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ABSTRACT 

 

The use of glass ionomer cement (GIC) restorative materials assists in the prevention of dental 

caries due to its long-term fluoride release. However, poor physical strength is one of the main 

drawbacks of GIC. A surface coating is recommended to improve the physical strength and is 

considered necessary during the overlapping stages of setting reactions of GIC restorative 

materials. The development of resin based coatings has improved the properties of the material but 

the effect on fluoride release needs investigation. 

 

Aim To study the effect of three resin-based coatings on the fluoride release property of a 

conventional glass ionomer restorative material, namely Ketac Molar Aplicap ®. 

 

Methods 

Twenty eight disc-shaped specimens were fabricated from the conventional GIC Ketac Molar 

Aplicap (3M ESPE, Europe) and divided into four groups (Group I, II, III and IV) of seven each. 

Group I specimens were uncoated (control), group II coated with G-coat plus, group III coated 

with Scotchbond Universal and group IV coated with Riva coat. After polymerization, the discs 

were immersed in individual plastic bottles containing deionized double distilled water and the 

bottles were sealed. The fluoride concentration of the water in each container was changed at 24, 

48, and 72 hours using an Orion fluoride ion selective electrode (Orion Research Inc, Boston, 

USA) using a standard technique after calibration with 2.5, 5 and 10 part per million of standard 

fluoride solution. After each fluoride measurement, the deionized distilled water was replaced with 

new deionized distilled water. The fluoride concentration in the water was used as an indication of 

fluoride released from the glass ionomer cement. The 3 different ‗coating‘ materials were 

strategically chosen to represent different formulations. 

 
Result 

This study found that fluoride release during the entire period of the experiment was the greatest 

from the uncoated group, followed in ranking by Riva coat, Scotchbond coated and G coat plus 

coated samples.  
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Conclusion 

Resin based coatings reduced the fluoride release from GIC samples, particularly during the first 

seven days.  Unfilled resin based coating (Riva coat) behaved differently by allowing more 

fluoride release compared to microfilled (Scotchbond Universal and nanofilled (G coat plus) 

coatings. However, microfilled coatings and nanofilled coatings allowed for a slow and steady 

release of fluoride. Therefore, it is recommended that these protective coatings be placed over GIC 

restorative materials.  
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CHAPTER 1: 

 
INTRODUCTION AND LITERATURE REVIEW 

 

1.1 Introduction: 

Currently there are a variety of dental materials to restore primary teeth. Such a range of 

dental restorative materials may cause confusion for clinicians (Berg, 1998). Most of these 

materials are tooth colored and have been in high demand for the past decade. Some of the 

available tooth colored materials used in dental practice is composite resins, conventional 

glass ionomer cements (GIC), resin modified glass ionomer cements (RMGIC) and 

polyacrylic acid modified composites (Compomers) (Burke et al., 2002).  

Direct restorative materials in dentistry are used mainly for replacing missing tooth structure. 

Ideal properties of a restorative material include good adhesion to tooth structure, high 

physical strength, high aesthetic and bacteriostatic properties, biocompatibility and similar 

wear rate and thermal expansion to tooth structure (Rodríguez-Farre et al., 2016). In general, 

dental restorative materials are usually categorized in three main groups: amalgam, 

composites and glass ionomers (Lohbauer, 2009). 

Glass ionomers exhibit specific advantages as restorative materials in the primary dentition 

(Hickel and Voss, 1990; Cho and Cheng, 1999). These advantages are mainly due to the 

ability to release fluoride and the ability to chemically adhere to mineralized tooth structure 

(Cho and Cheng, 1999). The ease of use and the short application time is another advantage 

when treating paediatric patients (Hickel and Voss, 1990; Cho and Cheng, 1999). 
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1.2 Literature review 

1.2.1 Glass Ionomer development  

Glass ionomer cements (GICs) consist of a powder and liquid that is mixed to set as a solid. It 

was originally invented by Wilson and Kent in 1969. The newly developed material was first 

used in Europe in 1972 and in North America in 1977 (Valanezhad et al., 2016). It was seen 

as a replacement for the zinc poly-carboxylate cements which had been around for many 

years. Zinc poly-carboxylate cements could not be used as restorative materials because of 

the high solubility of unsatisfactory mechanical properties and unacceptable aesthetics. Glass 

ionomer cements exhibited outstanding properties such as specific adhesion to tooth structure 

and fluoride release. The use of these materials in pediatric dentistry makes it an interesting 

tool in the prevention of dental caries in children.  

1.2.2 Glass ionomer classification and clinical properties  

Glass ionomer restorative materials are generally classified according to their function 

namely: luting, restorative and lining/base cements (Croll and Nicholson, 2002). The 

chemistry for the three categories is similar, however, they exhibit variations in powder 

/liquid ratio and in the size of the powder particles (Nagaraja Upadhya and Kishore, 2005; 

Lohbauer, 2009). These variations are present to accommodate the clinical situation and the 

desired function (Nagaraja Upadhya and Kishore, 2005).  Restorative cements may be further 

categorized into conventional, metal-reinforced and resin-modified cements (Cho and Cheng, 

1999).   

The use of GIC is highly versatile in restorative dentistry. Besides the reasonable aesthetic 

properties of GIC compared to amalgam, it has great clinical potential due to its unique 

adhesion. Glass ionomers chemically bond to the dental structures (Marquezan and Raggio, 

2009). The adhesion of the cement is due to the ionic bonds formed between the tooth and the 

cement (Berg, 1998). This chemical adhesion of GICs to tooth structure and its ability to 

release fluoride renders it a valuable material in preventing microleakage and recurrent caries 

(Marquezan et al., 2010).   

These materials are highly biocompatible because of the weak and high molecular acid used, 

namely polyacrylic acid, which cannot diffuse through the dentinal tubules (Rizzante et al., 

2015). However, GIC is characterized by weak mechanical strength and sensitivity to 

moisture during the first setting stages (Bonifácio et al., 2012). 
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1.2.3 Glass ionomer composition and setting reaction 

The glass component of the GIC consists mainly of silica (SiO2), alumina (Al2O3) and 

calcium fluoride (CaF2), while the liquid can be of a wide range of polyacrylic acid analogues 

(Khoroushi and Keshani, 2013) with a concentration of forty five percent (Lohbauer, 2009). 

Both components: the acidic liquid and the basic powder may be substituted by polyalkenoic 

acid dried into the powder and water as a liquid (Tyas and Burrow, 2004).  

The initial setting reaction of GIC occurs a few minutes after mixing. The mixing procedure 

can be done manually using a spatula on a pad or glass block (Sidhu and Nicholson, 2016). 

The material can also be mixed in a measured ratio inside a bespoke capsule with a 

membrane separating the two parts. Once the membrane has been broken, the capsule is 

immediately placed and vibrated rapidly in a specially designed auto-mixer (Sidhu and 

Nicholson, 2016). 

The setting reaction process is based on an acid-base reaction that includes dissolution, 

gelation, hardening and maturation (Khoroushi and Keshani, 2013). As seen in Figure 1, the 

acid destroys the glass network and releases metal cations such as Al3+ and Ca2+ to form a 

polyacrylate matrix (Sidhu and Nicholson, 2016). This process starts within 10 minutes after 

mixing. The material at this stage is sensitive to water uptake for up to one hour (Bonifácio et 

al., 2012).   Fluoride and sodium ions are then released but they do not play any role in the 

setting process (Bonifácio et al., 2012). As the reaction continues, more metal cations are 

slowly released within the matrix lasting for the first 24 hours (Francisconi et al., 2009; 

Bonifácio et al., 2012).  At this stage of the reaction, the material is sensitive to dehydration 

(Bonifácio et al., 2012).  

 

                      Figure 1: Glass ionomer cement setting reaction (Von Fraunhofer, 2013) 
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1.2.4 Glass ionomer clinical uses: 

Glass ionomers have a wide range of clinical uses because their physical properties can be 

modified (Nicholson, 1998; Lohbauer, 2009). However, their poor physical properties limit 

their use as permanent restorations in stress bearing areas (Xie and Brantley, 2000).  Glass 

ionomers may be used in primary dentition for class I preparations (Curzon et al., 1996). 

They are the best choice to cement stainless steel crowns in primary teeth (Croll and 

Nicholson, 2002). Moreover, they are used to cement space maintainers and single 

orthodontic bands (Francisconi et al., 2009).   GIC has been successfully used as a sealant to 

seal fissured primary molars and partially erupted permanent molars (Manhart et al. 2000). 

Resin modified glass ionomer is used for small to medium sized Class II, small Class III and 

Class V restorations (Rutaret et al., 2002). 

 

1.2.5 Fluoride release and recharge 

1.2.5.1 Fluoride release  

GIC has the ability to release fluoride in the short and long term (Mousavinasab and Meyers, 

2009). The initial fluoride release is considered crucial in preventive dentistry for those who 

are at high risk for caries (Zafar and Ahmed, 2015).  The high release of fluoride in the first 

few days is rapid, followed by a gradual reduction and then a constant release (De Moor et 

al., 1996; Mousavinasab and Meyers, 2009).  

Fluoride is released through three possible mechanisms: superficial rinsing, diffusion through 

micro pores and mass diffusion (De Moor et al., 1996). The first mechanism is more rapid 

and includes the dissolution and flush of fluoride from the superficial surface of GIC, which 

is in contact with the oral environment (Dionysopoulosa, 2014). This mechanism continues 

up to four weeks once GIC is exposed to an aqueous medium (Nicholson, 1998). The other 

two mechanisms are slower and more gradual. It includes sustained diffusion of fluoride from 

the inner core bulk of GIC through pores and cracks (Dionysopoulosa, 2014). 
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Many studies have been conducted both in vivo and in vitro to predict the long-term fluoride 

release from GIC (Hatibovic-Kofman and Koch, 1991; Forsten, 1998; Mousavinasab and 

Meyers, 2009; Nicholson, 2015). Karantakis et al. (2000) established that the highest fluoride 

release of GIC was recorded in the first 4 hours after mixing, in vitro. The initial fluoride 

release may vary with the different commercial brands of GIC restorative materials (Attar 

and Turgut, 2003; Bell et al., 1999; Creanor et al., 1994). It was found that GIC restorations 

release fluoride over a period lasting several months to over three years (Wiegand et al., 

2007).  

Fluoride release is considered to be a complex process and is influenced by many factors 

such as the composition of saliva, the pH value of the oral environment and biofilm 

formation (Dionysopoulos, 2014). Procedural factors which include the powder - liquid ratio, 

mixing procedure and the curing time can also affect the release of fluoride (Wiegand et al., 

2007). 

Studies showed that the pH of saliva and salivary enzymes may have a direct effect on GIC 

and its fluoride release (Bell et al., 1999; Yan et al., 2007; Carvalho et al., 1999; Rošin-Grget 

and Linčir, 2001). The decrease in the pH of saliva increases the dissolution of the material, 

which in turn increases the amount of fluoride in the acidic environment (Yan et al., 2007; 

Carvalho et al., 1999). Moreover, it was concluded by Bell et al. (1999) that saliva may 

retard the effect of fluoride release.  Nevertheless, the activity of salivary enzymes may 

increase the fluoride rate (Rošin-Grget and Linčir, 2001). 

According to Komatsu and Shimokobi (1993), the release of fluoride results in decreasing the 

solubility of tooth structure, suppressing the growth of bacteria, specifically Streptococcus 

mutans and changing the adhesive properties of bacteria to teeth. It was believed that dental 

biofilm surrounding restorations changes the properties and deteriorates the surface integrity 

of these materials (Fúcio et al., 2008). As a result, more biofilm formation will be observed 

on the roughened surface (Fúcio et al., 2008; Busscher et al., 2010). Moreover, according to 

their findings, Fúcio et al. (2008) and Busscher et al. (2010) concluded that glass ionomer 

materials alter the adherence of bacterial biofilm. 
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A recent study showed the correlation of cariostatic activity of GIC with its fluoride release 

rate during plaque formation (Chau el al., 2015). GIC are well known by its cariostatic 

property that makes enamel less soluble to acids produced by bacteria. The release of fluoride 

from those materials enhances the hardness of hydroxyapatite and restrains the growth of 

streptococcus mutans (Rošin-Grget and Linčir, 2001; Chau et al., 2015). This cariostatic 

action is essential to heighten enamel acid resistance, which eventually changes the nature of 

plaque surrounding the restorations.  The benefit of fluoride release from GIC is seen not 

only in enamel adjacent to the restoration, but also has been reported in areas up to three 

millimeters away from the restoration's margin and may even offer protection for the entire 

tooth (Hotta et al., 1992  ; Miyazaki et al., 1996). 

 

1.2.5.2 Fluoride recharge  

GIC restorations have the ability to reabsorb fluoride from the oral cavity as they act as 

reservoirs (Zafar and Ahmed, 2015). The ability to recharge is dependent on how permeable 

the material is, the concentration of the fluoridating agent and the frequency of the fluoride 

exposure (Han et al., 2002; Preston et al., 1999).  

Dental restorations in the mouth are frequently exposed to many sources of fluoride.  These 

exogenous sources include fluoridated toothpastes, mouthwashes and fluoride gels. Daily 

exposure of these restorations to fluoridated toothpastes has shown a high recharge capability 

of GIC (Freedman et al., 2003).  The fluoride ions are released from the outer surface of the 

restoration once it is treated with fluoridated agents. This release is attributed to the acidic 

attack of these agents resulting in detachment of the surface bound fluoride (Gao and Smales, 

2001). However, some studies confirmed that fluoride recharge declines with maturation. 

They suggested that fluoride uptake may be more of a surface rather than a bulk diffusion 

effect and that re-exposure of fluoride will enhance fluoride release (Arbabzadeh-Zavareh et 

al., 2009; Sidhu and Nicholson, 2016).  

Re-fluoridation is effective when fluoridated agents are used frequently and in higher 

concentrations (Freedman et al., 2003 and Han et al., 2002). Recharging restorations with 

fluoride will also ensure their antimicrobial effect against bacteria over the long term. This 

antimicrobial action is mainly against Streptococcus sanguis and Streptococcus mutans 

(Barkhordar et al., 1989). 

 

 

http://etd.uwc.ac.za/



 

`7 
 

1.2.6 Protective coatings 

The maturation process of glass ionomers may be compromised by dehydration and water 

contamination (Bonifácio et al., 2012). Water is the liquid component of the GIC system that 

acts as a medium in which calcium and aluminum cations are formed and then transported 

into the reaction with the polyacid powder to form the final matrix (Leirskar et al., 2003). 

It was found that moisture may affect the integrity of the GIC surface when it is in contact 

with the restoration before the end of its maturation phase (Sangappa et al., 2005). This is due 

to the ‗wash-out‘ effect resulting in a weakened surface that is prone to erosive and abrasive 

forces (Sukumaran and Mensudar, 2015; Kamatham and Reddy, 2013; Gorseta et al., 2016).  

On the contrary, if the water component has been dehydrated or lost from the cement during 

the setting reaction, it will lead to discontinuation of this reaction. As a result the restoration 

will be immature and show signs of crazing and poor physio-mechanical properties 

(Sukumaran and Mensudar, 2015; Miyazaki et al., 1996). Both of these negative outcomes 

may disturb the setting reaction of the restoration and reduce the mechanical strength of the 

material which eventually leads to poor clinical performance (Kamatham and Reddy, 2013). 

Glass ionomers have short working times and rather long setting times which make their 

handling properties, technique sensitive, clinically due to their susceptibility to water 

dehydration or contamination (Bonifácio et al., 2012).  

To minimize the possibility of any drawbacks, many authors recommended protecting the 

outer surface of GIC restorations by using surface coating agents immediately, to maintain 

the water balance during the maturation process (Sukumaran and Mensudar, 2015 ; Bonifácio 

et al., 2012). Small et al., (1998) concluded that surface protection is essential during 

overlapping stages of setting reactions of GIC to maintain the ideal physical strength of those 

restorations. In vitro studies revealed optimum compressive strengths when sealing the 

immature GIC for at least one hour (Leirskar et al., 2003). The advantages obtained from this 

protection are mainly to improve the strengthening properties of GIC, while sacrificing the 

benefit of the initial release of fluoride by occluding the mechanism of fluoride release (Hotta 

et al., 1992). 

GIC has been coated with varnishes, cocoa butter, petroleum jelly and light cured bonding 

resins (Lohbauer, 2009; Bonifácio et al., 2012).  In a study conducted by Kamatham and 

Reddy (2013), using two coatings (varnish and the petroleum jelly), they concluded that 

surface coatings can impede the fluoride releasing property of glass ionomer restorations.  

However, these coatings have also been shown to peel from the surface shortly after 
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placement (Hattab and Amin, 2001). Bonifácio et al. (2012) stressed the fact that the longer a 

protective coating is in contact with a GIC surface, the less chance exists that the GIC will 

have its physical properties reduced.   

The advantage of light activated resin based coatings has been highlighted by Castro et al. 

(1994) and Gorseta et al. (2016) who reported on their effectiveness in protecting the GIC 

from dissolution compared to other conventional coatings (Castro et al., 1994; Gorseta et al., 

2016). Light activated resin based coatings are sticky and have low water permeability over 

GIC compared with other conventional coatings like varnishes and petroleum jelly which are 

lost by masticatory wear (Sukumaran and Mensudar, 2015). Gorseta et al (2016) has revealed 

the advantage of using a light curing unit after the application of resin- based coatings. The 

heat produced by these units was found to improve the surface characteristics of GICs (Kuter 

et al., 2010; Gorseta et al., 2016). 

Resin based surface coatings contain enhanced formulations, including resin, low molecular 

weight monomers, photo-initiators and other modifiers (Faraji et al., 2017 ). To improve their 

mechanical properties, light activated resin based protective coatings may contain fillers. 

Accordingly it can be in two forms: with fillers (filled resins) and without fillers (unfilled 

resins) (Faraji et al., 2017). 

Recently, a new generation of light activated resin based coatings with nanotechnology has 

been introduced (Bonifácio et al., 2012; Tiwari and Nandlal, 2013). The incorporation of 

nano-sized fillers increases the overall performance of these coatings (Bonifácio et al., 2012; 

Tiwari and Nandlal, 2013).  

Previous research has studied the compressive and flexural strength of GIC after protecting it 

with resin-based coating (Bonifácio et al., 2012; Sukumaran and Mensudar, 2015; Gorseta et 

al., 2016). These studies concluded that GIC coated with light activated resin based coatings 

exhibited an increase in both compressive and flexural strengths, compared to the uncoated 

GIC.   However, insufficient data is available in the literature on testing the effect of these 

coatings on fluoride release.   

http://etd.uwc.ac.za/
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1.2.7 Fluoride measurement   

Fluoride is present in two different forms when released from dental materials: ionic and 

complex forms (Okte et al., 2012). Fluoride in free ionic form is effective in increasing the 

tooth structure resistance to secondary caries around restorations (Itota et al., 2004).  

The determination of the fluoride concentration is a sensitive method (Tokaliglu et al., 2004).  

The most commonly used techniques to measure fluoride released from dental materials are 

ion selective electrodes (ISE) and ion chromatography (IC) (Itota et al., 2004).  

Ion selective electrodes have been used extensively in research to replace the costly and time 

consuming ion chromatography methods (Tokaliglu et al., 2004). The ion selective electrode 

method has the ability to detect both free ionic and complex forms of fluoride (Okte et al., 

2012). In contrast, the ion chromatography method can only measure fluoride concentrations 

in ionic forms and in low concentrations that are undetectable by electrodes (Okte et al., 

2012; Itota et al., 2004). 

This study was done by using an ion selective electrode (ISE) which is among the most 

frequently used methods to measure the fluoride ions present in biological environments 

(Itota et al., 2004 ; Torabzadeh et al., 2015). This electrode can respond to changes in a wide 

range.  The only important interference of this electrode is with the hydrogen ions (Harhash 

et al., 2017). In order to prevent this particular interference and other possible ionic 

interferences, and also for standardization of pH and ionic strength, a total ionic strength 

adjustment buffer (TISAB) was used.  Generally speaking, fluoride measurement using ISE 

is easier, faster, more accurate, allows continuous monitoring and more cost-effective than 

other methods (Tokaliglu et al., 2004; Torabzadeh et al., 2015; Harhash et al., 2017).
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CHAPTER 2: 

 

AIMS AND OBJECTIVES 
 

 
 

2.1 Aim: 

To study the effect of resin-based coatings on the fluoride release of a conventional glass 

ionomer restorative material (GIC). 

 

2.2 Objectives: 

1. To measure the fluoride concentration in water containing uncoated GIC specimens at 

1, 2, 3,7,14 and 28 days  

2. To measure the fluoride concentration in water containing GIC specimens coated with 

a micro-filled resin at 1, 2, 3,7,14 and 28 days  

3. To measure the fluoride concentration in water containing GIC specimens coated with 

a nano-filled resin at 1, 2,3,7,14 and 28 days  

4. To measure the fluoride concentration in water containing GIC specimens coated with 

acrylic resin at 1, 2, 3 ,7,14, and 28 days  

5.  To compare the water fluoride concentrations among different groups at different 

time intervals.  

 

 

2.3 Null Hypotheses 

Resin-based surface protective coatings do not affect the fluoride release from a GIC 

restorative material.  
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CHAPTER 3: 

 
MATERIALS AND METHODS 

 

 

3.1 Study design: 

An in-vitro controlled comparative study 

3.2 Materials  

A conventional glass ionomer restorative material, Ketac Fil Aplicap®, was used in this 

laboratory study. Ketac Molar Aplicap is a conventional glass ionomer filling material with 

enriched ultra-fine radiopaque aluminium-calcium-lanthanum-fluorosilicate glass designed to 

control active carious lesions (3M ESPE, 2016).  The powder component of the capsule also 

contains 5% dried polycarbonate acid. This acidic addition will increase the cross linkage and 

improve overall mechanical properties without any remarkable increase in the viscosity 

(Katsuyama et al., 1993).   

 

This material was sampled, grouped and then coated with three different protective coatings 

as shown in Table 1.  G coat plus is a light-cured protective clear coating formulated with 

adhesive monomer and uniformly dispersed nanofillers, while Scotchbond Universal is a 

light-cured dental adhesive that is widely used in restorative dentistry. The material itself is 

viscous and can be used on dry or moist surfaces. Riva coat is a pure light acrylic monomer 

introduced into the market along with Riva light cure GIC (Sukumaran and Mensudar, 2015).  
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Table 1:  Materials used in the study  

 

Material Product type Manufacturer Composition 

Ketac-Molar 

Aplicap® 

Capsulated self-

cured glass 

ionomer 

3M ESPE 

Powder: radiopaque 

aluminum–calcium–

lanthanum–fluorosilicate 

glass, polycarbonic acid; 

Liquid: polycarbonic acid 

aqueous solution, tartaric 

acid. 

G coat Plus® 

Low viscosity, 

self-adhesive light 

cured Nano filled 

resin 

GC Corporation 

Methyl methacrylate, 

colloidal silica, 

camphorquinone, 

urethane methacrylate, 

phosphoric ester 

monomer. 

Scotchbond 

Universal® 

Self-adhesive light 

cured filled resin 
3M ESPE 

DP Phosphate Monomer, 

Dimethacrylate resins, 

HEMA, Vitrebond™ 

Copolymer, Filler, 

Ethanol, Water, 

Initiators, Silane. 

Riva coat® Acrylic monomer  SDI 

100% Acrylic Monomer.  

 

3.3 Laboratory procedures: 

3.3.1 Specimen preparation: 

Twenty eight specimens of the material were created using disposable cylindrical 

polytetrafluoroethylene moulds in the form of round disc-shaped samples (5 mm diameter x 

1.5 mm height).  The restorative material was prepared according to the manufacturers‘ 

instructions (Appendix C ) at room temperature (23 ± 1ºC) and controlled relative humidity 

(50 ± 5%), according to ISO specification #7489 (Paschoal et al, 2011). 
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After placement of the material in the mould, the surface of the restorative material was 

covered with a Mylar strip and a glass slab to create pressure to expel excess material from 

the mould. A length of dental floss was incorporated into the discs during fabrication to allow 

for suspension into the test medium.  

 

These discs were randomly assigned to 4 groups as shown in Table 2. Three test groups of 7 

each (n=21) were coated with the three different protective coatings by applying one layer 

using a micro brush, then light cured with a Light Emitting Diode (LED) curing light with a 

wavelength range of 440– 480 nm at an output of 1500mW/cm2. The control group (n=7) 

remained uncoated. To control for bias, the investigator and laboratory assistant were blinded. 

 

Table 2. Study samples grouping  

Ketac Fil 

Aplicap® 

n=28 

Uncoated  Control Group  

Coated with G-coat plus  Experimental Group  

Coated with Scotchbond Universal  Experimental Group 

Coated with Riva coat   Experimental Group 

 

3.3.2 Determination of fluoride ion release: 

The specimens were suspended in 5 ml distilled water for different time periods. The bottles 

were sealed. Fluoride ion measurement was performed at the end of the first, second, third, 

seventh, fourteenth, and twenty-eighth day under normal atmospheric conditions and at room 

temperature (23 ± 1ºC) using a combination fluoride ion electrode (Orion research electrode, 

Orion Research Inc, Boston, USA). The electrode was connected to an ion analyzer (Ion 85 

Radiometer, Copenhagen, Denmark). The electrode was calibrated before each series of 

measurements with fluoride concentrations of  0.10, 0.30, 1.00 and 3.00 parts per million, 

prepared from a 100 ppm fluoride standard (Orion research electrode, Orion Research Inc, 

Boston, USA). These standards were prepared in a 1:1 buffer/water solution. 

 

The TISAB buffer was prepared by adding 4 grams of CDTA (cyclohexylenedinitrilo-tetra-

acetate) to 57 ml of glacial acetic acid and 58 grams of sodium chloride and dissolved in 500 

ml of double distilled water. The pH of this solution was then adjusted between 5.3 and 5.5 

by slowly adding 6N sodium hydroxide. This strong buffer solution was always used in a 

ratio of 1:1 with any solution to neutralize any small change in the ionic strength which may 
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influence the reading and to maintain the pH of all solutions between 5.3 and 5.5 to cancel 

out the possible effect of any variation of the ionic strength on the electrode.  

At the end of Day 1, each disc was lifted by the floss above the water level; rinsed with an 

equal amount of the buffer, blot dried using absorbent paper and then transferred to a new 

plastic container with fresh double distilled water.  Similar steps were followed for Day 2, 

Day 3, Day 7, Day 14 and Day 28. The containers were stored for measurement. When the 

fluoride concentrations of the samples were too high and out of the range of the electrode, it 

was diluted as necessary and the fluoride concentration recorded in ppm F. 

 

3.4 Data analysis  

The data was categorized and coded and then entered into a data capture sheet using a 

Microsoft Excel sheet (Microsoft Corporation®, Redmond, Washington). The database was 

imported into the Social Package of Statistical Analysis (SPSS-IBM Corporation®, Armonk, 

New York) to perform statistical analysis. A statistician was consulted and the results were 

presented appropriately in the form of frequency tables and graphs. Fluoride release was 

measured over six fixed time periods: Day 1, Day 2, Day 3, Day 7, Day 14 and Day 28. The 

analysis was done using the Mann Whitney test at a significance level of 0.001. Firstly, the 

effect of the coating was evaluated by comparing the coated samples with the uncoated 

samples over time. Thereafter, the differences in fluoride blocking effect of the three coatings 

were evaluated over time again, using a General Linear model test. 

 

3.5 Declaration of interest:  

The researcher reports no conflicts of interest. Project registration and Ethics approval was 

granted by the Senate Research Committee of the University of the Western Cape (15/7/34) 

(Appendix G). The researcher did not receive any funding, materials or equipment from any 

dental company to conduct the research. The researcher alone is responsible for the content 

and writing of the paper. 
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CHAPTER 4: 

 
RESULTS 

 

The aim of this study was to investigate the effect of three different protective coatings on the 

fluoride concentration of water containing GIC specimens. 

 

4.1 Comparison of fluoride concentration in water containing coated and uncoated GIC 

samples  

 

 
Figure 1: Fluoride concentration in water containing coated and uncoated specimens.  

 

As shown in Figure 1, the difference is prominent between the coated and uncoated samples, 

particularly at early stages (time) of release. Figure 1 also shows large differences in variance. 

The Mann Whitney test indicated that the difference in concentration is significantly lower 

when discs were coated compared to discs not coated (p<0.001*). The difference between the 

coated and uncoated samples remained present and highly significant (p<0.01*) over the 

period of 28 days. The fluoride concentration in water of the coated samples increased from 

day 1 up to about the 7
th

 day from when it decreased, while the water concentration with 

uncoated samples showed a drop from day 1. After 7 days, the fluoride concentration in water 
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with coated and uncoated samples became similar (Figure 1) and after 28 days the fluoride 

concentration in water was small (Figure 1). 

 

4.2 Comparison of fluoride concentrations among the groups with the coated GIC 

specimens 

 

The difference in the concentration of fluoride in the water between the three types of coating 

was statistically analyzed using a General Linear model with repeated measurements. 

 

   Table 3: Pairwise comparisons of fluoride concentrations among the groups with the 

coated GIC specimens  

Coat Day Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Nano-filled 

resin 

(G coat Plus®) 

1 .042 .011 .019 .065 

2 .053 .009 .034 .072 

3 .063 .009 .045 .082 

7 .083 .008 .067 .099 

14 .075 .004 .066 .084 

28 .054 .002 .049 .059 

Micro-filled 

resin 

(Scotch Bond 

Universal®) 

1 .044 .011 .021 .067 

2 .057 .009 .038 .076 

3 .070 .009 .052 .088 

7 .097 .008 .081 .113 

14 .098 .004 .089 .107 

28 .061 .002 .056 .066 

Acrylic resin 

(Riva coat®) 

1 .169 .011 .146 .192 

2 .175 .009 .156 .194 

3 .167 .009 .149 .185 

7 .131 .008 .115 .147 

14 .122 .004 .112 .131 

28 .070 .002 .065 .075 

 

Table 3 presents mean, standard error and 95% confidence intervals for the fluoride 

concentrations in milligram/liter for the three groups with the coated GIC specimens for each 

time interval. 
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Figure 2: Fluoride concentrations for the groups containing the coated GIC specimens 

for the different time intervals. 

 

From Figure 2, it is clear that the fluoride concentration in water that was released through 

the GIC was the highest for the Riva coated samples and stayed as such for 28 days. This was 

significant as seen in Table 1. The fluoride concentration in water between Scotchbond and G 

coated samples did not differ significantly over time (Table 1), although the concentration of 

fluoride in water from Scotchbond was always a little more as illustrated in Figure 2. 

Furthermore, the concentration of fluoride in water in Scotchbond and G coat specimens 

groups increased up to about 14 days and then decreased (Figure 2, Table 3). Riva coat was 

decreasing from the beginning.  

4.3 Summary  

This study found that fluoride released during the entire period of the experiment was the 

greatest from the uncoated group, followed in ranking by Riva coated, Scotchbond coated and 

G coat plus coated samples.
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CHAPTER 5: 

 
DISCUSSION 

 

 

This study aimed to determine the effect of resin-based coatings on the fluoride released by a 

conventional glass ionomer restorative material. Our findings suggest that uncoated 

conventional glass ionomer released more fluoride than the coated conventional glass 

ionomer. Significant differences were recorded for fluoride release when different coatings 

were used over a period of seven days. 

 

In order to analyze and assess the fluoride released from glass ionomers, we have to consider 

the factors that influence this property.  The release of fluoride from GIC material is 

governed by various intrinsic and extrinsic factors (Upadhyay et al., 2013; DeSchepper et al., 

1991 and Hattab and Amin 2001). The intrinsic factors include the material composition, 

powder/liquid ratio, mixing time, temperature, specimen geometry, permeability, surface 

treatment and finishing (Upadhyay et al.,2013 ; Hattab and Amin 2001). However, the 

composition, powder/liquid ratio and mixing time vary according to the materials studied 

(Hattab and Amin 2001).  Extrinsic factors that may affect the fluoride release include pH 

and temperature of the medium (Upadhyay et al., 2013; Yan et al., 2007).  

  

In order to control the influence of some of these factors in this study, materials were 

prepared similar to previous studies and by following the manufacturer‘s instructions 

(Kamatham and Reddy, 2013; Sukumaran and Mensudar, 2015; Appendices C, D, E and F). 

In addition, Ketac Molar Aplicap in its encapsulated form was used in this study. The 

encapsulated form of GIC restorative material is popular and widely available among dentists 

(Nomoto et al., 2004). Encapsulation allows standardized powder/liquid ratios and mixing 

which will eliminate any susceptibility to clinician induced variability (3M ESPE, 2016). 

Manual mixing may incorporate air porosity resulting in weakening of the material (3M 

ESPE, 2016).  
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5.1 Fluoride concentrations of water from groups with coated and uncoated specimens:  

 

In this study, all the coated and uncoated discs showed different concentrations of fluoride in 

water which suggests different patterns of fluoride release. This research confirmed studies 

conducted by De Moor et al., (1996); Yip and Smales (2000); Yap et al., (2002);  Kamatham 

and Reddy (2013), where uncoated glass ionomer displayed higher fluoride release for the 

first three days and then a gradual decrease to nearly a constant level over a period of three 

weeks. Similar fluoride release patterns were also confirmed by Castro et al., (1994), 

Mazzaoui et al., (2000) and Tiwari and Nandlal, (2013).  

 

These results suggested that despite the variation in the amount of fluoride released, the 

pattern of fluoride release was changed when a surface coating was used. Surface protection 

reduces the burst effect of fluoride release but does not completely prevent fluoride passage 

(Castro et al., 1994).  In this study, the control group, which had no surface coating, released 

the most fluoride. Without coatings, these immature GIC discs are in direct contact with the 

distilled water and are quite soluble (Wilson and McLean, 1988).  

 

The clinical significance of using surface protection over GIC restorations is mainly to avoid 

early exposure to water. The correlation between early exposure to water and poor clinical 

performance of GIC has been reported by Kamatham and Reddy (2013).  Both water uptake 

and water loss in the early stages of setting reactions can compromise the physical properties 

of GIC restorations (Karaoglanoglu et al., 2009).  

 

In clinical practice, in order to achieve the maximum utilization of fluoride release and at the 

same time maintain the optimum physical strength, it is desirable to use a surface coating that 

seals the surface for the first 24 hours and allows slow and steady release of fluoride over an 

extended period to prevent secondary caries (Karaoglanoglu et al., 2009; Bonifácio et al., 

2012).  In contrast, Kamatham and Reddy (2013) believe that the use of protective coating to 

improve the mechanical strength of primary teeth is of less importance; this is due to the 

short life span of these teeth.  Moreover, the mastication forces of primary teeth are 

comparatively less in children (Kamatham and Reddy, 2013). 
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5.2 Comparison of fluoride concentration of among groups with the coated GIC 

specimens:  

 

In this study, both nano-filled and micro-filled coatings provided good sealing ability in 

contrast to acrylic resin coatings which eluted more fluoride in the first week. It was expected 

that the filled resin surface coatings (G coat plus and scotch-bond Universal) would show less 

fluoride release compared to the unfilled resin surface coating namely Riva coat. Generally, 

the resin-based coatings have the ability to properly seal the GIC surface porosities and 

cracks (Karaoglanoglu et al., 2009; Faraji et al., 2017). The coating does not improve the 

wear resistance of the underlying restoration, but the protection mechanism against water 

contamination allows for the improvement of the physical properties and full maturation of 

the GIC (Karaoglanoglu et al., 2009). This protection mechanism works by retaining the 

forming ions including Ca, Al, silicate and phosphate within the matrix which eventually 

contribute to its high physical properties (Czarnecka et al., 2002). Without a coating, these 

ions will be lost by dissolution into the aqueous medium (Gorseta et al., 2016). 

 

Castro et al., (1994) considered the amount of fluoride released from the coated samples as a 

measurement of the sealing ability of the tested coatings. The greater the amount of fluoride 

released, the poorer the sealing capability of the coating (Castro et al., 1994). In spite of the 

good sealing property of resin based protective coatings, permeability of the coatings has 

been reported after light cure polymerization and these have been largely attributed to 

differences in the formulations (Wang et al., 2004).  

 

Furthermore, factors such as the thickness and viscosity of the coating can also play a role in 

blocking fluoride release (Mazzaoui et al., 2000; Wang et al., 2004). Similar to Mazzaoui et 

al., (2000), the protective coatings were applied using a brush. Therefore it was not possible 

to control the thickness of the applied coating layer. The thicker the coating, the greater the 

barrier against fluoride release (Mazzaoui et al., 2000).  These factors may give some 

variability in the amount of fluoride released by glass ionomer specimens.   

 

Ribeiro et al. (1999) related the high performance of surface coatings by its low viscosity and 

resistance to disintegration.  The low viscosity coating will provide a low contact angle 

between the coating and the surface of GIC, allowing for good wetting on the surface and 

thus provide optimum protection (Ribeiro et al., 1999). The incorporation of filler particles 

within the coating resin matrix also improves the sealing capability of protective coatings 
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(Faraji et al., 2017). However, the addition of fillers to any dental material may increase their 

viscosity. The enhanced formulation in the current coatings, with the use of a low molecular 

monomer background, maintained the low viscosity (Faraji et al., 2017).  

 

Riva coat has a low viscosity and does not contain any filler particles. This may explain the 

high fluoride release recorded which may result in poor sealing capability. Methacrylate-

based resins are hydrophilic and fillers are added to decrease the water sorption ability (Faraji 

et al., 2017). The filler content within the resin matrix formula can affect the coating 

performance, specifically wear resistance, hardness and strength (Faraji et al., 2017). Unlike 

the filled resin coatings (G coat plus and Scotchbond Universal) unfilled resin coatings (Riva 

coat) can undergo hydrolysis and degradation due to high water sorption (Drummond, 2008; 

Faraji et al., 2017).  

 

Fluoride release from the nano-filled resin coatings was slightly less than from micro-filled 

coated GIC in the first seven days. Due to the composition, it might have been expected that 

the nanofilled coating (G-coat plus) has a better sealing ability compared to the microfilled 

coating (Scotch-bond Universal). Hepdinz et al. (2016) concluded that the nano sized fillers 

within the resin matrix formula in G coat plus had a better efficacy in sealing the micro pores 

and gaps in the outer surface, while Tiwari and Nandlal (2013) reported a decrease of passage 

of fluoride. However, according to ESPE 3M study results, it is noteworthy to mention that 

the micofilled Scotchbond Universal performance was found to be very close to that of nano-

filled G coat plus. The manufacturer, ESPE 3M, related the enhancement of 

coating/restoration adhesion to the replacement of traditional methacrylate monomers with 

phosphorylated methacrylate monomers (ESPE 3M, 2016). Our study results showed close 

fluoride concentration in water for the 28 days for specimen groups coated by G coat plus 

and Scotch bond Universal.  

 

Although the longevity of surface coating agents was not addressed in this study, it may be 

assumed that after several weeks the surface coatings are lost and the pattern and amount of 

subsequent fluoride release would be similar to that of an uncoated specimen. It should also 

be noted that mastication forces and brushing habits may influence the retention of these 

coatings (Karaoglanoglu et al., 2009). Therefore, the results obtained from these laboratory 

studies may differ from those obtained clinically (Karaoglanoglu et al., 2009). 
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A significant difference has also been observed in the compressive and flexural strengths of 

GIC when a protective coating has been applied. This could mean that the protective coatings 

act as mechanical barriers as well (Wang et al., 2004; Sukumaran and Mensudar, 2015).  

 

It is worth mentioning that heat produced by a dental cure lamp, used to cure resin based 

coatings, improves surface characteristics of GIC. Gorseta et al., (2016) stated that heat 

accelerated the setting reaction in the surface layers of the specimens. However, the heating 

effect still needs further investigation. 

 

To date, there is no conclusive clinical evidence whether the reduction of fluoride release 

caused by these coatings impairs the cariogenic properties of glass ionomers (Nicholson and 

Czarnecka, 2007), that makes the overall effects of these protective coatings appear 

beneficial.  
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CHAPTER 6:  

CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 CONCLUSIONS 

 

The null hypothesis, that resin-based surface protective coatings do not affect the fluoride 

release from a GIC restorative material, was rejected.  

 

This study revealed that fluoride release is altered at the first stage. The greatest amount of 

fluoride was released from GIC coated with Riva coat, followed by Scotchbond universal and 

then G coat plus.   

 

This study proved that microfilled (Scotchbond Universal), nanofilled (G coat plus) resin 

based and acrylic coatings (Riva) have the ability to allow the passage of fluoride from GIC 

to the outer environment during the initial fluoride release phase.  

 

The three clinical implications of this study are as follows: Firstly, proof is provided that 

coating GIC makes a significant difference to the release of fluoride when compared to no 

coating.  Secondly, proof is provided on the behavior of the different coating materials over 

time, whether there is a difference and whether this difference is significant. Thirdly, it is 

evident that from day 7 approximately, the effect of coatings was reduced.  

The limitations of the study include:  
 

 The use of one glass ionomer material (Ketac Molar Aplicap) 

 The sample size was relatively small but a statistician was consulted prior to the 

laboratory work...

 This is an in vitro study and does not mimic the oral cavity conditions that can be 

influenced by many factors such as forces of mastication, dietary habits and brushing 

habits.  

 The study was limited to 28 days.








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6.2 RECOMMENDATIONS 

The clinical use of GIC in children with high caries risk is relevant. It can be concluded from 

this study and Kamatham and Reddy (2013) that if the need for fluoride release from a GIC is 

more important than the mechanical properties, it is recommended to coat it with the least 

fluoride blocking coating. 

 

More studies should be done to evaluate the sealing of Riva coat and its ability to protect 

GIC. The chemical formula of Riva coat is still ambiguous as the manufacturers did not 

mention the specific chemical composition of the coat. They stated that the exact elements 

and concentrations have been withheld as a trade secret.  

 


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1. Appendix A:  

                                                                               Data Sheet 

 

Discs Day 1 Day 2 Day 3 
Day 3 

till Day 7 
Per day 

Day 7 
till Day 14 

Per day 
Day 14 

till Day 28 
Per day 

Uncoated 

         1 0.36 0.244 0.2 0.45 0.1125 0.76 0.10857 0.96 0.0685 

2 0.176 0.194 0.198 0.45 0.1125 0.84 0.12 0.96 0.0685 

3 0.284 0.234 0.22 0.51 0.1275 0.88 0.12571 0.96 0.0685 

4 0.256 0.226 0.24 0.54 0.135 0.84 0.12 0.96 0.0685 

5 0.362 0.324 0.26 0.57 0.1425 0.88 0.1257 1.08 0.0771 

6 0.736 0.396 0.34 0.6 0.15 0.92 0.1314 0.96 0.0685 

7 0.628 0.504 0.42 0.555 0.13875 0.88 0.1257 1.04 0.0742 

G-Coat  

         8 0.054 0.0628 0.068 0.34 0.085 0.52 0.0742 0.76 0.0542 

9 0.0368 0.0412 0.052 0.3 0.075 0.44 0.0628 0.76 0.0542 

10 0.0492 0.0612 0.076 0.38 0.095 0.56 0.08 0.76 0.0542 

11 0.048 0.0596 0.072 0.37 0.0925 0.6 0.0857 0.76 0.0542 

12 0.0632 0.08 0.092 0.46 0.115 0.64 0.0914 0.96 0.0685 

13 0.0256 0.0336 0.044 0.24 0.06 0.48 0.0685 0.68 0.0485 

14 0.0188 0.0332 0.04 0.23 0.0575 0.44 0.06285 0.6 0.0428 

SB-Coat 

         15 0.0496 0.0668 0.072 0.42 0.105 0.76 0.1085 0.8 0.0571 

16 0.0748 0.0928 0.112 0.51 0.1275 0.76 0.1085 0.92 0.0657 

17 0.0636 0.0884 0.1 0.5 0.125 0.76 0.1085 0.96 0.0685 

18 0.0164 0.0232 0.034 0.26 0.065 0.52 0.0742 0.76 0.0542 

19 0.0408 0.0448 0.06 0.38 0.095 0.72 0.1028 0.88 0.0628 
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20 0.0316 0.0456 0.064 0.4 0.1 0.76 0.1085 0.92 0.0657 

21 0.0308 0.0408 0.048 0.25 0.0625 0.52 0.0742 0.72 0.0514 

Riva-Coat 
         

22 0.0976 0.1168 0.124 0.465 0.11625 0.8 0.1142 1 0.0714 

23 0.2012 0.1956 0.18 0.51 0.1275 0.84 0.12 0.96 0.0685 

24 0.1956 0.1888 0.176 0.525 0.13125 0.88 0.1257 1 0.0714 

25 0.1532 0.1788 0.168 0.51 0.1275 0.8 0.1142 0.96 0.0685 

26 0.2036 0.1912 0.188 0.525 0.13125 0.88 0.1257 1 0.0714 

27 0.128 0.168 0.172 0.51 0.1275 0.88 0.1257 0.96 0.0685 

28 0.2052 0.184 0.16 0.615 0.15375 0.88 0.1257 1 0.0714 
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2. Appendix B:  

Statistical Analysis 

 

 

Mean measurements of fluoride concentrations in milligram/liter of the four different groups 

in double distilled water. 

 
Uncoated G coat plus 

Scotchbond 

Universal 
Riva coat p-value*  

Day 1  0.4003 0.0422 0.0439 0.1692 0.0001* 

Day 2  0.3031 0.0531 0.0575 0.1747 0.0001* 

Day 3 0.2682
 

0.0634 0.0700 0.1669 0.0001* 

Day 7 0.1313
 

0.0829 0.0971 0.1307 0.0006* 

Day 14 0.1224
 

0.0751 0.0980 0.1216 0.0001* 

Day 28 0.0706
 

0.0539 0.0608 0.0706 0.0003* 
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3. Appendix C:  

Ketac Molar Aplicap Use Instructions 
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4. Appendix D:  

G coat plus Use Instructions 
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5. Appendix E:  

                                                                              Scotchbond Universal Use Instructions 
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6. Appendix F:  

 

Riva coat Use Instructions 
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7. Appendix G:  

 

Project registration and ethics approval letter 
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