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Abstract 
Background: Theadoption of minimally invasive 

dentistry has led to increased preservation of 

caries-affected dentin (CAD), a partially 

demineralized substrate that retains 

remineralization potential. However, the altered 

structural and chemical properties of CAD may 

compromise the longevity of restorative treatments. 

In recent years, ion-releasing restorative materials 

have gained considerable attention because of their 

ability to release therapeutic ions, promote 

remineralization, and actively interact with dental 

tissues. 

Objectives: To review the current evidence 

regarding ion-releasing restorative materials used 

for the management of caries-affected dentin, with 

emphasis on their composition, mechanisms of 

bioactivity, remineralization potential, bonding 

performance, and clinical implications within 

minimally invasive dentistry. 

Methods: A narrative review of the literature was 

conducted focusing on conventional and modified 

glass ionomer cements, compomers, giomers, and 

contemporary bioactive resin-based restorative 

materials, including Activa Presto and Predicta 

Bioactive. Relevant studies addressing ion release, 

remineralization, adhesive performance, 

antibacterial activity, and clinical applications in 

caries-affected dentin were analyzed and 

synthesized. 

Conclusions: Ion-releasing restorative materials 

represent a promising approach for the restoration 

of CAD by combining restorative function with 

therapeutic bioactivity. Through the release of 

fluoride, calcium, phosphate, and other biologically 

active ions, these materials may enhance 

remineralization, improve interfacial stability, 

inhibit bacterial activity, and support long-term 

restoration success. Although current evidence 

supports their potential benefits, further long-term 

clinical studies are needed to establish their 

effectiveness and durability in clinical practice. 

Keywords: Caries-affected dentin; Ion-releasing 

restorative materials; Bioactive restorative 

materials; Minimally invasive dentistry; 

Remineralization; Glass ionomer cement; Activa 

Presto; Predicta Bioactive. 

 

I. Introduction 
Dental caries remains one of the most 

prevalent chronic diseases worldwide and 

continues to represent a major challenge in 

restorative dentistry. Traditional restorative 

approaches were primarily based on the complete 

removal of carious tissue followed by replacement 

with inert restorative materials.1While effective in 

eliminating infected tissue, this approach often 

resulted in excessive removal of sound tooth 

structure and increased the risk of pulp exposure. 

Consequently, contemporary restorative dentistry 

has shifted toward the principles of minimally 

invasive dentistry (MID), which emphasizes the 

preservation of healthy and potentially 

reminerlizable dental tissues while maintaining the 

structural integrity and vitality of the tooth.2, 3 

A fundamental concept of MID is 

selective caries removal, particularly in deep 

lesions, where complete excavation may 

unnecessarily compromise pulpal health. This 

approach preserves CAD, a partially demineralized 

substrate characterized by reduced mineral content 

but an intact collagen matrix and the potential for 

remineralization.4Unlike caries-infected dentin, 

which is heavily contaminated with bacteria and 

irreversibly damaged, CAD can be preserved 

beneath a well-sealed restoration and may regain 

mineral content over time. However, the altered 

physical, chemical, mechanical properties of CAD 

present significant challenges for restorative 

materials, particularly regarding adhesion, 

interfacial stability, and long-term clinical 

performance.5, 6 
Conventional resin-based composites are 

currently among the most widely used restorative 
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materials because of their favorable esthetics and 

mechanical properties.7, 8 Nevertheless, these 

materials are considered biologically inert and lack 

the ability to actively contribute to tissue repair or 

remineralization.9, 10 In contrast, glass ionomer 

cements (GICs) possess unique bioactive 

properties, including chemical adhesion to dental 

tissues and fluoride release, which contribute to 

their anticariogenic potential. Despite these 

advantages, conventional GICs exhibit limitations 

in mechanical strength and wear resistance, 

restricting their use in stress-bearing areas.11, 12 

To overcome these limitations, 

considerable efforts have been directed toward the 

development of ion-releasing restorative materials 

that combine the mechanical advantages of resin-

based materials with the biological benefits of glass 

ionomer technology.13 These materials include 

high-viscosity glass ionomer cements, resin-

modified glass ionomer cements, compomers, 

giomers, and more recently, bioactive resin-based 

restorative materials such as Activa Presto and 

Predicta Bioactive. Through the release of 

therapeutic ions, including fluoride, calcium, and 

phosphate, these materials are capable of 

interacting with the surrounding tooth structure, 

promoting remineralization, inhibiting bacterial 

activity, and enhancing the integrity of the tooth-

restoration interface.14, 15 
The increasing interest in bioactive 

restorative materials is particularly relevant in the 

context of CAD, where restoration success depends 

on not only replacing lost tooth structure but also 

on preserving and reinforcing the remaining dentin 

substrate. Ion-releasing restorative materials have 

been proposed as promising candidates for this 

purpose because they may facilitate mineral 

deposition, improve dentin microhardness, inhibit 

matrix metalloproteinases activity, and contribute 

to the formation of a more stable adhesive 

interface.16, 13, 12 

Therefore, the purpose of this review is to 

provide a comprehensive overview of ion-releasing 

restorative materials and their application in the 

management of caries-affected dentin. The review 

discusses the characteristics of CAD, the evolution 

and classification of ion-releasing restorative 

materials, their mechanisms of bioactivity, and the 

current evidence regarding their remineralization 

potential, bonding performance, and clinical 

significance within minimally invasive restorative 

dentistry. 

 

II. Minimally Invasive Dentistry 
In the context of minimally invasive 

operative dentistry (MID), one of the main clinical 

controversies involves the extent of carious dentin 

removal during cavity preparation. Traditional 

restorative protocols typically aim for complete 

removal of all infected dentin to ensure a bacteria-

free environment; however, this approach increases 

the risk of pulp exposure and unnecessary removal 

of potentially remineralizable tissue.17In contrast, 

MID principles support selective (partial) caries 

removal, especially in deep lesions, to preserve 

pulp vitality and maintain the structural integrity of 

the tooth.18This shift is supported by research 

demonstrating that leaving residual carious dentin 

under a well-sealed restoration does not necessarily 

impact long-term outcomes, as bacterial activity 

ceases once it is deprived of nutrients.19 

Furthermore, a systematic review and 

meta-analysis demonstrated that selective caries 

removal significantly reduces the risk of pulp 

exposure in deep lesions when compared to 

complete removal, without increasing the risk of 

failure or postoperative complications.20 Concerns 

persist, however, among clinicians who fear that 

leaving carious dentin may lead to disease 

progression or restoration failure, particularly in 

patients with high caries risk or poor compliance. 

These concerns highlight the need for careful case 

selection, strict adherence to sealing protocols, and 

ongoing patient monitoring.21 

A key determinant in the successful 

application of selective caries removal within 

minimally invasive operative dentistry is the 

clinician's ability to accurately distinguish between 

caries-infected dentin, which is irreversibly 

demineralized and heavily colonized by bacteria, 

and caries-affected dentin, which is partially 

demineralized, less infected, and capable of 

remineralization. Precise identification allows for 

the selective removal of irreversibly damaged 

tissue while preserving tooth structure and 

maintaining pulp vitality.17 

 

III. Difference between Caries-affected and 

Caries infected dentin 
Caries-affected dentin (CAD) and caries-

infected dentin (CID) represent two distinct 

histopathological zones within a carious lesion, and 

accurately distinguishing between them is essential 

for the effective application of minimally invasive 

operative dentistry. Caries-infected dentin is the 

superficial, heavily demineralized layer that is soft, 

wet, and irreversibly damaged. It contains a high 

bacterial load, denatured collagen, and no potential 

for remineralization. This layer must be completely 

removed during caries excavation to eliminate 

active infection and prevent progressionand ensure 

adhesive integrity.22In contrast, CAD lies beneath 
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and is partially demineralized, with low bacterial 

content and an intact collagen matrix capable of 

remineralization when properly sealed. CAD is 

firmer and less opaque than CID and has 

demonstrated superior bond strength relative to 

infected substrates, supporting its selective 

preservation under restorations.23 

Recent randomized controlled trials 

confirm that selective removal of CIDleaving CAD 

intact improves clinical outcomes, including 

reduced pulp exposure risk, preserved dentin 

integrity, and comparable restoration quality 

outcomes when compared with non-selective 

removal in both moderate and deeply carious 

permanent lesions over an 18-month follow-up 

period.24Diagnostic differentiation between CID 

and CAD remains challenging due to variability in 

tactile perception and staining methods. Techniques 

such as caries detector dyes and fluorescence-based 

detection (e.g., DIAGNOdent, QLF) show promise 

but exhibit varying sensitivity and specificity—

DIAGNOdent generally demonstrate higher 

sensitivity than visual-tactile methodsunderscoring 

a need for improved standardization in clinical 

diagnostics.25 

 

IV. Conventional glass ionomer cement 
Glass ionomer cements (GICs) were first 

developed by Wilson and Kent between 1970 and 

1972, evolving from earlier silicate and 

polycarboxylate cements.26These materials quickly 

became widely used in dentistry due to their self-

adhesive and self-curing nature, as well as their 

water-based composition and ability to help prevent 

tooth decay. The structure of GICs includes a 

polymer or copolymer of carboxylic acids, with 

polyacrylic acid (PAA) as the main component of 

the liquid phase, mixed with water.27To improve 

the setting behavior and handling properties, other 

polyacidssuch as tartaric, itaconic, or maleic 

acidcan be added or used in place of PAA. Among 

these, tartaric acid is especially valuable for 

enhancing the working characteristics of the 

cement by increasing working time and speeding 

up the setting reaction.28, 29 

The inorganic phase of glass ionomer 

cements (GICs) primarily consists of fluoro-

alumino-silicate (FAS) glass fillers, which are 

essential for initiating the acid-base setting reaction 

when the powder and liquid components are mixed. 

These fillers also contribute significantly to the 

mechanical strength of the final set material. In 

conventional GICs, non-silanized FAS glass is used 

to maintain its chemical reactivity, as these 

formulations do not contain resin. Additionally, the 

powder may include other elements such as 

strontium, phosphate, zinc, calcium, or sodium, 

depending on the specific composition designed by 

the manufacturer.30, 31, 29 

The setting process of GICs is unique 

because it relies entirely on an acid-base reaction 

between the powder and liquid components. This 

makes GICs the only dental materials that are set 

through a true bulk-fill chemical process. When the 

components are mixed, the acidic liquid begins to 

dissolve the glass particles in the powder. This 

releases calcium and aluminum ions into the 

mixture. The calcium ions quickly react with the 

acid, forming a gel-like structure that begins to 

hold everything together. As the material continues 

to harden, more aluminum ions are released, often 

forming aluminum fluoride. These ions help create 

a strong, water-resistant network by bonding with 

the acid and reinforcing the gel matrix. The set GIC 

consists of glass particles embedded in a siliceous 

hydrogel, all linked together by a stable matrix 

made of hydrated and fluoridated calcium and 

aluminum polyacrylate.32, 33 

Glass ionomer cements (GICs) provide 

several key benefits compared to other dental 

restorative materials. They chemically bond to both 

enamel and dentin, which improves retention 

without the need for additional bonding agents. 

GICs continuously release fluoride, helping to 

prevent secondary caries around restorations. They 

are also highly biocompatible, reducing the risk of 

irritation or adverse tissue reactions. Because of 

their strong adhesion, less healthy tooth structure 

needs to be removed, allowing for more 

conservative cavity preparations.34 

Conventional GICs are especially known 

for their high and sustained fluoride release, the 

highest among dental materials. This makes them 

effective at recharging fluoride from the oral 

environment. Studies have shown that GICs can 

promote the remineralization of tooth tissues, 

highlighting their role as bioactive materials in 

restorative dentistry.28, 35, 30, 31 

The strong marginal adaptation of glass 

ionomer restorations is mainly due to their thermal 

expansion rate being similar to that of natural tooth 

structure. This compatibility reduces stress at tooth 

restoration interface, helping to prevent 

microleakage and edge breakdown. Their 

biocompatibility is also noteworthy, likely because 

of the use of polyacrylic acid. This acid has a high 

molecular weight, which limits its ability to enter 

dentinal tubules, reducing the risk of pulp irritation 

and making the material safer for dental tissues.36, 

37 

While glass ionomer cements (GICs) offer 

many benefits, conventional formulations also have 
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some limitations. They tend to be brittle, have low 

flexural strength,38 and are more prone to wear 

compared to other restorative materials. These 

weaknesses limit their use in some areas of 

restorative dentistry.39 GICs also have a long 

setting timetaking up to 24 hours to fully develop 

their mechanical properties. Because they are 

naturally hydrophilic, they require a carefully 

controlled environment with about 80% humidity 

during setting. Too much moisture during this stage 

can cause swelling and damage, while drying out 

too quickly can lead to shrinkage and cracking.40 

Glass ionomer restorative materials are 

widely used in clinical dentistry. They are ideal for 

restoring low-stress areas like Class III and Class V 

cavities, especially in primary teeth. In addition, 

they are often used as liners or bases under other 

restorations and are well-suited for cementing 

crowns and bridges, thanks to their strong adhesion 

and fluoride-releasing ability.34, 41, 42 

 

IV.1. High viscosity glass ionomer cement (HV-

GICs) 

Conventional glass ionomer cements 

(GICs) have limitations in strength and wear 

resistance, which restrict their application in high-

stress areas. To overcome these drawbacks, high-

viscosity glass ionomer cements (HV-GICs) were 

introduced. Similar to conventional GICs, HV-

GICs are self-adhesive, self-curing, and water-

based. However, they feature several compositional 

modifications, including an increased powder-to-

liquid ratio, which improves their flexural strength 

and wear resistance compared to traditional 

GICs.43-45 

High-viscosity glass ionomer cements 

(HV-GICs) incorporate higher molecular weight 

polyacrylic acid and a combination of small, 

surface-modified fluoroaluminosilicate (FAS) 

fillers along with traditional fillers in the powder 

component to enhance reactivity. Although HV-

GICs share similar setting reactions with 

conventional GICs, several advancements have 

been made. Notably, the initial setting time has 

been shortened, which significantly reduces water 

sensitivity which was an essential factor for 

successful clinical placement.45 

Although the overall fluoride release of 

high-viscosity glass ionomer cements (HV-GICs) 

may be lower than that of conventional GICs, the 

release mechanism remains comparable, facilitating 

the remineralization of underlying dentin as 

demonstrated in numerous in vitro studies.46, 47This 

bioactive property plays a key role in the clinical 

success of HV-GIC restorations, which are 

characterized by a true "bulk-fill" reaction. 

High-viscosity glass ionomer cements 

(HV-GICs) are widely used in dentistry due to their 

improved handling and properties. They are a good 

alternative to amalgam for children, as primary 

teeth have a shorter lifespan.48In permanent teeth, 

their use is limited because they are not as strong, 

due to the non-polymerizable polyacid matrix. Still, 

HV-GICs are useful for certain cases like cervical 

cavities and small Class I and II cavities that don’t 

face heavy chewing forces. They are also 

commonly used as a base layer in the “sandwich” 

technique under composite fillings.49-51 HV-GICs 

come in two forms: powder/liquid mixtures and 

ready-to-use capsules. 

 

IV.2. Resin-modified glass ionomer cements 

(RM-GICs) 

Resin-modified glass ionomer cements 

(RM-GICs) represent a significant advancement in 

restorative dental materials by combining the 

beneficial properties of conventional glass ionomer 

cements (GICs) with those of resin composites.52 

The inclusion of methacrylate monomers, primarily 

2-hydroxyethyl methacrylate (HEMA), along with 

photoinitiators such as camphorquinone, enhances 

the setting characteristics and mechanical 

performance of the material.53, 54 The 

fluoroaluminosilicate (FAS) glass fillers in RM-

GICs are often silanized to improve their bonding 

with the resin matrix, increasing cross-linking, 

modulating filler solubility, and improving 

strength.55 The setting of RM-GICs is governed by 

a dual mechanism: the traditional acid-base 

reaction characteristic of GICs and a radical 

polymerization reaction initiated by light.56, 29, 57 

However, these reactions may interfere with each 

other; as resin polymerization accelerates, the acid-

base reaction tends to slow down, and vice versa. 

RM-GICs are more moisture-tolerant 

during setting, making them suitable in situations 

with poor isolation. However, unreacted HEMA 

increases water absorption and hydrolytic 

degradation, affecting long-term durability. Their 

lack of self-curing agents limits bulk curing, so 

incremental placement is advised. Tri-cure GICs, 

which include acid-base, light, and chemical 

curing, aim to improve depth of cure.58, 59 

Although RM-GICs release and recharge 

fluoride, their levels are lower than conventional 

GICs due to restricted ion diffusion.60, 29 Still, they 

can promote dentin remineralization, supporting 

their bioactivity. While their flexural strength is 

comparable to GICs, wear resistance is lower than 

resin composites. Clinically, they are best used in 

non–stress-bearing areas like cervical lesions, bases 

under restorations, and pediatric cases, but their 
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limited bond strength and durability reduce their 

use in high-stress areas.61 

 

V. Resin-based composite 
The invention of the dental monomer Bis-

GMA (bisphenol A-glycidyl methacrylate) by Dr. 

Raphael Bowen in 1956 was a key milestone in 

restorative dentistry. This monomer was created by 

combining bisphenol A and glycidyl methacrylate, 

resulting in a stable, strong, and moldable material 

that could be used in dental restorations. It formed 

the basis for the first commercial composite resin 

product, Addent, introduced by 3M in 1964.62This 

innovation marked a major shift from traditional 

materials like silicate cements and unfilled acrylic 

resins, offering improved durability and aesthetics. 

Since then, dental composites have 

undergone continuous improvement. Scientists 

have refined the inorganic filler particles, enhanced 

the resin matrix for better flow and strength, 

improved the silane coupling agents that bond 

fillers to the resin, and developed advanced light-

activated polymerization systems for easier 

curing.63As a result, modern composite resinswhen 

used with effective bonding agentsare highly 

aesthetic, long-lasting, and preserve more of the 

natural tooth. They are widely used for restoring 

both front (anterior) and back (posterior) teeth.64 

However, these materials also have 

limitations. Resin-based composites are technique-

sensitive, especially in moist environments, and 

require precise steps for bonding and layering. This 

can make procedures more time-consuming and 

costly.65Bulk-fill composites were developed to 

reduce placement time by allowing the dentist to 

place thicker layers (up to 4–5 mm) in one step. 

Although they help with speed, they still need 

bonding agents and proper handling to avoid 

failure.66In addition, traditional composite materials 

do not release enough fluoride, an important 

mineral that helps repair early tooth decay. They 

also lack bioactivity, meaning they do not interact 

well with natural tooth structures to encourage 

remineralization or healing.67 

Due to the limitations of traditional resin 

composites, especially their lack of fluoride release 

and bioactivity, new hybrid materials like 

compomers and giomers were developed. These 

materials combine the strength and aesthetics of 

composites with the fluoride-releasing and 

remineralizing benefits of glass ionomer cements, 

offering better protection against caries.68 

 

VI. Hybrid Materials 
6.1. Compomers 

Compomers, a term derived from 

"composite" and "ionomer," are a specifictype of 

dental restorative material known as polyacid-

modified composite resins.were developed to 

combine the aesthetic qualities and ease of use of 

composite resins with the fluoride-releasing 

properties of glass ionomer cements. Structurally, 

they contain a resin matrix similar to composites 

(typically based on dimethacrylate monomers), 

with the addition of acid-functional monomers and 

ion-leachable FAS glass particles, which enable 

fluoride release after water absorption and delayed 

acid-base reaction.69Unlike traditional glass 

ionomers, compomers do not release a high initial 

"burst" of fluoride but instead provide slow, 

sustained fluoride release over time, which can 

help inhibit secondary caries. Their fluoride release 

is also pH-dependent, increasing under acidic 

conditionsparticularly relevant during cariogenic 

challenges.70 

Compomers are formulated without 

intrinsic water; instead, their dehydrated acid-

functional monomers become integrated into the 

largely hydrophobic resin matrix upon light-

activated radical polymerization. This process 

yields a cross-linked network that binds both 

reactive FAS glass fillers and non-reactive silanized 

fillers via covalent bonds.71Initially, compomers 

possess mechanical propertiessuch as compressive 

and flexural strengththat are similar to resin-based 

composites (RBCs) and superior to resin-modified 

glass ionomer cements (RMGICs).72However, over 

time, hydrolytic degradation and filler dissolution 

occur due to water uptake, leading to gradual 

deterioration of these properties.  

Since compomers lack internal water, 

fluoride release is confined to their outer layers as 

moisture diffuses inward from the oral 

environment. This results in lower overall fluoride 

release than that seen with glass ionomer cements 

(GICs) or RMGICs, and no significant promotion 

of active remineralization in surrounding 

tissues.73Notably, fluoride release from compomers 

increases in acidic (cariogenic) conditions, offering 

targeted ion delivery during demineralization 

challenges.74Because compomers require the use of 

bonding agents, they are not classified as 

intrinsically bioactive materials . Clinically, they 

are inserted in increments no thicker than 2 mm, 

andthough they exhibit lower long-term retention 

rates than compositesthey remain useful for 

cervical andanterior restorations, base layers 

beneath posterior composites, and fillings in 

primary (deciduous) teeth.75, 76, 70 

6.2. Giomers 
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Giomers are a recent innovation in 

restorative dentistry that integrate the benefits of 

both glass-ionomer cements (GICs) and composite 

resins. They utilize surface pre-reacted glass-

ionomer (S-PRG) fillers, derived by 

reactingfluoroaluminosilicate (FAS) glass with 

polyalkenoic acid prior to being incorporated into 

the resin matrix. This pre-reaction process results in 

a three-layered filler structure consisting of a glass 

core, an ionomer hydrogel layer, and a silanized 

outer shell, enabling efficient bonding with the 

resin while preserving the ion-releasing capabilities 

of conventional GICs.77One of the key advantages 

of giomers is their ability to release and recharge 

therapeutic ions, including fluoride (F⁻), strontium 

(Sr²⁺), borate (BO₃³⁻), sodium (Na⁺), silicate 

(SiO₃²⁻), and aluminum (Al³⁺). These ions have 

been shown to promote enamel and dentin 

remineralization, inhibit matrix metalloproteinases 

(MMPs), provide antimicrobial activity, and buffer 

acidic environmentsmaking giomers bioactive 

materials with protective benefits beyond 

traditional composites.77 

From a clinical perspective, giomers 

exhibit high polishability, low wear, and optical 

properties that rival nano-hybrid composites, 

making them suitable for both anterior and 

posterior restorations. Longitudinal studies have 

demonstrated that giomer restoratives maintain 

high retention rates and marginal integrity over 

periods of up to 13 years.78 In pediatric and 

preventive dentistry, giomer-based sealants have 

shown effectiveness in preventing pit and fissure 

caries while offering shorter application times and 

fluoride recharging benefits.79Additionally, 

mechanical testing reveals that preheating giomer 

composites before placement significantly 

increases their flexural strength and reduces 

polymerization shrinkage stress, which is 

advantageous in large or load-bearing 

restorations.80 

 

VII. Ion-releasing Bioactive materials 
In recent years, there has been a growing 

focus in restorative dentistry on bioactive, ion-

releasing materials. These materials not only 

restore the shape and function of teeth but also help 

support the biological health of surrounding tissues. 

They are designed to release beneficial ions such as 

fluoride (F⁻),calcium (Ca²⁺), phosphate (PO₄³⁻), 

strontium (Sr²⁺), sodium (Na⁺), silicate (SiO₃²⁻), 

and aluminum (Al³⁺). These ions play important 

roles in remineralizing enamel and dentin, 

neutralizing acids, inhibiting matrix 

metalloproteinases (MMPs), and providing 

antibacterial effects. 

The incorporation of bioactive ion-

releasing fillers into restorative materials promotes 

the formation of apatite crystals, establishing a 

bond through interdigitation that becomes stronger 

with increased exposure time between the released 

ions and the collagen matrix of demineralized 

dentin. Saliva plays a key role in facilitating the 

release of phosphate, calcium, and silica ions, 

which directly correlates with the apatite-forming 

capability of the material and its adhesion to dentin. 

This ion exchange enables deep penetration into the 

dentinal tubules, forming an interlocking structure 

that enhances adhesive strength.81 The apatite 

interfacial layer, formed within dentin tubules at 

depths of up to 270 µm, highlights the benefits of 

bioactive ion-releasing materials at the adhesive 

interface, improving the bond between dentin and 

the restorative material while reducing microgaps.82 

New materials like Predicta Bioactive and 

ACTIVA Presto have been developed to meet this 

demand. They combine the strength and esthetics 

of traditional resin composites with continuous ion 

release and recharge capabilities. Laboratory 

studies have shown that Predicta Bioactive can 

release fluoride, calcium, and phosphate ions, 

improve tooth hardness and promote enamel 

repair.83 

 

VII.1. Predicta Bioactive bulk-fill 

In recent years, restorative dentistry has 

evolved significantly with the development of 

bioactive restorative materials designed not only to 

restore lost tooth structure but also to promote 

tissue repair, prevent secondary caries, and support 

long-term oral health. Among these innovations, 

Predicta® Bioactive Bulk Fill Composite, 

developed by Parkell Inc., represents an advanced 

category of bioactive resin-based materials. 

Introduced to the market as a dual-cure, bulk-fill 

composite, Predicta Bioactive aims to merge the 

esthetic and mechanical advantages of traditional 

resin composites with the therapeutic benefits of 

ion release. The concept behind Predicta aligns 

with the growing shift in modern dentistry toward 

minimally invasive,biologically active restorations 

that participate in the natural remineralization 

process of enamel and dentin. 

One of the key features of Predicta 

Bioactive is its ability to release and recharge 

fluoride (F⁻), calcium (Ca²⁺), and phosphate (PO₄³⁻) 

ions. These ions play essential roles in enamel 

repair, dentin remineralization, and acid 

neutralization, all of which are critical for 

protecting restored teeth in patients with high caries 

risk. The calcium and phosphate released by 

Predicta can help form hydroxyapatite-like crystals 
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at the tooth-restoration interface, strengthening the 

tooth and improving the seal of the restoration. 

Predicta also supports the inhibition of matrix 

metalloproteinases (MMPs), which are enzymes 

that can degrade collagen in dentin and 

compromise the long-term bond of restorations. 

Unlike traditional composites, which are bioinert, 

Predicta’s bioactive composition helps create a 

more stable and healthier restoration interface. 

Clinically, Predicta Bioactive is used for a 

range of direct restorations, including Class I, II, 

and core build-ups, particularly where deeper 

cavities, high moisture, or caries-prone patients are 

involved. Because it is dual-cure and bulk-fill, 

Predicta is advantageous in situations with limited 

access to light curing or where fast, deep 

polymerization is required.It combines strong 

mechanical properties with therapeutic ion release, 

including calcium, phosphate, and fluoride, which 

support remineralization and acid neutralization. 

In an in vitro study, Huang et al. reported 

that Predicta released high levels of calcium and 

phosphate and significantly improved enamel 

microhardness in primary molars.83 Another study 

found that Predicta enhanced dentin microhardness 

more than other bioactive materials, maintaining 

suitable flexural strength.84  Another used micro-

CT imaging to evaluate Predicta restorations 

subjected to thermomechanical loading and 

demonstrated excellent marginal sealing with 

minimal internal gaps, suggesting low 

microleakage and strong bond integrity over 

time.85These findings position Predicta as a 

promising bio-interactive restorative material that 

contributes both functional restoration and long-

term biological support to the tooth-restoration 

interface. 

VII.2. ACTIVA Presto: A Bioactive Flowable 

Composite 

ACTIVAPresto is a next-generation 

bioactive flowable composite developed by 

Pulpdent, designed to bridge the gap between 

conventional resin composites and glass ionomer 

materials. Unlike traditional composites, ACTIVA 

Presto actively participates in the oral environment 

by releasing and recharging beneficial ions such as 

fluoride, calcium, and phosphate, which play a key 

role in tooth remineralization and protection 

against secondary caries. It utilizes WETBOND 

technology, allowing it to bond effectively in moist 

conditions, which is particularly advantageous in 

deep cavities or subgingival margins. 

One of the key features of ACTIVA Presto 

is its rubberized resin matrix, which enhances 

toughness, fracture resistance, and marginal 

integrity under functional stress. This formulation 

also offers good polishability and esthetics, making 

it suitable for anterior and posterior restorations. Its 

dual benefits,bioactivity and mechanical 

strength,allow it to perform well in both routine 

and high-risk restorative situations. 

Laboratory studies have demonstrated 

ACTIVA Presto’s potential to minimize 

demineralization and bacterial biofilm formation. 

In a recent in vitro study using a Streptococcus 

mutans model, ACTIVA materials, including 

Presto, showed significantly less lesion depth 

around restorations compared to conventional 

composites, though slightly less buffering capacity 

than resin-modified glass ionomers.86Clinical trials 

have further supported its performance. In a 

randomized 12-month study, ACTIVA Presto was 

compared with Fuji II LC for treating cervical 

(Class V) lesions. Both materials performed 

similarly in terms of retention, marginal adaptation, 

and gingival health, though ACTIVA Presto 

showed a slightly higher rate of color mismatch 

over time.87, 88 

 

The role of Ion-releasing restorative materials in 

restoring CAD 

Ion-releasing restorative materials, 

including glass ionomer cements (GICs), resin-

based bioactive ion-releasing, and newer calcium-

releasing bioactive materials, are essential in the 

restoration of caries-affected dentin (CAD). These 

materials support the remineralization process, 

improve the mechanical strength of the affected 

tissue, and provide anticariogenic benefits at the 

dentin-restoration interface. 

An in vitro study conducted in 2024 

revealed that a bioactive ion-releasing resin-based 

restorative material,applied after enzymatic chemo-

mechanical caries removal, significantly improved 

the microhardness of caries-affected dentin 

compared to a conventional glass-hybrid GIC. 

Furthermore, it demonstrated greater calcium and 

phosphate deposition at the dentin–restoration 

interface, indicating enhanced remineralization 

capacity.89 

 

I. Ion Exchange and Mineral Deposition 

When applied over caries-affected dentin (CAD), 

ion-releasing restorative materials trigger a 

diffusion-driven release of therapeutic ions such as 

calcium (Ca²⁺), phosphate (PO₄³⁻), fluoride (F⁻), 

and zinc (Zn²⁺) into the porous, partially 

demineralized dentin. These ions serve as 

nucleation sites that promote the precipitation of 

apatite within both intertubular and intratubular 

dentin. This remineralization process enhances 

mineral content, increases microhardness, and 
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reinforces the structural integrity of 

CAD.90Calcium and phosphate ions contribute to 

the regeneration of hydroxyapatite crystals 

(Ca₁₀(PO₄)₆(OH)₂), while fluoride ions facilitate the 

formation of fluorapatite (Ca₁₀(PO₄)₆F₂), a more 

acid-resistant mineral phase. 

 

II. Hybrid Layer Preservation and Resin 

Infiltration 

In caries-affected dentin (CAD), the collagen 

matrix remains structurally intact but is susceptible 

to enzymatic degradation. Ion-releasing 

materialsespecially those incorporating bioactive 

adhesive systemspromote the formation of a stable 

hybrid layer.Calcium silicate-based materials 

release hydroxyl (OH⁻) and calcium (Ca²⁺) ions, 

increasing the local pH and facilitating mineral 

infiltration into collagen fibrils, thereby promoting 

intrafibrillar remineralization.Additionally, certain 

materials establish chemical bonds with dentin 

through ionic interactions with carboxyl or 

phosphate groups, enhancing bond strength without 

aggressive etching.This process helps maintain 

mechanical stability and minimizes nano-leakage 

over time.91 

 

III. Enzymatic Inhibition and Collagen 

Protection 

 Caries-affected dentin (CAD) contains matrix-

bound proteolytic enzymes, including matrix 

metalloproteinases (MMPs) and cysteine 

cathepsins, which contribute to collagen 

degradation and compromise the durability of 

adhesive restorations. Ion-releasing restorative 

materials play a crucial role in inhibiting these 

enzymatic activities through various mechanisms. 

Zinc ions (Zn²⁺) directly inhibit MMPs92, 93, while 

the alkaline environment created by the release of 

hydroxyl ions (OH⁻) leads to denaturation of both 

MMPs and cathepsins. Additionally, fluoride ions 

have been shown to reduce proteolytic degradation 

at the resin–dentin interface. These combined 

effects help stabilize the collagen framework, 

which is essential for maintaining long-term bond 

strength and facilitating effective dentin 

remineralization.94 

 

IV. Antibacterial and Biofilm-Inhibitory 

Effects 

Although caries-affected dentin (CAD) contains 

relatively low levels of residual bacteria, 

preventing further microbial invasion remains 

essential for long-term restoration success. Ion-

releasing materials contribute to this antimicrobial 

defense through the release of ions with 

bacteriostatic or bactericidal effects. Fluoride 

disrupts bacterial metabolism by inhibiting key 

enzymes such as enolase, thereby impairing 

glycolysis in cariogenic organisms like 

Streptococcus mutans. Zinc and strontium ions 

have been shown to reduce biofilm formation and 

acid production, limiting bacterial proliferation. 

Additionally, ion-rich restorative surfaces typically 

exhibit increased surface energy and alkalinity, 

creating an environment less conducive to bacterial 

adhesion and colonization.93 

 

V. Recharging and Long-Term Ion Release  

Many ion-releasing restorative materialssuch as 

glass ionomer cements (GICs) and giomersexhibit 

fluoride rechargeability, allowing them to absorb 

fluoride from external sources like toothpaste, 

mouth rinses, or fluoride varnishes and 

subsequently re-release it over time. This sustained 

fluoride release enhances long-term anticariogenic 

effects, making these materials particularly 

beneficial for patients at high risk of recurrent 

caries.95-98 

 

VIII. Limitations and Future perspectives 

VIII.1.  Current Limitations of Ion-

releasing restorative materials 

Although ion-releasing restorative materials exhibit 

promising bioactive properties, their long-term 

clinical performance remains uncertain. Variations 

in ion-release profiles, mechanical properties, and 

laboratory testing protocols make direct 

comparisons among studies difficult. Furthermore, 

most available evidence is derived from in vitro 

studies, highlighting the need for more clinical 

validation. 

VIII.2.  Future Directions in Bioactive 

Restorative Dentistry 

Future research should focus on developing 

restorative materials with sustainable ion release, 

enhanced mechanical durability, and improved 

adhesive performance. Standardized evaluation 

protocols and well-designed long-term clinical 

studies are essential to validate their effectiveness 

and optimize their application in minimally 

invasive restorative dentistry. 

 

IX. Conclusions 
Ion-releasing restorative materials have 

emerged as promising biomaterials that support the 

principles of minimally invasive dentistry by 

combining restorative function with therapeutic 

bioactivity. Through the release of fluoride, 

calcium. Phosphate, and other bioactive ions, these 

materials can promote remineralization, enhance 

the properties of caries-affected dentin, improve the 

stability of the tooth-restoration interface, and 
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potentially reduce the risk of secondary caries. 

Although current evidence demonstrates 

encouraging laboratory and early clinical outcomes, 

differences in material composition, ion-release 

behavior, and mechanical performance remain 

important consideration. Further well-designed 

long-term clinical studies are required to establish 

the durability and effectiveness of these materials. 

Continued advancements in bioactive restorative 

technologies are expected to enhance conservative 

caries management and contribute to improved 

long-term oral health outcomes. 
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