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Abstract  
The changes in the mechanical behavior of compomers reinforced with hydroxyapatite (HA) and 

bioactive glass (BAG) nanoparticles were investigated. The compomers reinforced with 4% HA showed 

the highest compressive strength values. 4% BAG and 1% HA addition to the compomers significantly 

decreased the elastic modulus of the material. The addition of 3% HA and 3% and 4% BAG particles 

enhanced the fracture toughness of the compomer restorative material. SEM images showed more voids 

on the fracture surface of the Bioactive glass groups than the hydroxyapatite groups. The increased 

proportion of BAG resulted in a decrease in compressive strength, flexural strength and elastic modulus 

of the compomer while, an increase in the fracture toughness of the material. Based on the results, higher 

hydroxyapatite content showed an increasing trend of mechanical behavior of compomer restorative 

materials.  
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1. Introduction  
Resin-based restorative materials used in restorative treatments are preferred more by patients and 

physicians because of some reasons like biocompatibility and aesthetic properties. Compomers are 

among  these materials that combine the fluoride release of glass ionomer cement with the aesthetics and 

mechanical benefits  of composites (Manhart et al., 2000, Manhart et al., 2001).  

It is known that compomer restorative materials, which  is quite widely used in pediatric dentistry  have 

several benefits and some negative features, as well. The most important problems of resin materials are 

low abrasion resistance and polymerization shrinkage. It’s still undergoing continuous development and 

modification, in order to find the ideal dental restorative material. The total filler amount and particle 

form and size of the filler may change the mechanical behavior of the resin materials (Manhart et al., 

2000, Jung et al., 2003).  

One of the main problems of the light-curing materials is polymerization shrinkage which happens  as a 

result of the aggregation of molecules during monomer to polymer conversion. Polymerization shrinkage 

causes stress between  restoration and tooth interface as the elastic modulus of the composite increases 

while curing. This stress turns out  a bond failure, cuspal flexure, enamel microcracking and secondary 

dental caries  due to marginal leakage, moreover can cause restoration failure (Yap et al., 2001, Maia et 

al., 2015).  

In the literature, until now, many studies have reported  the results  of hydroxyapatite and bio-active glass 

addition to glass ionomer cement and composites. In the current study, the results  of  hydroxyapatite and 

bio-active glass addition to compomers were carried out. Changes in mechanical behavior of the 

experimental compomers were evaluated. 

 

2. Materials and methods 

2.1. Mechanical Tests 

The HA (Sigma-Aldrich, St Louis, MO, USA)  and BAG (SCHOTT AG, Landshut, Germany) particles 

(1%, 2%, 3% and 4% w/w) were mixed mechanically as described previously (Kasraei and Azarsina, 

2012) with the compomer restorative materials (Dyract®eXtra, Dentsply DeTrey, Konstanz, Germany) 
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using a plastic spatula for 30 min. The specimens were assigned to nine experimental groups and prepared 

for compressive strength (CS), flexural strength (FS) ,elastic modulus (EM)  and fracture toughness (FT).  

For compressive strength 10 cylindrical specimens per group were prepared and inserted into stainless 

steel molds (SSM) consistent with  the ISO 9917 (height 6 mm, diameter 4 mm) (ISO 9917-1, 2007). 10 

specimens for each group were prepared consistent with  International Organization for Standardization, 

Dentistry -Polimer-based restorative materials  standard (ISO 4049, 2009) in SSM with internal 

dimensions 25x2x2 mm. American Society of Testing and Materials Standard test method E-399-90 

(ASTM E399-90, 1997) was used to determine FT. Ten specimens for each experimental groups (25 mm 

long×2.5 mm wide×5 mm in height) were prepared with a  0.5 mm notch width and 2.5 mm depth.  

The surface of the experimental compomers was lined  by a Mylar matrix strip and pressed between 2 

glass slides. All specimens were light-cured through the glass slides on top and bottom surfaces following 

manufacturers’ directions with a light curing device (Elipar S10 LED, 3M ESPE, St. Paul. MN, USA). 

The samples were stored in deionized water and incubated at 37°C±2°C for 24 h.  

CS, FS, EM and FT were measured automatically using a universal testing machine (Hounsfield H10KS, 

Hounsfield Ltd, UK) connected to the PC. The FS and the EM were calculated automatically by Qmat 

3.63 computer program. FT, was calculated as described previously from the presented equation (Lucas 

et al., 2003, Eick et al., 2007):  

 

              KQ: (PQS/BW3/2). f(a/w) 

f(a/W)=3(a/W)½[1.99-(a/W)(1-a/W)*(2.15-3.93a/W+2.7a2/W2)]/2(1+2a/W)(1-a/W3) 3/2 

 

2.2. SEM Evaluation 

The fractured surfaces of the samples in the FT test were observed under a scanning electron microscope 

(SEM) (Quanta FEG 450, FEI, USA). The samples were gold coated by a sputter coater before SEM 

observations.  

 

2.3. Statistical Analysis 

Statistical analysis of the study results was performed with IBM SPSS Statistics-22 program (IBM SPSS, 

Turkey) by One-way ANOVA, Tukey HDS, paired sample t-tests.  

 

3 Results and discussions  
The results of CS, FS, EM and FT tests were presented in Tables 1a-3a, respectively. A statistically 

significant difference was found within the experimental groups in all tests (One way ANOVA, p < 0.05). 

 

Table 1a: Compressive Strength of experimental groups. The data represent mean ± standard 

deviation(SD). One way ANOVA represents a significant difference between groups.*(p < 0.05). 

 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           Oneway ANOVA Test,                          

 

 Compressive Strength (Mpa) 

Mean± standard deviation (SD) 

Control 261.9± 9.6 

1%  HA 223.0±17.7 

2%  HA 216.4± 9.7 

3%  HA 234.2±10.6 

4%  HA 249.4±10.6 

1%  BAG 215.9±12.2 

2%  BAG 216.3±10.5 

3%  BAG 200.4±6.3 

4%  BAG 186.7±5.1 

p 0.001* 

http://www.iiste.org/
http://en.wikipedia.org/wiki/Elastic_modulus


International Journal of Scientific and Technological Research                               www.iiste.org 
ISSN 2422-8702 (Online) 
Vol 5, No.1, 2019 
 

138 | P a g e  
www.iiste.org  
 

Table 2a: Flexural strength and elastic modulus of experimental groups. The data represent mean ± 

standard deviation(SD). One way ANOVA represents a significant difference between groups.*(p < 

0.05). 

 

 Flexural Strength (MPa) Elastic Modulus (GPa) 

  

Control 116.9±13.7 10.5±1.3 

1% HA 78.7±7.0 8.6±1.2 

2% HA 77.8±4.8 10.3±0.4 

3% HA 87.9±2.3 9.4±0.6 

4% HA 106.9±5.1 10.7±0.9 

1% BAG 90.3±9.6 11.0±0.7 

2% BAG 85.0±12.6 10.0±0.8 

3% BAG 98.9±4.9 10.8±0.9 

4% BAG 99.7±6.4 8.3±0.4 

p 0.001* 0.001* 

                Oneway ANOVA Test, 

 

Table 3a: Fracture toughness of experimental groups. The data represent mean ± standard 

deviation(SD). One way ANOVA represents a significant difference between groups.*(p < 0.05). 

 Fracture Toughness (MPa m1/2) 

 

Control 1.5±0.1 

%1 HA 1.5±0.1 

%2 HA 1.5±0.1 

%3 HA 1.7±0.1 

%4 HA 1.5±0.0 

%1 BAG 1.6±0.1 

%2 BAG 1.6±0.1 

%3 BAG 1.7±0.1 

%4 BAG 1.7±0.1 

p 0.001* 

                          Oneway ANOVA Test* p<0.05 

 

The comparison between the groups was performed by Tukey HSD test (Table 1b-3b). The CS of the 

control and 4% HA groups were similar and significantly increased compared to the other groups 

(p=0.001).  The compomers reinforced with 4% HA showed the highest CS values. 3% and 4% BAG 

groups presented decreased CS values in comparison to the other groups (p < 0.05), (Table 1b). 
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Table 1-b: Multiple comparison of compressive strength of experimental groups using post-hoc tests.

Tukey HSD Test, represents a significant difference among groups. * p<0.05, ** p<0.01 

                                                                               Compressive Strength (Mpa) 

                                                                                                         P 

Control / 1% HA  0.001** 

Control / 2% HA 0.001** 

Control / 3% HA 0.001** 

Control / 4% HA 0.205 

Control / 1% BAG  0.001** 

Control / 2% BAG 0.001** 

Control / 3% BAG 0.001** 

Control / 4% BAG 0.001** 

1% HA / 2% HA 0.911 

1% HA / 3% HA 0.341 

1% HA / 4% HA 0.001** 

1% HA / 1% BAG  0.864 

1% HA / 2% BAG 0.901 

1% HA / 3% BAG 0.001** 

1% HA / 4% BAG 0.001** 

2% HA / 3% HA 0.012* 

2% HA / 4% HA 0.001** 

2% HA / 1% BAG  1.000 

2% HA / 2% BAG 1.000 

2% HA / 3% BAG 0.035* 

2% HA / 4% BAG 0.001** 

3% HA / 4% HA 0.058 

3% HA / 1% BAG  0.008** 

3% HA / 2% BAG 0.011* 

3% HA / 3% BAG 0.001** 

3% HA / 4% BAG 0.001** 

4% HA / 1% BAG 0.001** 

4% HA / 2% BAG 0.001** 

4% HA / 3% BAG 0.001** 

4% HA / 4% BAG 0.001** 

1% BAG / 2% BAG  1.000 

1% BAG / 3% BAG 0.048* 

1% BAG/ 4% BAG 0.001** 

2% BAG / 3% BAG 0.037* 

2% BAG / 4% BAG 0.001** 

3% BAG / 4% BAG 0.125 

 

The FS of the control and 4% HA groups were similar and significantly increased compared to the other 

groups (p=0.001). The addition of 4% BAG and 1% HA to compomers significantly decreased the elastic 

modulus of the material (p=0.001), (Table 2b).   
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Table 2b : Multiple comparison of flexural strength and elastic modulus of experimental groups using 

post-hoc tests.Tukey HSD Test, represents a significant difference among groups. * p<0.05, ** p<0.01 

 
Flexural Strength (MPa) Elastic Modulus (GPa) 

p p 

Control / 1% HA  0.001** 0.001** 

Control / 2% HA 0.001** 1.000 

Control / 3% HA 0.001** 0.114 

Control / 4% HA 0.163 0.999 

Control / 1% BAG  0.001** 0.916 

Control / 2% BAG 0.001** 0.965 

Control / 3% BAG 0.001** 0.996 

Control / 4% BAG 0.001** 0.001** 

1% HA / 2% HA 1.000 0.001** 

1% HA / 3% HA 0.240 0.442 

1% HA / 4% HA 0.001** 0.001** 

1% HA / 1% BAG  0.049* 0.001** 

1% HA / 2% BAG 0.733 0.006** 

1% HA / 3% BAG 0.001** 0.001** 

1% HA / 4% BAG 0.001** 1.000 

2% HA / 3% HA 0.143 0.320 

2% HA / 4% HA 0.001** 0.952 

2% HA / 1% BAG  0.026* 0.655 

2% HA / 2% BAG 0.572 0.999 

2% HA / 3% BAG 0.001** 0.919 

2% HA / 4% BAG 0.001** 0.001** 

3% HA / 4% HA 0.001** 0.017* 

3% HA / 1% BAG  0.999 0.002** 

3% HA / 2% BAG 0.997 0.737 

3% HA / 3% BAG 0.086 0.011* 

3% HA / 4% BAG 0.047* 0.152 

4% HA / 1% BAG  0.001** 0.999 

4% HA / 2% BAG 0.001** 0.645 

4% HA / 3% BAG 0.418 1.000 

4% HA / 4% BAG 0.572 0.001** 

1% BAG / 2% BAG  0.872 0.253 

1% BAG / 3% BAG 0.342 1.000 

1% BAG / 4% BAG 0.223 0.001** 

2% BAG / 3% BAG 0.009** 0.561 

2% BAG / 4% BAG 0.004** 0.001** 

3% BAG / 4% BAG 1.000 0.001** 

 

The addition of  3% HA and 3% and 4% BAG particles enhanced the fracture toughness of the compomer 

restorative material  (p= 0.006, p=0.001), (Table 3b).   
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Table 3b: Multiple comparison of fracture toughness of experimental groups using post-hoc tests.

Tukey HSD Test, represents a significant difference among groups. * p<0.05, ** p<0.01 

 

 
Fracture Toughness (MPa m1/2) 

p 

Control / 1% HA  0.859 

Control / 2% HA 1.000 

Control / 3% HA 0.006** 

Control / 4% HA 0.879 

Control / 1% BAG  0.612 

Control / 2% BAG 0.278 

Control / 3% BAG 0.001** 

Control / 4% BAG 0.001** 

1% HA / 2% HA 0.975 

1% HA / 3% HA 0.291 

1% HA / 4% HA 1.000 

1% HA / 1% BAG  1.000 

1% HA / 2% BAG 0.989 

1% HA / 3% BAG 0.079 

1% HA / 4% BAG 0.013* 

2% HA / 3% HA 0.021* 

2% HA / 4% HA 0.981 

2% HA / 1% BAG  0.850 

2% HA / 2% BAG 0.521 

2% HA / 3% BAG 0.003** 

2% HA / 4% BAG 0.001** 

3% HA / 4% HA 0.267 

3% HA / 1% BAG  0.552 

3% HA / 2% BAG 0.870 

3% HA / 3% BAG 1.000 

3% HA / 4% BAG 0.943 

4% HA / 1% BAG  1.000 

4% HA / 2% BAG 0.985 

4% HA / 3% BAG 0.070 

4% HA / 4% BAG 0.011* 

1% BAG / 2% BAG  1.000 

1% BAG / 3% BAG 0.207 

1% BAG / 4% BAG 0.043* 

2% BAG / 3% BAG 0.509 

2% BAG / 4% BAG 0.161 

3% BAG / 4% BAG 0.999 

 

 

SEM images showed more voids on the fracture surface of the experimental compomers than the control 

group (Figures 1 and 2). Bio-active glass groups showed more voids in comparison with hydroxyapatite 

groups.  
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Figure 1:  The fractured surfaces of HA modified compomer restorative materials, SEM images. A: 

Control, X1.000, A: Control, X60.000, B: %1 HA, X1.000, B: %1 HA, X60.000,   C: %2 HA, X1.000, 

C: %2 HA, X60.000,   D: %3 HA, X1.000, D: %3 HA, X60.000,   E: %4 HA, X1.000, E: %4 HA, 

X60.000. 

 

 

 

 
Figure 2:  The fractured surfaces of BAG modified compomer restorative materials, SEM images. A: 

%1 BAG, X1.000, A: %1 BAG, X60.000,   B: %2 BAG, X1.000, B: %2 BAG, X60.000,   C: %3 BAG, 

X1.000, C: %3 BAG, X60.000,   D: %4 BAG, X1.000, D: %4 BAG, X60.000. 

 

Bioactive glasses are synthetic materials generally made of calcium, phosphorus, silicon, and sodium 

oxides and  release ions needed for remineralization of tooth tissue (Khvostenkoa et al., 2013, Osorio et 

al., 2016). 

The incorporation of reinforcing nano particles in dental restorative materials enhance aesthetics, 

antimicrobial activity and physical properties (Yap et al., 2002, Mitra et al., 2003, Mu et al., 2007, Zakir 

et al., 2013).  

There are several reports which indicate a strong reaction between cement matrix and nanoparticles. 

Moshaverinia et al. (2008) added 5% nano-hydroxyapatite and fluorapatite particles to the GIC and 

reported a positive impact on the mechanical properties of the cement.  
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The  release of calcium ions from the surface of nanoparticles and higher occurrence of crystallization 

reactions are strongly related with the enhance in mechanical properties of the cements (Suchanek et al., 

1996, Moshaverinia et al., 2008,  Lee et al., 2010).  

The addition of nano-hydroxyapatite at different weight percentages was evaluated by several studies.  

Gu et al. (2005) reported higher compressive and tensile strengths compared to 

the original cement by addition of 4 and 12% hydroxyapatite to conventional glass ionomer powder.  

Moshaverinia et al. (2008) added 4-5% w/w hydroxyapatite to glass ionomer cement and reported an 

increase in compressive strength.  

Mu et al. (2007)  reported the increase in flexural and compressive strength of  8% nano- hydroxyapatite 

-added conventional glass ionomer. 

Mohammadi Basir et al. (2013) reported  that 5% nano-hydroxyapatite addition  to a  resin-modified 

glass-ionomer cement (RMGI) enhanced the  CS of the material.  

The incorporation of nano-hydroxyapatite up to 10wt% showed an increase in the wear resistance of a  

resin-modified GIC and the highest increase was reported  in 2% and 5% wt nano-hydroxyapatite 

modified materials (Poorzandpoush et al., 2017).  

Sharafeddin et al. (2017) reported that the hardness of RMGI and Zirconomer increased by 5 and 15 wt% 

of microhydroxyapatite addition, but the increased amount of HA resulted  a decrease  in the hardness of  

the materials. 

Based on previous studies (Hammouda, 2009, Garoushi et al., 2011, Khaghani et al., 2013, Khoroushi et 

al., 2013), in this study,  the HA and BAG nanoparticles were added  at 1-4 % w/w to compomers in 

order to prevent polymerization problems that can negatively affects  the material’s  unique properties.  

The restorative materials reinforced with bio-active glasses showed a decrease in compressive strength 

(Matsuya et al., 1999, Ana et al., 2003, Yli-Urpo et al., 2005). Matsuya et al., (1999) reported that the 

decrease in compressive strength of the materials was possibly related with the pH of the polymeric acid 

and the reactivity of the glass powder, without a relation to the structure or the amound of additives.   

Ana et al., (2003) reported the possible mechanism of lower compressive strength with reduced amount 

of aluminum cations during partial replacement of cement powder with bio-active glass.  

In the present study, we added hydroxyapatite and bio-active glass to compomers (polyacid modified 

composite resins) instead of the conventional glass powder or RMGI.  

Results of the current study demonstrated that the CS of  compomers increased with the increasing 

amount of hydroxyapatite, but presented a decrease as the amount of bio-active glass increased. It seems 

that 1-3 wt % of nanohydroxyapatite addition  is not effective to enhance the compressive strength of  

compomers. The 4 wt % of nanohydroxyapatite addition showed similar compressive strength compared 

to the original cement. The presented compressive strength results of BAG modified compomer 

restorative materials were similar to previous studies (Matsuya et al., 1999, Ana et al., 2003, Yli-Urpo et 

al., 2005) which reported the decrease of CS due to increasing amount of bio-active glass particles.  

The flexural strength of  the material significantly decreased by hydroxyapatite and bio-active glass 

addition. Results of the flexural strength test revealed higher flexural strength by increasing the weight 

percentage of hydroxyapatite nanoparticles, but the  flexural strength of  bio-active glass modified groups 

didn’t show an  increase by the increasing amount. The 4 wt % of nanohydroxyapatite addition showed 

similar flexural strength compared to the original cement. 

In this study, the increased amount of bio-active glass resulted a decrease in elastic modulus of the 

compomer. Elastic modulus increased as the amount of hydroxyapatite increased. 

Flexural strength and elastic modulus results of modified groups were similar to that reported by Arcis 

et al., (2002),  Zhang et al., (2012) and Yang et al., (2013). However, different results were obtained from 

Lohbauer et al., (2003), Mu et al., (2007) and Hammouda, (2009). These differences may be due to the 

amount of hydroxyapatite and type of bio-active glass. Further designed studies are necessary to 

investigate the effects of higher percentages of nanohydroxyapatite on  compressive strength, flexural 

strength and elastic modulus of compomers.  

Lucas et al., (2003) added 8 wt% of HA to the glass ionomer cement and reported an increase in toughness 

and bond strength to dentin. 

Lucksanasombool et al., (2002) added 0%, 10%, 20%, 30%  w/w glass fiber to glass ionomer and they 

reported a decrease in fracture toughness with increased porosity. 

Lohbauer et al., (2004) and Hammouda, (2009) reported the increase of fracture toughness with 

increasing fiber concentration in glass ionomer cement.  

In this study, the incorporation of the 3-4 wt % of BAG and HA particles increased the  fracture toughness 

of the material.  

Filler morphology is very important for reinforcing the efficacy of dental materials.  
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Zhang at al., (2012) added hydroxyapatite whiskers and nano-scale powder in varied proportions to dental 

composites and reported a significant decrease in flexural strength with increasing volume fraction of 

hydroxyapatite powder. 

Whiskers had sensible dispersibility and wettability than hydroxyapatite nano-scale powder with a bis-

GMA-based polymer (Roeder et al., 2003).  

Lezaja et al., (2013) added different form and size of hydroxyapatite  to the composites and reported that 

the modified composites presented increased flexural strength than the control group. 

In the present study, 1-4 %  w/w  nanopowder ( <200 nm p.s ) of  hydroxyapatite  and   inorganic glass 

powder (grain size K5) of bio-active glass were added manually to compomers. 

The differences between present study and other researchs may be due to the experimental setups  like 

silanization, hand-mixing and non-uniform dispersion of nanoparticles.  

The addition of BAG to a polymeric matrix has been shown to alter the degradation rate of the material 

by changing parameters such as hydrophobicity, water absorption, weight loss, pH and surface  

morphology (Li and Ghang, 2005, Osorio et al., 2016). 

Osorio et al., (2016) investigated the effects of  BAG on surface nanoroughness and topography of 

RMGICs. They reported the changes on the surface morphology after wet and dry storage conditions.  

The changes depended on the particles size of the RMGICs in dry conditions, but the changes were 

related with the dissolution of the BAG particles, a silica-rich gel formation and a hydroxyl carbonate 

apatite precipitation on the surface of the materials in wet conditions (Osorio et al., 2016). 

In this study, SEM observations of fractured surfaces showed a lot of voids in the experimental groups 

than the control group. Bio-active glass groups showed more voids in comparison with hydroxyapatite 

groups. Hand-mixing of the nano-particles to compomer restorative materials may cause the formation 

of voids and adversely affect the mechanical properties.  

 

4. Conclusion 

The resuts of this study suggests that mixing HA and BAG nanoparticles into compomer produced 

changes in the mechanical behavior of the restorative material. 

These changes depended  the amount of additives. The increased amount of BAG resulted a decrease in 

flexural, compressive strength and elastic modulus of the compomer while, an increase in the fracture 

toughness of the material. The increased hydroxyapatite amount showed an increasing trend of 

mechanical behavior of  compomer restorative materials. Thus, addition of higher percentages of 

nanohydroxyapatite to compomers may improve its mechanical properties.  

 

Acknowledgments: We thank  Professor  Ismail Aydın (Istanbul University, Faculty of Engineering, 

Department of Chemical Engineering) for his contribution to designing, implementing the methodology, 

and  Dr. Mustafa Fatih Ergin (Istanbul University, Faculty of Engineering, Department of Chemical 

Engineering) for his research assistance. 

The present work was supported by the Research Fund of Istanbul University. Project No: 32883. 

Conflict of interest: There is no conflict of interest. 

 

References:  
American Society of Testing and Materials (1997) ASTM E399-90:1997 Standard test method for 

plane strain fracture toughness of metallic materials. West conshohocken, PA, ASTM. 

Ana, I.D., Matsuya, S., Ohta, M., Ishikawa, K. (2003) ‘Effects of added bioactive glass on the setting 

and mechanical properties of resin-modified glass ionomer cement’, Biomaterials, Vol. 24, No. 

18, pp. 3061-3067.   

Arcís, R.W., López-Macipe, A., Toledano, M., Osorio, E., Rodríguez-Clemente, R., Murtra, J.,  

Fanovich, M.A., Pascual, C.D. (2002) ‘Mechanical properties of visible light-cured resins 

reinforced with hydroxyapatite for dental restoration’, Dental Materials, Vol. 18, No. 1, pp. 49-

57.  

Eick, J.D., Kotha, S.P., Chappelow, C.C., Kilway, K.V., Giese, G.J., Glaros, A.G., Pinzino, C.S. 

(2007) ‘Properties of silorane-based dental resins and composites containing a stress-reducing 

monomer’, Dental Materials, Vol. 23, No. 8, pp. 1011-1017.   

http://www.iiste.org/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kotha%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=17097138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chappelow%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=17097138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kilway%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=17097138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giese%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=17097138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glaros%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=17097138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinzino%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=17097138


International Journal of Scientific and Technological Research                               www.iiste.org 
ISSN 2422-8702 (Online) 
Vol 5, No.1, 2019 
 

145 | P a g e  
www.iiste.org  
 

Garoushi, S., Lassila, L.V. and Vallittu, P.K. (2011) ‘Influence of nanometer scale particulate fillers 

on some properties of microfilled composite resin’, Journal of Materials Science Materials in 

Medicine, Vol. 22, pp. 1645-1651.  

Gu, Y.W., Yap, A.U., Cheang, P., Koh, Y.L., Khor, K.A. (2005) ‘Development of zirconia-glass 

ionomer cement composites’, Journal of Non-Crystalline Solids, Vol. 351, pp. 508-514. 

Hammouda, I.M. (2009) ‘Reinforcement of conventional glass-ionomer restorative material with 

short glass fibers’, The Journal of the Mechanical Behavior of Biomedical Materials, Vol. 2, No. 

1, pp. 73-81.  

International Organization for Standardization (2007) ISO 9917-1: 2007 Dentistry-Water based 

cements-Part 1: Powder/liquid acid-base cements. Geneva, ISO. 

International Organization for Standardization (2009) ISO 4049: 2009 Dentistry-Polimer-based 

restorative materials. Geneva, ISO. 

Jung, M., Bruegger, H. and Klimek, J. (2003) ‘Surface geometry of three packable and one hybrid 

composite after polishing’, Operative Dentistry, Vol. 28, No. 6, pp. 816-824.   

Kasraei, S. and Azarsina, M. (2012) ‘Addition of silver nanoparticles reduces the wettability of 

methacrylate and silorane-based composites’, Brazilian Oral Research, Vol. 26, No. 6, pp. 505-

510.  

Khaghani, M., Doostmohammadi, A., Monshi, A., Golnia, Z. (2013) ‘Effect of incorporating nano-

particles of hydroxyapatite on bioactivity and compressive strength of dental glass-ionomer 

cements’, Journal of Isfahan Dental School, Vol. 8, No. 7, pp. 593-605.  

Khoroushi, M., Mousavinasab, S.M., Keshani, F., Hashemi, S. (2013) ‘Effect of resin-modified glass 

ionomer containing bioac-tive glass on the flexural strengthand morphology of demineralized 

dentin’, Operative Dentistry, Vol. 38, No. 2,  pp. 1-10.  

Khvostenkoa, D., Mitchellb, J.C., Hiltonb, T.J., Ferracaneb, J.L., J. J. Kruzic, J.J. (2013) ‘Mechanical 

performance of novel bioactive glass containingdental restorative composites’, Dental Materials, 

Vol. 29, No.11, doi:10.1016/j.dental.2013.08.207. 

Lee, J.J., Lee, Y.K., Choi, B.J., Lee, J.H., Choi, H.J., Son, H.K., Hwang, J.W., Kim, S.O. (2010) 

‘Physical properties of resin-reinforced glass ionomer cement modified with micro and nano-

hydroxyapatite’, Journal of Nanoscience and Nanotechnology, Vol. 10, No. 8, pp. 5270–5276.  

Lezaja, M., Veljovic, D.N., Jokic, B.M., Cvijovic-Alagic, I., Zrilic, M.M., Miletic, V. (2013) ‘Effect 

of hydroxyapatite spheres, whiskers, and nanoparticles on mechanical properties of a model 

BisGMA/TEGDMA composite initially and after storage’, Journal of Biomedical Materials 

Research Part B: Applied Biomaterials, Vol. 101, No. 8,  pp.1469-1476.   

Li, H., Chang, J. (2005) ‘pH compensation effect of bioactive inorganic fillers on the degradation of 

PLGA’,  Composites Science and Technology, Vol. 65, pp. 2226-2232. 

Lohbauer, U., Frankenberger, R., Clare, A., Petschelt, A., Greil. P. (2004) ‘Toughening of dental 

glass ionomer cements with reactive glass fibres’, Biomaterials, Vol. 25, No. 22, pp. 5217-5225.   

Lohbauer, U., Walker, J., Nikolaenko, S., Werner, J., Clare, A., Petschelt, A.,  Greil, P. (2003) 

‘Reactive fiber reinforced glass ionomer cements’,  Biomaterials, Vol. 24, No. 17, pp. 2901–2907.   

Lucas, M.E., Arita, K. and Nishino, M. (2003) ‘Toughness, bonding and fluoride-release properties 

of hydroxyapatite-added glass ionomer cement’, Biomaterials, Vol. 24, No. 21, pp. 3787–3794.  

http://www.iiste.org/
http://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiZ2ILxr9fWAhUKOJoKHe64BZAQFgglMAA&url=http%3A%2F%2Fwww.aspbs.com%2Fjnn%2F&usg=AOvVaw0ex1HotniRyAk25sGyFCGZ
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greil%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12742729


International Journal of Scientific and Technological Research                               www.iiste.org 
ISSN 2422-8702 (Online) 
Vol 5, No.1, 2019 
 

146 | P a g e  
www.iiste.org  
 

Lucksanasombool, P., Higgs, W.A.J., Higgs, R.J.E.D., Swain, M.V.  (2002) ‘Toughness of glass 

fibres reinforced glass-ionomer cements’, Journal of  Materials Science, Vol. 37, No. 1, pp. 101-

108.  

Maia, R.R., Reis, R.S., Moro, A.F.V., Perez, C.R., Pessôa, B.M., Dias, K.R.H.C. (2015) ‘Properties 

evaluation of silorane, low-shrinkage, non-flowable and flowable resin-based composites in 

dentistry’, Peer Reviewed & Open Access, Vol. 3, pp.  864. doi:10.7717/peerj.864.   

Manhart, J., Chen, H.Y. and Hickel, R. (2001) ‘The suitability of packable resin-based composites 

for posterior restorations’, The Journal of the American Dental Association, Vol. 132, No. 5, pp. 

639-645.  

Manhart, J., Kunzelmann, K.H., Chen, H.Y., Hickel, R. (2000) ‘Mechanical properties and wear 

behavior of light cured packable composite resins’, Dental Materials, Vol. 16, No. 1, pp. 33-40.  

Matsuya, S., Matsuya, Y. and Ohta, M. (1999) ‘Structure of bioactive glass and its application to 

glass ionomer cement’, Dental Materials Journal, Vol. 18, No. 2, pp. 155-166.  

Mitra, S.B., Wu, D. and Holmes, B.N. (2003) ‘An application of nanotechnology in advanced dental 

materials’, The Journal of the American Dental Association, Vol. 134, No. 10,  pp. 1382-1390.   

MohammadiBasir, M., Ataei, M., Rezvani, M.B., Golkar,  P. (2013) ‘Effect of incorporation of 

various amounts of nano-sized Hydroxyapatite on the mechanical properties of a resin modified 

glass ionomer’, Journal of the Dental School, National University of Iran, Vol. 30, No. 4, pp. 216-

223.  

Moshaverinia, A., Ansari, S., Moshaverinia, M., Roohpour, N., Darr, J.A., Rehman, I. (2008) ‘Effects 

of incorporation of hydroxyapatite and fluoroapatite nanobioceramics into conventional glass 

ionomer cements (GIC)’, Acta Biomaterialia, Vol. 4, No. 2, pp. 432-440.   

Moshaverinia, A., Ansari, S., Movasaghi, Z., Billington, R.W., Darr, J.A., Rehman, I.U. (2008) 

‘Modification of conventional glass-ionomer cements with N-vinylpyrrolidone containing 

polyacids, nano-hydroxy and fluoroapatite to improve mechanical properties’, Dental Materials, 

Vol. 24, No. 10, pp. 1381–1390.   

Mu, Y.B., Zang, G.X., Sun, H.C., Wang, C.K. (2007) ‘Effect of nano-hydroxyapatite to glass ionomer 

cement’, West China journal of stomatology, Vol. 25, No. 6,  pp. 544-547.   

Osorio, E., Osorio, R., Zanotto, E.D., Peitl,  O.,Toledano-Osorio, M., Toledano, M. (2016) ‘SEM and 

AFM characterization of surface of two RMGICs for degradation before and after modification 

with bioactive glass ceramic’, Journal of Adhesion Science and Technology,Vol. 30, No. 6, pp. 

1–12.  

Poorzandpoush, K., Omrani, L.R., Jafarnia, S.H., Golkar, P., Atai, M. (2017) ‘Effect of addition of 

Nano hydroxyapatite particles on wear of resin modified glass ionomer by tooth brushing 

simulation’, Journal of Clinical and Experimental Dentistry, Vol. 9, No. 3, pp. 372-376.    

Roeder, R.K., Sproul, M.M. and Turner, C.H. (2003) ‘Hydroxyapatite whiskers provide improved 

mechanical properties in reinforced polymer composites’, Journal of Biomedical Materials 

Research Part A, Vol. 67, No. 3, pp. 801-12.  

Sharafeddin, F., Shoale, S. and Kowkabi, M. (2017) ‘Effects of Different Percentages of 

Microhydroxyapatite on Microhardness of Resin-modified Glass-ionomer and Zirconomer’, 

Journal of Clinical and Experimental Dentistry, Vol. 9, No. 2, pp. 805-811.  

Suchanek, W.,Yashima, M., Kakihana, M.,Yoshimura, M. (1996) ‘Processing and mechanical 

properties of  hydroxyapatite reinforced with hydroxyapatite whiskers’, Biomaterials, Vol. 17, 

No. 17, pp. 1715-1723.  

http://www.iiste.org/
http://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiamI6NqNfWAhXGQJoKHQc7BxEQFggqMAA&url=http%3A%2F%2Fjada.ada.org%2F&usg=AOvVaw0XBh4CBikaoPjxErbFrmNu
http://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiamI6NqNfWAhXGQJoKHQc7BxEQFggqMAA&url=http%3A%2F%2Fjada.ada.org%2F&usg=AOvVaw0XBh4CBikaoPjxErbFrmNu


International Journal of Scientific and Technological Research                               www.iiste.org 
ISSN 2422-8702 (Online) 
Vol 5, No.1, 2019 
 

147 | P a g e  
www.iiste.org  
 

Yang, S.Y., Piao, Y.Z., Kim, S.M., Lee, Y.K., Kim, K.N., Kim, K.M. (2013) ‘Acid neutralizing, 

mechanical and physical properties of pit and fissure sealants containing melt-derived 45S5 

bioactive glass’, Dental Materials, Vol. 29, No. 12, pp. 1228-1235.   

Yap, A.U., Ng, S.C. and Siow, K.S. (2001) ‘Soft-start polymerzation: Influence effectiveness of cure 

and post-gel shrinkage’, Operative Dentistry, Vol. 26, No. 3, pp. 260-266.    

Yap, A.U.J., Pek, Y.S., Kumar, R.A., Cheang, P., Khor, K.A. (2002) ‘Experimental studies on a new 

bioactive material: Haionomer cements’, Biomaterials, Vol. 23, No. 3, pp. 955–962. Yli-Urpo, 

H., Lassila, L.V., Narhi, T., Vallittu, P.K. (2005) ‘Compressive strength and surface 

characterization of glass ionomer cements modified by particles of bioactive glass’, Dental 

Materials, Vol. 21, No. 3, pp. 201-209.   

Zakir, M., Al Kheraif, A.A.A., Asif, M., Wong, F.S.L., Rehman, I.U. (2013) ‘A comparison of the 

mechanical properties of a modified silorane based dental composite with those of commercially 

available composite material’, Dental Materials, Vol. 29, No. 4, pp. 53-59.  

Zhang, H. and Darvell, BW. (2012) ‘Mechanical properties of hydroxyapatite whisker-reinforced bis-

GMA-based resin composites’, Dental Materials, Vol. 28, No. 8, pp. 824-830.   

 

http://www.iiste.org/

