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Abstract 

Background: Dental caries is a highly prevalent oral disease globally, leading to significant restorative challenges. 

Bioactive dental materials have emerged as advanced restorative solutions combining mechanical strength, antibacterial 

properties and ion releasing ability (especially fluoride). These materials, including glass ionomer cements (GICs), resin-

modified GICs (RMGIs), high-viscosity GICs (HVGICs), compomers, giomers, alkasite composites, and bioactive 

composites (ACTIVA), aim to restore teeth while preventing secondary caries. This review explores their chemistry, clinical 

applications, antibacterial activity, ion release, and anticariogenic potential, highlighting their role in minimally invasive 

dentistry. 

Objectives: To evaluate the effectiveness of bioactive restorative materials in secondary caries prevention, to assess the 

antibacterial activity of these materials against cariogenic bacterial, to compare fluoride and ion release among different 

restorative materials, and to summarize their mechanical properties and clinical applications.  

Aim: To provide a comprehensive understanding of the bioactive properties of contemporary restorative materials and their 

impact on caries management, including antibacterial effect, fluoride release, and restoration longevity. 

Methods: Literature review of in vitro and clinical studies on bioactive restorative materials. Analysis of material 

composition, antibacterial activity, fluoride/ion release, and mechanical properties. Comparison of conventional and 

modified materials (GIC, RMGI, HVGIC, Compomer, Giomer, Alkasite, ACTIVA) based on clinical applications and 

evidence of anticariogenicity. Review of methods used to assess antibacterial activity (agar diffusion, bioluminescence, 

time-kill kinetics, co-culture) and fluoride release (spectrophotometry, ion chromatography, mass spectrometry, ion-

selective electrodes). 

Results: GICs: Moderate antibacterial activity, high fluoride release, limited mechanical strength. RMGICs: Moderate 

antibacterial activity, moderate fluoride release, improved mechanical strength. HVGICs: Strong antibacterial activity, good 

fluoride release, high mechanical strength. Compomers: Good aesthetics, limited fluoride release, moderate mechanical  
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The most prevalent oral illness in the world is still dental 

caries [1]. Dental caries, often known as decay, is a condition 

that affects the hard tissues of the teeth and has a complex 

origin. Small surface roughness or subsurface 

demineralization is the first symptom, followed by cavitation, 

pulp involvement, swelling, abscess, and systemic symptoms 

[2]. In the history of conservative dentistry, amalgam has 

been a frequently utilized restorative material. However, 

because of the elevated risk of mercury leakage and amalgam 

phobia, the European Union outlawed the use of amalgam 

dental fillings in children under the age of 15 and a pregnant 

and lactating woman in 2017 after the Minamata convention 

was completed in 2013 [3]. As the demand for tooth-colored 

restorations increased and concerns about the potential 

toxicity of amalgam arose, dental resin composites were 

developed as alternatives to, or replacements for, silver 

amalgam. Since then, the field of composite dental 

restorations has continued to evolve [4]. 

Resin composites, the material of choice for direct 

restorations, have to be replaced more frequently by dentists 

because of their rising failure rates of the incidence of carious 

lesions existing at the margins of resin composite 

restorations, new dental restorative materials have been 

developed [5]. Current research has shifted toward the 

development of advanced restorative materials with aim of 

controlling the initiation of caries and promoting 

remineralization in its early stages, Depending on that, 

Bioactive materials are developed, they can effectively 

restore function because they are mechanically robust enough 

to support the masticatory and functional load [6]. They have 

the ability to release ions, especially those found in tooth 

minerals, that promote remineralization in the surrounding 

dental structure and avert the chemical imbalance that causes 

tooth mineral loss [5]. So these relatively new restorative 

bioactive materials fight the onset of secondary caries by 

combining the mechanical and aesthetic qualities of resinous 

materials with the antibacterial qualities of glass ionomers 

and the ability to remineralize tooth structure. This means that 

these bioactive materials not only restore form and function 

but also participate biologically by repairing diseased and 

damaged tissues leading to minimize the incidence of 

secondary dental caries [7]. Repairing decaying teeth using 

restorations that mimic living tissues (such as enamel, dentin, 

bone, cementum, etc.) in terms of appearance, function, and 

strength. Giomer: superior aesthetics, minimal antibacterial activity, low fluoride release, moderate mechanical strength. 

Alkasite composites: Moderate antibacterial activity, moderate fluoride/ion release, high mechanical strength. Modified 

resin composite: Strong antibacterial effect, bioactive fluoride and ion release, high mechanical strength. 

Conclusion: Bioactive restorative materials represent a significant advancement in restorative dentistry. They integrate 

mechanical durability with biological activity, providing antibacterial activity, ion release, and remineralization that 

contribute to secondary caries prevention. While traditional GICs excel in fluoride release, modern materials like HVGICs, 

Alkasite composites, and modified resin composite combine aesthetics, bioactivity, and strength. Further clinical research 

is needed to evaluate their interaction with oral biofilm, long-term effectiveness, and ion release dynamics, to optimize 

restorative outcomes. 

Keywords: Bioactive restorative materials, glass ionomer, antibacterial activity, fluoride release, remineralization, 

minimally invasive dentistry 

Abbreviations: GIC: Glass Ionomer Cement, RMGI: Resin-Modified Glass Ionomer, HVGIC: High Viscosity Glass 

Ionomer Cement, FAS: Fluoroaluminosilicate, PAA: Polyacrylic Acid, HEMA: 2-Hydroxyethyl Methacrylate, Bis-GMA: 

Bisphenol A-Glycidyl Methacrylate, TEGDMA: Triethylene Glycol Dimethacrylate, UDMA: Urethane Dimethacrylate,  

PRG: Pre-Reacted Glass, F-PRG: Full Reaction Type Pre-Reacted Glass, S-PRG: Surface Reaction Type Pre-Reacted 

Glass, PEG-400 DMA: Polyethylene Glycol 400 Dimethacrylate, BPA: Bisphenol A, MID: Minimally Invasive Dentistry, 

CHX: Chlorhexidine, WHO: World Health Organization, MIC: Minimum Inhibitory Concentration, SDF: Silver Diamine 

Fluoride 
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strength is known as bioactive materials [8]. These bioactive 

restorative materials is consistent with biologically oriented 

dental treatment approaches so they align the guidelines 

promoting minimally invasive techniques [9].  

Different terminologies and classifications such as 

"biomimetic," "bioactive," "ion-releasing," and "smart 

"biomimetic," "bioactive," "ion-releasing," and "smart 

materials," have emerged based on the various interactions 

between the materials and the tooth substrate [10]. However, 

these terms remain a subject of ongoing debate, particularly 

among scientists, clinicians, and dental corporate members 

[11].  

 

 

 

1. Glass Ionomer Cements (GICs) 

As a remarkable innovation in 1969, Wilson and Kent created 

the dental material group known as glass ionomer cements 

(GICs) [12]. GICs first introduced as glass polyalkenoate 

cements consist of a degradable glass and a polyacrylic acid. 

Although the term GIC did not precisely describe its chemical 

composition, it had been adopted and accepted by most of 

dental clinicians. Conventional GIC was defined by McLean 

as ‘a cement that consists of basic glass and an acidic 

polymer, which sets by an acid–base reaction [13].  

Glass ionomer restorative material has a number of important 

characteristics, including the capability of chemically adhere 

with tooth structures, acceptable color and translucency, 

along with the release of fluoride ions exhibiting an anti-

cariogenic effect [12].  

1.1 Chemistry of GICs 

Fluoroaluminosilicate (FAS) glass powder and an aqueous 

solution of polyalkenoic acids -carboxylic acids-are the main 

ingredients of GICs. Polyacrylic acid makes up the majority 

of the aqueous fraction. To make handling easier, the solution 

could also include less viscous polyacids such maleic and 

itaconic acids. To increase the powder's radiopacity, other 

components like Barium (Ba) and Strontium (Sr) salts could 

be added, As well, Tartaric acid could be incorporated into 

the liquid component to improve handling qualities and 

extend working duration [12]. Conventional GICs, or those in 

their original classical form, are made from a powder-liquid 

mixture via an acid-base reaction. These are intricate 

substances that differ greatly in composition between 

formulations [14].The initial setting process is a gelation 

reaction between the constituents, and the cross-linking of the 

polymeric chains causes the composite to bind. The unreacted 

glass particles that serve as fillers in the silica (SiO2) gel 

matrix are then bound [12].  

The acid-base reaction results in formation of silicic gel on 

the surface of the partially reacted FAS fillers, which helps to 

fix them firmly to the matrix and prevent hydrolysis by 

significantly increasing the cement's insolubility [14]. The 

cross-linking of the polymeric chains of the polyacid 

component (cross-linked acrylate matrix) with calcium and 

aluminum ions found in the powder component causes the 

resulting composite to harden. GICs set in two to three 

minutes, but the chemical process that results in full 

hardening can take place over the next twenty-four hours.  
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Typically, fluoride and sodium ions stay unreacted within the 

matrix and do not undergo any chemical reactions [12].  

As Polyacrylic acid (PAA) is the primary ingredient in the 

liquid phase of traditional GICs, the materials' mechanical 

and physical characteristics are impacted by the composition 

and structure of PAA. For example, the conformation and 

flexibility of polyelectrolyte chains in polyacrylate salt matrix 

controlled the degree of polymer cross-linking and water 

movement across the cement during cement maturation. 

Water is also known to be necessary for the acid-base 

neutralization reaction that allows fluoride and other ions to 

be released from fluoro-alumino-silicate glass. The quantity 

of unreacted glass particles that serve as reinforcing fillers 

and increase the mechanical strength of GICs was similarly 

impacted by the degree of the acid-base reaction [15].  

It has been suggested that the GIC's surface should be coated 

with petroleum jelly, light-cured bonding resins, CopalTM 

varnish, or a proprietary varnish. For conventional GICs, a 

novel resin covering has recently been created that is 

distinguished by the inclusion of nanofiller particles [16-18]. 

A highly distributed nanofilled resin coating called 

EquiaForte coat (GC Corp) was developed to enhance the 

GIC's wear resistance and marginal sealing [19].  

1.2. Advantages and Drawbacks of GICs 

GICs have demonstrated good secondary caries-inhibiting 

properties because of their antibacterial activity, low pH 

before setting, and long-term fluoride release. Furthermore, 

they can chemically adhere to the tooth structure by chelating 

calcium ions (Ca2+) in the apatite of enamel and dentine and 

the carboxyl group of acid polymeric chains and hence, the 

need for further adhesive systems was eliminated. Moreover, 

owning to the ion- releasing property, GICs may increase 

remineralization in adjacent proximal caries and reduce the 

chance of subsequent carious lesions progression [7]. 

Furthermore, GICs have been shown to exhibit antimicrobial 

effects as well as influence plaque formation [19]. In addition 

to the aforementioned characteristics of GICs, they also offer 

several other advantageous qualities including acceptable 

biocompatibility, low shrinkage, low marginal leakage, and a 

coefficient of thermal expansion comparable to that of natural 

tooth tissue. Despite these significant features, traditional 

versions had notable limitations such as poor color stability, 

moisture sensitivity, low fracture and abrasion resistance, and 

undesirable aesthetics. These drawbacks impair the material's 

physical characteristics limiting its application in regions 

subjected to high occlusal stresses [20]. Therefore, research 

has been conducted to further enhance its characteristics [12]. 

Moreover, the minimal degree of ion release that current 

GICs achieve may not be sufficient to stop tooth structure 

demineralization when exposed to acids from the biofilm on 

a regular basis. These factors have led to the creation of new 

materials or the alteration of existing ones in order to provide 

a more dependable anti-cariogenic action. The increased 

release of fluoride and/or other ions, such as calcium and 

phosphate, is a characteristic of these new materials that may 

aid in remineralization or stop demineralization following 

acid exposure [19].  

1.3. GIC variations 

1.3.1 Resin Modified Glass Ionomers (RMGIs): To address 

some of the limitations of GICs, a resin system was 

incorporated into the material to create a hybrid that combines 

the benefits of resin with the properties of GICs. This 

innovation was first described in a patent application in 1988, 

and subsequently introduced by Mitra in 1989 as a novel 

advancement [13]. RMGIs have the same fundamental 

composition as GICs but include an additional monomer 

component known as 2-hydroxyethyl methacrylate (HEMA), 

which acts as a ‘co-solvent’ to maintain all constituents in one 

phase, along with an initiator system (camphorquinone, CQ). 

These materials undergo setting by both an acid-base reaction 

and addition polymerization, resulting in a complex structure 

that is the outcome of two concurrent yet harmoniously 

balanced processes. However, it is essential to strictly adhere 

to the manufacturer’s instructions regarding irradiation 

duration to ensure the reliability of the final set material [21]. 

Nonetheless, certain disadvantages have been identified, 

notably plasticization and mechanical weakness, primarily 

due to the high water uptake associated with the hydrophilic 

nature of the incorporated HEMA monomer. Increased water 

sorption renders the polymer matrix more flexible, 

compromising the material’s physical proprieties [13]. They 

are therefore utilized as bases and liners in Class V 

restorations, as well as in Class I, II, and III restorations, all 

of which are mostly in the primary dentition. Additional 

https://acquirepublications.org/Journal/Dentistry/Dentistry-and-Oral-Epidemiology
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applications include bonding agents for orthodontic brackets 

and fissure sealants [21].  

1.3.2 High Viscous Glass Ionomers (HVGIs) and Hybrid 

Glass (ex Equiaforte): Later, conventional GICs were 

strengthened by altering the powder/liquid ratio, particle size, 

and distribution introducing highly viscous glass ionomer 

cements (HVGIC). HVGICs were launched to the dental 

market with the purpose of decreasing the moisture sensitivity 

of GIC in the early stages of hardening, increasing their 

hardness and abrasion resistance allowing them to be utilized 

in areas subjected to high stress-bearing forces [20,22]. These 

recently-introduced HVGICs have the same hardening 

mechanisms as traditional GIC. Besides, they possess 

superior abrasion resistance, fracture toughness, flexural 

strength, and moisture sensitivity as compared to traditional 

GIC. Furthermore, having a faster setting reaction prevents 

early water contact to exert any adverse effects on their 

physical characteristics [20].  

A novel HVGIC restorative system (EQUIA; GC Europe, 

Tokyo, Japan) was introduced in 2007 [20]. It was optimized 

by increasing the molecular weight of the polyacrylic acid 

along with the incorporation of ultrafine, uniformly 

distributed highly reactive glass particles giving it enhanced 

mechanical features [19]. It was introduced to be used as a 

permanent substitute for resin composites in restoring Class 

I, II, and V cavities. By merging both benefits of HVGIC and 

a surface coating resin, better surface characteristics are 

obtained, gaps created by the material and finishing processes 

and surface irregularities are filled to create a smooth surface, 

moisture sensitivity is decreased during the early stages of 

hardening, resistance to fracture and abrasion is increased, 

and mechanical properties are improved [20]. the 

manufacturer asserts that it could be utilized in load-bearing 

posterior proximal restorations [19].  

Other Bioactive Materials 

2. Compomer 

The words "composite" and "ionomer" are combined to form 

the term "compomer." These materials are sometimes known 

as polyacid-modified composite resins, in addition to this 

general term. These composites differ significantly from resin 

composites in two ways: one uses inorganic fillers, while the 

other uses organic monomers [14]. Nowadays, Compomers 

(e.g., Dyract®) are the first choice for restoring primary teeth. 

In contrast, composites should be used as a long-term filling 

material in permanent dentition because of their higher wear 

resistance and compressive, flexural, and tensile strength 

[23]. Compomers share approximately the same organic 

monomeric components of conventional composite including 

(bis-GMA) triethylene glycol dimethacrylate (TEGDMA) 

and (UDMA). Most of these formulations contain 

photoinitiators like camphorquinone because they are 

photopolymerizable. What distinguishes Compomer is the 

incorporation of a small proportion of functional monomers 

with carboxylic acid (–COOH) groups to the chemical 

composition, which is why they are also referred to as 

‘polyacid-modified composite resins’ [14]. Due to that, the 

creation of compomers, or polyacrylic/polycarboxylic acid 

modified composites, is considered a combination of the 

benefits of composites (aesthetics) and glass ionomer 

cements(simple application) [23]. Regarding the inorganic 

filler components, The presence of silanated reactive FAS 

fillers in addition to silanated nonreactive quartz or silica 

fillers, which make up the majority of the matrix, is the 

second distinctive feature of compound. Under specific 

circumstances, these reactive fillers can bind to the resin 

matrix, improving its mechanical properties and releasing 

fluoride ions. These materials are available as reusable tubes 

or single-use compules. Photopolymerization is what starts 

these materials' setting reaction. Compomers initially exhibit 

mechanical characteristics that are somewhat similar to those 

of resin composites, but when the fillers hydrolyze and 

solubilize, their performance gradually deteriorates [14].  

During a 6-month follow-up, one study examined the impact 

of conventional GIC versus compomer on Class I 

restorations. The result of this study showed that there was 

little to no difference in restoration failure between traditional 

GIC and compomer for Class I posterior restorations. On the 

other hand, according to the review of L. Pilcher et al, 

compomer might make restoration failure more likely [24]. 

Compomers are advised for primary carious molar 

restorations that are occlusal (Class I) or occluso-proximal 

(Class II) [25].   
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3. Giomer 

Glass ionomers and composite resins have been merged by 

manufacturers. Based on pre-reacted glass (PRG) technology, 

Giomers are created, in which fluorine-containing glass 

particles and polymer-containing acid undergo an acid–base 

reaction in the presence of water to form a glass-ionomer 

phase prior to dispersal into the resin [26].  

Pre-reacted glass fillers could be categorized into two types: 

full reaction type PRG (F-PRG) fillers and surface reaction 

type PRG (S-PRG) fillers. In F-PRG fillers, the surface as 

well as the core of the filler particle reacts completely with 

polyacrylic acid and hence, a large amount of fluoride is 

released. While In S-PRG fillers, only the surface of the filler 

reacts with polyacrylic acid, leaving the glass core intact 

[27,28]. When compared to traditional and resin-modified 

glass ionomers, giomers provide better clinical handling and 

physical attributes while maintaining the aesthetic qualities of 

resin composites [29]. In addition to that, it has been 

determined that the glass matrix plays a significant influence 

in fluoride release since studies have demonstrated that the 

rate of fluoride release in Giomer is higher than that of 

composite and compomer [30]. As well, Yap and Mok [31] 

reported that Giomer had shown superior surface smoothness 

in comparison to GIC after finishing procedures. With more 

enhancements in the filler structure, the second generation of 

Giomer exhibits exceptional qualities particularly in 

replicating the optical characteristics of tooth structure [19]. 

As a result, Giomers have demonstrated efficacy in treating 

Class I, II, and V lesions throughout the short to long term 

[29].  

4. Alkasite composite  

A new era of restorative dentistry begins with "alkasite" 

restorative material. In essence, it is a composite resin 

subgroup. It is a brand-new direct posterior bulk-fill 

restorative substance. An alkaline filler that can release ions 

that neutralize acid is used in this new material [32].  

Alkasite is packaged separately in liquid and powder form. 

The liquid contains dimethacrylates and initiators, whereas 

the powder contains additional initiators, colors, and alkaline 

glass fillers. These chemicals release calcium, hydroxide, and 

fluoride ions that neutralize acid when the pH of the oral 

cavity decreases [33].  

The ability to discharge hydroxide, calcium, and fluoride ions 

from its alkaline (calcium fluoro-silicate glass) filler is an 

alkasite material's primary benefit. The presence of hydroxide 

ions on the material's surface may be crucial in neutralizing 

the acids that cariogenic bacteria create [34].  

A combination of urethane dimethacrylates, including 

UDMA, DCP, an aromaticaliphatic-UDMA, and PEG-400 

DMA, make up the monomer matrix of this novel bioactive 

substance [35]. The UDMA-based resin matrix gives a 

natural translucency, enabling it to merge beautifully with 

teeth [36]. It is a self-curing substance that can optionally be 

light-cured, increasing the restoration's strength and lifespan. 

Shear bond strength, microtensile bond strength, compressive 

strength, and fracture resistance were found to be comparable 

to composite resins and higher than glass ionomer-based 

materials in earlier investigations assessing this unique 

alkasite material [33,37]. Furthermore, it was discovered that 

the material's microleakage at the enamel–restoration 

junction was less than that of composite resins [33].  

Based on the clinical trial by Al-Salamony et al. [36], both 

alkasite and RMGI showed good clinical performance in 

Class V carious lesions; alkasite restorations can effectively 

replace RMGI for cervical restorations; and alkasite may be a 

better option in particular clinical scenarios, such as for high-

risk patients who need wear resistance and fluoride release 

[36].  

Ion releasing Composite  

ACTIVA™BioACTIVE Restorative™ (Pulpdent, USA) is 

marketed as the first bioactive dental material with an ionic 

resin matrix, a shock-absorbing resin component, and 

bioactive fillers that replicate the physical and chemical 

characteristics of natural teeth [38]. They are free of 

bisphenol A glycol dimethacrylate (Bis-GMA), bisphenol A 

(BPA), and its derivatives, and they comprise patented 

bioactive ionic and moisture-friendly resin, patented 

rubberized resin, and reactive glass fillers. Three chemical 

reactions the acid-base reaction, light polymerization, and 

chemical curing combine to form their setting process [39]. It 

was recently introduced to the market as a hybridization 

between a RMGI and a resin composite. A mechanism by 

which the material reacts to pH cycles and actively 

participates in the release and recharge of calcium, phosphate, 

https://acquirepublications.org/Journal/Dentistry/Dentistry-and-Oral-Epidemiology
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and fluoride ions underlies the bioactive qualities of 

ACTIVA™ products. They are thought to chemically attach 

to the tooth structure, sealing the cavity borders and reducing 

the creation of gaps at the tooth-restoration interface and 

microleakage [38].  

Activa BioActive composite was selected as the experimental 

comparator to SDR Bulk-fill (manufacturer to be added) due 

to its high depth of light cure (4 mm) and low polymerization 

shrinkage (1.7%), which facilitates the application of larger 

increments, thereby reducing clinical application time [40]. 

Moreover, this product contains fluoride and silica ions, 

which may act as unpolymerized monomers following the 

polymerization process [39].  

Due to these characteristics, ACTIVA is considered well-

suited for restoring Class I / II cavities in primary molars. 

Activa BioActive composite exhibits high mechanical 

resistance and bioactive properties that make it easier to use 

in clinical settings than traditional composites and glass 

ionomer cements [41,42]. After a year of follow up, the 

Activa BioActive composite performed as the bulk-fill 

composite [40]. Additionally, according to the 

manufacturers’ claim, the fluoride-releasing capability of this 

material makes it particularly suitable for patients with high 

caries risk and in clinical scenarios where proper isolation 

cannot be achieved [40].  

 

 

Bioactive Properties Role on Material 

Development 

Beyond the essential role of materials science in laying the 

foundation of bioactive dental materials, researchers today 

are increasingly adopting interdisciplinary techniques to 

expand the scope of biomaterials and enhance their clinical 

applications [11].  

According to Mocquot et al.'s critical examination, [43] the 

definition of bioactivity depends on its clinical application 

and can include everything from the capacity to generate 

apatite precipitation on the surface of enamel and dentine to 

cellular effects that are sustained by the release of bioactive 

molecules and ions [43]. 

This term is consistent with the statement of the 2022 FDI 

World Dental Federation Policy; defining bioactive dental 

restorative material is one that can work chemically, 

biologically, or by combining both [9].  

 

How Caries Process Occurs 

Dental caries is a multifactorial disease primarily caused by 

three key elements: oral bacteria within dental plaque, the 

presence of fermentable carbohydrates, and an exposed tooth 

surface. Additionally, several contributing factors such as 

dietary habits, the quality and quantity of saliva, tooth 

morphology, surface characteristics, and oral hygiene 

practices can influence the rate of tooth decay, either 

accelerating or slowing it [2]. Dental caries is best described 

as a dynamic process that arises when an imbalance in the 

equilibrium between tooth minerals and the dental biofilm 

occurs [44]. More specifically, the carious lesion results from 

metabolic process within dental plaque which is formed of a 

sticky biofilm that contains various bacterial species. When 

the tooth surface is covered by dental plaque, the embedded 

acidogenic bacteria - mainly Streptococcus mutans In such an 

acidic environment, the mineral component of the tooth, 

predominantly hydroxyapatite, begins to dissolve, initiating 

Materials Composition Setting mechanism 

GICs Fluoroaluminosilicate glass + Polyacrylic acid Acid-base  

RMGICs GIC + HEMA + Intiators Acid-base+ Polymerization 

HVGIC Modified GIC + (powder/liquid ratio, coating) Acid-base 

Compomer Polyacid + modified composite resin Photopolymerization 

Giomer PRG fillers in resin Acid-base + pre-reacted glass + Resin 

Alkasite Alkaline fillers +UDMA resin Self-cure or light-cure 

Activa Ionic resin +bioactive fillers Acid-base + Light + Chemical cure 

https://acquirepublications.org/Journal/Dentistry/Dentistry-and-Oral-Epidemiology
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the demineralization process. In a healthy oral environment, 

the buffering capacity of saliva, along with its calcium and 

phosphate ion content, helps to neutralize this acid and 

reverse demineralization through a process known as 

remineralization. This delicate balance ensures the continued 

deposition of hydroxyapatite, maintaining tooth integrity by 

replacing minerals lost through dissolution [46]. However, 

when the conditions favor demineralization over 

remineralization, mineral loss from enamel becomes visible 

as a white spot lesion. If left untreated, the lesion progresses, 

leading to a loss of enamel continuity in the form of a cavity 

that can eventually extend into the dentine [44].  

How to Control Bacterial Progression 

Early detection, precise diagnosis, halting the progression of 

the disease, and limited restorative intervention are essential 

for the effective management of dental caries.  A 

contemporary kind of dental care called minimally invasive 

dentistry (MID) places a strong emphasis on maintaining 

healthy tooth structure while successfully treating dental 

cavities. Achieving long-lasting restorations with little 

intervention and a low risk of secondary caries development 

is the aim of MID [1].  

Another crucial element of MID is the application of adhesive 

restorative materials, like glass ionomer cements. These 

substances can lessen the chance of microleakage and 

secondary caries while strengthening the link with the tooth 

structure [47-49].  

The type of restorative material may arrest caries progression. 

Compared to glass ionomer cements and amalgam, dental 

plaque accumulated significantly higher in resin-based 

restoration materials. Therefore, after therapy, pulp irritation 

and recurrent and secondary caries may be caused by residual 

bacteria or invasive bacteria along the tooth/restoration 

contact [49,50]  

After selective caries excavation, it is advised to clean the 

cavity with an antimicrobial solution to control any live 

bacteria that may still be present in the dentinal tubules [51]. 

Chlorhexidine (CHX) is thought to be the most popular cavity 

cleaner [52,53]. A broad-spectrum antibacterial, CHX 

inhibits both Gram-positive and Gram-negative bacteria, 

hence preventing the growth of any remaining germs [54]. 

According to earlier research, CHX strengthens resin 

composite bonds, protects the collagen matrix, and stops 

degradation at the resin–dentin interface [51,55].  

To lessen cariogenic bacterial colonization on the 

tooth/restoration interface and the growth of leftover bacteria 

in the cavity after preparation, the restorative system should 

have an antimicrobial effect [1]. Incorporating antimicrobial 

agents or antibacterial monomers into the dental material 

formulation, altering the material composition to incorporate 

organic nanoparticles that promote remineralization and 

decrease demineralization, or employing inorganic 

nanoparticles like: calcium, fluoride, hydroxyapatite, 

bioactive glass, silver, zinc, magnesium, and copper oxides 

that actively inhibit the activity of oral microorganisms are 

some ways to accomplish an anticariogenic activity [56,57]. 

To achieve that, A new class of bioactive and therapeutic 

materials is being developed. 

Factors Affecting Anticariogenicity 

Diet control, pH of oral environment, good dental hygiene, 

antibacterial treatments and fluoride intake have long been 

the cornerstones of caries prevention, anticariogenicity and 

health promotion. 

1. Diet control 

Conveying the importance of oral hygiene for preserving 

quality of life remains a persistent challenge for oral health 

professionals. Complementing these strategies, dietary 

guidance plays a key role, with emphasis on reducing the 

intake of free sugars and fruit juices, in line with the most 

recent World Health Organization (WHO) recommendations 

for adults and children [58].  

The consumption of free sugars should not surpass 10% of 

daily calorie intake, or less than 50 grams. Compared to those 

who consume more sugar, Individuals who consume less 

sugar have lower levels of caries-related species in their 

saliva and supragingival plaque, which increases 

anticariogenicity [59].  

2. pH of oral environment 

In order to support health-associated communities of 

beneficial oral bacteria and enhance the anticariogenicity, 

future preventative technologies should minimize the 

frequency and severity of low pH episodes in the tooth  

https://acquirepublications.org/Journal/Dentistry/Dentistry-and-Oral-Epidemiology
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biofilm and maintain the pH near neutrality [58]. A pH of 5.5, 

known as the critical pH, is necessary for enamel breakdown 

to take place. Furthermore, the concentration of acids, their 

amount, their mineral chelating qualities, exposure duration, 

and temperature all have a significant role in the 

disintegration of enamel. Another important factor in the 

disintegration of enamel is saliva, including its composition, 

flow rate, and buffering ability [60]. The so-called critical pH 

and acid dissolution of the tooth have received a lot of 

attention [61]. Almost at the expense of all other possibilities, 

researchers have spent decades studying neutralizing acid as 

a way to stop the growth of carious lesions [62].  

Such a method seems to ignore the fact that saliva has more 

than enough buffering power to neutralize any acid produced 

in the oral cavity. Why, then, does neutralization not take 

place? What causes the alkaline mouth to develop lesions? 

Simply put, the acid created in the depths of plaque that has 

accumulated on tooth surfaces is inaccessible to saliva. 

Naturally, plaque is a biofilm, and by definition, all biofilms 

have a matrix [63]. Bicarbonate and other potentially 

therapeutic substances cannot diffuse into plaque due to the 

matrix's chemical and physical characteristics [64]. Few 

organisms in dental plaque can convert sucrose into insoluble 

glucan, despite the fact that many of them can quickly 

produce acid. Streptococcus mutans is the best example of a 

plaque initiator and a strong acid generator. Therefore, it 

would seem that a careful reexamination of S. mutans' 

involvement in the etiology and pathophysiology of dental 

caries is necessary [62].  

 

 

 

 

3. Oral hygiene 

Caries and oral pathogens are effectively reduced by 

maintaining good dental health and good oral hygiene, 

consequently strengthening the anticariogenicity [65].  

4. Antibacterial treatment and bioactive materials 

Nowadays, a medicinal approach has replaced the traditional 

surgical approach to caries control. The use of Chlorhexidine 

cavity cleaner, fissure sealants and bioactive materials such 

as antibacterial agents, fluoride therapy, calcium phosphate 

products, peptides, and bioactive glass are all common 

components of this strategy. The materials' bioactive 

components have beneficial effects on the mouth 

environment and encourage both caries control and 

anticariogenicity [5]. In a simulated chewing model, Garcia 

et al. [66] sought to assess the wear behavior and surface 

quality of dental bioactive resins and compare them to a resin 

devoid of bioactive ingredients. Through the release of ions 

like calcium, phosphate, fluoride, zinc, magnesium, and 

strontium, bioactive materials might lessen caries lesions on 

the marginally sealed teeth. Such ions have an impact on the 

nucleation, epitaxial development, and dissolution balance of 

hydroxyapatite crystals [66].  

5. Fluoride intake 

 As mentioned before; Fluoride enhance the remineralization, 

reduce demineralization and preventing caries process. So its 

presence enhances anticariogenicity [67]. High-fluoride 

varnishes applied professionally are useful for preventing 

both primary and secondary cavities. using fluoride 

toothpaste every day is the cornerstone of basic caries 

prevention for all age groups [58]. While prospective cohort 

studies provide support for regular fluoride exposure starting 

with the eruption of the first tooth builds on solid data from 

randomized controlled trials [58] 

 

Factor Mechanism Impact 

Diet Sugar intake Less sugar → lower cariogenic bacteria 

Oral pH Acidic environment Neutral pH → remineralization 

Oral hygiene Plaque control Reduces bacterial load 

Antibacterial treatments CHX, nanoparticles, etc Inhibit bacteria in the cavity and the interface 

Fluoride intake Varnishes, toothpaste Enhance remineralization and reduce 

demineralization 

https://acquirepublications.org/Journal/Dentistry/Dentistry-and-Oral-Epidemiology
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Evidence on the Bioactive Materials Effects on 

the Oral Biofilm and the Anticariogenic Effect 

1. Conventional glass ionomer 

Dimkov et al [68]. investigated in their study the antibacterial 

activity of conventional glass ionomer cement against three 

distinct strains of microorganisms both alone and after adding 

1, 2, and 3% benzoalkonium chloride and cetylpyridinium 

chloride. The study reported that, without the addition of 

antimicrobial substances, the glass-ionomer cement either 

creates very tiny inhibitory zones or none at all. 

2. Resin modified GI 

Saputra et al [69]. sought in this study to observe the growth 

inhibition zone of Streptococcus mutans in order to ascertain 

the antibacterial qualities of propolis, a natural product, in a 

mixture of resin-modified glass ionomer cement. The 

findings of this study revealed that (HEMA), which was 

included in the resin-modified glass ionomer liquid 

component, may have helped to promote the low pH and 

contributed to the antibacterial qualities. Therefore, resin-

modified glass ionomer has a distinct inhibitory zone and 

antibacterial activity of its own, thereby playing a part in 

preventing secondary caries. 

3. Highly viscous glass ionomer 

Bathla et al [70]. intended in this in vitro investigation to 

evaluate four distinct GIC cements' antibacterial capabilities 

against S. mutans and L. acidophilus. One of these glass 

ionomer modifications was HVGIs. The result was that 

HVGIs was one of two materials that exhibited the strongest 

antibacterial activity for 48 hours  which indicates maximum 

degree of secondary caries prevention.   

Brkanović et al [71]. determined the wear rate of HVGICs 

(Equia Forte HT Fi) with or without coating and comparing it 

to another HVGICs (Fuji IX GP) under acid load or pH 

neutrality conditions. Results reported that coating Equia 

Forte with the Equia Forte coat raised the resistance of Equia 

Forte restoration to acid load reflecting that its antibacterial 

effect would be raised respectively along with its ability to 

prevent secondary caries.  

4. Giomer 

Feiz et al [30]. investigated the antibacterial activity of a 

number of fluoride-containing restorative materials one of 

them was giomer. Up to day 21, the minimum was associated 

with Giomer (Beautifil), which was constant. So Giomer has 

minimum degree of antibacterial effect and consequently 

secondary caries prevention. 

5. Alkasites composite 

Mohamed et al [72]. compared the antibacterial properties, 

microleakage, and microtensile bond strength (μTBS) of bulk 

fill resin composite with alkaline fillers (alkasite), such as 

ytterbium trifluoride and barium aluminum silicate glass, to 

incremental nanohybrid resin composite. When compared to 

chlorhexidine, resin composites containing alkaline fillers 

showed antibacterial activity yet it was modest.  

6. Ion releasing Composite  

Bagchi et al [73]. evaluated antibacterial qualities of 

ACTIVA BioACTIVE, Beautifil Flow Plus X, and Filtek 

Z250 XT in the current in vitro study. The conclusion was 

that ACTIVA BioACTIVE restorative material exhibited the 

best level of antibacterial effectiveness against S. mutans and 

the best level of secondary caries prevention.  

Chaudhari et al [74]. compared the bactericidal activity of 

bioactive restorative composites (one of them was Activa 

BioACTIVE ) in vitro. The study concluded that Activa 

BioACTIVE restorative material had the highest antibacterial 

activity against S. mutans. 

Methods of Evaluate Antibacterial Effect 

1. Agar diffusion based screening of antimicrobial 

activity 

The history of the agar diffusion technique begins in the late 

18th century, when Beijerinck [75,76] used it for the first 

time. Since then, the approach has been modified in a number 

of ways to improve accuracy, such as by introducing the ditch 

plate technique and utilizing filter paper discs and wells 

(wells are made in the agar using a sterile cork borer or pipette 

tip). Additionally, variants like the agar plug (agar plugs 

impregnated with the test substance on the agar surface) and 

agar spot assays (a sterile inoculating loop is used to directly 

place a tiny volume of the test chemical onto the agar surface) 

have been created to give researchers more choices and 

flexibility [77].  

The test material is positioned in the center of the thin layer 

of agar, to enable indirect contact measurement of inhibition 

https://acquirepublications.org/Journal/Dentistry/Dentistry-and-Oral-Epidemiology
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zones [78]. These techniques rely on the diffusion of anti- 

microbial chemicals from tested sample into the surrounding 

agar medium by preventing the growth of the microorganism 

seeded on the agar surface. Researchers can determine the 

relative antibacterial potency of the test drug by measuring 

the ensuing zone of inhibition, which shows the area where 

microbial growth is blocked or hindered by the agent [77]. 

The agar overlay test only permits a qualitative assessment of 

cytotoxicity [78]. Agar plates are inoculated with a 

standardized inoculum of the test Microorganism in this 

technique. The agar surface is then covered with filter paper 

discs of the test substance at the appropriate concentration, 

each about 6 mm in diameter. Under the right circumstances, 

the Petri dishes are incubated. The sizes of the inhibitory 

growth zones are then determined. Researcher should 

illustrate the growth media, temperature, incubation time, and 

inoculum size to follow the Clinical and Laboratory 

Standards Institute criteria [79].  

Numerous benefits set the disk-diffusion assay apart from 

other techniques, including ease of use, affordability, the 

capacity to test a vast array of bacteria and antimicrobial 

drugs, and the data' interpretability [79,80].  

Although there are many benefits to the agar diffusion assay, 

researchers should be mindful of some of its drawbacks, such 

as its qualitative character, variability in diffusion, limited 

applicability, reliance on certain circumstances, and 

subjectivity in interpretation [81,82].  

2. Bioluminiscence assay 

Using genetically modified bacteria that express a light-

emitting enzyme, usually luciferase, is the basic idea behind 

the bioluminescence assay [83,84].  

3. Time kill kinetics 

The time kill kinetics experiment exposes the test 

microorganism to varying concentrations of the antimicrobial 

agent over a predetermined period of time in order to assess 

antimicrobial activity [85].  

4. Agar dilution and broth dilution methods 

The minimum inhibitory concentration (MIC) of 

antimicrobial drugs can be found using two very comparable 

methods: the broth dilution method and the agar dilution 

method. MIC of an antibiotic agent is the concentration at 

which a certain bacterium can no longer grow visibly [86].  

5. Resazurin assay 

A flexible colorimetric test for determining the metabolic 

activity of living cells is the resazurin assay. The test's basic 

idea is that living cells' metabolic activity reduces the blue 

non-fluorescent dye resazurin to the pink fluorescent dye 

resorufin [87-89].  

6. Antimicrobial gradient diffusion test 

By integrating the basic ideas of antimicrobial agent dilution 

and diffusion, the antimicrobial gradient diffusion test 

provides an alternate method for assessing antimicrobial 

activity. the antimicrobial gradient diffusion test provides an 

alternate method for assessing antimicrobial activity. It is 

especially made to measure the Minimum inhibitory 

concentration, in contrast to agar diffusion assays which are 

mostly used as screening techniques [90-92].  

7. Flow cytometry 

Using lasers to identify and quantify the physical and 

chemical properties of cells or particles in a fluid stream is the 

fundamental idea behind flow cytometry [93].  

8. Co-culture assay 

Like the cross-streak approach, the co-culture assay allows 

direct interaction between two microorganisms by growing 

them simultaneously in a common environment. To verify the 

test microbe's inhibitory activity, the growth of the indicator 

organism is then measured and contrasted with a control. This 

technique is frequently used to evaluate the antibacterial 

activity of probiotic lactic acid bacteria against infections 

[94].  

9. Impedance measurement 

An effective method for identifying changes in the electrical 

characteristics of microbial cells in response to interactions 

with antimicrobial drugs is the impedance-based assay [95].  

10. Other emerging techniques 

Although they are less frequently used for high-throughput 

screening and large-scale assessment of antimicrobial 

activity, newer approaches like mass spectrometry and time-

lapse microscopy, in addition to the previously mentioned 

methods, show great promise for the characterization and 

analysis of antimicrobial compounds [77].  
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Fluoride and Caries Prevention 

Fluoride has long been recognized for its ability to prevent 

demineralization [96]. Fluoride ions can shift the balance in 

favor of remineralization through two main mechanisms; by 

directly inhibiting the metabolism of microbial cells within 

the dental biofilm, and by accelerating the remineralization 

process. On a biological level, the biochemical effects of 

fluoride on microbial cells are complex; however, they 

primarily involve the intracellular formation of hydrofluoric 

acid (HF), which impairs bacterial physiology and reduces 

viability [97]. In addition, fluoride can suppress a variety of 

characteristics linked to dental caries, such as enolase and 

enzymes involved in the synthesis of biofilm matrix, which 

would directly slow down glycolysis and indirectly lower 

bacterial sugar transport systems. Thus, it causes a sudden 

shutdown of sugar metabolism in oral biofilms, followed by 

a decrease in saccharolytic organisms [58]. This inhibition 

disrupts carbohydrate metabolism and reduces the number of 

Streptococcus mutans within the oral biofilm, resulting in 

fewer bacteria capable of metabolizing carbohydrates into 

caries-promoting acids. Consequently, this diminishes acid 

production and helps inhibit the development of dental caries 

[46].  

On another hand, the hydroxyapatite crystals on enamel 

surface can react with fluoride ions to form fluorapatite (FA) 

and fluor hydroxyapatite (FHA) structures, such reactions 

reduce enamel solubility, inhibit demineralization, and 

promote remineralization [98], since the formed crystals are 

more acid-resistant than the original enamel structure [99]. 

Moreover, fluoride also reduces the capacity of saliva to 

dissolve enamel minerals by forming strong hydrogen bonds 

with water molecules [46]. In addition, Silver diamine 

fluoride (SDF), in contrast to other fluoride-based caries 

preventive treatments, can prevent and arrest coronal and root 

dentine caries at the same time [5]. Overall, these combined 

effects contribute significantly to halting the progression of 

carious lesions [46].  

 

 

 

Current Evidence on F Release of Tested 

Materials (studies and researches) 

1. Conventional glass ionomer  

Rolim et al. [100], assessed F release from GICs both before 

and during the aging process and after recharging with F-

dentifrices. This study reported that conventional GICs emit 

more fluoride than resin-based materials. Additionally, F 

release was improved by conventional GICs in comparison to 

the high viscosity one. 

Nicholsona et al. [46] studied clinical implications of fluoride 

exchange via glass-ionomer dental cements. Authors 

concluded that, when it was held in aqueous conditions, it has 

been observed that several additional ions are also released in 

addition to fluoride such as phosphate, silicate, sodium, and 

aluminum. Similar to fluoride, each species elutes more in 

acidic conditions than in neutralized ones.  

2. Resin modified GI 

Francois et al. [14] sought to investigate fluoride-releasing 

restorative materials and new restorative materials In order to 

better understand their composition, setting reactions, 

mechanical, self-adhesive, and potential bulk-fill properties 

as well as their ion release capabilities. This study concluded 

that RM-GICs have release and recharge mechanisms that are 

comparable to those of conventional GICs, with a release 

peak observed upon insertion. However, it seem to emit less 

fluoride when compared to resin-free GICs, conventional 

GICs, and HVGICs. 

3. Highly viscous glass ionomer  

Vidal et al. [101], when evaluated the fluoride release of coat-

free HV-GICs, alkasite composite and resin modified 

composite in their study, found that coat-free EQUIA Forte 

HT had the highest fluoride release overall while alkasite 

composite showed the greatest increase over time. In this 

investigation, ACTIVA BioACTIVE-RESTORATIVE 

showed the least amount of fluoride release.  

Brzović-Rajić et al. [102] assessed the fluoride release from 

Glass Ionomer with Nano Filled Coat and Varnish. The 

findings of this in vitro study showed that, in comparison to 

the samples coated with two distinct agents for surface 

coating, the amount of released fluoride was substantially 

reduced in the samples coated with nanofilled surface coating  
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agent compared to the samples coated with varnish and 

uncoated samples. This highlighted the effect of using a coat. 

4. Giomer  

Feiz et al. [30] compared and assessed the fluoride ion release 

and antibacterial activity of giomer, zirconomer, alkasite 

composite, and resin-modified GI taking into account the 

crucial role that fluoride played in preventing dental cavities 

by lowering the quantity and activity of cariogenic bacteria 

and launching novel fluoride-releasing restorative materials 

that were tooth-colored. This study resulted in that among the 

other groups, giomer released the least quantity of fluoride 

and had the least bactericidal action. 

5. Alkasites  

El-Adl et al. [103] evaluated the inhibitory effect of three ion-

releasing restorative materials, which were alkasite 

restorative material, Ion releasing flowable composite liner, 

and Self-adhesive hybrid composite, on secondary caries by 

comparing their short-term fluoride release. The conclusion 

was that, in direct contact with the restoration, the three ion-

releasing restorative materials demonstrated fluoride release 

and prevented the formation of secondary caries. The alkasite 

restorative material produced more fluoride when the pH was 

low. 

6. Ion releasing composite  

Tiskaya et al. [104] aimed in this investigation to describe the 

ion release, pH variations, and apatite forming capacity of 

two potentially bioactive composites: Ion releasing 

composite and alkasite composite. This investigation reported 

that, despite that Ion releasing composite release fluoride 

ions, the quantity of fluoride released was lower than that 

released from conventional glass ionomer cements with no 

appreciable variations in the fluoride release of it after being 

submerged in different pH solutions.  

Factors Affecting F Release 

1. Oral hygiene is one of the most important factors 

affecting F release. Research indicates that fluoride's 

cariostatic effects are primarily localized rather than 

systemic [105,106]. When combined with proper oral 

hygiene, this effect could be even more pronounced 

[107].  

2. In addition to oral hygiene, pH determines the release of 

fluoride ions. F release is stimulated in acidic atmosphere 

more than neutral ones. Par et al. [108] used bioactive 

glass to create experimental composites and studied their 

release of calcium, phosphate, and fluoride, as well as pH 

variations and the precipitation of apatite following 

immersion. This study confirmed that the properties of 

the immersion media, particularly the pH, had a 

significant impact on the ion release profiles of both 

commercial and experimental restorative materials. 

Under acidic conditions (pH = 4.0), calcium, phosphate, 

and fluoride ions were released in a material-dependent 

manner. In artificial saliva (pH = 6.4), there is negative 

release of ions.  

3. The composition of fluoride, whether it is free or 

complex, is the third factor affecting fluoride release and 

absorption. In acidic environments, more fluoride is 

released as complexes rather than free F-ions. In addition 

to that, hydroxyapatite absorbs complexed fluoride more 

easily than un-complexed fluoride [46].  

Methods for F Evaluation 

Over the last four decades, there has been a notable 

advancement in F analysis [109]. Despite the development of 

new techniques, assessing F remains neither easier nor more 

economical, since most methods are expensive, technically 

challenging, and of limited applicability [110]. Because of the 

inherent limits of these early procedures, erroneous 

assumptions were made despite the fact that early F analysis 

techniques allowed for important discoveries. Part of the 

reason for these inaccurate conclusions was that existing 

methods could not assess ionic fluoride in contrast to total 

fluoride [111,112].  

In the last century, fluoride (F) analysis has evolved from 

simple colorimetric analysis, which yielded crude results and 

suffered from interference from other ions present in the 

samples, to more complex methods of analysis such as mass 

spectrometry, gas chromatography, ion chromatography, 

electroanalysis (Ion-selective electrode) [113,114] and 

spectrophotometry [115].  
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1. Spectrophotometry 

In this method, bound fluorine is converted to free fluoride 

ions using UV photolysis. The generated fluorides are then 

used to determine the fluoride content using 

spectrophotometry, which is based on the destruction of the 

colored complex of zirconium–xylenol orange [115]. By 

reacting with a red zirconium dye, fluoride ions produce a 

colorless complex that reduces the red color in proportion to 

the fluoride concentration [116]. To prepare the SPADNS 

reagent, dissolve 958 mg (0.958 g) of SPADNS (Sulfanilic 

acid azochromotrop, Sigma Aldrich, USA) in 500 ml of 

deionized water. The zirconyl-acid reagent is obtained by 

dissolving 133 mg (0.133 g) of zirconyl chloride octahydrate, 

ZrOCl2–8H2O (Sigma Aldrich, USA), in approximately 25 

mL of deionized water. Next, 350 mL of concentrated HCl is 

added, and the mixture is diluted to 500 ml using deionized 

water. Equal amounts of SPADNS solution and zirconyl-acid 

reagent are combined to produce the acid zirconyl-SPADNS 

reagent [117]. 

Advantages:- 

This approach is affordable Compared to chromatography, 

straightforward, and easy [118]. in addition, 

spectrophotometry provides accurate and reliable results 

when appropriately prepared and It is suitable for analyzing 

drinking water and wastewater samples [119]. This method 

also offers increased repeatability and sensitivity [120] and it 

can also detect very low concentrations of fluoride [118,120].  

Limitations:-  

It requires chemical reagents and cannot measure fluoride 

directly [121,122], in addition, The results may be affected by 

interfering ions such as phosphate or aluminum and This 

methos has a very high pH sensitivity [123,124]. The 

preparation of reagents and calibration curve takes time and 

effort [120,124].  

2. Mass spectrometry  

The process relies on the formation of gas-phase ions that can 

be separated by magnetic or electrical means based on their 

mass to charge ratio [125].  

Advantages:- 

A potent method for single-cell analysis without labeling is 

mass spectrometry. It is incredibly sensitive, selective, and 

capable of simultaneously detecting numerous chemicals, 

which enables it to identify the structures of molecules of 

interest [125].  

Limitations:- 

Mass spectrometry has a number of drawbacks, including 

invasiveness, complicated data, semi-quantitativeness, and 

ion suppression [126].  

3. Gas chromatography 

For Gas chromatography analysis to perform effectively, the 

analytes must be able to transition from the liquid to the gas 

phase without breaking down [127]. in case of analysis of 

fluoride, By silylating the fluoride ion with 

trimethylchlorosilane, it can be transformed into 

trimethylfluorosilane. Headspace sampling has been used to 

do GC analysis of the derivative, which successfully lessens 

matrix interference [128].  

Advantages:- 

With the potential to refine quantification if the elemental 

composition and structure are partially understood, GC offers 

excellent resolution and approximate quantitation of 

unknown chemicals [129].  

Limitations:- 

Because trimethylfluorosilane is in the gas phase at room 

temperature, it is difficult to preserve and pretreat, which will 

negatively impact the precision and reproducibility of the 

results. Furthermore, the GC system may sustain significant 

damage from the HCl generated by the hydrolysis of 

trimethylchlorosilane [128].  

4. Ion chromatography 

A two column ovens, a flat-bed pen recorder , and a viable 

wavelength ultraviolet-visible detector were all part of the ion 

chromatography system. Only chemicals of analytical reagent 

grade were used, and dolomitized, distilled water was further 

filtered. Cetyldlmethyl-n-butylammonmm bronude, which 

was produced from cetyldunethylamme and n-butyl bromide, 

was synthesized using purified vvlth srlca gel. ODS rimmed 

columns were utilized to create dynamically coated columns 

[109,130].  

Advantages:- 

Short analysis times, small-volume sample analysis, high 

sensitivity and selectivity, simultaneous separation and 

detection of distinct ions or ions of the same element at 

different oxidation states are among of its primary benefits  
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[131].  

Limitations:- 

Ion chromatography is a complex technique, Inappropriate 

processing techniques can negatively affect the IC system and 

produce less-than-ideal analytical results [131]. In addition, 

The fluoride ion's retention on the anion-exchange column is 

quite weak in ion chromatography, and organic acids can 

readily obstruct its detection [128].  

5. Ion-selective electrode  

A fluoride ion-selective electrode was utilized to determine 

fluoride ion activity utilizing the direct potentiometry 

method. The reference electrode was a standard silver 

chloride electrode. The electromotive force of a galvanic cell 

was measured using a typical laboratory ion meter. Every day 

prior to fluoride tests, the electrode was calibrated [132]. The 

measured potential linked to fluoride ion activity in solution 

is described by the Nernst equation [109].  

Fluoride in other forms, such as when mixed to form a 

complex ion, cannot be detected. Before measuring fluoride 

in the storage solutions, the vast majority of studies add total 

ionic solubility acid buffer (TISAB) solution to forcefully 

decomplex all of the fluoride present [46]. 

Cyclohexylenedinitrilotetraacetic acid (CDTA), an Al ion 

masking agent found in all TISABs, preferentially combines 

with Al and releases F from complexes with this ion 

(Schamschula et al., 1985; Tusˇl, 1970). Commonly, TISABs 

are utilized in their commercially accessible forms, which are 

II, III, and IV. TISAB IV raises the pH of samples and 

standards to about 8.5, while TISAB II and III raise them to 

between 5 and 5.5 [112]. Therefore; addition of (TISAB) 

throughout analysis offers several benefits, including 

maintaining a constant background ionic strength, de-

complexing F ions, and controlling the solution's pH (5.0–

5.5) [133].  

Advantages:- 

Ion-selective electrode provide a simple and rapid method for 

fluoride determination and it allows accurate and 

reproducible measurements with low standard deviations 

[130,134]. ISEs can directly measure free ion concentrations 

without complex sample preparation [135]. In addition, it is 

affordable and require relatively simple instrumentation 

compared with chromatographic or spectroscopic techniques 

[136]. It provides high selectivity because of The electrode's 

superior selectivity. Additionally, this approach has the 

benefit of detecting even minute amounts of fluoride ion 

concentrations with this sensor [137].  

Limitations:- 

The fluoride ion can be easily disturbed by coexisting ions in 

the solution when using the selective-ion electrode approach, 

and the electrode's potential drift can also affect the result. So 

the electrodes require frequent calibration to maintain 

accuracy [128,134]. They are less reliable at very low ion 

concentrations, where the signal may become meaningless 

[138,140]. Interference from other ions may affect the 

selectivity and lead to inaccurate results [132]. They can show 

potential drift over time, which reduces stability and accuracy 

of long-term measurements [140]. Solid-contact ISEs may 

suffer from water layer formation at the interface, which 

destabilizes the signal [140].  

Limited Data on the Anticariogenic Effect and 

Fluoride Release of the Tested Materials 

Compared to GICs and the Importance of 

Further Research 

Many studies have been conducted on GIC because of its 

characteristics, which include antibacterial activity, ion 

leachability, biocompatibility, and the ability to stick to 

metals, enamel, dentine, and bone. In addition, a new era of 

bioactive materials has also emerged as a result of numerous 

attempts to enhance the characteristics of conventional GIC 

[141].  

The majority of research on creating a new class of medicinal, 

bioactive, and antimicrobial resins is conducted in vitro 

studies. Furthermore, there hasn't been much focus on how to 

maximize the microecologic regulating effects of 

antimicrobial materials [142]. Further research is necessary to 

examine not just the antibacterial impact but also the released 

ions (such as fluoride). There is little research on these new 

ion releasing materials' capacity to prevent secondary caries 

formation and their potential for fluoride release. 

Consequently, there is a growing demand for additional 

research [103].  
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Conclusion 

Bioactive restorative materials represent a significant 

advancement in modern dentistry by integrating mechanical, 

aesthetic, and biological functions. Materials such as 

HVGICs, compomers, giomers, alkasite composites, and 

bioactive composites like ACTIVA not only restore teeth but 

actively participate in remineralization, fluoride release, and 

inhibition of cariogenic bacteria. Despite promising in vitro 

and clinical evidence, further research is needed to quantify 

their long-term anticariogenic effectiveness, ion release 

dynamics, and ability to modulate oral biofilms in vivo. These 

materials align with minimally invasive dentistry principles 

and offer potential for more durable and biologically 

compatible restorative solutions. 
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