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ABSTRACT  

BACKGROUND AND OBJECTIVES:                                                                  
To reduce the time-consuming complex incremental technique of resin based composite 

restorations, bulk- fill resin based composites have been developed and introduced to the 

dental market with alterations in physico-mechanical properties. This research aimed at 

comparing and evaluating the flexural and compressive strengths of three bulk-fill resin 

composites. 

METHODOLOGY: 

The flexural and compressive strengths of bulk-fill posterior restorative material (Filtek
TM

 

Bulk Fill Posterior Restorative material, 3M
TM

 ESPE
TM

, St. Paul, USA), posterior bulk-fill 

flowable resin material (Smart Dentin Replacement, SDR
TM

, Dentsply, Konstanz, Germany) 

and nano-hybrid bulk-fill material (Tetric N-Ceram Bulk Fill, Ivoclar Vivadent, AG, 

Liechtenstein) were compared and evaluated. Following ISO (International Organization for 

Standardization) Standard 4049 for flexural strength and ADA (American Dental Association) 

for compressive strength 10 specimens were fabricated for each group. One-way ANOVA 

with Tukey post-hoc test was used to analyse the data and ascertain the statistical differences 

among the groups (p < 0.05). 

RESULTS:  

The Filtek bulk-fill presented significantly higher flexural and compressive strengths than 

SDR and Tetric N-Ceram bulk-fill (p < 0.001). Statistical differences were found between all 

groups (p < 0.001). 

INTERPRETATION AND CONCLUSION: 

All the tested materials exhibited sufficient flexural and compressive strengths with Filtek 

bulk-fill material exhibiting significant higher physico-mechanical properties.  
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INTRODUCTION  

Considerable evolution of polymer and filler technology in composite resin restorative 

materials since their inception has led to the availability of wide range of materials to the 

dental practitioner for varied clinical scenarios.
1, 2 

The improvement in their chemical 

composition as well as various filler reinforcements has led to more frequent use of the 

material extending to deep and large cavities albeit with variation in success. Layering 

techniques and multiple curing regimens of the composite restorative material are time-

consuming. As a consequence, the dental material market is driven by consumer demand for 

rapid and uncomplicated procedures by reducing the curing time and using thicker composite 

layers. Emergence of bulk-fill materials has seen increase in popularity among dental 

practitioners.
3
 They claim to enable the insertion and polymerization of the material in single 

thick increment layers of 4 to 5 mm rekindling interest among researchers in these materials. 

They exhibit potentiality of saving time when compared to traditional composites which are 

placed in 2 mm thickness taking considerable time and can also be very technique sensitive.
 3
 

Evolutionary research developments have occurred focusing primarily on reducing stresses 

and improvement of physico-mechanical properties
4
 such as flexural and compressive 

strengths by manipulating the filler factors such as size, shape and concentration of filler 

particles.
5
 Evaluation of the bulk-fill restorative materials is of paramount importance due to 

limited number of research studies available. Research on the material’s physico-mechanical 

properties is clinically relevant especially if they are to be applied in high masticatory stress 

bearing areas.
6 

According to various research studies the filler content of composites play a 

significant role in the exposition of the various physico-mechanical properties. An increase in 

filler loading reduces the volume of resin matrix for polymerization thereby intrinsically 

increases strength and hardness.
3 

Filtek bulk-fill contains fillers which comprise of a combination of non-agglomerated/non-

aggregated 20 nm silica filler, a non-agglomerated/non-aggregated 4 to 11 nm zirconia filler, 

an aggregated zirconia/silica cluster filler (comprised of 20 nm silica and 4 to 11 nm zirconia 

particles) and an ytterbium trifluoride filler consisting of agglomerate 100 nm particles for 

increased radiopacity. The inorganic filler loading is about 76.5% by weight (58.4% by 

volume). The fillers included in the material were designed as claimed by the manufacturers 

to maximize the physico-mechanical properties. Filtek bulk-fill contains aromatic 

dimethacrylate (AUDMA), urethane dimethacrylate (UDMA) and 1,12–dodecanediol 

dimethacrylate (DDDMA).
7 

The bulk-fill material SDR comprises of a complex formulation of patented urethane di-

methacrylate resin (molecular weight of 849 g/mol), di-methacrylate resin, di-functional 

diluents, barium and strontium alumina-fluoro-silicate glasses (68% by weight, 45% by 

volume), photo initiating system and colourants.
3
 

Tetric N-Ceram bulk-fill contains bisphenol A-diglycidyl dimethacrylate (Bis-GMA), 

ethoxylated bisphenol A dimethacrylate (Bis-EMA) and urethane dimethacrylate (UDMA). 

The organic matrix accounts for approximately 1% of the mass. Several different types of 

fillers are incorporated in the material. Barium, aluminium silicate glass with two different 
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mean particle sizes, an Isofiller comprising of cured dimethacrylates, ytterbium fluoride and 

spherical mixed oxide are included to achieve the desired physico-mechanical properties as 

claimed by the manufacturers. It comprises of an overall standard filler content of 

approximately 75% by weight, 61% volume and 17% polymer fillers or Isofillers.
8
 

The flexural strength a material property is a measure of the fracture resistance of a material 

which indicates the flaws within the material that may possess potential to bring about failure 

once subjected to loading.
 9, 10 

This property is used to evaluate the strength of the material 

and the amount of distortion expected under bending stress. The compressive strength plays in 

important role in the mastication process. Among the various mechanical properties 

compressive strength is of importance because bulk-fill materials replace a large area of the 

tooth structure. Compressive strength represents the resistance of the material provided 

against intraoral compressive and tensile forces produced in function and parafunction.
11

 

The availability of research evaluating the physico-mechanical properties of these bulk-fill 

restorative composite materials is very limited. Hence the aim of the study was to evaluate the 

flexural strength and compressive strength of three bulk-fill composite restorative materials. 

  MATERIALS AND METHODS  

 

SAMPLE PREPARATION 

The bulk-fill composites were divided into three groups as follows: Group 1: Bulk-fill 

posterior restorative material (Filtek
TM

 Bulk-Fill Posterior Restorative material, 3M
TM

 

ESPE
TM

, St. Paul, USA) Group 2: Posterior bulk-fill flowable resin material (Smart Dentin 

Replacement, SDR
TM

, Dentsply, Konstanz, Germany) Group 3: Nano-hybrid bulk-fill 

material (Tetric N-Ceram Bulk-Fill, Ivoclar Vivadent, AG, Liechtenstein). 

 

Flexural Strength 

As per ISO 4049 specifications for flexural strength testing ten samples of each test material 

were fabricated using custom made stainless steel split molds with dimensions of 25 mm 

length × 2 mm width × 2 mm height. The test materials were expressed from their respective 

containers and packed into the mold until completely filled and excess material were 

removed. The specimens were polymerized using a blue light emitting diode light source as 

per manufacturer’s instructions from both sides of the mold. Subsequent to polymerization the 

samples were removed from the mold and stored in distilled water at 37˚C for 24 hours to 

ensure complete polymerization prior to testing. 

 

Compressive Strength 

According to ADA 27 specifications ten cylindrical samples of each test material measuring 3 

mm diameter × 6 mm height were prepared by using custom made stainless steel split molds. 

The material were packed into the mold and light cured using blue light emitting diode light 

source as per manufacturer’s directions to ensure optimal mechanical property. The 

polymerized samples prepared subsequent to removal from the mold were stored in distilled 

water at 37˚C for 24 hours to ensure that the polymerization process was complete prior to 

analysis of compressive strength. 
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SAMPLE EVALUATION  

Flexural Strength 

The fabricated samples were mounted on a 3 point bending test device with 20 mm span 

length between the supporting rods and loaded in the Universal Testing Machine (Instron 

3366) at a cross head speed of 1mm/min with 2 Kn loading force. The maximum fracture load 

(F in Newton) of each sample was recorded and flexural strength was automatically calculated 

using the computerized programme based on the formula mentioned below. 

 

 = 3Fl/2bh
2
 

F – Maximum load (Newton) 

l  – Distance between the supports (millimeter) 

b – Width of the specimen (millimeter) 

h – Height of the specimen (millimeter) 

 

Compressive Strength 

The compressive strength testing of the fabricated samples were performed with a Universal 

Testing Machine (Instron 3366) at a cross head speed of 0.05 mm/min. The compressive 

strength values were measured using the computerized software. 

 

STATISTICAL METHODS 

The data obtained after testing the materials for flexural and compressive strengths were 

subjected to statistical analysis. One-way ANOVA was applied to verify the existence of 

statistical significance between group variations, followed by the Tukey test for post-hoc 

comparison. Significance level was set at p- value <0.05 

 

RESULTS 

 

FLEXURAL STRENGTH 

 
Figure 1: Mean values of flexural strength (MPa) of the study groups. 
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TABLE 1: One way ANOVA comparison of Flexural Strength (MPa) between the study 

groups 

 

 N Mean 
Standard 

Deviation 
Minimum Maximum 

Group 1 10 141.44 0.39 140.97 142.03 

Group 2 10 118.38 0.47 117.82 119.12 

Group 3 10 128.32 0.38 127.85 129.08 

ANOVA F = 7686.63, p-value <0.001* 

*p<0.05 statistically significant 

 

The results of the study exhibited that Group 1 (Filtek bulk-fill) had the highest mean flexural 

strength value (MPa) 141.44±0.39 followed by Group 3 (Tetric N-Ceram bulk-fill) 

128.32±0.38. Group 2 (SDR) exhibited the least mean flexural strength value of 118.38±0.47. 

The results exhibited a statistically significance p-value of <0.001. 

 

TABLE 2: Pairwise comparison of Flexural Strength (MPa) between the study groups based on 

Tukey post-hoc test 

 

(I) 

Group 

(J) 

Group 

Mean 

Difference 

(I-J) 

Standard 

Error 
p-value 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Group 

1 

Group 

2 
23.06 0.19 <0.001* 22.60 23.52 

Group 

3 
13.12 0.19 <0.001* 12.66 13.59 

Group 

2 

Group 

3 
-9.94 0.19 <0.001* -10.40 -9.47 

*p<0.05 statistically significant 

 

The mean difference in the flexural strength values between the study groups exhibited a 

statistical significance of p-value <0.001. Highest mean difference in the flexural strength 

values (MPa) of 23.06 was observed between Group 1 (Filtek bulk-fill) and Group 2 (SDR). 

Group 1 (Filtek bulk-fill) and Group 3 (Tetric N-Ceram bulk-fill) exhibited mean difference 

values of 13.12 followed by Group 2 (SDR) and Group 3 (Tetric N-Ceram bulk-fill) with mean 

difference value of 9.94 
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COMPRESSIVE STRENGTH 

 
FIGURE 2: Mean Compressive Strength (MPa) values between study groups 

 

 

TABLE 3: One way ANOVA comparison of Compressive Strength (MPa) between the study 

groups 

 

 N Mean 
Standard 

Deviation 
Minimum Maximum 

Group 1 10 318.49 0.44 317.95 319.45 

Group 2 10 228.15 0.08 228.00 228.29 

Group 3 10 267.24 0.32 266.96 268.10 

ANOVA F = 202768.06, p-value <0.001* 

*p<0.05 statistically significant 

 

Significant statistical difference with p-value <0.001 in the mean values of compressive 

strength (MPa) was observed between all the test groups. Group 1 (Filtek bulk-fill) exhibited 

the highest compressive strength value (MPa) of 318.49±0.44 followed by Group 3 (Tetric N-

Ceram bulk-fill) with value of 267.24±0.32. Group 2 (SDR) exhibited the least mean 

compressive strength (MPa) value of 228.15±0.08  
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TABLE 4: Pairwise comparison of Compressive Strength (MPa) between the study groups 

based on Tukey post-hoc test 

 

(I) 

Group 

(J) 

Group 

Mean 

Difference 

(I-J) 

Standard 

Error 
p-value 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Group 

1 

Group 

2 
90.34 0.14 <0.001* 89.99 90.69 

Group 

3 
51.25 0.14 <0.001* 50.89 51.60 

Group 

2 

Group 

3 
-39.09 0.14 <0.001* -39.45 -38.74 

*p<0.05 statistically significant 

 

The mean difference in the compressive strength value between the groups exhibited 

statistically significant value of p <0.001. Highest mean difference of 90.34 was observed 

between Group 1 (Filtek bulk-fill) and Group 2 (SDR). Group 1 (Filtek bulk-fill) and Group 3 

(Tetric N-Ceram bulk-fill) exhibited a mean difference value of 51.25. Least mean difference 

value of 39.09 was observed between Group 2 (SDR) and Group 3 (Tetric N-Ceram bulk-fill). 

 

DISCUSSION 

 

Achievement of predictable and efficacious direct posterior restoration is a main concern for 

dental practitioners which may be attributed to technique sensitivity and the various steps 

involved in the proper placement of the material. Restoring a tooth preparation with a 

composite material at one time is advantageous for both the patient and the dental 

practitioner.
4, 12, 13

 

 

Introduction of bulk-fill resin based composites in the dental material market has initiated 

research studies investigating the various physico-mechanical properties, but the number of 

available research is limited. According to the manufacturer’s claims the bulk-fill materials 

can be placed in single incremental layer ranging from 4 to 6 mm. This study involved the 

comparison of flexural strength and compressive strength of three resin based bulk-fill 

composites. 

 

The various properties of dental materials are evaluated using standardized laboratory tests. 

The human teeth and restorative materials are subjected to both flexural and compressive 

forces, hence tests to determine and evaluate the flexural and compressive strengths of the 

restorative materials are of paramount importance.
14, 15, 16 

 

Fractures observed within the bulk of the restoration and at the margins is one of the major 

problems associated with failure of posterior composites. Flexural strength testing determine a 

restorative material’s fracture related properties, especially a key factor when the material is 

utilized for Class I, Class II or IV properties. To assess and screen the various properties of 

the materials, flexural strength test is one of the properties selected. Based on research by 
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Heintze et al. flexural strength testing can be used as an indicator for the durability of the 

material under masticatory conditions.
1
 Various studies have shown that the volume of the 

filler and level of filler weight of the composites directly correlate with the strength of the 

material.
17

 In this study based on ISO 4049 specifications specimens were fabricated and 

investigated for flexural strength.
18 

 

Masticatory forces are of compressive nature, 
19

 hence the compressive strength of restorative 

materials play an important role in the process of mastication. Compressive strength 

assessment of the materials were conducted based on ADA 27 specifications for compressive 

strength testing. In this study Filtek bulk-fill posterior composite, SDR and Tetric N-Ceram 

bulk-fill were compared and evaluated. For a material to claim to be suitable and acceptable 

for restorations that involve occlusal surfaces the flexural strength values should meet the 

requirements set by ISO specification 4049. 80 MPa is the minimum flexural strength set by 

ISO for polymer-based filling and restorative materials.
18

 Accordingly, the test results in this 

study exhibited that the materials can be used for restorations in occlusal areas. The greatest 

flexural strength was exhibited by Filtek bulk-fill with value of141.44 MPa followed by 

Tetric N-Ceram bulk-fill 118.38 MPa. Least flexural strength was exhibited by SDR with a 

mean value of 128.32 MPa. Significant statistical differences in the mean values were 

observed among all the groups with p- value <0.001.  

 

It is generally accepted that the mechanical properties of composites are directly related to the 

filler loading.
20

 In this study the Filtek bulk-fill with the highest flexural strength value of 

141.44 MPa and compressive strength value of 318.49 MPa is also the material with greatest 

filler loading of 76.5% by weight which is in accordance with a study conducted by Didem et 

al. where Sonicfill system exhibited higher flexural and compressive strengths than Tetric Evo 

Ceram and SDR which has been attributed to the greater filler loading of the material.
4
 In a 

study conducted by Kavei the highest flexural and compressive strengths were exhibited by 

resin composites with the highest filler concentration.
5
 In this study the least flexural and 

compressive strength was exhibited by SDR (118.38 MPa and 267.24 MPa)  with least filler 

loading of 68% by weight preceded by Tetric N-Ceram bulk-fill (128.32 MPa and 228.15 

MPa) with a filler loading of 75% by weight. 

 

According to the present study which assessed the physical properties based on accepted 

methods, the results obtained show that all the test materials are acceptable and suitable for 

restorations which involve the occlusal surfaces. It is important to note that the present study 

was conducted under ideal laboratory environment which may not be the expected scenario in 

clinical situations. Numerous factors are known to affect the process of polymerization which 

may be intrinsic or extrinsic. In bulk-fill materials it is difficult to assess the impact of each 

specific component on the properties exhibited by the polymerized material, which may be 

due to the fact that each specific material composition is unknown at large.
3, 21

 Hence these 

studies should be preceded by clinical studies to assure optimal performance of the materials 

under normal clinical conditions.  
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CONCLUSION 

  

All the tested bulk-fill resin composite materials exhibited sufficient flexural and compressive 

strengths based on ISO 4049 and ADA 27 specifications. Filtek bulk-fill composite showed 

significantly higher flexural and compressive strength values compared to Tetric N-Ceram 

bulk-fill and SDR.  

 

Based on the study it can be concluded that higher the weight percentage of the fillers higher 

were the flexural and compressive strength values. The materials present the ability to place 

bulk-fill materials with reduction of time and improvement of convenience which is a clear 

advantage. Further in vitro and in vivo studies concerns regarding long term clinical success of 

the bulk-fill materials should be evaluated. 
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