluoride release, 5 ml of solution was mixed with 0.5 

ml of TISAB III (Orion ion plus, MA, USA). The fluoride concentration was 

measured with a specific fluoride ion electrode (Orion, Model 94-09, Orion Research 

Incorp., Boston, MA, USA) and read in part per million (ppm) by an Orion ion 

analyzer. In each session, the electrode was calibrated with serially standard fluoride 

solutions containing 0.1, 1, 10, 100 ppm fluoride, diluted with 10% v/v TISAB III. 

The deionized water was also investigated and fluoride ions were detected. In this 

experiment, mean fluoride release of the deionized water was 0.01719 ppm. 

Accordingly, all data were subtracted by this value before statistical analysis. If the 

result was minus, it was represented as zero, which meant that there were no fluoride 

ions released.  

 

 

Fluoride Recharge 

       After 28 days, ten specimens of each group were randomly divided into two equal 

groups and placed in 2 ml of one of the following fluoride recharge agents for 4 

minutes (Table 2). The pH of these agents was measured with a pH meter (Checkbuf, 

Horiba Ltd., Kyoto, Japan). 

 

Table 2. Fluoride recharge agents. 

 
Fluoride Manufacturer Lot number Symbol pH 

New Age  

(1.23% NaF acidulated phosphate 

mixture) gel 

Pascal Company,  

WA, USA 

NDC 10866-0034-3 APF 5.5 

pH 7 Neutral 

(2% NaF) gel  

 

Pascal Company, 

WA, USA 

NDC 10866-0093-1 NaF 7 

 

       The specimens were then rinsed gently, to avoid any surface damage, with 100 ml 

of deionized water for 1 minute to remove any visible remnant of recharge agents. 

Each specimen was placed in a fresh polyethylene vial with 5 ml of deionized water 
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and stored at 37ºC. The solutions were replaced by using the same time schedule as 

previously, and the amount of fluoride ions released over another 28 days of the 

recharged specimens was also assessed.  

 

 

Surface Examination with Surface Roughness Tester 

        The freshly-prepared specimens were tested to determine baseline surface 

roughness. After both the pre- and post-recharge specimen solutions were assessed for 

fluoride leached, all test specimens were blotted dry. To measure the average surface 

roughness (Ra) read in micrometer (µm), a surface roughness tester (Form TalySurf 

Series 2, Taylor Hobson Limited, Leicester, England) was used with computer 

program of RTH FTSS version 6.21. Surface roughness measurement was made at the 

same time schedule as the release and re-release fluoride ion analysis. The surface 

roughness was evaluated only on the top side. The measuring conditions were as 

follows: LT, length of the study for 3 mm and cut-off at 0.25 mm. Diameter of a stylus 

tip was 2 µm. In order to assess the surface roughness at different periods of time, the 

reproducible position for each specimen is necessary. Consequently, the repositioning 

equipment was made to serve this purpose. The impression of each specimen made of 

fast set putty-soft silicone material (Provil Novo, Heraeus Kulzer, Hanau, Germany) 

which functioned as a reference index was pressed in a polyethylene tube, 2 cm in 

inner diameter, 2.5 cm in outer diameter, 0.2 cm in inner height, and 1.4 cm in outer 

height. There were three grooves that located as at 6, 9 and 12 clock number position 

on the top of the tube (Figure 1) acted as indexes for relocation of each impression and 

a line to guide the tube in the same position. Each thread in all specimens protruded 

unequally. The shorter thread was at the same side of the tube that had only one 

groove, as at the 9 clock number position.  The tube was then placed in a plastic slab, 

of dimension 6 x 8.3 x 0.4 cm, and locked the position with fast set self-cured acrylic 

resin. The acrylic resin was marked a line that must be directed at the line on the tube 

to make accurate reposition. After that, this repositioning equipment was sited on a 

setting platform of the surface roughness tester (Figure 2). In each session of 

measurement, every specimen was evaluated three times; first, in the middle; second, 

above the first time by rotating the knob a single turn anticlockwise; and third, below 
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the first time by rotating the knob a single turn clockwise. All impressions were 

marked a line that was straight to a stylus at the first measurement. Three Ras were 

computed to Ra mean represented the surface roughness at that time. 

 

 

Statistical Analysis 

       Statistical evaluation of the factors; material type, time, fluoride type, and the 

interaction on the amount of fluoride release and surface roughness of the materials 

was performed by using the factorial analysis and the Dunnett’s T3 multiple 

comparison test. The amount of fluoride release and surface roughness of each 

material after APF gel or NaF gel application were statistically compared by using the 

Independent T test. All statistical analyses were carried out at a significant level of  

.05. 
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Fig 1. A polyethylene tube that has three grooves on the top acted as indexes for 

relocation of each impression. 

 

 

 

 
 

Fig 2. A repositioning equipment. 
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CHAPTER 4 

RESULTS 

 

 
Fluoride Release 

        The mean fluoride release at days 1-7, 14, 21 and 28 of both pre- and post-

recharge with APF gel is shown in Tables 3, 4 and that with NaF gel is shown in 

Tables 5, 6. Results of statistical analysis comparing among the materials on each day 

are indicated in Tables 3 and 5, while those comparing among the days of every 

material are displayed in Tables 4 and 6. Tables 7-13 show the results of statistical 

analysis paralleling to each day between pre- and post-recharge with APF gel or NaF 

gel of each material. 

        An initial fluoride ‘burst’ effect was observed with the conventional and resin-

modified glass-ionomer cements on the first day. Conventional glass-ionomer cement 

coated with varnish had the amount of fluoride release rather equivalent to that of 

uncoated. Compomer, giomer and fluoride-releasing resin composite did not have this 

burst effect. Fluoride release from the latter materials was more gradual during the 

first 7 days. The amount of fluoride release from all materials diminished with time 

except for resin composite. Tetric Ceram liberated fluoride in low content that mostly 

differ statistically from Z250 (p < .05). Ranking of fluoride release varied at the 

different time intervals. In general, ranking by materials was as follows: Ketac-Fil = 

Ketac-Fil + varnish ≥ Fuji II LC > Dyract AP ≥ Beautifil > Tetric Ceram > Z250. 

        After one 4-minute exposure to APF gel or NaF gel, the initial fluoride release 

increased significantly for all aged materials (p < .05). The highest amount was on the 

first day, but then dropped very rapidly the next day. Exposure to APF gel or NaF gel 

did not usually result in significantly-increased fluoride release from any materials 

except for Dyract AP and Ketac-Fil. Dyract AP leached fluoride after recharge with 

NaF gel significantly more than that with APF gel from days 3-28 (p < .05), but Ketac-

Fil released fluoride after exposure to APF gel significantly more 
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than that to NaF gel from days 1-7 (p < .05). The mean cumulative fluoride levels after 

1 month were regularly lower than the corresponding amount released from the 

freshly-prepared specimens after 1 month of Fuji II LC, Ketac-Fil and Ketac-Fil + 

varnish. These underwent a change in the opposite direction of Beautifil, Dyract AP, 

Tetric Ceram and Z250. The amount of fluoride release after exposure to APF gel or 

NaF gel was ranked as Fuji II LC  ≥  Ketac-Fil = Ketac-Fil + varnish > Dyract AP ≥ 

Beautifil > Tetric Ceram > Z250 . All materials showed a similar pattern of fluoride 

release, although the release from glass-ionomer materials at day 1 was higher than 

that from other materials (Figures 3 and 4). 
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Table 3. Mean fluoride release (ppm) of pre- and post-recharge with APF gel. The 

results of statistical analysis compare the release of fluoride among the materials on 

each day. Values in this table are compared in the same row. 

 
 Z250 Tetric  

Ceram 

Dyract  

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 1 0.000 1 

(0.0000) 
0.047 2 

(0.0068) 
1.347 3 

(0.3120) 
0.493 4 

(0.1558) 
6.681 5 

(0.9977) 
12.663 6 

(1.3442) 
9.679 5,6 

(1.6840) 
Day 2 0.006 7 

(0.0019) 
0.021 8 

(0.0015) 
0.536 9 

(0.1699) 
0.342 7,8,9 

(0.2071) 
  2.061 10 

(0.3140) 
  4.381 11 

(0.5474) 
3.637 10,11   
(0.7147) 

Day 3 0.000 12 

(0.0000) 
0.015 13 

(0.0021) 
0.223 12-14 

(0.1200) 
0.174 14 

(0.0314) 
1.811 15 

(0.2679) 
2.391 15 

(0.3241) 
2.049 15 

(0.5093) 
Day 4 0.000 16 

(0.0000) 
0.006 17 

(0.0010) 
0.128 18 

(0.0436) 
0.154 18 

(0.0287) 
1.249 19 

(0.1780) 
1.589 19 

(0.1834) 
1.667 19 

(0.3814) 
Day 5 0.001 20 

(0.0009) 
0.016 21 

(0.0011) 
0.082 22 

(0.0175) 
0.112 22 

(0.0205) 
1.030 23 

(0.1427) 
1.415 24 

(0.1542) 
1.270 23,24 

(0.3248) 
Day 6 0.012 25 

(0.0021) 
0.009 25 

(0.0015) 
0.081 26 

(0.0089) 
0.136 26 

(0.0459) 
0.874 27 

(0.1281) 
1.219 28 

(0.1346) 
0.933 25-28 

(0.5240) 
Day 7 0.009 29 

(0.0021) 
0.008 29 

(0.0028) 
0.061 30 

(0.0065) 
0.074 30 

(0.0225) 
0.885 31 

(0.0981) 
1.175 31 

(0.1507) 
0.899 31 

(0.1942) 
Day 14 0.006 32 

(0.0026) 
0.008 32 

(0.0024) 
0.115 33 

(0.0202) 
0.070 33 

(0.0143) 
0.666 34 

(0.0640) 
0.537 34 

(0.0492) 
0.698 34 

(0.1523) 
Day 21 0.001 35 

(0.0020) 
0.015 36 

(0.0016) 
0.121 37 

(0.0164) 
0.043 38 

(0.0050) 
0.468 39 

(0.0141) 
0.459 39 

(0.0402) 
0.385 39 

(0.0733) 
Day 28 0.001 40 

(0.0013) 
0.018 41 

(0.0015) 
0.096 42 

(0.0117) 
0.062 40-42 

(0.0404) 
0.470 43 

(0.0241) 
0.376 44 

(0.0279) 
0.325 44 

(0.0565) 
Recharge 

Day 1 
1.756 45 

(0.9585) 
2.393 45 

(0.4479) 
4.805 46 

(0.8077) 
6.743 46,47 

(1.4326) 
12.003 48 

(1.3142) 
11.473 47,48 

(2.5701) 
12.143 48 

(1.4673) 
Recharge 

Day 2 
0.034 49 

(0.0144) 
0.047 49 

(0.0042) 
0.475 50 

(0.0460) 
0.346 50 

(0.0582) 
1.619 51 

(0.1324) 
1.675 51 

(0.2353) 
1.641 51 

(0.2457) 
Recharge 

Day 3 
0.013 52 

(0.0036) 
0.020 52 

(0.0034) 
0.236 53 

(0.0124) 
0.136 54 

(0.0149) 
0.970 55 

(0.0729) 
0.738 56 

(0.0754) 
0.798 55,56 

(0.1192) 
Recharge 

Day 4 
0.005 57 

(0.0027) 
0.025 58 

(0.0047) 
0.196 59 

(0.0107) 
0.069 60 

(0.0036) 
0.651 61 

(0.0609) 
0.539 61 

(0.0565) 
0.706 61 

(0.0973) 
Recharge 

Day 5 
0.012 62 

(0.0052) 
0.020 62 

(0.0008) 
0.191 63 

(0.0149) 
0.067 64 

(0.0035) 
0.689 65 

(0.0619) 
0.579 65 

(0.0523) 
0.687 65 

(0.1133) 
Recharge 

Day 6 
0.011 66 

(0.0022) 
0.019 67 

(0.0030) 
0.151 68 

(0.0157) 
0.095 69 

(0.0145) 
0.689 70 

(0.0579) 
0.598 70 

(0.0581) 
0.542 70 

(0.1413) 
Recharge 

Day 7 
0.011 71 

(0.0016) 
0.015 72 

(0.0016) 
0.139 73 

(0.0188) 
0.126 73 

(0.0261) 
0.522 74 

(0.0395) 
0.532 74 

(0.1030) 
0.426 74 

(0.0813) 
Recharge 
Day 14 

0.008 75 

(0.0020) 
0.018 76 

(0.0016) 
0.159 77 

(0.0180) 
0.062 78 

(0.0067) 
0.483 79 

(0.0281) 
0.364 80 

(0.0299) 
0.328 80 

(0.0462) 
Recharge 
Day 21 

0.007 81 

(0.0032) 
0.011 81 

(0.0021) 
0.136 82 

(0.0153) 
0.050 83 

(0.0075) 
0.394 84 

(0.0384) 
0.321 84 

(0.0258) 
0.319 84 

(0.0526) 
Recharge 
Day 28 

0.004 85 

(0.0018) 
0.012 86 

(0.0013) 
0.128 87 

(0.0158) 
0.050 88 

(0.0046) 
0.361 89 

(0.0180) 
0.272 90 

(0.0186) 
0.285 89,90 

(0.0421) 
 
Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses.  
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Table 4. Mean fluoride release (ppm) of pre- and post-recharge with APF gel. The 

results of statistical analysis compare the release of fluoride among the days of each 

material. Values in this table are compared in the same column. 

 
 

 

Z250 Tetric 

Ceram 

Dyract 

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 1 0.000 1,5,6,7,9 

(0.0000) 
0.047 12 

(0.0068) 
1.347 23 

(0.3120) 
0.493 34-41 

(0.1558) 
6.681 42 

(0.9977) 
12.663 54 

(1.3442) 
9.679 66 

(1.6840) 
Day 2 0.006 2,4,8,10 

(0.0019) 
0.021 13 

(0.0015) 
0.536 23-32 

(0.1699) 
0.342 34-41 

(0.2071) 
2.061 44 

(0.3140) 
4.381 55 

(0.5474) 
3.637 67 
(0.7147) 

Day 3 0.000 6,9 

(0.0000) 
0.015 14,16-18,20,21 

(0.0021) 
0.223 24-32 

(0.1200) 
0.174 34 

(0.0314) 
1.811 44,45 

(0.2679) 
2.391 56 

(0.3241) 
2.049 67,69,70 

(0.5093) 
Day 4 0.000 6 

(0.0000) 
0.006 15 

(0.0010) 
0.128 25-32 

(0.0436) 
0.154 34-36 

(0.0287) 
1.249 44-46 

(0.1780) 
1.589 56,62 

(0.1834) 
1.667 67,69,70 

(0.3814) 
Day 5 0.001 1,5,7,8 

(0.0009) 
0.016 14,18,20,21 

(0.0011) 
0.082 25,26,31 

(0.0175) 
0.11234-36,39-41 

(0.0205) 
1.030 45-47 

(0.1427) 
1.415 62 

(0.1542) 
1.270 68-74 

(0.3248) 
Day 6 0.012 3 

(0.0021) 
0.009 15,19 

(0.0015) 
0.081 25,26 

(0.0089) 
0.13634-37,39-41 

(0.0459) 
0.87446,47,50,53 

(0.1281) 
1.219 62 

(0.1346) 
0.933 68-74 

(0.5240) 
Day 7 0.009 2,3,4,10 

(0.0021) 
0.008 14-16,19 

(0.0028) 
0.061 25 

(0.0065) 
0.07435-37,39-41 

(0.0225) 
0.885 46,47 

(0.0981) 
1.175 62,63 

(0.1507) 
0.89969-71,73-74 

(0.1942) 
Day 14 0.0061-5,7,8,10 

(0.0026) 
0.008 15,16,19 

(0.0024) 
0.11525,26,30,31 

(0.0202) 
0.07036,37,39-41 

(0.0143) 
0.66647,48,50,53 

(0.0640) 
0.537 57,59 

(0.0492) 
0.69868,69,71-74 

(0.1523) 
Day 21 0.001 1,5-10 

(0.0020) 
0.015 14,18,20,21 

(0.0016) 
0.121 26,30,31 

(0.0164) 
0.043 37 

(0.0050) 
0.468 48,49,51 

(0.0141) 
0.45957,58,60,64 

(0.0402) 
0.385 68,71-73 

(0.0733) 
Day 28 0.001 1,5-9 

(0.0013) 
0.018 13,17,18 

(0.0015) 
0.096 26,31 

(0.0117) 
0.06234-37,39-41 

(0.0404) 
0.470 49,51 

(0.0241) 
0.37658,60,64,65 

(0.0279) 
0.325 68,71,72 

(0.0565) 
Recharge 

Day 1 
1.756 1-10 

(0.9585) 
2.393 11 

(0.4479) 
4.805 22 

(0.8077) 
6.743 33 

(1.4326) 
12.003 43 

(1.3142) 
11.473 54,55 

(2.5701) 
12.143 66 

(1.4673) 
Recharge 

Day 2 
0.034 1-10 

(0.0144) 
0.047 12 

(0.0042) 
0.475 23,24 

(0.0460) 
0.346 38 

(0.0582) 
1.619 44 

(0.1324) 
1.675 56,62 

(0.2353) 
1.641 67,70 

(0.2457) 
Recharge 

Day 3 
0.013 2-4 

(0.0036) 
0.020 13,17,18,20 

(0.0034) 
0.236 27,32 

(0.0124) 
0.136 34,35 

(0.0149) 
0.970 46 

(0.0729) 
0.738 59,63 

(0.0754) 
0.798 69 

(0.1192) 
Recharge 

Day 4 
0.005 1-5,7-10 

(0.0027) 
0.025 13,17,18,20 

(0.0047) 
0.196 28 

(0.0107) 
0.069 36,40,41 

(0.0036) 
0.651 47-50,53 

(0.0609) 
0.539 57-59,64 

(0.0565) 
0.706 69,74 

(0.0973) 
Recharge 

Day 5 
0.012 1-10 

(0.0052) 
0.020 13,17 

(0.0008) 
0.191 27-29,32 

(0.0149) 
0.067 36,40,41 

(0.0035) 
0.689 47,50 

(0.0619) 
0.579 57,59 

(0.0523) 
0.687 69,73,74 

(0.1133) 
Recharge 

Day 6 
0.011 2,3 

(0.0022) 
0.019 13,17,18,20,21 

(0.0030) 
0.151 28,29,30 

(0.0157) 
0.095 34-36,40 

(0.0145) 
0.689 47,50 

(0.0579) 
0.598 57,59 

(0.0581) 
0.54268,69,71-74 

(0.1413) 
Recharge 

Day 7 
0.011 3 

(0.0016) 
0.015 14,18,20,21 

(0.0016) 
0.139 29-31 

(0.0188) 
0.12634-36,39-41 

(0.0261) 
0.522 48-51,53 

(0.0395) 
0.53257-61,64,65 

(0.1030) 
0.42668,71-74 

(0.0813) 
Recharge 
Day 14 

0.008 2-4,10 

(0.0020) 
0.018 13,17,18 

(0.0016) 
0.159 28-30 

(0.0180) 
0.062 37,39-41 

(0.0067) 
0.48348,49,51,53 

(0.0281) 
0.364 60,65 

(0.0299) 
0.328 68,71,72 

(0.0462) 
Recharge 
Day 21 

0.0071-5,7,8,10 

(0.0032) 
0.011 14,16,19,21 

(0.0021) 
0.136 30,31 

(0.0153) 
0.050 37,39,41 

(0.0075) 
0.394 51,52 

(0.0384) 
0.321 61,65 

(0.0258) 
0.319 68,71,72 

(0.0526) 
Recharge 
Day 28 

0.004 4,8,10 

(0.0018) 
0.012 14,16,19-21 

(0.0013) 
0.128 30,31 

(0.0158) 
0.050 37,39 

(0.0046) 
0.361 52 

(0.0180) 
0.272 61 

(0.0186) 
0.285 68,72 

(0.0421) 
 
Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 5. Mean fluoride release (ppm) of pre- and post-recharge with NaF gel. The 

results of statistical analysis compare the release of fluoride among the materials on 

each day. Values in this table are compared in the same row.  

 
 Z250 Tetric  

Ceram 

Dyract  

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 1 0.036 1 

(0.0740) 
0.044 1 

(0.0058) 
1.233 2 

(0.1332) 
0.383 3 

(0.0702) 
7.745 4 

(1.1121) 
11.153 4 

(2.7585) 
9.599 4 

(1.1779) 
Day 2 0.004 5 

(0.0022) 
0.020 6 

(0.0033) 
0.421 7 

(0.0641) 
0.214 5,6,7 

(0.0953) 
2.499 8 

(0.4205) 
3.809 8,9 

(1.1069) 
4.075 9 

(0.5562) 
Day 3 0.000 10 

(0.0000) 
0.006 11 

(0.0026) 
0.167 12 

(0.0309) 
0.117 12 

(0.0340) 
2.203 13 

(0.3746) 
2.095 13 

(0.5573) 
2.243 13 

(0.2427) 
Day 4 0.000 14 

(0.0000) 
0.018 15 

(0.0036) 
0.117 16 

(0.0162) 
0.109 16 

(0.0150) 
1.499 17 

(0.2370) 
1.425 17 

(0.3800) 
1.807 17 

(0.1374) 
Day 5 0.000 18 

(0.0000) 
0.009 18 

(0.0038) 
0.084 19 

(0.0136) 
0.125 18,19 

(0.0778) 
1.253 20 

(0.1890) 
1.236 20 

(0.3022) 
1.335 20 

(0.0740) 
Day 6 0.009 21 

(0.0013) 
0.006 21 

(0.0018) 
0.084 22 

(0.0088) 
0.089 22 

(0.0126) 
1.056 23 

(0.1378) 
1.064 23 

(0.2363) 
1.203 23 

(0.1089) 
Day 7 0.004 24 

(0.0009) 
0.019 25 

(0.0042) 
0.064 26 

(0.0086) 
0.057 26 

(0.0099) 
1.020 27 

(0.1154) 
0.971 27 

(0.2615) 
0.801 24-27 

(0.4108) 
Day 14 0.002 28 

(0.0008) 
0.013 29  

(0.0028) 
0.128 30 

(0.0103) 
0.053 31 

(0.0090) 
0.742 32 

(0.0554) 
0.475 33 

(0.1038) 
0.792 32 

(0.0503) 
Day 21 0.000 34 

(0.0000) 
0.014 35 

(0.0007) 
0.132 36 

(0.0141) 
0.034 37 

(0.0041) 
0.510 38 

(0.0462) 
0.408 38 

(0.0913) 
0.407 38 

(0.0364) 
Day 28 0.000 39 

(0.0004) 
0.016 40 

(0.0025) 
0.102 41 

(0.0094) 
0.042 42 

(0.0083) 
0.544 43 

(0.0322) 
0.361 43,44 

(0.0815) 
0.363 44 

(0.0257) 
Recharge 

Day 1 
1.078 45 

(0.1697) 
2.150 45 

(0.9935) 
4.991 46 

(0.4012) 
5.527 46,47 

(0.7022) 
12.123 48 

(0.9607) 
8.139 47,49 

(1.3264) 
10.697 48,49 

(2.1933) 
Recharge 

Day 2 
0.043 50 

(0.0254) 
0.093 50 

(0.0568) 
0.492 51 

(0.0938) 
0.293 51 

(0.0797) 
1.487 52 

(0.1128) 
1.242 52 

(0.3007) 
1.605 52 

(0.2181) 
Recharge 

Day 3 
0.027 53 

(0.0372) 
0.059 53,54 

(0.0354) 
0.336 55 

(0.0736) 
0.128 54 

(0.0239) 
0.968 56 

(0.0589) 
0.547 55 

(0.1612) 
0.814 55,56 

(0.2554) 
Recharge 

Day 4 
0.012 57 

(0.0144) 
0.027 57 

(0.0060) 
0.285 58 

(0.0511) 
0.068 59 

(0.0088) 
0.728 60,61 

(0.1358) 
0.409 58,61 

(0.1070) 
0.654 60 

(0.0517) 
Recharge 

Day 5 
0.015 62 

(0.0036) 
0.023 62 

(0.0139) 
0.283 63 

(0.0509) 
0.065 64 

(0.0091) 
0.718 65 

(0.0506) 
0.427 63,65 

(0.1290) 
0.631 65 

(0.0389) 
Recharge 

Day 6 
0.009 66 

(0.0033) 
0.012 66 

(0.0036) 
0.218 67 

(0.0226) 
0.084 68 

(0.0124) 
0.737 69 

(0.0261) 
0.431 67,70 

(0.1049) 
0.481 70 

(0.0358) 
Recharge 

Day 7 
0.008 71 

(0.0016) 
0.014 72 

(0.0027) 
0.189 73 

(0.0231) 
0.109 74 

(0.0079) 
0.557 75 

(0.0405) 
0.37773,75,76 

(0.1030) 
0.410 76 

(0.0368) 
Recharge 
Day 14 

0.006 77 

(0.0008) 
0.017 78 

(0.0026) 
0.185 79 

(0.0086) 
0.057 80 

(0.0084) 
0.531 81 

(0.0362) 
0.333 79,82 

(0.0671) 
0.324 82 

(0.0189) 
Recharge 
Day 21 

0.003 83 

(0.0014) 
0.010 84 

(0.0015) 
0.166 85 

(0.0125) 
0.048 86 

(0.0069) 
0.430 87 

(0.0236) 
0.261 85,88 

(0.0700) 
0.316 88 

(0.0177) 
Recharge 
Day 28 

0.003 89 

(0.0011) 
0.008 90 

(0.0011) 
0.155 91 

(0.0110) 
0.055 92 

(0.0099) 
0.386 93 

(0.0115) 
0.227 91,94 

(0.0560) 
0.284 94 

(0.0128) 
 
Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses.  
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Table 6. Mean fluoride release (ppm) of pre- and post-recharge with NaF gel. The 

results of statistical analysis compare the release of fluoride among the days of each 

material. Values in this table are compared in the same column. 

 
 Z250 Tetric 

Ceram 

Dyract 

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 1 0.036  2-9 

(0.0740) 
0.044 10 

(0.0058) 
1.233 17 

(0.1332) 
0.383 27 

(0.0702) 
7.745 36 

(1.1121) 
11.153 45,46 

(2.7585) 
9.599 51 

(1.1779) 
Day 2 0.004 2,5-9 

(0.0022) 
0.020 11 

(0.0033) 
0.421 18 

(0.0641) 
0.214 27-34 

(0.0953) 
2.499 37 

(0.4205) 
3.809 46,48,49 

(1.1069) 
4.075 52 

(0.5562) 
Day 3 0.000 2 

(0.0000) 
0.006 12,13 

(0.0026) 
0.167 19,21-24 

(0.0309) 
0.117 28-34 

(0.0340) 
2.203 37,42 

(0.3746) 
2.095 48 

(0.5573) 
2.243 53 

(0.2427) 
Day 4 0.000 3 

(0.0000) 
0.018 11,14 

(0.0036) 
0.117 19,21,23 

(0.0162) 
0.109 28,30 

(0.0150) 
1.499 37,42,43 

(0.2370) 
1.425 48-50 

(0.3800) 
1.807 53,60 

(0.1374) 
Day 5 0.000 5,8 

(0.0000) 
0.009 11-15 

(0.0038) 
0.084 19,20 

(0.0136) 
0.125 28-34 

(0.0778) 
1.25338,40,42,43 

(0.1890) 
1.236 48,49 

(0.3022) 
1.335 54 

(0.0740) 
Day 6 0.009 4,6 

(0.0013) 
0.006 12 

(0.0018) 
0.084 19,20 

(0.0088) 
0.089 28,30-32 

(0.0126) 
1.056 38,40,43 

(0.1378) 
1.064 48 

(0.2363) 
1.203 54 

(0.1089) 
Day 7 0.004 7,9 

(0.0009) 
0.019 11-15 

(0.0042) 
0.064 20 

(0.0086) 
0.057 29,31-34 

(0.0099) 
1.020 38,40,43 

(0.1154) 
0.971 47-50 

(0.2615) 
0.801 54-60 

(0.4108) 
Day 14 0.002 5,7 

(0.0008) 
0.013 11-15 

(0.0028) 
0.128 21,23,24 

(0.0103) 
0.05329,31,33,34 

(0.0090) 
0.742 38 

(0.0554) 
0.475 47-50 

(0.1038) 
0.792 55 

(0.0503) 
Day 21 0.000 2,8 

(0.0000) 
0.014 11,14 

(0.0007) 
0.132 21,23,24 

(0.0141) 
0.034 29 

(0.0041) 
0.510 39,41,44 

(0.0462) 
0.408 47-50 

(0.0913) 
0.407 55 

(0.0364) 
Day 28 0.000 2,3,5 

(0.0004) 
0.016 11,14 

(0.0025) 
0.102 19,21 

(0.0094) 
0.042 29,33 

(0.0083) 
0.544 39 

(0.0322) 
0.361 47-50 

(0.0815) 
0.363 56 

(0.0257) 
Recharge 

Day 1 
1.078 1 

(0.1697) 
2.150 10-15 

(0.9935) 
4.991 16 

(0.4012) 
5.527 26 

(0.7022) 
12.123 35 

(0.9607) 
8.139 45 

(1.3264) 
10.697 51,52 

(2.1933) 
Recharge 

Day 2 
0.043 2-9 

(0.0254) 
0.093 10-15 

(0.0568) 
0.492 18,25 

(0.0938) 
0.29327,28,30-34 

(0.0797) 
1.487 37,42 

(0.1128) 
1.242 48,49 

(0.3007) 
1.605 53,54,60 

(0.2181) 
Recharge 

Day 3 
0.027 2-9 

(0.0372) 
0.059 10-15 

(0.0354) 
0.336 18,22-25 

(0.0736) 
0.128 28,30,32 

(0.0239) 
0.968 40,43 

(0.0589) 
0.547 47-50 

(0.1612) 
0.814 54-59 

(0.2554) 
Recharge 

Day 4 
0.012 2-9 

(0.0144) 
0.027 10,11,14,15 

(0.0060) 
0.28518,22,24,25 

(0.0511) 
0.068 28,31-34 

(0.0088) 
0.728 38-41,44 

(0.1358) 
0.409 47-50 

(0.1070) 
0.654 55,57 

(0.0517) 
Recharge 

Day 5 
0.015 4 

(0.0036) 
0.023 10-15 

(0.0139) 
0.28318,22,24,25 

(0.0509) 
0.06528,30-32,34 

(0.0091) 
0.718 38 

(0.0506) 
0.427 47-50 

(0.1290) 
0.631 57 

(0.0389) 
Recharge 

Day 6 
0.009 4,6-9 

(0.0033) 
0.012 11-15 

(0.0036) 
0.218 22,25 

(0.0226) 
0.08428,30-32,34 

(0.0124) 
0.737 38 

(0.0261) 
0.431 47-50 

(0.1049) 
0.481 58 

(0.0358) 
Recharge 

Day 7 
0.008 4,6,9 

(0.0016) 
0.014 11,13-15 

(0.0027) 
0.189 22,24 

(0.0231) 
0.109 30 

(0.0079) 
0.557 39 

(0.0405) 
0.377 47-50 

(0.1030) 
0.410 56,58 

(0.0368) 
Recharge 
Day 14 

0.006 4,6,9 

(0.0008) 
0.017 11 

(0.0026) 
0.185 22 

(0.0086) 
0.057 29,31-34 

(0.0084) 
0.531 39,44 

(0.0362) 
0.333 47,49 

(0.0671) 
0.324 56,59 

(0.0189) 
Recharge 
Day 21 

0.003 5,7,9 

(0.0014) 
0.010 12-15 

(0.0015) 
0.166 22,24 

(0.0125) 
0.048 29,33,34 

(0.0069) 
0.430 41,44 

(0.0236) 
0.261 47,50 

(0.0700) 
0.316 56,59 

(0.0177) 
Recharge 
Day 28 

0.003 7,9 

(0.0011) 
0.008 12,13,15 

(0.0011) 
0.155 22-24 

(0.0110) 
0.05529,31,33,34 

(0.0099) 
0.386 41 

(0.0115) 
0.227 47 

(0.0560) 
0.284 59 

(0.0128) 
 

Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 7. The results of statistical fluoride release analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Z250. Values in this table 

are compared in the same row. 

 

 APF NaF 
Day 1 0.000 1 

(0.0000) 
0.036  1 

(0.0740) 
Day 2 0.006 2 

(0.0019) 
0.004 2 

(0.0022) 
Day 3 0.000 3 

(0.0000) 
0.000 3 

(0.0000) 
Day 4 0.000 4 

(0.0000) 
0.000 4 

(0.0000) 
Day 5 0.001 5 

(0.0009) 
0.000 5 

(0.0000) 
Day 6 0.012 6 

(0.0021) 
0.009 7 

(0.0013) 
Day 7 0.009 8 

(0.0021) 
0.004 9 

(0.0009) 
Day 14 0.006 10 

(0.0026) 
0.002 11 

(0.0008) 
Day 21 0.001 12 

(0.0020) 
0.000 13 

(0.0000) 
Day 28 0.001 14 

(0.0013) 
0.000 14 

(0.0004) 
Recharge 

Day 1 
1.756 15 

(0.9585) 
1.078 15 

(0.1697) 
Recharge 

Day 2 
0.034 16 

(0.0144) 
0.043 16 

(0.0254) 
Recharge 

Day 3 
0.013 17 

(0.0036) 
0.027 17 

(0.0372) 
Recharge 

Day 4 
0.005 18 

(0.0027) 
0.012 18 

(0.0144) 
Recharge 

Day 5 
0.012 19 

(0.0052) 
0.015 19 

(0.0036) 
Recharge 

Day 6 
0.011 20 

(0.0022) 
0.009 20 

(0.0033) 
Recharge 

Day 7 
0.011 21 

(0.0016) 
0.008 22 

(0.0016) 
Recharge 
Day 14 

0.008 23 

(0.0020) 
0.006 23 

(0.0008) 
Recharge 
Day 21 

0.007 24 

(0.0032) 
0.003 25 

(0.0014) 
Recharge 
Day 28 

0.004 26 

(0.0018) 
0.003 26 

(0.0011) 
 

Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 8. The results of statistical fluoride release analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Tetric Ceram. Values in 

this table are compared in the same row. 

 

 APF NaF 
    Day 1 0.047 1 

(0.0068) 
0.0441 

(0.0058) 
Day 2 0.021 2 

(0.0015) 
0.020 2 

(0.0033) 
Day 3 0.015 3 

(0.0021) 
0.006 4 

(0.0026) 
Day 4 0.006 5 

(0.0010) 
0.018 6 

(0.0036) 
Day 5 0.016 7 

(0.0011) 
0.009 8 

(0.0038) 
Day 6 0.009 9 

(0.0015) 
0.006 9 

(0.0018) 
Day 7 0.008 10 

(0.0028) 
0.019 11 

(0.0042) 
Day 14 0.008 12 

(0.0024) 
0.013 13 

(0.0028) 
Day 21 0.015 14 

(0.0016) 
0.014 14 

(0.0007) 
Day 28 0.018 15 

(0.0015) 
0.016 15 

(0.0025) 
Recharge 

Day 1 
2.393 16 

(0.4479) 
2.150 16 

(0.9935) 
Recharge 

Day 2 
0.047 17 

(0.0042) 
0.093 17 

(0.0568) 
Recharge 

Day 3 
0.020 18 

(0.0034) 
0.059 18 

(0.0354) 
Recharge 

Day 4 
0.025 19 

(0.0047) 
0.027 19 

(0.0060) 
Recharge 

Day 5 
0.020 20 

(0.0008) 
0.023 20 

(0.0139) 
Recharge 

Day 6 
0.019 21 

(0.0030) 
0.012 22 

(0.0036) 
Recharge 

Day 7 
0.015 23 

(0.0016) 
0.014 23 

(0.0027) 
Recharge 
Day 14 

0.018 24 

(0.0016) 
0.017 24 

(0.0026) 
Recharge 
Day 21 

0.011 25 

(0.0021) 
0.010 25 

(0.0015) 
Recharge 
Day 28 

0.012 26 

(0.0013) 
0.008 27 

(0.0011) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 9. The results of statistical fluoride release analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Dyract AP. Values in this 

table are compared in the same row. 

 

 APF NaF 
    Day 1 1.347 1 

(0.3120) 
1.233 1 

(0.1332) 
Day 2 0.536 2 

(0.1699) 
0.421 2 

(0.0641) 
Day 3 0.223 3 

(0.1200) 
0.167 3 

(0.0309) 
Day 4 0.128 4 

(0.0436) 
0.117 4 

(0.0162) 
Day 5 0.082 5 

(0.0175) 
0.084 5 

(0.0136) 
Day 6 0.081 6 

(0.0089) 
0.084 6 

(0.0088) 
Day 7 0.061 7 

(0.0065) 
0.064 7 

(0.0086) 
Day 14 0.115 8 

(0.0202) 
0.128 8 

(0.0103) 
Day 21 0.121 9 

(0.0164) 
0.132 9 

(0.0141) 
Day 28 0.096 10 

(0.0117) 
0.102 10 

(0.0094) 
Recharge 

Day 1 
4.805 11 

(0.8077) 
4.991 11 

(0.4012) 
Recharge 

Day 2 
0.475 12 

(0.0460) 
0.492 12 

(0.0938) 
Recharge 

Day 3 
0.236 13 

(0.0124) 
0.336 14 

(0.0736) 
Recharge 

Day 4 
0.196 15 

(0.0107) 
0.285 16 

(0.0511) 
Recharge 

Day 5 
0.191 17 

(0.0149) 
0.283 18 

(0.0509) 
Recharge 

Day 6 
0.151 19 

(0.0157) 
0.218 20 

(0.0226) 
Recharge 

Day 7 
0.139 21 

(0.0188) 
0.189 22 

(0.0231) 
Recharge 
Day 14 

0.159 23 

(0.0180) 
0.185 24 

(0.0086) 
Recharge 
Day 21 

0.136 25 

(0.0153) 
0.166 26 

(0.0125) 
Recharge 
Day 28 

0.128 27 

(0.0158) 
0.155 28 

(0.0110) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 10. The results of statistical fluoride release analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Beautifil. Values in this 

table are compared in the same row. 

 

 APF NaF 
    Day 1 0.493 1 

(0.1558) 
0.383 1 

(0.0702) 
Day 2 0.342 2 

(0.2071) 
0.214 2 

(0.0953) 
Day 3 0.174 3 

(0.0314) 
0.117 4 

(0.0340) 
Day 4 0.154 5 

(0.0287) 
0.109 6 

(0.0150) 
Day 5 0.112 7 

(0.0205) 
0.125 7 

(0.0778) 
Day 6 0.136 8 

(0.0459) 
0.089 8 

(0.0126) 
Day 7 0.074 9 

(0.0225) 
0.057 9 

(0.0099) 
Day 14 0.070 10 

(0.0143) 
0.053 10 

(0.0090) 
Day 21 0.043 11 

(0.0050) 
0.034 12 

(0.0041) 
Day 28 0.062 13 

(0.0404) 
0.042 13 

(0.0083) 
Recharge 

Day 1 
6.743 14 

(1.4326) 
5.527 14 

(0.7022) 
Recharge 

Day 2 
0.346 15 

(0.0582) 
0.293 15 

(0.0797) 
Recharge 

Day 3 
0.136 16 

(0.0149) 
0.128 16 

(0.0239) 
Recharge 

Day 4 
0.069 17 

(0.0036) 
0.068 17 

(0.0088) 
Recharge 

Day 5 
0.067 18 

(0.0035) 
0.065 18 

(0.0091) 
Recharge 

Day 6 
0.095 19 

(0.0145) 
0.084 19 

(0.0124) 
Recharge 

Day 7 
0.126 20 

(0.0261) 
0.109 20 

(0.0079) 
Recharge 
Day 14 

0.062 21 

(0.0067) 
0.057 21 

(0.0084) 
Recharge 
Day 21 

0.050 22 

(0.0075) 
0.048 22 

(0.0069) 
Recharge 
Day 28 

0.050 23 

(0.0046) 
0.055 23 

(0.0099) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 11. The results of statistical fluoride release analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Fuji II LC. Values in this 

table are compared in the same row. 

 

 APF NaF 
    Day 1 6.681 1 

(0.9977) 
7.745 1 

(1.1121) 
Day 2   2.061 2 

(0.3140) 
2.499 2 

(0.4205) 
Day 3 1.811 3 

(0.2679) 
2.203 3 

(0.3746) 
Day 4 1.249 4 

(0.1780) 
1.499 4 

(0.2370) 
Day 5 1.030 5 

(0.1427) 
1.253 5 

(0.1890) 
Day 6 0.874 6 

(0.1281) 
1.056 6 

(0.1378) 
Day 7 0.885 7 

(0.0981) 
1.020 7 

(0.1154) 
Day 14 0.666 8 

(0.0640) 
0.742 8 

(0.0554) 
Day 21 0.468 9 

(0.0141) 
0.510 9 

(0.0462) 
Day 28 0.470 10 

(0.0241) 
0.544 11 

(0.0322) 
Recharge 

Day 1 
12.003 12 

(1.3142) 
12.123 12 

(0.9607) 
Recharge 

Day 2 
1.619 13 

(0.1324) 
1.487 13 

(0.1128) 
Recharge 

Day 3 
0.970 14 

(0.0729) 
0.968 14 

(0.0589) 
Recharge 

Day 4 
0.651 15 

(0.0609) 
0.728 15 

(0.1358) 
Recharge 

Day 5 
0.689 16 

(0.0619) 
0.718 16 

(0.0506) 
Recharge 

Day 6 
0.689 17 

(0.0579) 
0.737 17 

(0.0261) 
Recharge 

Day 7 
0.522 18 

(0.0395) 
0.557 18 

(0.0405) 
Recharge 
Day 14 

0.483 19 

(0.0281) 
0.531 20 

(0.0362) 
Recharge 
Day 21 

0.394 21 

(0.0384) 
0.430 21 

(0.0236) 
Recharge 
Day 28 

0.361 22 

(0.0180) 
0.386 23 

(0.0115) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 12. The results of statistical fluoride release analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Ketac-Fil. Values in this 

table are compared in the same row. 

 

 APF NaF 
    Day 1 12.663 1 

(1.3442) 
11.153 1 

(2.7585) 
Day 2   4.381 2 

(0.5474) 
3.809 2 

(1.1069) 
Day 3 2.391 3 

(0.3241) 
2.095 3 

(0.5573) 
Day 4 1.589 4 

(0.1834) 
1.425 4 

(0.3800) 
Day 5 1.415 5 

(0.1542) 
1.236 5 

(0.3022) 
Day 6 1.219 6 

(0.1346) 
1.064 6 

(0.2363) 
Day 7 1.175 7 

(0.1507) 
0.971 7 

(0.2615) 
Day 14 0.537 8 

(0.0492) 
0.475 8 

(0.1038) 
Day 21 0.459 9 

(0.0402) 
0.408 9 

(0.0913) 
Day 28 0.376 10 

(0.0279) 
0.361 10 

(0.0815) 
Recharge 

Day 1 
11.473 11 

(2.5701) 
8.139 12 

(1.3264) 
Recharge 

Day 2 
1.675 13 

(0.2353) 
1.242 14 

(0.3007) 
Recharge 

Day 3 
0.738 15 

(0.0754) 
0.547 16 

(0.1612) 
Recharge 

Day 4 
0.539 17 

(0.0565) 
0.409 18 

(0.1070) 
Recharge 

Day 5 
0.579 19 

(0.0523) 
0.427 20 

(0.1290) 
Recharge 

Day 6 
0.598 21 

(0.0581) 
0.431 22 

(0.1049) 
Recharge 

Day 7 
0.532 23 

(0.1030) 
0.377 24 

(0.1030) 
Recharge 
Day 14 

0.364 25 

(0.0299) 
0.333 25 

(0.0671) 
Recharge 
Day 21 

0.321 26 

(0.0258) 
0.261 26 

(0.0700) 
Recharge 
Day 28 

0.272 27 

(0.0186) 
0.227 27 

(0.0560) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 13. The results of statistical fluoride release analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Ketac-Fil + varnish. 

Values in this table are compared in the same row. 

 

 APF NaF 
    Day 1 9.679 1 

(1.6840) 
9.599 1 

(1.1779) 
Day 2 3.637 2 

(0.7147) 
4.075 2 

(0.5562) 
Day 3 2.049 3 

(0.5093) 
2.243 3 

(0.2427) 
Day 4 1.667 4 

(0.3814) 
1.807 4 

(0.1374) 
Day 5 1.270 5 

(0.3248) 
1.335 5 

(0.0740) 
Day 6 0.933 6 

(0.5240) 
1.203 6 

(0.1089) 
Day 7 0.899 7 

(0.1942) 
0.801 7 

(0.4108) 
Day 14 0.698 8 

(0.1523) 
0.792 8 

(0.0503) 
Day 21 0.385 9 

(0.0733) 
0.407 9 

(0.0364) 
Day 28 0.325 10 

(0.0565) 
0.363 10 

(0.0257) 
Recharge 

Day 1 
12.143 11 

(1.4673) 
10.697 11 

(2.1933) 
Recharge 

Day 2 
1.641 12 

(0.2457) 
1.605 12 

(0.2181) 
Recharge 

Day 3 
0.798 13 

(0.1192) 
0.814 13 

(0.2554) 
Recharge 

Day 4 
0.706 14 

(0.0973) 
0.654 14 

(0.0517) 
Recharge 

Day 5 
0.687 15 

(0.1133) 
0.631 15 

(0.0389) 
Recharge 

Day 6 
0.542 16 

(0.1413) 
0.481 16 

(0.0358) 
Recharge 

Day 7 
0.426 17 

(0.0813) 
0.410 17 

(0.0368) 
Recharge 
Day 14 

0.328 18 

(0.0462) 
0.324 18 

(0.0189) 
Recharge 
Day 21 

0.319 19 

(0.0526) 
0.316 19 

(0.0177) 
Recharge 
Day 28 

0.285 20 

(0.0421) 
0.284 20 

(0.0128) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 



Fac. of Grad. Studies, Mahidol Univ.                                                       M.Sc. (Operative Dentistry) / 33 

 

0

2

4

6

8

10

12

14

0 2 4 6 14 28 R2 R4 R6 R14 R28

Time (days)

Me
an

 flu
ori

de
 re

lea
se

 (p
pm

) Z250
Tetric 
Dyract AP
Beautifil
Fuji II LC
KetacFil
Ketac+var

  
Fig 3. Mean fluoride release before and after APF gel application. 
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Fig 4. Mean fluoride release before and after NaF gel application. 
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Surface Roughness 

        The mean average surface roughness at baseline (day 0), days 1-7, 14, 21 and 28 

of both pre- and post-recharge with APF gel is shown in Tables 14, 15 and that with 

NaF gel is shown in Tables 16, 17. Results of statistical analysis comparing among the 

materials on each day are indicated in Tables 14 and 16, while those comparing among 

the days of every material are displayed in Tables 15 and 17. Tables 18-24 show the 

results of statistical analysis paralleling to each day between pre- and post-recharge 

with APF gel or NaF gel of each material. 

        There were significant differences in the surface roughness of the fresh 

specimens among some of the restorative materials before the experiment (day 0)      

(p < .05). There was a trend of increasing average surface roughness observed from 

Dyract AP, to Z250 or Beautifil, to Tetric Ceram, to Fuji II LC, to Ketac-Fil or Ketac-

Fil + varnish.  

        After immersion in deionized water for 28 days, and after APF gel or NaF gel 

application, all specimens exhibited that their surface roughness did not increase 

significantly (p > .05). The resin-based restorative materials rarely had a change of 

surface roughness when compared to the conventional glass-ionomer cement. In the 

same materials, there were no significant differences in the surface roughness between 

recharge with APF gel and NaF gel (p > .05). The general trend of the materials’ 

surface roughness after recharge from smoother to rougher was ordered as Z250 < 

Dyract AP or Beautifil < Tetric Ceram <  Fuji II LC <  Ketac-Fil or Ketac-Fil + 

varnish  (Figures 5 and 6). 

        The smoothest surfaces of the materials were those of Z250 and Dyract AP. 

Nevertheless, there were no statistically significant differences between Z250 and Fuji 

II LC (p > .05). 
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Table 14. Mean average surface roughness (µm) of pre- and post-recharge with APF 

gel. The results of statistical analysis compare the surface roughness among the 

materials on each day. Values in this table are compared in the same row. 

 
 Z250 Tetric  

Ceram 

Dyract  

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 0 
 

0.031 1-3 

(0.0185) 
0.034 1-3 

(0.0136) 
0.020 2 

(0.0040) 
0.040 1-3 

(0.0148) 
0.060 3 

(0.0058) 
0.301 1-3 

(0.1782) 
0.272 1-3 

(0.1117) 
Day 1 0.034 4-6 

(0.0152) 
0.035 4-6 

(0.0118) 
0.023 5 

(0.0034) 
0.038 6 

(0.0076) 
0.057 4-6 

(0.0080) 
0.227 4-6 

(0.1568) 
0.303 4-6 

(0.2072) 
Day 2 0.031 7 

(0.0175) 
0.031 7 

(0.0118) 
0.024 7 

(0.0035) 
0.041 7 

(0.0094) 
0.059 7 

(0.0209) 
0.205 8 

(0.0575) 
0.336 7,8 

(0.2101) 
Day 3 0.031 9 

(0.0175) 
0.035 9 

(0.0113) 
0.028 9 

(0.0071) 
0.055 9 

(0.0307) 
0.058 9 

(0.0204) 
0.233 9 

(0.1349) 
0.302 9 

(0.1551) 
Day 4 0.032 10 

(0.0176) 
0.037 10 

(0.0157) 
0.024 10 

(0.0052) 
0.037 10 

(0.0105) 
0.065 10 

(0.0241) 
0.209 10 

(0.1392) 
0.262 10 

(0.1095) 
Day 5 0.034 11 

(0.0177) 
0.036 11 

(0.0174) 
0.024 11 

(0.0052) 
0.040 11 

(0.0105) 
0.058 11 

(0.0159) 
0.199 11 

(0.1072) 
0.235 11 

(0.1170) 
Day 6 0.037 12 

(0.0254) 
0.038 12 

(0.0105) 
0.025 12 

(0.0046) 
0.046 12 

(0.0109) 
0.059 12 

(0.0172) 
0.189 12 

(0.1126) 
0.229 12 

(0.1058) 
Day 7 0.036 13 

(0.0148) 
0.038 13 

(0.0155) 
0.025 13 

(0.0022) 
0.040 13 

(0.0074) 
0.064 13 

(0.0173) 
0.155 13 

(0.1104) 
0.206 13 

(0.0858) 
Day 14 0.049 14 

(0.0142) 
0.079 14 

(0.0705) 
0.055 14 

(0.0604) 
0.044 14 

(0.0136) 
0.065 14 

(0.0162) 
0.319 14 

(0.2011) 
0.236 14 

(0.0918) 
Day 21 0.030 15 

(0.0172) 
0.043 15 

(0.0150) 
0.038 15 

(0.0062) 
0.058 15,16 

(0.0155) 
0.067 15,16 

(0.0127) 
0.220 15,16 

(0.1222) 
0.260 16 

(0.0896) 
Day 28 0.029 17 

(0.0154) 
0.041 17,18 

(0.0116) 
0.040 17,18 

(0.0042) 
0.050 17,18 

(0.0176) 
0.068 18 

(0.0149) 
0.173 17,18 

(0.1035) 
0.336 17,18 

(0.1845) 
Recharge 

Day 1 
0.030 19,20 

(0.0169) 
0.037 19,20 

(0.0130) 
0.033 19 

(0.0061) 
0.040 19,20 

(0.0084) 
0.064 20 

(0.0120) 
0.303 19-21 

(0.1227) 
0.381 21 

(0.1133) 
Recharge 

Day 2 
0.029 22,23 

(0.0141) 
0.043 22,23 

(0.0139) 
0.032 22 

(0.0035) 
0.037 22 

(0.0079) 
0.059 23 

(0.0087) 
0.277 22,23 

(0.1053) 
0.425 22,23 

(0.1748) 
Recharge 

Day 3 
0.029 24,25 

(0.0156) 
0.038 24,25 

(0.0138) 
0.028 24 

(0.0042) 
0.040 24,25 

(0.0098) 
0.057 25 

(0.0112) 
0.347 24,25 

(0.1638) 
0.342 24,25 

(0.1458) 
Recharge 

Day 4 
0.030 26,27 

(0.0150) 
0.047 26,27 

(0.0136) 
0.032 26 

(0.0053) 
0.041 26,27 

(0.0077) 
0.067 27 

(0.0143) 
0.386 26,27 

(0.1500) 
0.272 26,27 

(0.1099) 
Recharge 

Day 5 
0.030 28 

(0.0173) 
0.045 28 

(0.0133) 
0.033 28 

(0.0038) 
0.039 28 

(0.0083) 
0.061 28 

(0.0148) 
0.407 28,29 

(0.2313) 
0.298 29 

(0.0832) 
Recharge 

Day 6 
0.030 30 

(0.0166) 
0.042 30 

(0.0130) 
0.032 30 

(0.0046) 
0.042 30 

(0.0111) 
0.059 30 

(0.0165) 
0.275 30 

(0.1223) 
0.310 30 

(0.1719) 
Recharge 

Day 7 
0.029 31 

(0.0140) 
0.038 31 

(0.0151) 
0.033 31 

(0.0050) 
0.039 31 

(0.0079) 
0.059 31,32 

(0.0158) 
0.306 31,32 

(0.1494) 
0.405 32 

(0.1454) 
Recharge 
Day 14 

0.028 33 

(0.0159) 
0.039 33 

(0.0135) 
0.035 33 

(0.0033) 
0.042 33 

(0.0079) 
0.061 33 

(0.0114) 
0.389 33 

(0.1851) 
0.349 33 

(0.1628) 
Recharge 
Day 21 

0.029 34 

(0.0153) 
0.050 34,36 

(0.0126) 
0.036 34 

(0.0046) 
0.040 34 

(0.0083) 
0.062 34,36 

(0.0157) 
0.278 35 

(0.0889) 
0.377 35,36 

(0.1354) 
Recharge 
Day 28 

0.027 37 

(0.0155) 
0.038 37 

(0.0076) 
0.038 37 

(0.0033) 
0.043 37 

(0.0075) 
0.061 37 

(0.0148) 
0.388 37 

(0.2178) 
0.366 37 

(0.1668) 
 
Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses.  
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Table 15. Mean average surface roughness (µm) of pre- and post-recharge with APF 

gel. The results of statistical analysis compare the surface roughness among the days 

of each material. Values in this table are compared in the same column. 

 
 Z250 Tetric  

Ceram 

Dyract  

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 0 
 

0.031 1 

(0.0185) 
0.034 2 

(0.0136) 
0.020 3,5 

(0.0040) 
0.040 9 

(0.0148) 
0.060 10 

(0.0058) 
0.301 11 

(0.1782) 
0.272 12 

(0.1117) 
Day 1 0.034 1 

(0.0152) 
0.035 2 

(0.0118) 
0.023 3,5,8 

(0.0034) 
0.038 9 

(0.0076) 
0.057 10 

(0.0080) 
0.227 11 

(0.1568) 
0.303 12 

(0.2072) 
Day 2 0.031 1 

(0.0175) 
0.031 2 

(0.0118) 
0.024 3,5,6,8 

(0.0035) 
0.041 9 

(0.0094) 
0.059 10 

(0.0209) 
0.205 11 

(0.0575) 
0.336 12 

(0.2101) 
Day 3 0.031 1 

(0.0175) 
0.035 2 

(0.0113) 
0.028 3-8 

(0.0071) 
0.055 9 

(0.0307) 
0.058 10 

(0.0204) 
0.233 11 

(0.1349) 
0.302 12 

(0.1551) 
Day 4 0.032 1 

(0.0176) 
0.037 2 

(0.0157) 
0.024 3,5-8 

(0.0052) 
0.037 9 

(0.0105) 
0.065 10 

(0.0241) 
0.209 11 

(0.1392) 
0.262 12 

(0.1095) 
Day 5 0.034 1 

(0.0177) 
0.036 2 

(0.0174) 
0.024 3-8 

(0.0052) 
0.040 9 

(0.0105) 
0.058 10 

(0.0159) 
0.199 11 

(0.1072) 
0.235 12 

(0.1170) 
Day 6 0.037 1 

(0.0254) 
0.038 2 

(0.0105) 
0.025 3,5-8 

(0.0046) 
0.046 9 

(0.0109) 
0.059 10 

(0.0172) 
0.189 11 

(0.1126) 
0.229 12 

(0.1058) 
Day 7 0.036 1 

(0.0148) 
0.038 2 

(0.0155) 
0.025 3,5,6,8 

(0.0022) 
0.040 9 

(0.0074) 
0.064 10 

(0.0173) 
0.155 11 

(0.1104) 
0.206 12 

(0.0858) 
Day 14 0.049 1 

(0.0142) 
0.079 2 

(0.0705) 
0.055 3-8 

(0.0604) 
0.044 9 

(0.0136) 
0.065 10 

(0.0162) 
0.319 11 

(0.2011) 
0.236 12 

(0.0918) 
Day 21 0.030 1 

(0.0172) 
0.043 2 

(0.0150) 
0.038 3-8 

(0.0062) 
0.058 9 

(0.0155) 
0.067 10 

(0.0127) 
0.220 11 

(0.1222) 
0.260 12 

(0.0896) 
Day 28 0.029 1 

(0.0154) 
0.041 2 

(0.0116) 
0.040 4 

(0.0042) 
0.050 9 

(0.0176) 
0.068 10 

(0.0149) 
0.173 11 

(0.1035) 
0.336 12 

(0.1845) 
Recharge 

Day 1 
0.030 1 

(0.0169) 
0.037 2 

(0.0130) 
0.033 3-8 

(0.0061) 
0.040 9 

(0.0084) 
0.064 10 

(0.0120) 
0.303 11 

(0.1227) 
0.381 12 

(0.1133) 
Recharge 

Day 2 
0.029 1 

(0.0141) 
0.043 2 

(0.0139) 
0.032 3-8 

(0.0035) 
0.037 9 

(0.0079) 
0.059 10 

(0.0087) 
0.277 11 

(0.1053) 
0.425 12 

(0.1748) 
Recharge 

Day 3 
0.029 1 

(0.0156) 
0.038 2 

(0.0138) 
0.028 3-8 

(0.0042) 
0.040 9 

(0.0098) 
0.057 10 

(0.0112) 
0.347 11 

(0.1638) 
0.342 12 

(0.1458) 
Recharge 

Day 4 
0.030 1 

(0.0150) 
0.047 2 

(0.0136) 
0.032 3-8 

(0.0053) 
0.041 9 

(0.0077) 
0.067 10 

(0.0143) 
0.386 11 

(0.1500) 
0.272 12 

(0.1099) 
Recharge 

Day 5 
0.030 1 

(0.0173) 
0.045 2 

(0.0133) 
0.033 3-8 

(0.0038) 
0.039 9 

(0.0083) 
0.061 10 

(0.0148) 
0.407 11 

(0.2313) 
0.298 12 

(0.0832) 
Recharge 

Day 6 
0.030 1 

(0.0166) 
0.042 2 

(0.0130) 
0.032 3-8 

(0.0046) 
0.042 9 

(0.0111) 
0.059 10 

(0.0165) 
0.275 11 

(0.1223) 
0.310 12 

(0.1719) 
Recharge 

Day 7 
0.029 1 

(0.0140) 
0.038 2 

(0.0151) 
0.033 3-8 

(0.0050) 
0.039 9 

(0.0079) 
0.059 10 

(0.0158) 
0.306 11 

(0.1494) 
0.405 12 

(0.1454) 
Recharge 
Day 14 

0.028 1 

(0.0159) 
0.039 2 

(0.0135) 
0.035 4,6,7 

(0.0033) 
0.042 9 

(0.0079) 
0.061 10 

(0.0114) 
0.389 11 

(0.1851) 
0.349 12 

(0.1628) 
Recharge 
Day 21 

0.029 1 

(0.0153) 
0.050 2 

(0.0126) 
0.036 4,6,7,8 

(0.0046) 
0.040 9 

(0.0083) 
0.062 10 

(0.0157) 
0.278 11 

(0.0889) 
0.377 12 

(0.1354) 
Recharge 
Day 28 

0.027 1 

(0.0155) 
0.038 2 

(0.0076) 
0.038 4,7 

(0.0033) 
0.043 9 

(0.0075) 
0.061 10 

(0.0148) 
0.388 11 

(0.2178) 
0.366 12 

(0.1668) 
 
Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses.  
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Table 16. Mean average surface roughness (µm) of pre- and post-recharge with NaF 

gel. The results of statistical analysis compare the surface roughness among the 

materials on each day. Values in this table are compared in the same row. 

 
 Z250 Tetric  

Ceram 

Dyract  

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 0 
 

0.029 1,2 

(0.0089) 
0.039 1-3 

(0.0117) 
0.021 1 

(0.0023) 
0.026 1,2 

(0.0033) 
0.056 2,3 

(0.0132) 
0.262 3 

(0.0950) 
0.275 3 

(0.1003) 
Day 1 0.036 4,5 

(0.0093) 
0.036 4,5 

(0.0136) 
0.030 4,5 

(0.0167) 
0.029 4 

(0.0026) 
0.055 5 

(0.0101) 
0.366 4-6 

(0.3026) 
0.236 6 

(0.0626) 
Day 2 0.032 7 

(0.0093) 
0.037 7,8 

(0.0080) 
0.026 7 

(0.0015) 
0.027 7 

(0.0021) 
0.053 8 

(0.0061) 
0.195 7-9 

(0.2034) 
0.320 9 

(0.0811) 
Day 3 0.031 10 

(0.0090) 
0.037 10,11 

(0.0112) 
0.025 10 

(0.0027) 
0.031 10 

(0.0057) 
0.072 11,12 

(0.0166) 
0.24010,12,13 

(0.1665) 
0.262 12,13 

(0.0832) 
Day 4 0.033 14,15 

(0.0095) 
0.037 14,15 

(0.0163) 
0.026 14 

(0.0035) 
0.031 14 

(0.0037) 
0.060 15 

(0.0115) 
0.188 14-16 

(0.1265) 
0.247 16 

(0.0723) 
Day 5 0.036 17,18 

(0.0091) 
0.034 17 

(0.0064) 
0.024 17 

(0.0027) 
0.035 17 

(0.0056) 
0.060 18 

(0.0099) 
0.158 17-19 

(0.0968) 
0.261 19 

(0.0846) 
Day 6 0.043 20 

(0.0278) 
0.038 20 

(0.0152) 
0.028 20 

(0.0023) 
0.033 20 

(0.0033) 
0.072 20 

(0.0250) 
0.216 20 

(0.1251) 
0.209 20 

(0.0823) 
Day 7 0.032 21 

(0.0108) 
0.037 21,22 

(0.0133) 
0.026 21 

(0.0012) 
0.028 21 

(0.0040) 
0.068 22 

(0.0115) 
0.202 21-23 

(0.1098) 
0.217 23 

(0.0576) 
Day 14 0.042 24 

(0.0142) 
0.038 24 

(0.0116) 
0.032 24 

(0.0045) 
0.030 24 

(0.0028) 
0.073 25 

(0.0078) 
0.248 24,25 

(0.1672) 
0.264 25 

(0.0805) 
Day 21 0.031 26 

(0.0089) 
0.045 26,27 

(0.0187) 
0.035 26 

(0.0062) 
0.035 26 

(0.0058) 
0.069 27 

(0.0055) 
0.232 26-28 

(0.1382) 
0.215 28 

(0.0407) 
Day 28 0.027 29 

(0.0067) 
0.035 29 

(0.0078) 
0.038 29 

(0.0052) 
0.031 29 

(0.0057) 
0.075 30 

(0.0066) 
0.220 29,30 

(0.1578) 
0.268 29,30 

(0.1491) 
Recharge 

Day 1 
0.029 31,32 

(0.0076) 
0.039 31,32 

(0.0066) 
0.034 31 

(0.0006) 
0.029 32 

(0.0010) 
0.073 33 

(0.0136) 
0.230 31-34 

(0.1601) 
0.238 34 

(0.0448) 
Recharge 

Day 2 
0.030 35,36 

(0.0071) 
0.037 35,36 

(0.0092) 
0.035 35 

(0.0012) 
0.030 36 

(0.0020) 
0.072 37 

(0.0098) 
0.226 35-37 

(0.1311) 
0.223 35-37 

(0.1198) 
Recharge 

Day 3 
0.029 38 

(0.0086) 
0.040 38,39 

(0.0080) 
0.033 38,39 

(0.0026) 
0.030 38 

(0.0027) 
0.068 40 

(0.0049) 
0.175 38-40 

(0.0804) 
0.249 39,40 

(0.0899) 
Recharge 

Day 4 
0.031 41 

(0.0077) 
0.037 41 

(0.0080) 
0.035 41 

(0.0059) 
0.029 41 

(0.0026) 
0.068 42 

(0.0053) 
0.184 41,42 

(0.1174) 
0.233 41,42 

(0.1504) 
Recharge 

Day 5 
0.031 43 

(0.0100) 
0.038 43 

(0.0086) 
0.032 43 

(0.0031) 
0.031 43 

(0.0049) 
0.068 44 

(0.0072) 
0.238 44,45 

(0.0821) 
0.239 45 

(0.0504) 
Recharge 

Day 6 
0.030 46 

(0.0068) 
0.039 46 

(0.0111) 
0.038 46 

(0.0068) 
0.031 46 

(0.0041) 
0.069 47 

(0.0044) 
0.284 46-48 

(0.1448) 
0.268 48 

(0.0631) 
Recharge 

Day 7 
0.031 49 

(0.0078) 
0.040 49,50 

(0.0084) 
0.033 49 

(0.0034) 
0.031 49 

(0.0046) 
0.070 50 

(0.0147) 
0.195 49-51 

(0.1387) 
0.237 51 

(0.0610) 
Recharge 
Day 14 

0.029 52 

(0.0088) 
0.040 52 

(0.0095) 
0.037 52 

(0.0050) 
0.032 52 

(0.0010) 
0.069 53 

(0.0056) 
0.249 52,53 

(0.1326) 
0.257 52,53 

(0.1079) 
Recharge 
Day 21 

0.030 54 

(0.0094) 
0.039 54 

(0.0082) 
0.035 54 

(0.0013) 
0.034 54 

(0.0031) 
0.074 55 

(0.0109) 
0.229 54-56 

(0.1443) 
0.303 56 

(0.0852) 
Recharge 
Day 28 

0.029 57 

(0.0087) 
0.043 57 

(0.0096) 
0.036 57 

(0.0025) 
0.035 57 

(0.0026) 
0.071 58 

(0.0092) 
0.290 57,58 

(0.1944) 
0.286 57,58 

(0.1089) 
 
Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses.  
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Table 17. Mean average surface roughness (µm) of pre- and post-recharge with NaF 

gel. The results of statistical analysis compare the surface roughness among the days 

of each material. Values in this table are compared in the same column. 

 
 Z250 Tetric  

Ceram 

Dyract  

AP 

Beautifil Fuji II LC Ketac-Fil Ketac-Fil+ 

varnish 

Day 0 
 

0.029 1 

(0.0089) 
0.039 2 

(0.0117) 
0.021 3 

(0.0023) 
0.026 9 

(0.0033) 
0.056 10,11 

(0.0132) 
0.262 12 

(0.0950) 
0.275 13 

(0.1003) 
Day 1 0.036 1 

(0.0093) 
0.036 2 

(0.0136) 
0.030 3-8 

(0.0167) 
0.029 9 

(0.0026) 
0.055 10,11 

(0.0101) 
0.366 12 

(0.3026) 
0.236 13 

(0.0626) 
Day 2 0.032 1 

(0.0093) 
0.037 2 

(0.0080) 
0.026 3,6,8 

(0.0015) 
0.027 9 

(0.0021) 
0.053 10 

(0.0061) 
0.195 12 

(0.2034) 
0.320 13 

(0.0811) 
Day 3 0.031 1 

(0.0090) 
0.037 2 

(0.0112) 
0.025 3,6,8 

(0.0027) 
0.031 9 

(0.0057) 
0.072 10,11 

(0.0166) 
0.240 12 

(0.1665) 
0.262 13 

(0.0832) 
Day 4 0.033 1 

(0.0095) 
0.037 2 

(0.0163) 
0.026 3-8 

(0.0035) 
0.031 9 

(0.0037) 
0.060 10,11 

(0.0115) 
0.188 12 

(0.1265) 
0.247 13 

(0.0723) 
Day 5 0.036 1 

(0.0091) 
0.034 2 

(0.0064) 
0.024 3,8 

(0.0027) 
0.035 17 

(0.0056) 
0.060 10,11 

(0.0099) 
0.158 12 

(0.0968) 
0.261 13 

(0.0846) 
Day 6 0.043 1 

(0.0278) 
0.038 2 

(0.0152) 
0.028 3,6-8 

(0.0023) 
0.033 9 

(0.0033) 
0.072 10,11 

(0.0250) 
0.216 12 

(0.1251) 
0.209 13 

(0.0823) 
Day 7 0.032 1 

(0.0108) 
0.037 2 

(0.0133) 
0.026 3,6,8 

(0.0012) 
0.028 9 

(0.0040) 
0.068 10,11 

(0.0115) 
0.202 12 

(0.1098) 
0.217 13 

(0.0576) 
Day 14 0.042 1 

(0.0142) 
0.038 2 

(0.0116) 
0.032 3-8 

(0.0045) 
0.030 9 

(0.0028) 
0.073 10,11 

(0.0078) 
0.248 12 

(0.1672) 
0.264 13 

(0.0805) 
Day 21 0.031 1 

(0.0089) 
0.045 2 

(0.0187) 
0.035 3-8 

(0.0062) 
0.035 9 

(0.0058) 
0.069 10,11 

(0.0055) 
0.232 12 

(0.1382) 
0.215 13 

(0.0407) 
Day 28 0.027 1 

(0.0067) 
0.035 2 

(0.0078) 
0.038 4-8 

(0.0052) 
0.031 9 

(0.0057) 
0.075 11 

(0.0066) 
0.220 12 

(0.1578) 
0.268 13 

(0.1491) 
Recharge 

Day 1 
0.029 1 

(0.0076) 
0.039 2 

(0.0066) 
0.034 4,5,7 

(0.0006) 
0.029 9 

(0.0010) 
0.073 10,11 

(0.0136) 
0.230 12 

(0.1601) 
0.238 13 

(0.0448) 
Recharge 

Day 2 
0.030 1 

(0.0071) 
0.037 2 

(0.0092) 
0.035 4,5 

(0.0012) 
0.030 9 

(0.0020) 
0.072 10,11 

(0.0098) 
0.226 12 

(0.1311) 
0.223 13 

(0.1198) 
Recharge 

Day 3 
0.029 1 

(0.0086) 
0.040 2 

(0.0080) 
0.033 4-7 

(0.0026) 
0.030 9 

(0.0027) 
0.068 10,11 

(0.0049) 
0.175 12 

(0.0804) 
0.249 13 

(0.0899) 
Recharge 

Day 4 
0.031 1 

(0.0077) 
0.037 2 

(0.0080) 
0.035 3-8 

(0.0059) 
0.029 9 

(0.0026) 
0.068 10,11 

(0.0053) 
0.184 12 

(0.1174) 
0.233 13 

(0.1504) 
Recharge 

Day 5 
0.031 1 

(0.0100) 
0.038 2 

(0.0086) 
0.032 4-8 

(0.0031) 
0.031 9 

(0.0049) 
0.068 10,11 

(0.0072) 
0.238 12 

(0.0821) 
0.239 13 

(0.0504) 
Recharge 

Day 6 
0.030 1 

(0.0068) 
0.039 2 

(0.0111) 
0.038 3-8 

(0.0068) 
0.031 9 

(0.0041) 
0.069 10,11 

(0.0044) 
0.284 12 

(0.1448) 
0.268 13 

(0.0631) 
Recharge 

Day 7 
0.031 1 

(0.0078) 
0.040 2 

(0.0084) 
0.033 4-8 

(0.0034) 
0.031 9 

(0.0046) 
0.070 10,11 

(0.0147) 
0.195 12 

(0.1387) 
0.237 13 

(0.0610) 
Recharge 
Day 14 

0.029 1 

(0.0088) 
0.040 2 

(0.0095) 
0.037 4-8 

(0.0050) 
0.032 9 

(0.0010) 
0.069 10,11 

(0.0056) 
0.249 12 

(0.1326) 
0.257 13 

(0.1079) 
Recharge 
Day 21 

0.030 1 

(0.0094) 
0.039 2 

(0.0082) 
0.035 4,5 

(0.0013) 
0.034 9 

(0.0031) 
0.074 10,11 

(0.0109) 
0.229 12 

(0.1443) 
0.303 13 

(0.0852) 
Recharge 
Day 28 

0.029 1 

(0.0087) 
0.043 2 

(0.0096) 
0.036 4,5 

(0.0025) 
0.035 9 

(0.0026) 
0.071 10,11 

(0.0092) 
0.290 12 

(0.1944) 
0.286 13 

(0.1089) 
 
Means followed by the same superscript number do not differ statistically (Dunnett’s T3, p > .05). 

Standard deviations are reflected in parentheses.  
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Table 18. The results of statistical surface roughness analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Z250. Values in this table 

are compared in the same row. 

 

 APF NaF 
Day 0  

 
0.031 1 

(0.0185) 
0.029 1 

(0.0089) 
Day 1 0.034 2 

(0.0152) 
0.036 2 

(0.0093) 
Day 2 0.031 3 

(0.0175) 
0.032 3 

(0.0093) 
Day 3 0.031 4 

(0.0175) 
0.031 4 

(0.0090) 
Day 4 0.032 5 

(0.0176) 
0.033 5 

(0.0095) 
Day 5 0.034 6 

(0.0177) 
0.036 6 

(0.0091) 
Day 6 0.037 7 

(0.0254) 
0.043 7 

(0.0278) 
Day 7 0.036 8 

(0.0148) 
0.032 8 

(0.0108) 
Day 14 0.049 9 

(0.0142) 
0.042 9 

(0.0142) 
Day 21 0.030 10 

(0.0172) 
0.031 10 

(0.0089) 
Day 28 0.029 11 

(0.0154) 
0.027 11 

(0.0067) 
Recharge 

Day 1 
0.030 12 

(0.0169) 
0.029 12 

(0.0076) 
Recharge 

Day 2 
0.029 13 

(0.0141) 
0.030 13 

(0.0071) 
Recharge 

Day 3 
0.029 14 

(0.0156) 
0.029 14 

(0.0086) 
Recharge 

Day 4 
0.030 15 

(0.0150) 
0.031 15 

(0.0077) 
Recharge 

Day 5 
0.030 16 

(0.0173) 
0.031 16 

(0.0100) 
Recharge 

Day 6 
0.030 17 

(0.0166) 
0.030 17 

(0.0068) 
Recharge 

Day 7 
0.029 18 

(0.0140) 
0.031 18 

(0.0078) 
Recharge 
Day 14 

0.028 19 

(0.0159) 
0.029 19 

(0.0088) 
Recharge 
Day 21 

0.029 20 

(0.0153) 
0.030 20 

(0.0094) 
Recharge 
Day 28 

0.027 21 

(0.0155) 
0.029 21 

(0.0087) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 19. The results of statistical surface roughness analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Tetric Ceram. Values in 

this table are compared in the same row. 

 

 APF NaF 
Day 0  

 
0.034 1 

(0.0136) 
0.039 1 

(0.0117) 
Day 1 0.035 2 

(0.0118) 
0.036 2 

(0.0136) 
Day 2 0.031 3 

(0.0118) 
0.037 3 

(0.0080) 
Day 3 0.035 4 

(0.0113) 
0.037 4 

(0.0112) 
Day 4 0.037 5 

(0.0157) 
0.037 5 

(0.0163) 
Day 5 0.036 6 

(0.0174) 
0.034 6 

(0.0064) 
Day 6 0.038 7 

(0.0105) 
0.038 7 

(0.0152) 
Day 7 0.038 8 

(0.0155) 
0.037 8 

(0.0133) 
Day 14 0.079 9 

(0.0705) 
0.038 9 

(0.0116) 
Day 21 0.043 10 

(0.0150) 
0.045 10 

(0.0187) 
Day 28 0.041 11 

(0.0116) 
0.035 11 

(0.0078) 
Recharge 

Day 1 
0.037 12 

(0.0130) 
0.039 12 

(0.0066) 
Recharge 

Day 2 
0.043 13 

(0.0139) 
0.037 13 

(0.0092) 
Recharge 

Day 3 
0.038 14 

(0.0138) 
0.040 14 

(0.0080) 
Recharge 

Day 4 
0.047 15 

(0.0136) 
0.037 15 

(0.0080) 
Recharge 

Day 5 
0.045 16 

(0.0133) 
0.038 16 

(0.0086) 
Recharge 

Day 6 
0.042 17 

(0.0130) 
0.039 17 

(0.0111) 
Recharge 

Day 7 
0.038 18 

(0.0151) 
0.040 18 

(0.0084) 
Recharge 
Day 14 

0.039 19 

(0.0135) 
0.040 19 

(0.0095) 
Recharge 
Day 21 

0.050 20 

(0.0126) 
0.039 20 

(0.0082) 
Recharge 
Day 28 

0.038 21 

(0.0076) 
0.043 21 

(0.0096) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 20. The results of statistical surface roughness analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Dyract AP. Values in this 

table are compared in the same row. 

 

 APF NaF 
Day 0  

 
0.020 1 

(0.0040) 
0.021 1 

(0.0023) 
Day 1 0.023 2 

(0.0034) 
0.030 2 

(0.0167) 
Day 2 0.024 3 

(0.0035) 
0.026 3 

(0.0015) 
Day 3 0.028 4 

(0.0071) 
0.025 4 

(0.0027) 
Day 4 0.024 5 

(0.0052) 
0.026 5 

(0.0035) 
Day 5 0.024 6 

(0.0052) 
0.024 6 

(0.0027) 
Day 6 0.025 7 

(0.0046) 
0.028 7 

(0.0023) 
Day 7 0.025 8 

(0.0022) 
0.026 8 

(0.0012) 
Day 14 0.055 9 

(0.0604) 
0.032 9 

(0.0045) 
Day 21 0.038 10 

(0.0062) 
0.035 10 

(0.0062) 
Day 28 0.040 11 

(0.0042) 
0.038 11 

(0.0052) 
Recharge 

Day 1 
0.033 12 

(0.0061) 
0.034 12 

(0.0006) 
Recharge 

Day 2 
0.032 13 

(0.0035) 
0.035 13 

(0.0012) 
Recharge 

Day 3 
0.028 14 

(0.0042) 
0.033 14 

(0.0026) 
Recharge 

Day 4 
0.032 15 

(0.0053) 
0.035 15 

(0.0059) 
Recharge 

Day 5 
0.033 16 

(0.0038) 
0.032 16 

(0.0031) 
Recharge 

Day 6 
0.032 17 

(0.0046) 
0.038 17 

(0.0068) 
Recharge 

Day 7 
0.033 18 

(0.0050) 
0.033 18 

(0.0034) 
Recharge 
Day 14 

0.035 19 

(0.0033) 
0.037 19 

(0.0050) 
Recharge 
Day 21 

0.036 20 

(0.0046) 
0.035 20 

(0.0013) 
Recharge 
Day 28 

0.038 21 

(0.0033) 
0.036 21 

(0.0025) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 21. The results of statistical surface roughness analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Beautifil. Values in this 

table are compared in the same row. 

 

 APF NaF 
Day 0  

 
0.040 1 

(0.0148) 
0.026 1 

(0.0033) 
Day 1 0.038 2 

(0.0076) 
0.029 3 

(0.0026) 
Day 2 0.041 4 

(0.0094) 
0.027 5 

(0.0021) 
Day 3 0.055 6 

(0.0307) 
0.031 6 

(0.0057) 
Day 4 0.037 7 

(0.0105) 
0.031 7 

(0.0037) 
Day 5 0.040 8 

(0.0105) 
0.035 8 

(0.0056) 
Day 6 0.046 9 

(0.0109) 
0.033 9 

(0.0033) 
Day 7 0.040 10 

(0.0074) 
0.028 11 

(0.0040) 
Day 14 0.044 12 

(0.0136) 
0.030 12 

(0.0028) 
Day 21 0.058 13 

(0.0155) 
0.035 14 

(0.0058) 
Day 28 0.050 15 

(0.0176) 
0.031 15 

(0.0057) 
Recharge 

Day 1 
0.040 16 

(0.0084) 
0.029 17 

(0.0010) 
Recharge 

Day 2 
0.037 18 

(0.0079) 
0.030 18 

(0.0020) 
Recharge 

Day 3 
0.040 19 

(0.0098) 
0.030 19 

(0.0027) 
Recharge 

Day 4 
0.041 20 

(0.0077) 
0.029 21 

(0.0026) 
Recharge 

Day 5 
0.039 22 

(0.0083) 
0.031 22 

(0.0049) 
Recharge 

Day 6 
0.042 23 

(0.0111) 
0.031 23 

(0.0041) 
Recharge 

Day 7 
0.039 24 

(0.0079) 
0.031 24 

(0.0046) 
Recharge 
Day 14 

0.042 25 

(0.0079) 
0.032 26 

(0.0010) 
Recharge 
Day 21 

0.040 27 

(0.0083) 
0.034 27 

(0.0031) 
Recharge 
Day 28 

0.043 28 

(0.0075) 
0.035 28 

(0.0026) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 22. The results of statistical surface roughness analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Fuji II LC. Values in this 

table are compared in the same row. 

 

 APF NaF 
Day 0  

 
0.060 1 

(0.0058) 
0.056 1 

(0.0132) 
Day 1 0.057 2 

(0.0080) 
0.055 2 

(0.0101) 
Day 2 0.059 3 

(0.0209) 
0.053 3 

(0.0061) 
Day 3 0.058 4 

(0.0204) 
0.072 4 

(0.0166) 
Day 4 0.065 5 

(0.0241) 
0.060 5 

(0.0115) 
Day 5 0.058 6 

(0.0159) 
0.060 6 

(0.0099) 
Day 6 0.059 7 

(0.0172) 
0.072 7 

(0.0250) 
Day 7 0.064 8 

(0.0173) 
0.068 8 

(0.0115) 
Day 14 0.065 9 

(0.0162) 
0.073 9 

(0.0078) 
Day 21 0.067 10 

(0.0127) 
0.069 10 

(0.0055) 
Day 28 0.068 11 

(0.0149) 
0.075 11 

(0.0066) 
Recharge 

Day 1 
0.064 12 

(0.0120) 
0.073 12 

(0.0136) 
Recharge 

Day 2 
0.059 13 

(0.0087) 
0.072 13 

(0.0098) 
Recharge 

Day 3 
0.057 14 

(0.0112) 
0.068 14 

(0.0049) 
Recharge 

Day 4 
0.067 15 

(0.0143) 
0.068 15 

(0.0053) 
Recharge 

Day 5 
0.061 16 

(0.0148) 
0.068 16 

(0.0072) 
Recharge 

Day 6 
0.059 17 

(0.0165) 
0.069 17 

(0.0044) 
Recharge 

Day 7 
0.059 18 

(0.0158) 
0.070 18 

(0.0147) 
Recharge 
Day 14 

0.061 19 

(0.0114) 
0.069 19 

(0.0056) 
Recharge 
Day 21 

0.062 20 

(0.0157) 
0.074 20 

(0.0109) 
Recharge 
Day 28 

0.061 21 

(0.0148) 
0.071 21 

(0.0092) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 23. The results of statistical surface roughness analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Ketac-Fil. Values in this 

table are compared in the same row. 

 

 APF NaF 
Day 0  

 
0.301 1 

(0.1782) 
0.262 1 

(0.0950) 
Day 1 0.227 2 

(0.1568) 
0.366 2 

(0.3026) 
Day 2 0.205 3 

(0.0575) 
0.195 3 

(0.2034) 
Day 3 0.233 4 

(0.1349) 
0.240 4 

(0.1665) 
Day 4 0.209 5 

(0.1392) 
0.188 5 

(0.1265) 
Day 5 0.199 6 

(0.1072) 
0.158 6 

(0.0968) 
Day 6 0.189 7 

(0.1126) 
0.216 7 

(0.1251) 
Day 7 0.155 8 

(0.1104) 
0.202 8 

(0.1098) 
Day 14 0.319 9 

(0.2011) 
0.248 9 

(0.1672) 
Day 21 0.220 10 

(0.1222) 
0.232 10 

(0.1382) 
Day 28 0.173 11 

(0.1035) 
0.220 11 

(0.1578) 
Recharge 

Day 1 
0.303 12 

(0.1227) 
0.230 12 

(0.1601) 
Recharge 

Day 2 
0.277 13 

(0.1053) 
0.226 13 

(0.1311) 
Recharge 

Day 3 
0.347 14 

(0.1638) 
0.175 14 

(0.0804) 
Recharge 

Day 4 
0.386 15 

(0.1500) 
0.184 16 

(0.1174) 
Recharge 

Day 5 
0.407 17 

(0.2313) 
0.238 17 

(0.0821) 
Recharge 

Day 6 
0.275 18 

(0.1223) 
0.284 18 

(0.1448) 
Recharge 

Day 7 
0.306 19 

(0.1494) 
0.195 19 

(0.1387) 
Recharge 
Day 14 

0.389 20 

(0.1851) 
0.249 20 

(0.1326) 
Recharge 
Day 21 

0.278 21 

(0.0889) 
0.229 21 

(0.1443) 
Recharge 
Day 28 

0.388 22 

(0.2178) 
0.290 22 

(0.1944) 
 
Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 
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Table 24. The results of statistical surface roughness analysis paralleling to each day 

between pre- and post-recharge with APF gel or NaF gel of  Ketac-Fil + varnish. 

Values in this table are compared in the same row. 

 

 APF NaF 
Day 0  

 
0.272 1 

(0.1117) 
0.275 1 

(0.1003) 
Day 1 0.303 2 

(0.2072) 
0.236 2 

(0.0626) 
Day 2 0.336 3 

(0.2101) 
0.320 3 

(0.0811) 
Day 3 0.302 4 

(0.1551) 
0.262 4 

(0.0832) 
Day 4 0.262 5 

(0.1095) 
0.247 5 

(0.0723) 
Day 5 0.235 6 

(0.1170) 
0.261 6 

(0.0846) 
Day 6 0.229 7 

(0.1058) 
0.209 7 

(0.0823) 
Day 7 0.206 8 

(0.0858) 
0.217 8 

(0.0576) 
Day 14 0.236 9 

(0.0918) 
0.264 9 

(0.0805) 
Day 21 0.260 10 

(0.0896) 
0.215 10 

(0.0407) 
Day 28 0.336 11 

(0.1845) 
0.268 11 

(0.1491) 
Recharge 

Day 1 
0.381 12 

(0.1133) 
0.238 13 

(0.0448) 
Recharge 

Day 2 
0.425 14 

(0.1748) 
0.223 14 

(0.1198) 
Recharge 

Day 3 
0.342 15 

(0.1458) 
0.249 15 

(0.0899) 
Recharge 

Day 4 
0.272 16 

(0.1099) 
0.233 16 

(0.1504) 
Recharge 

Day 5 
0.298 17 

(0.0832) 
0.239 17 

(0.0504) 
Recharge 

Day 6 
0.310 18 

(0.1719) 
0.268 18 

(0.0631) 
Recharge 

Day 7 
0.405 19 

(0.1454) 
0.237 19 

(0.0610) 
Recharge 
Day 14 

0.349 20 

(0.1628) 
0.257 20 

(0.1079) 
Recharge 
Day 21 

0.377 21 

(0.1354) 
0.303 21 

(0.0852) 
Recharge 
Day 28 

0.366 22 

(0.1668) 
0.286 22 

(0.1089) 
 

Means followed by the same superscript number do not differ statistically (Independent T, p > .05). 

Standard deviations are reflected in parentheses. 



Jirakant  Limtanyakul                                                                                                                 Results / 46  

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0 2 4 6 14 28 R2 R4 R6 R14 R28

Time (days)

Av
era

ge
 su

rfa
ce

 ro
ug

hn
es

s (
mi

cro
me

ter
)

Z250
Tetric
Dyract AP
Beautifil
Fuji II LC
KetacFil
Ketac+var

Fig 5. Average surface roughness before and after APF gel application. 
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 Fig 6. Average surface roughness before and after NaF gel application. 
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CHAPTER 5 

DISCUSSION 

 

 
Fluoride Release        

        An extensive amount of work has been performed to evaluate fluoride release 

from restorative materials, and the documented values of liberated fluoride vary 

substantially from one study to another (16-19). This may be ascribed to a lack of 

uniformity in specimen shape and size, process of the experiment, nature of the 

aqueous environment used, and even the units employed to express fluoride release. 

Thereby, although there are a lot of reports, it is difficult to compare the results from 

them. 

        In this study, deionized water was used as a specimen storage solution because it 

was easily obtainable and more fluoride is released in deionized water than in artificial 

saliva (17). Therefore, the amount of fluoride cannot be expected to be released from 

the specimens at the same content as occurred inside one’s mouth. Furthermore, in the 

mouth fluoride is perhaps not washed away as completely as in this experiment. 

        Biofilms and layers, such as plaque, on the surface of restorations may reduce 

fluoride release, or the release may be increased when the pH drops in the plaque (3). 

The released fluoride may be accumulated in these layers covering the restorations 

(25); therefore, uptake of part of the released fluoride back into the restoration is 

possible (45). If fluoride is available from outside, the long-term release level in vivo 

may still be higher than that in vitro (5). 

        The frequency of change of the storage water is also a critical factor (25). 

Fluoride levels in test solutions can equilibrate within one hour for some fluoride-

releasing materials, while little change occurs for the others after 24 hours. 

Accordingly, changing the storage water at 24-hour intervals is a minimum 

requirement (46). 

        Encapsulated glass-ionomer cements were chosen as the capsulated form can 

eliminate the variables that could lead to poor results. It is strongly recommended 
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because of the simplification of handling, the ease of placement, and the increased 

reliability for quality results (13). In addition, hand-mixing of the powder and liquid 

may not produce the same surface as the material provided originally in paste form, 

such as compomers and resin composites (28). 

        The result of this current work agrees with others that only GICs showed an 

initial fluoride ‘burst’ effect (17-19). This finding is similar to the other studies 

conducted on fluoride release from materials by using ion chromatography (31) and 

capillary electrophoresis (25). The high release of fluoride observed in the first 24 

hours is consistent with previous reports (17,19) on the high early erosion of GICs 

(47,48). In this way, it is shown that conventional GIC released more fluoride than 

RMGIC did. This is in agreement with other studies (19,49). These differences in the 

fluoride release content could be described by the following considerations. 

        For conventional GIC, after powder and liquid are mixed together, the ion-

leachable glass is decomposed by proton attacking at the surface. Afterwards fluoride 

is liberated from the glass particles. Fluoride is dispersed homogeneously through the 

matrix regions of a set cement and is available for elution for a long time after setting 

(23).  

        For RMGIC, Fuji II LC consists of polymerizable monomer/prepolymer in 

addition to polyalkenoic acid. An acid-base reaction takes place between the polyacid 

and the glass particles, which is responsible for fluoride release. Free radical 

polymerization mechanisms also exist because of the presence of the reactive 

methacrylates (22). The effect of the resin addition caused a reduction in solubility in 

water for the RMGIC. It is assumed that the reduction may result in the decrease of 

fluoride release (50). Some studies found that conventional GICs and RMGICs 

released statistically the same amount of fluoride (23,51), in spite of certain studies 

that have shown higher levels of fluoride release from RMGICs than that from 

conventional GICs (32,52). These contradictory findings could be due to many factors, 

such as the differences in mixing mechanism (53), the mixing time (54), the setting 

time (55), the powder:liquid ratio (56), and the type and amount of resin used for the 

light-polymerization of the RMGIC (23).  

        The amount of fluoride release from conventional GIC coated or not coated with 

varnish was not significantly different in this study. This result conflicts with former 
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reports, which concluded that the application of the surface coating agent causes a 

reduction in fluoride release since it appears as a barrier to fluoride elution from GIC 

(57,58). The result from this study may be explained that the varnish was probably 

lost. Due to the greasiness of the silicone impression material, all specimens must be 

wiped with fuzz-free tissues before immersion. Another explanation may be the low 

viscosity of Ketac Glaze. It is believed that the lower viscosity of the surface coating 

agent, the weaker barrier to fluoride release (58). In general, although fluoride release 

content from coated and uncoated GICs were not significantly different, the amount of 

fluoride release from coated GIC was lower than that from uncoated one on the first 

day of the experiment. 

.       Giomer, in the present study, released fluoride less than or equivalent to the 

compomer did. This finding agrees with former research, which found that there were 

no significant differences in the amount of fluoride release between compomer and 

giomer (Beautifil). The authors explained that the S-PRG fillers within Beautifil is 

similar to the fluoroaluminosilicate glass incorporated into the compomer because the 

acid-base reaction is only limited on the surface of the glass. In addition, the 

aluminofluoroborosilicate glass that does not have acid-base reaction is also 

incorporated in Beautifil as a secondary filler. Owing to the lack of acid-base reaction, 

these fluoridated glasses within the compomer and Beautifil have little or no glass-

ionomer matrix phase. It is likely that fluoride released from these glasses is related to 

dissolution of the inorganic free fluoride contained within the glasses (26). Although 

the present study did not observe fluoride released from giomer (Reactmer Paste), 

others reported that Reactmer Paste released significantly more fluoride than 

compomer and Beautifil did (25,26). This can be explained that Reactmer Paste 

contains F-PRG fillers, which consist of a large amount of glass-ionomer matrix. This 

matrix contains both free and complex fluoride. As the complex fluoride is dissolved 

by the TISAB III solution, higher content of fluoride was detected (26). The fluoride 

released from giomer was also lower than that from GICs because giomer contains 

pre-reacted glass-ionomer particles. One study found that fresh GICs released more 

than twice of the amount of fluoride released from matured specimens (5). The 

particles of giomer are as the matured ones. 
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        Compomer’s composition is similar to resin composites. Dyract AP is comprised 

of acidic polymerizable monomer, TCB resin, that presents 28% of the material. One 

molecule of this resin is composed of two methacrylate groups and two carboxyl 

groups which are the functional groups of polyacrylic acid. Thereby, not only the 

monomer can cross-link when initiated through radical polymerization, but also it can 

undergo an acid-base reaction with the metal ions of the reactive glass particles if 

water is absorbed from the tooth and the oral environment, resulting in fluoride release 

in a similar manner to that from GICs (19). The extent of the acid-base reaction 

initiated by water absorption at the surface was found to decrease rapidly toward the 

material core, implying that the filler probably becomes chemically attacked by acid-

base reaction to the matrix phase only at the outermost surface. It seems that this acid-

base reaction is too weak and contributes to low fluoride release (59). 

        This research showed that resin composite including fluoride-releasing resin 

composite released only small amount of fluoride. This confirms the results of many 

researchers (19,34,60,61). It seems that fluoride compounds added to the composition 

of resin composite lead to low fluoride release. Fluoride release from Tetric Ceram is 

caused by the dissolution and the diffusion of sparingly-soluble compounds, YbF3. 

The release occurs when water diffuses into the material, dissolves YbF3 glass 

particles partially and diffuses out through the resin matrix (62). The result also 

indicated that filler composition has an important influence on the fluoride release. 

The FASG particles in conventional and resin-modified GICs are the main source of 

fluoride. Besides, they are more soluble and thus release more fluoride. In contrast, the 

filler particles in compomer and resin composite, typically a mixture of fumed silica, 

barium aluminofluorosilicate glass, and YbF3, are usually less soluble than FASG 

particles in GICs (61). 

        In this study, the pattern of fluoride release from all materials is in agreement 

with many studies (16,18,25-27,34). For glass-ionomer materials, their patterns were a 

significant initial release and then diminished with time. This can explain by the 

fluoride release process: one short-term and rapid, and the other more gradual and 

prolonged (20). Conventional GIC coated with varnish also had a similar pattern. Even 

if the varnish was still remained or lost before the first water immersion, the quantity 

of fluoride release after several days was rather equal between coated and uncoated 
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groups. In the oral environment, the protective varnish would be lost due to wear and 

tear; for example, by chewing, occlusal grinding, and tooth-brushing. Therefore, the 

pattern and amount of subsequent fluoride release from coated GICs could be 

comparable to that from uncoated ones (58). In the case of the giomer, because PRG 

fillers had already been pre-reacted with polyacrylic acid, water sorption is not critical 

in the acid-base reaction process. Fluoride release is perhaps via an exchange 

mechanism in direction of the lowest fluoride concentration. Since the existence of a 

concentration gradient is the driving force for fluoride release, the amount of fluoride 

release is expected to decrease with time due to diminishing gradient, as fluoride is 

leached out from the material (25). This explains the steady decline of fluoride release 

from Beautifil over the entire period of the present experiment. For compomer, the 

present research is in agreement with several earlier studies that the fluoride release 

content reduces with time (19,20,27). It may be owing to the formation of a silica gel 

layer covering the glass particles (20). Nonetheless, this study observed only 28 days 

in each part of the experiment, the trend of fluoride release may be unclear. A long-

term study indicated that the fluoride release increases with time (16). The fluoride 

release from fluoride-releasing resin composite also decreased slowly with time in the 

direction of the lowest fluoride concentration (7,34). 

        Low level concentrations of fluoride release from Tetric Ceram and Z250 were 

detected through the total period of the experiment. The lowest limit of fluoride 

determination using the electrode in this study was 0.02 ppm, according to the 

manufacturer’s manual. Below this concentration, the data became meaningless. The 

uncertainty of measurement at low concentrations was the difficulty of achieving a 

stable meter reading with no drift. Low concentrations drift continued for many 

minutes and sometimes never became stable. Therefore, the values obtained might be 

unreliable. In order to monitor the quantity of fluoride release at low concentrations, 

the ion chromatography technique is more appropriate (63). For Z250, from the 

manufacturer’s instruction this material has no fluoride in its composition. However, 

there was a small amount of fluoride presenting in some days. This may be due to the 

error occurred from the water deionizer because a small amount of fluoride in 

deionized water was found in this experiment. It might not eliminate the ions 

completely; hence, there were only a few ones still remained in the water. After 
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recharge, fluoride was detected at all the test period, especially during the initial 

period. Its release decreased with time. This was probably owing to the remnants of 

the fluoride recharge agents on the specimens. When the time increased, low level of 

fluoride was maybe obtained from the deionized water. 

        The amount of fluoride release for anticariogenic effects has not been 

documented and warrants further investigation. Nevertheless, the content of fluoride in 

restorative materials should be as high as possible without adverse effects on physical 

and mechanical properties. An initial fluoride ‘burst’ effect is desirable, since it will 

induce enamel/dentin remineralization and reduce the viability of bacteria that may 

have been left in the inner carious dentin (51). 

        After APF gel or NaF gel application, the fluoride release from all materials 

increased substantially only on the first day. The release declined quickly to the 

baseline level after 2-3 days. This result is in accordance with several previous studies 

(18,32,33,61,64). The ‘brief burst’ effect (60) indicates that only superficial part of the 

specimens has been recharged (32). However, the material with higher initial fluoride 

release also has a higher ability of fluoride recharge (61). In this study, exposure to 

APF gel or NaF gel had similar effects on the amount of fluoride release from all 

materials except Dyract AP and Ketac-Fil. Dyract AP is the only material that 

liberated fluoride after recharge with NaF gel more than that with APF gel, while 

Ketac-Fil released fluoride after exposure to APF gel significantly more than that to 

NaF gel in a week. It contrasts to many studies, which found that the specimens 

recharged with APF gel released considerably initial fluoride when compared to the 

specimens recharged with NaF gel (49,64). The authors concluded that this may be 

resulted from the surface damage. The low pH of APF gel containing phosphoric acid 

and hydrofluoric acid will erode the surfaces of many restorative materials and 

contribute to the release of fluoride and other ions (41,60). The reason for the result 

obtained from this study may be the weak acidity of APF gel. The pH of APF gel 

shown in Table 2 is much different from that shown by manufacturer, pH 3.5, while 

the pH of NaF gel measured is equivalent to that was labeled on the bottle. The reason 

for Dyract AP releasing more fluoride after NaF gel application than APF gel 

application is unknown. The permeability of the materials is likely to be a major factor 

in the fluoride recharge mechanism. The more permeable material has more ability to 
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absorb and then release fluoride (33). It is likely to be the factor that may account for 

differences between the materials. Resin composite is known to have low water 

permeability or water sorption (65), whereas RMGIC has been shown to have a greater 

sorption value than conventional GIC (66). This may explain our results for more 

fluoride released from Fuji II LC when compared to that from Ketac-Fil or Ketac-Fil + 

varnish. Moreover, the porosity of the materials may have an influence on the amount 

of fluoride release before and after recharge. Higher porosity will allow deeper 

diffusion of the recharge agent into the material and results in a higher content of 

fluoride storage and release. On the other hand, the material with high porosity has 

disadvantages on the mechanical properties. An example for this mention is the 

material with less resin content, such as conventional and resin-modified GICs. Due to 

their higher porosity, they exhibit higher fluoride recharge capabilities. Nevertheless, 

their strength is lower than that of compomer and resin composite (61). In addition, the 

viscosity of fluoride recharge agents may be a factor for fluoride release. The gel 

viscosity may be difficult to remove from pores and cracks of the specimens by gentle 

washing (60,64).  

        Although giomers are claimed to be fluoride rechargeable as the pre-reacted 

surface zone of the glass particles seems to act as a reservoir for fluoride ions (25,26), 

the pattern of fluoride re-release did not differ from other materials’ patterns. 

        This study supports the rechargeable behavior of glass-ionomer materials. 

However, fluoride release after exposure to topical fluoride gels occurred in high 

content within 2 days after recharge. In the clinical situation, this would mean that 

fluoride would be constantly released as long as the subject continues rinsing, 

brushing, or chewing fluoridated products. 

        The cumulative fluoride release levels of glass-ionomer-based materials after 

topical fluoride application were generally lower than those released from the freshly-

prepared specimens after 1 month. This may be expected that the maturity of the 

cement would affect its fluoride uptake. As the cement ages, the ionic matrix matures 

and becomes more cross-linked. The required diffusion process would be impeded by 

the more cross-linked matrix (32). 
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Surface Roughness 

        Surface roughness has been used as a criterion to assess and predict the 

deterioration of different types of restorative materials (67). In this study, a trend of 

increasing surface roughness was as follows: resin composite or compomer or giomer, 

fluoride-releasing resin composite, RMGIC and conventional GIC respectively. Z250, 

Tetric Ceram, Dyract AP and Beautifil are basic resin composites and had rather low 

similar values of surface roughness. After APF gel or NaF gel application, the surface 

roughness of any materials did not increase. This finding contrasts to prior studies 

which showed that surface roughness of the conventional GIC increased after 

exposure to APF or NaF recharge agents  (40,68). Surface roughening caused by NaF 

solution is significantly less for RMGIC when compared to conventional GIC and 

does not occur for the compomer (68). RMGIC and compomer contain 

photopolymerizable resin components. The amount of resin matrix increases from 

RMGIC to compomer (29,48) and this matrix is not susceptible to degradation by NaF 

solution (68). Accordingly, only a disintegration of the polysalt matrix part occurs 

(68). The surface roughness of each material after different types of fluoride 

application did not have an obvious alteration in this experiment. It is probably the 

mild acidity of APF gel as stated before. However, the present study corroborates 

former research indicating that the resin composite and the compomer were the least 

affected by the erosive effect of APF gel (40). We also found that the resin-based 

restorative materials hardly had a surface roughness change through the entire period 

of the experiment. This may be explained that the inclusion of resins in the 

composition of these materials results in an improvement in solubility when compared 

to the conventional GIC (50,69).  

        The surface roughness of the materials has several clinical implications. The 

increased roughness enhances wear and plaque accumulation, and deteriorates 

esthetics, which all of these reduce the longevity of the restoration (44,70). 

        These in vitro tests are not capable of simulating the inherent complexity of the 

oral environment. The experiments under in vivo conditions for further investigations 

are required.     
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CHAPTER 6 

CONCLUSION 

 
 

        This study shows that the amount of fluoride release from the various materials 

was significantly different. With all materials, except for Z250, the highest amount of 

fluoride release from the freshly-prepared materials occurred during the first 24 hours. 

Fluoride release then dropped rapidly and gradually stabilized over the following 28 

days. After recharge, fluoride release from all materials increased only on the first day. 

Exposure to APF gel or NaF gel had similar effects on the content of fluoride release 

from all materials except Dyract AP and Ketac-Fil. Glass-ionomer materials released 

the greatest amount of fluoride. Fluoride release from giomer was less than or 

equivalent to that from compomer. The lowest amount of fluoride release was from 

resin composite materials. The application of a surface coating agent did not 

significantly inhibit fluoride release from conventional GIC. 

        Surface roughness examination indicated that there was a general trend of 

increasing surface roughness from Z250 or Dyract AP or Beautifil, to Tetric Ceram, to 

Fuji II LC, to Ketac-Fil respectively. The basic resin composite materials showed 

rather low similar values of surface roughness. There was no significantly-increased 

surface roughness for any materials after application of APF gel or NaF gel.  
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Table 25. Factorial analysis of fluoride release data. 

Tests of Between-Subjects Effects 

Dependent variable: Fluoride 

 
Source Type III Sum of 

Squares 

df Mean Square F Sig. 

Corrected Model 6870.666a 279 24.626 152.141 .000 

Intercept 1340.838 1 1340.838 8283.781 .000 

Material 939.500 6 156.583 967.382 .000 

Time 3708.926 19 195.207 1205.999 .000 

Fluoride type .991 1 .991 6.121 .014 

Material*Time 2170.830 114 19.042 117.645 .000 

Material*Fluoride type 8.565 6 1.427 8.819 .000 

Time*Fluoride type 15.005 19 .790 4.879 .000 

Material*Time*Fluoride type 26.850 114 .236 1.455 .002 

Error 181.287 1120 .162   

Total 8392.791 1400    

Corrected Total 7051.953 1399    

 
a R Squared = .974 (Adjusted R Squared = .968)
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Table 26. Factorial analysis of surface roughness data. 

Tests of Between-Subjects Effects 

Dependent variable: Surface roughness 

 
Source Type III Sum of 

Squares 

df Mean Square F Sig. 

Corrected Model 17.168a 293 5.859E-02 11.008 .000 

Intercept 16.331 1 16.331 3068.012 .000 

Material 15.580 6 2.597 487.836 .000 

Time .151 20 7.551E-03 1.418 .104 

Fluoride type 9.206E-02 1 9.206E-02 17.296 .000 

Material*Time .606 120 5.052E-03 .949 .635 

Material*Fluoride type .197 6 3.279E-02 6.160 .000 

Time*Fluoride type 8.887E-02 20 4.443E-03 .835 .672 

Material*Time*Fluoride type .453 120 3.775E-03 .709 .991 

Error 6.260 1176 5.323E-03   

Total 39.759 1470    

Corrected Total 23.428 1469    

 
a R Squared = .773 (Adjusted R Squared = .666) 
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