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INTRODUCTION 

 

Composites have been in use for decades and has been the choice of material for 

restoration according to many dentists. Despite its aesthetic appearance and 

adaptability, it is highly technique sensitive. Failure to obtain a dry field, unbalanced 

forces acting on restoration, marginal discrepancies and many other reasons contribute 

to the fracture of composite restoration. Bonding of composites to tooth surface 

contributes significantly to the fracture resistance of composite restoration.  

 

Fracture of restoration has been reported as one of the major reasons for replacement 

of composite restorations1. Restorations involving proximal surface of the tooth have 

lower strength due to loss of marginal ridge and micro fractures that occur due to 

applied occlusal forces  2. Despite being widely used for aesthetic and posterior 

restorations; composites have many limitations. However, attempts have been made to 

improve the material so as to maximize its potential.3  

 

According to Mjör4 replacing of failed restorations makes up to approximately 60% of 

all clinical work performed by the dental operator . One of the main reasons for 

secondary caries in composite restorations is micro leakage, which occurs mainly due 

to marginal gaps that have occurred due to  polymerization shrinkage.4 When the 

monomers in the resin system gets activated, the intermolecular distance of monomer 

molecules shorten, which ultimately leads to shrinkage of the resin.  
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However, Resin based cements undergo volumetric polymerization shrinkage, which 

ranges from 2% to 3%, and this could lead to  variety of problems, including gaps 

between the tooth and the restorative material.6According to Kim and Park, inserting a 

composite in a Class II cavity causes the cusp to deflect inward, and this cusp deflection 

is produced by curing of the composites.7 

 

One of the most common approaches in reducing volumetric contraction and shrinkage 

stress is to modify composite resin composition and filling processes.8,9. The placement  

of restorations in increments or in bulk is also frequently considered a factor in reducing 

shrinkage stress 7,,10. Although it is commonly considered that incremental filling 

process reduces shrinkage stress, finite element analysis has revealed that bulk 

placement may result in lower residual shrinkage stresses. 

 

Bulk-fill composites offer clinical advantage of low polymerization shrinkage and high 

depth of curing up to 4 mm, which will lead to less work time, decreased porosity, 

homogenous consistency, and also reduced cost and time for the patient.5 Bulk- fill 

composites usually have higher filler percentage and a modified initiator system to 

ensure better curing, particularly in a deep restoration. Several improvements have also 

been made to increase the effeciency of bulk-fill composites like modifying the 

monomers, and adding fiber reinforcement in its composition. The Admira Fusion, first 

purely ceramic-based restorative material containing, fillers and resin matrix based 

purely on silicon oxide has no classic monomers. The composite made of ORMOCER 
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technology,is said to have the lowest polymerisation shrinkage (1.25 % by volume) and 

particularly low level of shrinkage stress in comparison to all conventional restorative 

composites.  

 

Nano filled materials are believed to have high filler content and easy handling 

properties. This is because of the reduced particle size and increased filler content, this  

greatly improves the mechanical behaviour. 11Nanocomposites show enhanced and 

improved mechanical properties like better compressive strength, diametrical tensile 

strength, fracture resistance, wear resistance, low polymerization shrinkage, high 

translucency, high polish retention and better aesthetics. 12 

 

The Contamination of the field of operation is not well tolerated by resin-based 

composites, and subgingival margins are undesirable and increase the risk of 

contamination. It is important that we follow a supragingival procedure. Supragingival 

protocols also make the preparation easier and faster. They make the filling process 

easier and more predictable..13 

 

The isolation of composites is one of the important part of restoring cavities and 

maintaining a dry and clean field for long duration can be difficult. Longer 

appointments also lead to patient discomfort. Newer technology has replaced the longer 

curing time of 30s with shorter curing time of 3s. 
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The exposure reciprocity hypothesis states that if the radiant exitance (mW/cm2) is 

increased while the energy density (J/cm2) remains constant, the light exposure time 

can be lowered. This concept, however, has been strongly questioned in previous 

studies14 15 16. In contrast to the larger exposure lengths paired with lower radiant 

exitance of the curing unit, higher radiant exitance combined with short exposure time 

often resulted in lower degree of conversion (DC), hardness, flexural strength (FS)14 15 

16.  However , there are few exceptions 17 18, Some low-viscosity composites show 

anomalies in the exposure reciprocity idea, which can be explained by bimolecular free 

radical termination. 

 

Many photons activate a large number of photoinitiators and free radicals in the rapid 

initiation reaction. Free radicals annihilate each other at such high concentrations, 

diminishing the likelihood of further activation of monomer species and radical 

polymerization propagation. As a result, such materials have a heterogeneous polymer 

network19 20.Because the filler particles slow down the reaction in high-viscosity 

materials, the repercussions aren't as obvious as they are in low-viscosity materials. 

 

As a result, further modification of the organic matrix is required to achieve the 

necessary reduction in curing time. One such material is ,high-viscous Tetric PowerFill 

(Ivoclar Vivadent, Schaan, Liechtenstein; PFILL) with a suggested curing time of 3 s 

and a radiant exitance of 2700±3300 mW/cm2 in the blue-violet spectrum, have been 

released by dental manufacturer - Ivoclar Vivadent, Schaan, Liechtenstein21Tetric 

powerfill, When used in direct Class I and II restorations of permanent teeth, 3-second 
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exposures from the occlusal aspect is sufficient with the Bluephase PowerCure in the 

3sCure mode. 

 

Hence, this study aims to evaluate the fracture resistence of the recent composite 

materials in maxillary premolars with mesio-occlusal (MO) cavities. The objective of 

the study is to evaluate the fracture resistance of the two materials and to find which 

restorative material will provide maximum fracture resistance. 

 

The null hypothesis tested will be that there will be no difference in the fracture 

resistance of intact teeth and those restored with different composite materials.
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OBJECTIVES 

 

The objectives of this invitro study is :  

1. To evaluate the fracture resistance of class II  cavities restored with:  

Group I:Control group (intact teeth) 

Group II: Ormocer based composite (Admira fusion) 

GroupIII: Nano-Hybrid composite (Tetric Powerfill) 

2. To compare the fracture resistance of two different composites materials. 
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Review of literature 

 

1. This study compared the fracture strength of Class II cavities restored with 

polymerizable restorative materials. Sixty, caries-free, posterior teeth were 

divided into five groups of 12 teeth. The Class II cavities were prepared. The 

teeth were restored with two packable composites (Filtek P60, Surefil), a 

microhybrid composite (Filtek Z250)and two ormocer (Definite, Admira). The 

restorations were then subjected to fracture resistance tests. The marginal ridges 

of the restorations were loaded at an angle of 13.5 to the long axis of the tooth 

in an Universal Testing Machine until failure. Analysis of mean forces indicated 

that, Filtek P60, Surefil and Filtek Z250 exhibited better performance than 

Definite and Admira. The tested resin composites differed in their mechanical 

properties. This study suggested that fracture behavior were highly influenced 

by the filler system. Overall, Filtek P60, Surefil, Filtek Z250, demonstrated 

good fracture resistance. 22 

 

2. The purpose of this study was to determine the fracture resistance of teeth 

restored with conventional, bulk-fill, and fiber-reinforced composite materials . 

On 70 healthy third molar teeth, standard cavities were prepared. The teeth were 

then divided into six groups randomly into intact teeth, conventional Bis-GMA-

based composite, fiber-reinforced composite, Bis-GMA-based bulk-fill 

composite, ormocer-based bulk-fill composite, glass-containing resin-based 
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bulk-fill composite, and glass-containing resin-based bulk-fill composite. A 

Universal Testing Machine was used to collect the data, which was then 

statistically examined. The teeth repaired with standard composite had 

considerably lower fracture resistance than the other groups (p0.05). However, 

there were no statistically significant changes between undamaged teeth and 

teeth replaced with fiber-reinforced composite, Bis-GMA based bulk-fill 

composite, and glass containing resin-based bulk-fill composite (p>0.05). The 

results demonstrated that in Class II cavities, bulk-fill and fiber-reinforced 

composites could be recommended for restoration.23 

 

3. The impact of rapid 3 s light curing on the new generation of bulk-fill resin 

composites under simulated ageing conditions and depths up to 4 mm was 

investigated in this study. Two rapid-curing bulk-fill materials (Tetric 

PowerFill²PFILL; Tetric PowerFlow²PFLW) and two ordinary bulk-fill 

materials (Filtek One Bulk Fill Restorative²FIL; SDR Plus Bulk Fill 

Flowable²SDR) were evaluated. Flexural strength (FS) and flexural modulus 

(FM) were measured using three-point bending (n = 10) (FM).conclusion : The 

3 s curing had a negative impact on FM in all of the materials studied, but it had 

a highly material-specific impact on FS .21 

 

4. The selected specimen (44 premolars) were randomly sampled into eight 

experimental groups and six control groups, with one group of intact teeth and 

other with a created cavity but no repair. Two groups of direct composite 
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restoration and two groups of indirect composite restoration, with and without 

bevel preparations, were included in the study. The fracture strength of these 

specimens was tested under compression and statistically assessed. The 

maximal compressive load required to fracture the specimens was 389.2 N in 

Group I and the lowest in Group III (163.7 N)24 

 

5. In this study, mesiodistocclusal (MOD) cavity preparations of endodontically 

treated maxillary premolars that were enlarged to size #50 were restored using 

three restorative materials (one ormocer, one packable composite, and one high 

copper amalgam) and two application techniques (with or without coronal 

radicular technique). Copper rings were filled with self-curing 

polymethylmethacrylate resin and the teeth were placed into resin up to the level 

of the CEJ. The teeth were grouped according to the restorative material and 

technique, and then mounted in a Universal Testing Machine, the buccal walls 

were subjected to a slowly increasing compressive force until fracture occurred. 

The force of fracture of the walls of each tooth was recorded and the results in 

the various groups compared. The group restored with packable composite 

without radicular extension showed the highest resistance to fracture. Both 

groups restored with amalgam were significantly weaker than all the other 

groups. 25 

 

6. Tetric PowerFill (PFill) and PowerFlow (Ivoclar AG) were investigated as bulk-

fill composites (PFlow). Split moulds were used to make cylindrical 4 mm (dia) 
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,4 mm paste specimens, which were irradiated with a BluephasePowerCure 

LED-LCU at 23 °C, 0 mm from the top surface, in 3 s or 5 s modes, producing 

3 and 2 W/cm2, respectively. After irradiation, the specimens were immediately 

transported to an equipment with a 1.5 mm diameter flat-ended indentor. In less 

than 2 minutes, 14 MPa compressive stress was delivered to the indentor tip and 

held constant for 2 hours. Result : the  plots looked initially similar to bulk 

creep/recovery: rapid deformation plus viscoelastic response; then, upon 

unloading: rapid (elastic) recovery followed by partial viscoelastic recovery. 26 

 

7. The aim of the study was to verify the fracture resistance of premolars with 

mesioocclusodistal preparations restored by different resin composites and 

placement techniques. Sixty premolars were randomly divided into two groups 

based on type of composite resin: Filtek P60 or Nulite F, and then each group 

was separated into three subgroups: bulk, centripetal, and fiber insert according 

to the type of placement method (n = 10). Single-bond adhesive system was 

used as composite bonding ,according WR� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQV��

Specimens in Groups 1, 2, and 3 were restored with Filtek P60 and in Groups 

4, 5, and 6 with Nulite F. After being stored for 24 hrs at 37- degree Celsius. 

The 4mm diameter steel sphere in a universal testing machine was applied on 

the tooth lingual and buccal surfaces,at a cross-head speed of 5mm/min until 

fracture occurred. Groups 3 and 6 showed higher fracture resistance than 

Groups 1, 2, 4, and 5. Among the placement techniques, the fiber insert method 

had a significant effect, but the type of composite was ineffective. The insertion 
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technique in contrast to the type of material had a significant influence on the 

fracture resistance of premolar teeth. 27 

 

8. Thirty patients (n=60) were given two class II restorations using two distinct 

composites: GrandioSO (methacrylate, nanohybrid) and Admira Fusion (pure 

ormocer, nanohybrid). In all restorations, the universal adhesive system 

(Futurabond M+) was used in the self-etching mode. The incremental method 

was used to place the composites. After 7 days, 6, 12, and 24 months 

postoperatively, the restorations were evaluated using the FDI World Dental 

Federation criteria. Conclusion: No significant differences amongst the tested 

composites were discovered during a 24-month follow-up. In class II 

restorations, both materials performed admirably.28 

 

9. Resin composites are widely used in esthetic dentistry. Since their introduction 

in the mid-1960s, these composites made steady gains in popularity. Their 

increased use is attributed to their excellent biocompatibility, absence of taste, 

odour, tissue irritation and toxicity, insolubility in body fluids, easy operation, 

excellent aesthetic properties, stable colures, optical properties, easy 

pigmentation, low cost and repairability. The composite resins in current use 

still suffer from several shortcomings such as poor mechanical properties. In 

order to improve these properties, microparticles have been used as fillers for a 

long time. However, the inadequate mechanical properties of resin composites 

remain problematic. Recently, researchers have utilised nanoparticles as dental 



 Review of Literature 

12 

 

composite fillers. This article reviews the relevant literature on the mechanical 

properties of polymer dental composites filled with micro- and nano-scale 

particles. The effects of particle size on fracture toughness, flexural strength, 

and hardness were examined with emphasis on other important factors for 

improvement. The second section focused on the toughening mechanisms of 

particulate-polymer composites  29 

 

10. The aim of the study was to evaluate the mechanical stability of bisphenol A- 

glycidyl methacrylate (Bis-GMA) and Ormocer-based resin composites before 

and after water absorption and to examine water saturation. Disc-shaped 

specimens of the Bis-GMA (Grandio SO, Voco) and the Ormocer- based 

(Admira Fusion, Voco) dental resin composites were made and stored  in water, 

and weighed after pre-determined times to measure the absorbed water. Bend 

bars were produced and stored for 24 h in dry conditions as well as in distilled 

water for 14 days or 60 days at 37 °C. The initial flexural strength (FS) under 

quasi-static loading and flexural fatigue strength (FFS) under cyclic loading 

were determined under 4-point bending. Fracture toughness (KIc) of both 

composites were measured using the single-edge-V- notch-beam (SEVNB) 

technique after, the same storage conditions under 3- point bending. The  first 

14 days, storage conditions did not affect the initial FS of Grandio SO, while a 

significant drop in initial FS was observed for Admira Fusion after 2 weeks in 

water and most of the water was absorbed within this time. FFS for the Bis-

GMA composite was not reduced before 2 months in water, whereas for the 

Ormocer®-based composite, there has been a significant decrease in strength 
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after cyclic fatigue already at 2 weeks of water storage. KIc of Admira Fusion 

decreased significantly after both storage periods, while KIc of Grandio SO 

decreased only significantly after 2 weeks of water storage. All mechanical 

properties of the Bis-GMA composite were superior to those of the Ormocer®-

based material, except water sorption. 30 

 

11. In extracted human upper premolar teeth, 30 MOD cavities were formed. The 

cavities were prepared and divided into three groups (n=10). Group I was 

treated with Esthet.x-HD nanohybrid RBC, group II with Esthet.x-HD/SurFil 

SDR composite, and group III with Esthet.x-HD/Filtek z350 XT composite. 

Using a strain-gauge equipment, the deflections of the buccal and palatal cusps 

were measured after irradiation. All of the specimens were compressed in a 

universal Instron Testing Machine at a crosshead speed of 0.5mm until they 

fractured. There was a significant difference (p<0.0001) between the tested 

groups. SDR as 4 mm bulk fill dentin replacement showed good performance 

as a liner under nano hybrid composite resin restorations. e31 

 

12. The cuspal flexure caused by a direct placement composite resin was measured 

using a technique that did not interfere with cuspal movement. Twenty upper 

premolar teeth with mesial-occlusal-distal (MOD) cavity preparations were 

restored using a posterior composite resin. Ten teeth were restored using a bulk 

packing technique and 10 were UHVWRUHG�XVLQJ�WKUHH�µ8¶�VKDSHG�EXFFR-lingual 

increments. Total cuspal movement was measured following the initiation of 
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curing. Bulk placement of the composite resin produced slightly more cuspal 

movement (12.5 ȝP��FRPSDUHG�ZLWK�WKH�LQFUHPHQWDO�placement of composite 

(11.3 ȝP���7KLV�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�WHFKQLTXH�RI�

incremental packing to reduce cuspal flexure is therefore questioned.32 

 

13. A total of one hundred sound human maxillary first premolars were allocated 

into five groups at random. Group 1 was left untreated (negative control). On 

teeth in groups 2±5, conventional root canal treatment with additional mesial±

occlusal cavity preparation was performed. In group 2, direct composite resin 

was used to repair the teeth intra-coronally (positive control). The palatal cusps 

of the teeth were reduced in group 3 and the cavities were filled with composite 

resin that covered the palatal cusp (partial coverage). The buccal and palatal 

cusps, as well as the distal marginal ridges, were reduced in group 4, and the 

cavities and cusps were repaired with composite resin (conventional full 

coverage). Buccal and palatal cusps were reduced in group 5, but the distal 

marginal ridges were preserved. Composite resin was used to repair the voids 

and cusps (modified full coverage). Until fracture, all teeth were exposed to 

increasing compressive force parallel to their longitudinal axis. The one-way 

ANOVA and Fisher's test were used to examine fracture resistance. The chi-

square test was used to examine fracture patterns. The 0.05 significance 

threshold was chosen. When root-filled maxillary first premolar teeth with a 

proximal surface were repaired with direct composite resin, those restored with 

full-coverage designs exhibited superior fracture resistance.33 
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14. The review found that fracture toughness investigations on dental adhesives are 

difficult to conduct, both in terms of technical performance and in terms of 

establishing strong discriminating ability across different adhesives. According 

to the review, most fracture toughness tests of adhesives used in dentistry aren't 

completely accurate since they don't account for the complicated stress pattern 

at the adhesive interface. Despite these limitations, the evaluation clearly 

supports the idea that fracture mechanics is the best method for studying dental 

adhesion.34 

 

 

15. In an in-vitro model, researchers looked at the influence of cyclic loading on 

marginal adaption and microtensile bond strength of direct vs indirect Class II 

composite restorations. On the mesial surface of excised human maxillary first 

premolars, forty Class II cavities were produced and separated into two groups. 

In a low vacuum scanning electron microscope, the gingival edge of the 

proximal box was examined for marginal adaptation at 200x magnification. The 

restorations were cut into 1 mm thick slabs perpendicular to the glued surface. 

The slabs were also cut at the contact to give them a cross-sectional surface area 

of about 1 mm. Microtensile bond strength testing was performed on all 

specimens. The data on marginal adaptation was evaluated using descriptive 

studies, while the data on bond strength was studied using a one-way ANOVA 

test. Under cyclic loads, the indirect composite restorations performed better.35 
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16. A study of the literature on cavity preparation for amalgam and resin composite 

restorations was conducted. An overview of available bulkfill resin composite 

systems is presented, as well as a classification of these systems based on 

clinical use and planned use are Included and reviewed. There were pre-defined 

inclusion criteria based on keywords.  

Conclusions: For posterior resin composite restorations, little cavity preparation 

is recommended to preserve as much good tooth structure as possible. Only the 

caries lesion needs to be removed for resin composite restorations, with the 

remaining tooth structure maintained for the bonding procedure. The expected 

upshot of this mindset is a higher rate of tooth survival. Newer bulkfill 

restorative resins have a number of advantages, including reduced placement 

time.36 

 

 

17. Eight groups of extracted intact maxillary premolars were studied: (1) intact 

teeth; (2) unrestored MOD cavity; (3) unrestored MOD cavity plus endodontic 

access through the occlusal floor; (4) unrestored MOD plus endodontic access 

with axial walls removed; (5) MOD restored with resin composite; (6) MOD 

plus endodontic access, resin composite; (7) MOD plus extensive endodontic 

access, resin composite; (8) MOD plus extensive endodontic access, GIC core 

and In a servohydraulic testing equipment, a stepped oblique load was applied 

to the buccal cusp. The load on the tooth as well as the fracture patterns were 

recorded. Conclusions With broad endodontic access, direct restorations 

increased the fracture resistance of root-filled teeth. Both treated and unrestored 

teeth had fracture patterns that were identical.37 
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18. In a Stress±Strain Analyzer, the polymerization shrinkage force (PSF) was 

measured continuously for 300 seconds with compliance compensation after 

photo-initiating the composite, Tetric EvoCeram (Ivoclar Vivadent, Schaan, 

FL, Shade A3). Exposure periods of 10, 20, and 40 seconds were used with the 

Astralis 10, Bluephase, and MiniL.E.D LCUs (C-factor = 0.33, n = 8 per group). 

The mechanical properties of the samples were tested at the top and bottom 

using a Fischerscope H100C immediately after the PSF measurements (Helmut 

Fischer GmbH, Sindelfingen, Germany). The one-way ANOVA (p 0.05) and 

Tukey post hoc test were used in the statistical analysis. Conclusions: Because 

of high-intensity LCU produced both high HV and high shrinkage, it's critical 

to balance the two effects by choosing the right curing time. In an LED, soft-

start regimens offer no significant benefit in terms of clinical stress.38 

 

19. One hundred and ninety-two specimens (n = 8) were prepared (5 mm 2 mm) 

according to experimental groups: two composite resins (Filtek Supreme and 

four seasons); three light curing protocols [20 s with the tip of the light curing 

unit (LCU) device touching the composite surface (C); 20 s with the tip of the 

LCU at 8 mm distant from the composite surface (D); and tip of the LCU at 8 

mm distant from the composite surface and The LCUs used were the Bluephase 

16i, Ultralume LED 5, XL 3000, and Optilux 501C. A FTIR spectrometer was 

used to measure the DC of the objects' bottom and top surfaces. Conclusion. 

The DC can be affected by the distance between the LCU and the material 

surface, as well as radiation exposure. Distance polymerization should be done 
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with curing units that have a higher light output and/or a longer exposure 

duration.39 

 

 

20. Condensable composites (Solitaire, Surefil, Alert) and an ormocer (Definite) 

were compared to a hybrid composite (Tetric Ceram) and an ion-releasing 

composite (Tetric Ceram) in terms of flexural strength, flexural modulus, 

fracture toughness, Vickers hardness, and wear resistance (Ariston pHc). 

Methods: Three-point bending was used to assess flexural strength, flexural 

modulus, and fracture toughness. Fracture toughness was assessed using single-

edge notched-bend specimens. A Vickers indenter was used to determine 

microhardness. Result: Alert had the highest flexural modulus, KIC, and 

hardness but the lowest wear resistance. The highest wear resistance was 

demonstrated by Solitaire.40 

 

21. Two ultra-rapid photo-polymerized bulk fill (URPBF) materials: PFill and 

PFlow were studied, along with their comparators ECeram and EFlow. PFill 

contains an addition fragmentation chain transfer (AFCT) agent. The URPBR 

materials were irradiated using two different 3 s high irradiance protocols (3000 

and 3200 mW/cm2 based on Bluephase PowerCure and VALO LCUs, 

respectively )  and  one  10 s standard protocol  ( 1200  mW/cm2  based  on  a 

 Bluephase PowerCure LCU). Bonded disk and Bioman II instruments were 

used to measure Polymer- ization shrinkage % and shrinkage stress MPa, 

respectively, for 60 min at 23 ± 1 ƕC (n = 5). Maximum shrinkage-rate and 
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maximum shrinkage stress-rate were also calculated for 15 s via numerical 

differentiation. The data were analyzed via multiple One-way ANOVA and 

Tukey post-hoc tests (0.05 = ࡥ�). he maximum shrinkage strain-rate (%/s) was 

significantly lower in PFill-10s and PFill- 3s groups (using PowerCure LCU) 

compared to ECeram. However, no differences were seen between PFlow and 

EFlow (p > 0.05). The maximum shrinkage stress-rate of PFill and PFlow was 

comparable between different irradiation protocols, as well as to their 

comparator ECeram 41. 

 

22. The polymerization of a new generation of bulk-fill composites on a very high-

intensity curing unit over a 3-second interval was investigated in this study. The 

effect of various polymerization programmes on the degree of conversion of 

composite materials was investigated. Materials and procedures: Two high-

viscosity bulk-fill composite materials (Tetric PowerFill, Ivoclar Vivadent, and 

Filtek One Bulk Fill Restorative, 3M) and two low-viscosity materials (Tetric 

PowerFill, Ivoclar Vivadent, and Filtek One Bulk Fill Restorative, 3M) were 

tested (Tetric PowerFlow, Ivoclar Vivadent and SDR Plus Bulk Fill Flowable, 

Dentsply). Specimens with thicknesses of 2 or 4 mm (n=5) were polymerized 

for 20 seconds at a standard intensity of 950 mW/cm2 or 3 seconds at a light 

intensity of 2652 mW/cm2 (Bluephase PowerCure, Ivoclar Vivadent). The 

specimens were stored in a saline solution for 29 days at 37 0C before being 

dried in a desiccator for three days. For the Tetric PowerFIll and SDR Plus Bulk 

Fill Flowable, there was no significant difference in the degree of conversion 

between the different polymerization protocols, whereas the Tetric PowerFlow 
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and Filtek One Bulk Fill Restorative were statistically better polymerized with 

the standard polymerization protocol. The measurements obtained at a depth of 

2 - 4 mm in the group polymerized for 3 s were less polymerized than those 

obtained at a depth of 0 - 2 mm. Conclusion: The efficiency of 3-s 

polymerization varies greatly depending on the material. 3-s polymerization 

with a very high light intensity is sufficient to polymerize a Tetric PowerFill 

material that was designed for such a polymerization method and may be 

suitable for other materials, such as SDR Plus Bulk Fill Flowable; however, in 

the case of Tetric PowerFlow material, standard polymerization yields better 

results for the degree of conversion42.   
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MATERIALS AND METHOD 

 

The following materials were used in this study : 

Materials/ Equipment Commercial name / Manufacturer Purpose  

30 upper premolar 

teeth  

 

Dept of OMFS, SDM College of 

Dental Sciences  

 

sample  

 

COMPOSITE i)Admira Fusion (universal nano 

hybrid  ORMOCER restorative 

material,VOCO) 

 

Group II Restoration 

COMPOSITE ii)Tetric PowerFill (Sculptable 

Nano-Hybrid Composite,ivoclar) 

Group III Restoration 

Etchant  PRIME Restorite etching gel, 

containing 37% silica phosphoric 

acid 

Etching of tooth 

surface 

Bonding agent 3M ESPE Adaper single bond Bonding of 

composites to tooth 
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Quartz Tungsten 

Halogen lamp 

 

Ivoclar LEDition  

 

Curing of composite 

of group II 

3s power cure curing 

system 

Ivoclar Curing of composite 

of group III 

Matrix system Universal tofflemire retainer with 

ivory number 8 band  

aid in restoring 

normal contour and 

contact areas 

 

High speed airotor 

hand piece  

 

High speed airotor hand piece  

NSK, Confident dental systems  

 

Preparation of class 2  

cavities in group II 

and III 

Periodontal probe Gdc Single End Probes #1  

 

Measuring the 

dimensions of cavity 

prepared in group I 

and group III 

Burs Mani Diamond Bur 

 -straight fissure burs 

   tapered fissure 

   inverted cone bur 

Preparation of class 2  

cavities in group II 

and III 
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Composite Instrument ii) Gdc Composite Instrument Gold 

Titanium  

 

 

Composite packing 

polishing burs Dura-White Stones for: fine 

finishing  

 

Finishing and 

polishing of 

composites of group 

I and group III. 

Distilled water  

 

Dept of Oral pathology, SDM 

College of Dental Sciences  

 

Storage Medium 

 

Instrom,Universal 

testing machine 

(computerized, 

software based)  

Company: ACME Engineers, 

India.  

Model No. UNITEST- 10, 

Accuracy of the machine: ±1% 

Cross head speed: 1 mm/minute.  

 

Calculating 

maximum load and 

hence fracture 

toughness  
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METHODOLOGY 

 

Thirty intact, non-carious, unrestored human upper premolars that were extracted for 

orthodontic reason were selected for the study. The teeth were cleaned and stored in 

distilled water. All the extracted teeth were autoclaved and then randomly assigned to 

3 groups of 10 teeth each and were allocated into following groups:  

 

Group  I: Control group (intact teeth) 

Group II: Ormocer based composite(Admira fusion) 

GroupIII: Nano-Hybrid composite(Tetric Powerfill) 

 

The specimens were embedded 3mm above the surface of the acrylic resin cylinder, up 

to the cemento-enamel junction, using a hollow cylindrical metallic rod with a height 

of 1 inch and a diameter of 1.5 inch. The lingual and buccal cusp points of each tooth 

were placed in the block in a horizontal plane parallel to the mount's base. 

 

Cavity preparation: 

Ten intact teeth were used as positive controls. Standardized class II MO cavities were 

prepared using a (diamond points) straight fissure bur in high-speed water-cooled hand 

piece, bur was changed after every 10-cavity  
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preparation. Dimensions were 2 mm���0.2 mm pulpal depth, 1.5  ��0.2 mm gingival 

depth and 2.0� �0.2mm buccolingual width and it was verified using periodontal 

probe.4)Facial and lingual walls of the occlusal segment were prepared parallel to each 

other with the cavosurface angle at 90° .These specifications were followed to maintain 

uniformity of all the cavities that were prepared. 

 

 

Restorative procedure: 

Prepared cavities were air-dried, All the cavities were etched (PRIME Restorite etching 

gel, containing 37% silica phosphoric acid) for 15s, and etchant was rinsed off using 

water. Once the cavity was dried, bonding agent was applied and cured (3M ESPE 

Adaper single bond). Polymerization was performed With Quartz Tungsten Halogen 

lamp for group II and 3s power cure curing system(ivoclar) was used with group III. 

The fiber optic sensor of the spectrometer was placed in the center of the 9 mm light 

guide of the curing unit. The recording was taken in the 3s, turbo, and high-power mode. 

21Tofflemire Matrix band was applied. Further composite was built up in oblique 

technique to ensure minimum polymerisation shrinkage. Finishing and polishing of 

restoration was performed. After the restorative procedure the teeth from 3 group were 

allocated number randomly and mixed .Then  the samples were sent to laboratory for 

testing of fracture resistance. 

 

 

 



 Materials and Method 

26 

 

Lab procedure: 

All of the specimens were subjected to a compressive load in a Instrom  universal 

Testing Machine at a crosshead speed of 1mm/min until a fracture occurs. The 

specimens were placed on the lower plates of the testing machine. A steel sphere (3 

mm in diameter) rigidly attached to the upper crosshead will be brought into contact 

with both the buccal and lingual cusps of the tooth. The areas of contact will be 

modified by round diamond rotary instrument to prevent lateral deflection of the 

steel sphere. It was ensured that there was no contact between the restoration and the 

sphere before the test was performed. Study was performed at ACME Engineers, 

India., Model: UNITEST 10. System Accuracy of the Machine: ��1%. 
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Fig 1.1 Materials used for Class II restoration and Finishing and Polishing  

 

Fig 1.2 Straight Fissure Bur  

 

Fig 1.3 Airotor  
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Fig 1.4 :Group B:Curing Light  

       (3M QTH curing unit)  

 

Fig 1.5 :Group C:Curing Light  

    (Ivoclar  3s PowerCure)  

 

Fig 1.6 Group B: Ormocers (Admira Fusion)  

 

Fig 1.7. Group C: Tetric PowerFill 
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Fig 2.1 Single Rooted Premolar  

 

COLOUR PLATE 2: METHODOLOGY 

Fig.2.3 Class II cavity prepared 
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Fig 2.2 Measuring Bucco- 

Lingual width using probe  

Fig 2.4 Etching of the tooth  

 

Fig.2.5 Bonding of the tooth  
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Fig 3.1 Control group - Group A 

 

Fig 3.2 Tooth Restored with Group B  

 

Fig 3.3 Tooth Restored with Group C 

 

COLOUR PLATE 3: SPECIMENS FROM EACH GROUP  
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COLOUR PLATE 4: EQUIPMENT  

 

Fig 4.1 Universal Testing Machine  

 

Fig 4.2 3mm Ball Indentor  

 

Fig 4.3.fractured tooth  
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COLOUR PLATE 5: Material after testing 

 

Fig 5.1 Fractured tooth after testing for 

fracture resistance  

 

Fig 5.2  Fractured tooth after testing for 

fracture resistance  
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Result 

The following tables show the fracture resistance of each specimen from the four 

groups that are included in the study along with the fracture resistance for the control 

group.  

10 samples were tested in each group: 

 

 

       Control group                      Group 2- Admira fusion          Group 3 ± Tetric PoweFill 

Sr.No. Sample 
No.  

 

Fracture 
Load    
( N )  

 Sr.No. Sample 
No.  

 

Fracture 
Load    
( N )  

 Sr.No. Sample 
No.  

Fracture 
Load    
( N )  

1 53 2745.96  1 39 576.26  1 292 2349.06 

2 57 1535.66  2 42 972.16  2 273 1950.2 

3 79 677.18  3 110 1565.06  3 22 740.88 

4 116 678.16  4 119 1079.6  4 41 867.3 

5 141 2926.28  5 157 576.24  5 74 2746.94 

6 149 1431.78  6 177 2087.4  6 121 1110.25 

7 167 1514.1  7 193 2048.2  7 122 628.18 

8 179 2001.16  8 177 867.3  8 125 1895.32 

9 238 1518.02  9 221 1110.25  9 196 1284.78 

10 293 898.66  10 225 920  10 237 2663.64 

 average 1592.69   average 1180.25   average 1623.66 
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Data were subjected to the one way Anova data analysis : 
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From the above analysis, we can conclude that:  

x There was no statistically significant difference between group 1 and group 2 

group 3. 

x The mean value obtained in group A is 1592.70, in group B 1180.25 and in 

group C is 1623.66 

x The highest force applied on group A is 2926.28, in group B 2087.40 and in 

group C is 2746.94. 

x The one way ANOVA analysis has shown no statistical significance among 

three groups. 
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The following chart compares the mean distribution of subjects based on 

fracture resistance: 

 

 

 

 

 

 

 

 

 

 

 

       Chart 1: Mean distribution of subjects based on fracture resistance
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DISCUSSION 

 

During polymerization, resin-based dental composite materials lose between 1% and 

3% of their volume. Polymerization shrinkage can cause postoperative discomfort, 

microcracks, microleakage, and secondary caries leading to failure of the composite at 

the restoration and tooth interface.  It has been reported that placing a composite in a 

class II cavity can cause the cusp to deform inward, with the amount of deformation 

ranging from 15 to 50 millimetres. The size and shape of the cavity, as well as other 

parameters, influence the level of cuspal deflection and also lead to fracture of tooth. 

The composite resin's Young's modulus,  degree of polymerization shrinkage, usage of 

a flowable liner as an intermediary, type of curing light ,and placement strategies  are 

said to have an impact on the quality of restoration.7 

 

The advent of adhesive technology along with stronger adhesive materials have made 

it possible to create a conservative and aesthetic restoration that directly bonds to the 

tooth structure and strengthens it. Apart from aesthetics, the newer composites can be 

used as posterior restorative materials due to their high compressive strength.  

 

Adhesive nature of composite tends to bind the cusps and decreases the flexion of the 

same and hence it reinforces the stiffness of the tooth. Flexion is considered to be the 

main cause of fracture in conventional, nonbonded amalgam restorations. Composite 
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resin transmits the energy produced by the compressive forces to the adjacent dental 

structure due to its low elastic modulus and thereby reinforces the weakened tooth 

structure.  

 

In our study, the fracture resistance of various composite materials like Ormocer based 

composite and nano hybrid composite was compared. The fracture resistance of teeth 

restored with different resin-based restorative materials is related to several factors, 

such as preparation design, magnitude, and type of load, mechanical properties of 

restoration. Restricted mechanical loading is suggested for the initial few hours after 

composite restoration. In reality, the determination of a uniform fracture strength for 

human teeth is not possible due to the enormous variations in tooth morphology.  

 

Ormocers contain Ba-Al-Si glass particles as fillers with a size of 1 ȝP� The filler is 

present in the range of 84 wt.% and 69 vol%.43 Admira fusion has an advantage of a 

total lack of conventional methacrylate monomers in its composition, which in turn 

reduces the polymerization shrinkage 29  up to 1.25% which is much lesser than 

conventional composite that showed shrinkage of 2-6%.  

 

Yarmohamadi E. et al performed an in vitro study to evaluate cuspal deflection and 

microleakage of mesio-occluso-distal cavities restored with three different bulk-fill 

composite resins. Cuspal deflection depends on size and shape of the cavity, properties 

of the restorative material and the bonding system used. In this study, maximum cuspal 
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deflection was found in Filtek P60 , which is in line with other studies results. The mean 

cuspal deflection was significantly different in the three groups (p < 0.001). The lowest 

ZDV�QRWHG�LQ�$GPLUD�)XVLRQ������������ȝP��.This result is probably due to the presence 

of TEGDMA, which increases shrinkage.  

 

On the other hand, the cuspal deflection was much lesser in the teeth restored with 

Admira Fusion x-tra (VOCO), which is attributed to the presence of inorganic 

nanofillers (84%) and the total lack of conventional methacrylates that lead to better 

adaption and less shrinkage.43McHugh L. et al undertook an in vitro study to evaluate 

the cuspal deflection and microleakage of mesio-occlusodistal cavities in third molars 

restored with different materials. Their first conclusion was that conventional 

composite resins had more cuspal deflection than bulk-fill resins. 

 

Admira Fusion (VOCO) GRHVQ¶W have any conventional methacrylates in its 

composition, this new ormocer material has other kind of monomers. This fact is 

explicit in the precautions of Admira Fusion (VOCO), where it is pointed out that, in 

patients with hypersensitivities to methacrylates, the teeth VKRXOGQ¶W be restored by this 

material. 44 

 

Other material tested in our study is the tetric powerfill,  Tetric PowerFill composite 

resin incorporated photointiators based on camphorquinone(CQ), TPO and Ivocerin in 

addition to addition-fragmentation chain transfer(AFCT)  reagent, in order to create a  

more homogenous network. Ivocerin and diphenyl (2,4,6-trimethylbenzoyl) phosphine 
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oxide (TPO) photoinitiators have been proven to be more reactive for high intensity 

light curing than the standard CQ/amine photoinitiator system 45. 

 

In addition, by encouraging a more linear polymer chain growth, the AFCT compound 

reduces crosslinking density, moving the gel point to superior conversion values and 

eventually decreasing polymerization shrinkage stress 19. This might be a justification 

for many results in this study including the DC% and shrinkage stress, and this is in 

line with previous research findings 46.  

 

In our study, the maximum fracture resistance of two groups was seen similar to that of 

the control group. While group B did not show much of difference compared to group 

A and C, when maximum fracture resistance was evaluated. The maximum fracture 

resistance of A is 2926.28,while minimum fracture resistance in Group A is 

677.18.Similarly , the maximum fracture resistance of B is 2087.40,while minimum 

fracture resistance in Group B is 576.24 and the maximum fracture resistance of C is 

2746.94,while minimum fracture resistance in Group C is 628.18.When all the 

individual values were compared group B had slightly lower fracture resistance 

compared to other two groups also, surprisingly the control group has also shown high 

level of fracture. However, at the given sample size the result obtained is statistically 

inconclusive . 

 

In our study, premolars were selected since the anatomic shape of the premolars renders 

them more susceptible to cuspal separation during mastication. Joynt et al.47 claimed 

that occlusal cavity preparation may reduce the mechanical resistance of the remaining 
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tooth structure by 20%. A 2.5-fold reduction in resistance is seen when the marginal 

ridges are removed. This results in an overall 46% reduction in its mechanical 

resistance. A further decrease of 63% in resistance is seen when the marginal ridges are 

involved.  

 

In a study by Burke and Watts 48, they proved that a wedging effect is seen between the 

buccal and lingual cusps when the indenter makes contact with the tooth and reduces 

the mean fracture resistance values of the tooth while promoting more catastrophic 

types of fracture. Similarly, in our study, the application of force was on the cuspal 

inclines of the tooth vertically because it was found to be suitable to simulate the clinical 

intraoral conditions. 

 

Sound teeth rarely fracture during normal masticatory stress. (12) In our study, 

unprepared teeth (Group 1) showed fracture resistance similar  to other groups tested. 

This could be attributed to the to the duration of storage ,medium of storage, method  

of storage of extracted teeth. According Mello et. AL, Fracture resistance is affected by 

storage conditions; teeth stored in water have a higher resistance to fracture than teeth 

that are stored dry. Fracture resistance was, however, not reduced enough to lead to 

tooth fracture during pre-clinical endodontic procedures.49 

 

However , according to Michaud et. al, the disinfection/sterilization method used 

affected the fracture resistance of extracted teeth: autoclaved teeth were less resistant 
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to fracture than teeth that were not sterilized or teeth that were chemically disinfected. 

However, fracture resistance was not reduced enough to lead to tooth fracture during 

preclinical endodontic procedures50.Also, studies done by Jameson et. al., have proven 

that high temperature and high pressure during autoclaving denature the organic 

components of dentin and therefore affect dentin microhardness.  

 

This process could explain the results we obtained in group A, the decrease in dentin 

microhardness can be related to decreased fracture resistance. In a study conducted in 

this regard, it was speculated that teeth in the autoclave group suffered desiccation 

during the drying cycle, which may have contributed to their being more prone to 

fracture under compression51. Based on the results of study done by Salem et al., the 

Centres for Disease Control protocol is recommended in studies related to enamel 

microhardness. However, Autoclaving is not an appropriate sterilization method in 

studies related to dentin microhardness. In these studies, two-week immersion in 10% 

formalin is recommended52 

 

Another important factor affecting the extracted teeth is  storage of teeth, 

Microhardness of enamel and dentin was in an acceptable range when teeth were stored 

for 2 months in de-ionized water, glutaraldehyde, HBSS, NaOCl or in thymol; thus, 

teeth kept up to 2 months in these solutions can be used for mechanical in vitro tests. 

However, 12 months storage significantly reduced the 53microhardness of enamel and 

dentin. 
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Furthermore, the posterior packable composites are highly viscous, which increases the 

likelihood of voids in the body and restoration margins. According to research by 

Bonilla et al and McGregor et al, these composites do not appreciably improve strength 

or fracture resistance, nor do they minimise polymerization shrinkage.54  

 

Within the limitations of the study, it can be noted that there is no statistically 

significant difference in the fracture resistance of three groups tested.
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CONCLUSION 

 

Within the limitations of this study, it was concluded that:  

1. Fracture resistance of Tetric PowerFill was slightly higher as compared to the other 

tested materials.  

2. There was no statistically significant difference in the fracture resistance of Admira 

Fusion and Tetric PowerFill 

Thus, this study opens new opportunities for the use of Tetric PowerFill and Ormocers 

as a newer material in restoration of posterior teeth.
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SUMMARY 

 

Better resistance to deformation and fracture, provision of more equitable stress 

distributions, and greater probability of clinical success are provided by stronger 

restorative materials. An integral point to be remembered while restoring tooth is that 

the material should have the capability to resist fracture. The major problem with 

posterior composites is the fractures within the body and the margins of the restorations. 

Fracture toughness is the ability of brittle materials to resist the catastrophic 

propagation of flaws under an applied load. The fracture toughness of the material can 

be substantially increased by increasing the filler particles and through various 

toughening mechanisms such as crack pinning, matrix-filler interaction, and crack 

deflection.  

 

Thus, this study was conducted to evaluate the fracture resistance of  class II cavities 

restored with two different composite materials. 

 

30 premolar teeth were randomly divided into 3 groups. One group was the positive 

FRQWURO�JURXS�ZKLFK�GLGQ¶W�KDYH�DQ\�SUHSDUDWLRQV�02�FDYLWLHV�ZHUH�SUHSDUHG�RQ�WKH�

rest of the teeth and were restored with Ormocer (Admira Fusion) based composite, and 

nanohybrid composite(Tetric PowerFill). Fracture resistance was evaluated using the 

universal testing machine. Differences between the groups were evaluated by one way 

ANOVA and Post-HOC analysis.  
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Among all the tested groups, there was no statistically significant difference in their 

fracture resistance. The control group without preparation also showed a wide variation 

in fracture resistance obtained which could be due to storage medium used and the 

autoclave procedure that was used for sterilization which might lead to loss of moisture 

and further causing variation in the result obtained.  

 

Within the limitations of the present study, it can be concluded that the two tested group 

showed similar fracture resistance, highest fracture resistance was seen in tetric 

powerfill , followed by Ormocers  among the tested groups and these can be used as 

restorative material for posterior restorations.
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