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ABSTRACT 

The aim of this study was to evaluate the Vickers hardness (HV), indentation and Young`s modulus to 4 

materials of coronal restoration. Materials and methods Six samples of 5mm in diameter and 6 inches were 

made of the following materials: Filtek Z250 (3M ESPE Co.), Zmack Comp (Zermack SpA, Italy), Kalore (GC 

Corporation, Japan); Dyract eXtra (Dentsply De Trey Gmbh, Germany). After polymerization of the samples for 

40 seconds using the LEDidition lamp (Ivoclaire Vivadent clinical, Austria), these were finished, polished and 

kept in distilled water at room temperature for 48 hours. The hardness was measured at the UMT-2 Tribometer 

(CETR), and the values obtained in GPA were converted to Vickers hardness (kgf/mm
2
). For each sample, six 

indentations were made and the mean of the values obtained was calculated. On the same device, the Young`s 

modulus was also measured for all samples. Results Statistical data showed that the mean HV and modulus of 

elasticity values were the folowing: Filtek Z 250> Zmack Comp> Dyract eXtra> Kalore.  In the case of the 

depth of the indentation, the values were inversely proportional to the Vickers hardness of the materials: 

Kalore> Dyract eXtra> Zmack Comp> Filtek Z 250.  Conclusion Vickers hardness and Young's modulus were 

higher to the microhybrid composite compared to nano-hybrid composite and compomer. 
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INTRODUCTION 

Composite materials are the most 

commonly used in direct coronary 

restorations with minimally invasive 

techniques. In recent years, significant 

advances have been made in improving the 

eastern, adhesive and mechanical properties 

of composite materials. On the other hand, 

the organic and inorganic matrix of the com-

posite resins particles can be altered in the 

oral environment, under the pH and 

temperature variation, that resulting an 

infiltration and reducing in their durability in 

the mouth [1]. 

Similarly, the occurrence of compomers 

led to their use in clinical situations where 

composite materials could not provide 

effective adhesion and therefore a lack of 

marginal percolating. 

The mechanical properties of the 

composites can be influenced by factors 

related to the composition and size of the 

fillers but also to the degree of conversion of 

the organic matrix [2]. Filler particles 

enhance the hardness, manipulation and 

reduce the dimensional changes. The most 

common fillers are barium oxide silicates, 

strontium, zinc, aluminum and zirconium [3, 

4]. The greatest inorganic filler content is 

present in traditional minifilled composites 

with the intention of increasing hardness and 

wear resistance [5]. 

In the literature, hardness is defined as 

the resistance of a material to indentation or 

penetration and may represent the wear 

resistance of a material and its ability to 
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abrade or be abraded by opposing dental 

structures [6]. Hardness is therefore a 

measure of the resistance to plastic 

deformation and is measured as a force per 

unit area of indentation [7]. 

The Vickers hardness test uses a diamond 

pyramid-shaped indenter is forced into the 

material with a definite load application [8]. 

The measure of elasticity of a material is 

described by the term elastic modulus, also 

referred to as modulus of elasticity or 

Young‘s modulus. The modulus of elasticity 

is the rigidity of a material in the elastic 

range, its elastic properties being an 

important property that refers to the 

interatomic or intermolecular forces of the 

material. Modulus of elasticity values and 

thus rigidity of the material are directly 

proportional to the forces of attraction within 

the material and they can be measured when 

the material is subjected to either tension or 

compression [7]. 

The aim of this study was to evaluate the 

Vickers hardness (HV), indentation and 

Young`s modulus to 4 materials of coronal 

restoration. 

 

MATERIALS AND METHODS 

 

The materials used  in this study were 

manufactured in a cylinders in plastic rings 

having 5 mm inner diameter and 6 mm high. 

Table 1 shows the materials groups used in 

the study 

 

Table 1. 

THE COMPOSITION OF THE RESTORATIVE MATERIALS USED IN STUDY 

MATERIALS CATEGORY COMPOSITIONS MANUFACTURER 

Filtek Z250 Universal 

microhybrid 

composite 

Matrix: Bis-GMA, Bis-EMA, UDMA  

Fillers: zirconium/silica (60% v) 

 Mean size: 0,01-3,5 μm  

3M ESPE Dental 

Products, St.Paul, USA 

Zmack Comp Universal 

microhybrid 

composite 

Matrix: Bis-GMA, TEGDMA,  

Fillers: barium-aluminium-

borosilicate; highly dispersed silicon 

dioxide; iron oxide pigments; titanium 

oxide (57% v) 

Mean size: 0.04-1,5 μm 

Zermack SpA, Italy 

Dyract eXtra Compomer Matrix: UDMA, TEGDMA, TCB resin 

Fillers: strontium fluoride glass (47% 

v) 

 Mean size: 0.8 μm 

Dentsply De Trey 

Gmbh Germany 

Kalore  Nano-hybrid 

composite 

Matrix: UDMA,  DX-511 comonomers, 

dimethracrylate (18% v), 

Fillers: fluoroaluminosilicate glass, 

pre-polymerized filler, silicon dioxide 

(82%);  

Mean size: 400 nm nano-sized 

modified strontium glass, 100 nm 

lanthanoid fluoride 

GC Corporation, Japan 

Bis-GMA-Bis-glycidyl ether dimethacrylate; Bis-EMA- Bisphenol A polyetheylene glycol 

diether dimethacrylate; UDMA- Urethane dimethacrylate; TEGDMA- triethylene glycol 

dimethacrylate; TCB resin-Tetracarboxylic acid-hydroxyethylmethacrylate-ester; 
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All composite samples were cured for 40 

s using a lamp LEDidition - Ivoclaire 

Vivadent clinical, Austria. The samples were 

finished and polished and then stored in 

distilled water, at room temperature for 48 h. 

Mechanical properties of dental materials 

were measured by instrumented indentation 

testing using the UMT-2 Tribometer 

(CETR). This test allows measuring the 

evolution of force as function of the 

penetration depth during the indentation 

process. Cylindrical specimens were fixed 

on the linear table of tribometer and 

indented with a normal force of 10 N for 30 

seconds. The tests were made by first 

applying a preload of 1 N for 15 seconds. A 

continuous recording of the load-penetration 

depth data was performed during both the 

load and unload phases. The indentations 

were made at low strain rates in order to 

avoid rate-dependent effects. A diamond 

pyramid (1360) indenter was tested for 

hardness Vickers. The viewer software of 

tribometer is able to automatically calculate 

the indentation parameters, the hardness and 

Young modulus are evaluated from the slope 

of the unload phase. The hardness is 

expressed in GPa and by using tables 

conversion it can be transformed in HV 

(kgf/mm2). A minimum of six indentations 

were made in order to check the 

repeatability of the measurements. Data 

were analyzed statistically, calculated mean 

of values and standard deviations for all 

samples. 

 

RESULTS AND DISCUSSION 

In Fig.1 (a,b,c,d) were observed the  

typical load-depth indentation curve for all 

samples in studies.  

 

 
 

 

Figure 1.Hardness Vickers curves: ( a. Dyract eXtra; b. Filtek Z 250; c. Kalore; d. 

Zmack Comp) 
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Table 2. Minimum, maximum, mean values and Standard deviation for the all 

parameters studied 

  

N Minimum Maximum Mean 

Std 

Deviation Variance 

Statistic Statistic Statistic Statistic Statistic Statistic 

DYRACT Hardness 
18 1.01 1.81 1.07 0.351 0.123 

 HV 
18 103 184 109 33.221 1103.672 

 IndentationDepth 
18 17.5 22.78 22.11 2.120 4.494 

 YoungM 
18 16.1 23.3 17.75 2.165 4.690 

FILTEK 

Z250 

Hardness 
18 1.56 2.43 1.85 0.231 0.0533 

 HV 
18 159 247 188.5 25.457 648.09 

 IndentationDepth 
18 15.9 18.7 17.5 0.924 0.854 

 YoungM 
18 21.18 26 23.325 1.535 2.357 

KALORE Hardness 
18 0.54 0.86 0.76 0.101 0.010 

 HV 
18 55 87.69 77.495 8.505 72.343 

 IndentationDepth 
18 24.68 30.5 26.35 1.610 2.593 

 YoungM 
18 8.76 12.92 11.05 1.152 1.327 

ZMACK 

COMP 

Hardness 
18 1.34 1.63 1.44 0.092 0.008 

 HV 
18 136.6 166.2 146.84 8.565 73.37 

 IndentationDepth 
18 18.75 20.1 19.64 0.486 0.236 

 YoungM 
18 17.51 19.84 18.585 0.674 0.454 

 

The mean HV values and standard 

deviation recorded for all the samples are 

presented in table 2. The mean value of 

hardness Vickers of resin composite Filtek 

Z250 was highest than composite Zmack 

Comp and Kalore (188.5 kgf/mm2>146.84 

kgf/mm2 >77.495 kgf/mm2).  

The compomer was the medium value of 

hardness Vickers (109 kgf/mm2) which 

would be explained by his chemical 

composition.  

The mean values of the indentation of the 

indentation were inversely proportional to 

the Vickers hardness of the materials: 

Kalore>Dyract eXtra>Zmack Comp>Filtek 

Z250 

(26.35mm>22.11mm>19.64mm>17.5mm).  

The modulus of elasticity represents the 

stiffness of the material when subjected to a 

compressive force. The interatomic or 

intermolecular forces of the material are 

responsible for the property of elasticity 

[23]. The mean of Young‗s modulus was 

higher to composite Filtek Z250 (23.325 

GPa), followed by Zmack Comp (18.585 

GPa), Dyract eXtra (17.75 GPa) and Kalore 

(11.05 GPa) that are presented in Table 2. 

In Fig. 2 (a,b) are observed the Vickers 

hardness values, obtained on all material 

samples for the 18 determinations. It was 

found that Filtek Z250 had the highest 

values compared to the other two composites 

and the compomer, respectively. 

Figure 3. a. shows the values of the 

indentation depth for the samples taken and 

is found to be inversely proportional to the 

hardness of the materials. 

The same elevated values can be seen in 
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figure 3. b., in the Young`s modulus of the 

three composite resins, Kalore obtaining the 

lowest values.

 

   

Figure 2. The comparative hardness (a) and Vickers (b) values 

 

       

Figure 3. The comparative indentation (a) and Young`s modulus (b) values 

 

Hardness can also be defined as the 

resistance to indentation or permanent 

penetration of a material surface. Hardness 

can also be considered as a measure of the 

resistance to plastic deformation and is 

measured as a force per unit area of 

indentation. Hardness influences ease of 

cutting, finishing, and polishing an object 

and its resistance to in-service scratching. 

Finishing or polishing a structure is 

important for esthetic purposes and, as 

discussed previously, scratches can 

compromise fatigue strength and lead to 

premature failure [7]. 

The results were generally dependent on 

the properties of the evaluated material, 

particularly in terms of filling 

characteristics. A number of authors have 

suggested that hardness can be influenced by 

the size or shape of the fillings, with all 

materials generally showing different results 

compared to others [9, 10]. 

It has been suggested that filler particle 

technology has the potential to influence the 

microhardness of a composite [11]. 

If the size are decrease and the 

volumetric fraction of the filler materials are 

increased, the inter-particle spacing of both 

composites and compomers can be reduced 

[12]. 

In this study we found that specimens 

showed significantly different hardness 

values according to the different 

composition and filler particles. Also, the 

filler differences that are in the composition 

of the studied materials can explain our 

results regarding the hardness‘s Vickers. 

In a study by García-Contreras R. et al, 

they observed that nanohybrid composite 

resins possess better Vickers microhardness 
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than hybrid and microhybrid resins. The 

incorporation of nano size filler particles 

enhances their mechanical properties [1, 13]. 

On the other hand, the smaller the 

particles, the better the polish and gloss, but 

the reduction of filler size and subsequent 

increase in surface area to volume ratio can 

limit the filling load achievable and 

decreased handling and reduced mechanical 

properties [14,15]. 

In one study of 19 restorative materials it 

was also shown that filler volume had a 

significant influence on the mechanical 

properties. The relationship between filler 

content, flexural strength and modulus of 

elasticity was most obvious [16]. 

Ghiorghe CA et al observed that the 

Rockwell hardness of the materials and the 

modulus of elasticity are directly 

proportional to the size of the fillers and 

their volume [17]. 

On the other hand, the physical properties 

of dental materials can be influenced by the 

finishing and polish process. [18, 19, 20]  

 

CONCLUSION 

Statistical data showed that the mean HV 

and modulus of elasticity values were the 

folowing: Filtek Z 250> Zmack Comp> 

Dyract eXtra> Kalore.   

In the case of the depth of the 

indentation, the values were inversely 

proportional to the Vickers hardness of the 

materials: Kalore> Dyract eXtra> Zmack 

Comp> Filtek Z 250.   

Vickers hardness and Young's modulus 

were higher to the microhybrid composite 

compared to nano-hybrid composite and 

compomer. 
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