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Abstract 

Background and Aim: This study aimed to compare the dentin 

demineralization inhibitory potential of a bioactive composite resin 

(ACTIVA-BioActive) with a conventional composite resin.    

Materials and Methods: In this in vitro experimental study, 45 class 

V cavities were prepared on the root surface of extracted human third 

molars. The teeth were then immersed in a demineralizing solution 

(lactic acid, pH=4.5) at 37˚C for 3 days to induce the formation of 

secondary caries. The cavities were restored with Single bond 2 + Z250 

(group A), ACTIVA BioActive (group B), and Single bond 2 + ACTIVA 

BioActive (group C). The dentin microhardness was measured close to 

the restoration margin (marginally exposed dentin), and at 

approximately 4 mm distance from the margin in a varnish-covered 

dentin area (protected dentin). Three measurements were made at 

each site at 50, 100, and 150 µm depths from the external dentin 

surface. Data were analyzed with one-way ANOVA and Tukey test 

(alpha=0.05).     

Results: The highest Vickers hardness number (VHN) was observed in 

ACTIVA+ bonding agent (49.46±4.15), followed by Z250 

(44.57±3.87), and ACTIVA (43.44±3.76) group. The mineral index was 

significantly higher in ACTIVA+ bonding agent (76.87±3.80) compared 

to other groups while no significant difference was observed between 

ACTIVA (70.85±4.06) and Z250 (71.98±3.09) in this regard 

(P<0.001). 

Conclusion: The results showed that flowable ACTIVA BioActive 

composite used with Single bond 2 resulted in a significantly smaller 

reduction in dentin microhardness and reduced secondary caries 

formation. ACTIVA BioActive with no adhesive had no advantage over 

Z250 composite.  
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Introduction 

Dental caries is one of the most common 

infectious diseases around the world [1]. In 

recent years, resin restorative materials have 

been widely used due to their optimal esthetic 

properties and easy application in the clinical 

setting [2,3]. Despite many advances in 

composite resin formulations to improve 

physical properties, many composite resin 

materials still contain Bis-GMA, which is 

responsible for polymerization shrinkage during 

the setting reaction [4,5]. This shrinkage causes 

stress, which subsequently results in gap 

formation, enamel microcracks, microleakage, 

secondary caries, tooth hypersensitivity, and 

discoloration around the restoration margins [6]. 

This highlights the need for developing effective 

antibacterial and bioactive restorative materials 

that can prevent bacterial colonization and 

secondary caries [7], subsequently increasing the 

longevity of composite restorations [8].  

In recent years, a new generation of 

restorative materials known as bioactive 

composite resins was introduced to dental 

market. These materials can form chemical bonds 

to tooth structure without adhesive agents. 

Absence of monomers responsible for 

polymerization shrinkage in the composition of 

bioactive composite resins prevents further 

shrinkage and stress during polymerization 

process. Additionally, silver bioglass fillers and 

amorphous phosphopeptide calcium phosphate 

present in their composition act as a scaffold or 

matrix for further remineralization process 

[9,10]. In a study conducted by Chatzistavrou et 

al. [7], a composite resin containing silver 

bioglass enhanced the remineralization 

properties by increasing the formation of 

calcium-phosphate apatite-like phase in field 

emission scanning electron microscopy analysis 

after 14 days. In addition, these materials have 

both self-cure and light-cure setting modes, 

which decrease the concerns regarding the curing 

depth and microleakage [9,10]. 

ACTIVA-BioActive is one of the newly 

introduced bioactive materials. In fact, ACTIVA- 

BioActive is a hydrophilic resin-modified glass 

ionomer cement enriched with bioglass and 

fortified with a patented rubberized polymer 

resin [11]. The ion release, microleakage, and 

bond strength of ACTIVA composite resin have 

been previously evaluated with reportedly 

promising results. Porenczuk et al. [11] reported 

fluoride release from ACTIVA composite, which 

was the highest in the first 24 hours. Zmener et al. 

[12] reported significantly higher flexural 

strength and flexural fatigue of ACTIVA 

composite compared to conventional glass 

ionomer cement and flowable composite resin. 

However, the authors did not find any study 

evaluating the effect of ACTIVA-BioActive 

composite resin as a bioactive material on 

microhardness of the adjacent dentin. Thus, due 

to the limited information regarding the effect of 

this material on the hardness of adjacent dentin 

and its remineralization potential, the present 

study aimed to compare the microhardness of 

dentin adjacent to ACTIVA composite with and 

without a bonding agent, and Z250 composite 

resin. The null hypothesis was that the 

microhardness values of dentin adjacent to 

ACTIVA with and without a bonding                       

agent and Z-250 composite would not be 

significantly different. 

 

Materials and Methods 

This in vitro experimental study was approved 

by the ethics committee of Tehran University of 

Medical Sciences (IR.TUMS.DENTISTRY. 

REC.1398.122). 

Sample size: 

The minimum sample size was calculated to be 

15 specimens in each experimental group using 

one-way ANOVA feature of PASS 11 (NCSS, LLC., 

Kaysville, Utah, USA), considering alpha=0.05, 
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beta=0.2, mean standard deviation of 

microhardness equal to 4.97, and effect                 

size of 0.49 [13]. 

Sample preparation: 

Forty-five freshly extracted human third 

molars were used in the present study. The teeth 

had no caries, physical anomaly, or crack, and 

were stored in saline solution at 4°C until use. 

After removing the residual soft tissue and 

calculus, the teeth were stored in 0.5% 

chloramine T (Wako Pure Chemical Industry, 

Osaka, Japan) for one week for disinfection. To 

remove cement layer from the root surface, the 

samples were polished with 1000-grit silicon 

carbide paper (Sof-Lex, 3M ESPE, USA) under 

water irrigation.  

Each sample was split in half in mesiodistal 

direction to obtain two symmetrical halves. The 

samples were then randomly divided into 3 

groups (n=15). Standard class V cavities (2.5 mm 

in diameter and 1 mm in depth) were prepared 

on the samples 1 mm below the cementoenamel 

junction using a fine diamond bur (Intensiv 

#2201, INTENSIV SA, Switzerland) in a high-

speed handpiece under water coolant [14]. The 

bur used in the handpiece was changed after each 

5 preparations. Afterwards, the prepared cavities 

were cleaned using pumice slurry. Then,             

each sample was restored according to its group 

as follows: 

Z-250: The samples were etched with 37% 

phosphoric acid (Scotchbond, 3M ESPE, USA) for 

15 seconds, followed by 10 seconds of rinsing 

with water. Then, a cotton pellet was used to 

remove excess water from each cavity. The 

bonding agent (Single bond, 3M ESPE, USA) was 

applied in each cavity with a microbrush and was 

dried with gentle air flow for 10 seconds. The 

second layer of bonding agent was applied with 

the same approach. The samples were cured 

using a polywave LED curing unit (Woodpecker 

LED Curing, Guilin Woodpecker Medical 

Instrument Co., Guilin, China) with 1000 

mW/cm2 power intensity for 20 seconds. Next, 

one layer of composite resin (Z250; 3M ESPE, MN, 

USA) was placed in the cavity and light-cured      

for 40 seconds. 

ACTIVA: No etching or adhesive agent was 

used. Flowable ACTIVA™ BioActive composite 

resin (Pulpdent, Watertown, MA, USA)                   

was placed in the cavities and light-cured               

for 20 seconds. 

ACTIVA+ bonding agent: The samples were 

etched, and the bonding agent was used in the 

same manner as explained in group A.                  

Then, ACTIVA™ BioActive flowable composite 

was placed in the cavities and light-cured               

for 20 seconds.  

Finally, the cavity margins were polished 

using 600-, 800-, 1000-, and 1200-grit polishing 

discs (3M, St. Paul, MN, USA) under water spray 

and rinsed with deionized water. All surfaces of 

the samples except the composite surface and 1 

mm dentin adjacent to the composite were 

covered with 2 layers of acid-resistant varnish. 

The samples were then subjected to 

thermocycling in water baths between 5°C and 

55°C with a dwell time of 15 seconds for 10,000 

cycles corresponding to one year of clinical 

performance [15]. 

Demineralization process: 

The samples were stored in a demineralizing 

solution (lactic acid, pH of 4.4, at 37°C) for 3 days 

in an incubator. The solution was changed every 

4 hours. No changes were performed during their 

overnight storage. After 3 days, the samples were 

rinsed with saline solution. 

Finally, all samples were embedded in self-

cure acrylic resin (Acropars, Marlic, Iran) and 

each sample was cut in half perpendicular to the 

tooth surface and parallel to the cementoenamel 

junction. The samples were then polished with 

400-, 600-, and 1200-grit Al2O3 polishing papers 

(Sof-Lex,3M ESPE, USA), and rinsed with saline 

solution (Saline wash; Novin Teb Market, Iran).   

Microhardness evaluation: 

The microhardness of the samples was 

measured using a Vickers microhardness tester 
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(50 g load for 10 seconds) [16]. In each sample, 

the microhardness was measured in dentin at 50, 

100, and 150 µm distances from the restoration 

margin, and the mean of the three measurements 

was calculated as the microhardness of the 

respective sample. Then, the microhardness 

measurement was performed for other 3 points 

in the dentin covered with varnish. The mean of 

these three measurements was used as the 

reference dentin value for each sample. The 

Vickers hardness number (VHN) was calculated 

using the following formula in which VHN is the 

Vickers hardness number, F is the applied force, 

and d is the mean length of the indentation 

diagonals [17]. 

 

𝑉𝐻𝑁 =
2𝐹 𝑠𝑖𝑛 (

136°
2

)

𝑑2
≈

1.854𝐹

𝑑2
 

 

Finally, the mineral index was calculated using 

the following formula: 

 
𝑀𝑖𝑛𝑒𝑟𝑎𝑙 𝑖𝑛𝑑𝑒𝑥 =

𝑚𝑖𝑐𝑟𝑜ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑜𝑓 𝑑𝑒𝑛𝑡𝑖𝑛 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑡𝑜 𝑡ℎ𝑒 𝑚𝑎𝑟𝑔𝑖𝑛 𝑜𝑓 𝑟𝑒𝑠𝑡𝑜𝑟𝑎𝑡𝑖𝑜𝑛

 𝑚𝑖𝑐𝑟𝑜ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑜𝑓 𝑑𝑒𝑛𝑡𝑖𝑛 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑤𝑖𝑡ℎ 𝑣𝑎𝑟𝑛𝑖𝑠ℎ
 

 

Statistical analysis 

The data distribution was normal, and data 

were analyzed using SPSS version 24 with one-

way ANOVA followed by the Tukey’s post-hoc 

test. The level of significance was set at 0.05.  

 
Results 

The highest VHN was observed in the 

ACTIVA+bonding agent (49.46±4.15), followed 

by Z250 (44.57±3.87), and ACTIVA (43.44±3.76) 

group (Table 1).  

According to the results of one-way ANOVA, 

there was a significant difference among the 

groups regarding the mineral index (P<0.001). 

Pairwise comparisons by the Tukey’s test showed 

that the mineral index was significantly higher in 

the ACTIVA+ bonding agent group compared to 

the Z250 and ACTIVA groups (P<0.05). However, 

no significant difference was observed between 

the ACTIVA and Z250 groups in this regard 

(P>0.05, Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparative assessment of VHN and mineral 

index of the three groups 

 
 
Table 1. Measures of central dispersion for the VHN and mineral content index of the study groups 
 

Sample N Mean 
Std. 

Deviation 

Std. 

Error 

95% Confidence Interval  

for Mean 
Minimum Maximum 

Hardness         

Activa + bond 15 49.460 4.146 1.070 47.163 42.60 55.67 

Z-250 15 44.567 3.871 0.999 42.423 46.110 49.37 

Activa 15 43.442 3.762 0.971 41.359 45.526 48.57 

Index of mineral 

content 
       

Activa + bond 15 76.867 3.801 0.981 74.762 78.973 83.69 

Z-250 15 71.989 3.093 0.798 70.276 73.701 75.80 

Activa 15 70.857 4.060 1.048 68.608 73.106 76.53  
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Discussion  

In the recent years, the demand for composite 

resin materials has been increasing. Despite the 

fact that composite restorations satisfy patients' 

esthetic demands, secondary caries, 

microleakage, crack formation, marginal 

discoloration, and polymerization shrinkage are 

among the shortcoming of these restorations [6]. 

To overcome the shortcomings of composite 

restorations, bioactive composite resins were 

introduced to dental market and have attracted 

the researchers' attention due to their 

remineralization potential. ACTIVA-BioActive 

composite resin is one of the newly introduced 

bioactive composite resins. It releases 

remineralizing ions such as fluoride, calcium, and 

phosphate which enhance remineralization.    

In the present study, the microhardness of the 

dentin adjacent to the conventional composite, 

ACTIVA composite without bonding agent, and 

ACTIVA composite with bonding agent was 

evaluated. The samples that received ACTIVA 

following the bonding agent application showed 

significantly higher mineral index and thus, the 

part of null hypothesis regarding the hardness 

was rejected. However, the microhardness and 

mineral index were not significantly different 

between the samples restored with conventional 

composite with bonding agent and those restored 

with ACTIVA without a bonding agent. 

Different conditioning methods and different 

acids have been used to condition the dentin 

surface. EDTA, citric acid, poly acrylic acid, and 

tannic acid are some of the acids used to etch the 

dentin surface before the application of resin 

modified glass ionomer [18,19]. Dentin 

conditioning improves mechanical bonding by 

increasing the surface porosities and thus, 

increases the surface area contacting the 

restorative material [20]. Moreover, it is believed 

that acid removes the smear layer and enhances 

the penetration of bonding agent into dentin. The 

improved bond strength of resin modified glass 

ionomer to dentin following acid etching and 

adhesive application has been reported in the 

literature [21]. Since ACTIVA composite resin is a 

material combining the properties of composite 

resins and resin-modified glass ionomers, the 

acid etch and bonding agent application improve 

its bonding properties to dentin.  

According to a study by Valanezhad et al. [22], 

physical characteristics of materials such as 

surface hardness improve following an increase 

in bioactive glass particles. Additionally, the 

authors speculate that an improved chemical 

bonding between ACTIVA and bonding agent 

might contribute to increased microhardness and 

mineral index because of better ion exchange 

between the ACTIVA and dentin.  

The ability of ACTIVA to release mineralizing 

ions has been shown in some previous studies. 

According to Porenczuk et al. [11] ACTIVA 

showed the highest fluoride release during the 

first day of application (15.552 ppm). The 

released fluoride decreased the effect of 

demineralizing solution and enhanced 

remineralization, and thus, the microhardness 

level and mineral index increased in ACTIVA 

samples compared to the samples restored with 

conventional composite. Various factors such as 

filler particle size, content and distribution, and 

also material matrix influence surface hardness 

[23,24]. Moreover, bioglass fillers present in 

ACTIVA can improve the pH at the material-tooth 

interface and decrease demineralization 

following immersion in a demineralizing 

solution. Formation of a calcium-phosphate layer 

at the material-tooth interface after restoring the 

teeth with composite containing bioactive glass 

has been shown in a previous study [7]. Due to the 

presence of bioactive glass particles in ACTIVA 

composition [11], we expect the formation of 

calcium-phosphate layer at the ACTIVA-tooth 

interface. However, we did not investigate          

this issue, and it should be evaluated in          

further studies. 
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Conclusion 

Within the limitations of this study, the 

following results were obtained: 

I. Flowable ACTIVA BioActive composite 

significantly limited the reduction of dentin 

microhardness and decreased the formation 

of secondary caries when used together with 

Single bond 2. 

II. ACTIVA BioActive composite with no bonding 

agent had no superiority over the 

conventional composite resin. 
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