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Abstract 

Aim: The aim is to evaluate fracture resistance in 

mandibular molars with class I cavity restoration using 

different composite resins.  

Materials and Methods: 60 caries-free molars were 

mounted in acrylic resin till the cementoenamel junction. 

Cavity preparation involved punch cut with a No.2 

round bur, followed by SF-11. Teeth were categorized 

into two groups and subdivided into three subgroups 

based on the composite resin used. Composite resin 

restorations were done, and samples were tested using a 

universal testing machine. Vertical load was applied on 

the central fossa and fracture resistance load was noted 

down.  

Statistical analysis: Statistical analysis was done using 

one-way ANOVA and Tukey's post hoc analysis.  

Results: The fracture resistance was highest for the 

buccal wall (1.5 mm) and lowest in the lingual wall (1 

mm). The within-group comparison of fracture 

resistance for the buccal (1.5 mm) and lingual (1 mm) 

walls showed a decreasing order as follows: Bulkfill > 

Nanofilled > Nanohybrid.  
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Conclusion: Nanohybrid composite resin showed more 

fracture resistance than nanofilled and bulk fill 

composite resin.  

Keywords: Fracture resistance, Class 1 cavity, 

composite resin 

Introduction  

The fracture strength of a material determines the 

maximum stress or load it can endure before breaking. 

Resin-based composites have become the cornerstone of 

restorative dentistry. Over the past five decades, dental 

composite resin has undergone significant 

advancements, making it the preferred material for both 

anterior and posterior restorations.  

Among tooth-colored restorative materials, composite 

resins are frequently chosen for their optimal aesthetics, 

fracture strength, and wear resistance. Fillers play a 

major role in determining the mechanical properties of 

composites. The filler enhances the strength of the 

composite [1].  

Silica particles are among the first fillers chosen for their 

optimal refractive index, affordability, ease of synthesis, 

modification and high strength when incorporated into 

resins. However, to enhance the mechanical properties of 

resin composites and improve the long-term success of 

posterior restorations, researchers and manufacturers 

have focused on zirconia particles. Nano-zirconia 

particles have been added to resin composites as 

reinforcing or toughening components due to their 

unparalleled mechanical strength [2].  

In this study, nanohybrid, nanofilled, and bulk fill 

composites were used. The introduction of 

nanotechnology is a development in the field of 

composite resin materials, including nanofilled and 

nanohybrid resin composites [3]. Nanohybrid resin 

composites are most popular because they enhance the 

distribution of fillers within the matrix by blending 

nanoparticles with submicron particles, resulting in 

better mechanical, chemical, and optical properties.  

Bulk-fill resin-based composites were developed for a 

faster restoration process and to reduce the risk of voids 

or contamination between layers. These composites 

claim to enable placement and curing of up to 4 mm 

increments in a single step. No study to date compares 

the fracture resistance of different composite resins for 

restored Class 1 mandibular molar. The aim of this in 

vitro study is to analyse the fracture resistance of teeth in 

mandibular molars with class I cavity preparation using 

different composite resins. 

Materials and Method  

Sixty extracted molar teeth free from caries, cracks and 

surface defects were used. Sample teeth were disinfected 

with 10% formalin and stored in normal saline. 

Radicular part of each teeth were mounted in acrylic 

resin to form a stable base.  

A punch cut was created with a No.2 (Mani, Japan) 

round bur followed by a Straight fissure diamond (SF-

11) (Mani, Japan) to finish the cavity (without any 

bevel). Teeth were categorized into two groups (n=30).  

Group I - Class I cavity preparation was prepared with a 

remaining thickness of 2mm mesiodistally, 2mm at the 

lingual wall, 1.5mm at the buccal wall, and a depth of 

1.5mm.  

They were then subdivided into three groups based on 

the composite resin.  

 IA: Nanohybrid composite  

 IB: Nanofilled composite  

 IC: Bulk fill composite  

Group II – Class I cavity preparation was prepared with 

a remaining thickness of 2 mm mesiodistally, 1.5 mm at 

the lingual wall, 2 mm at the buccal wall, and a depth of 

1.5 mm.  
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They were subsequently divided into three groups 

according to the type of composite resin used.  

 IIA: Nanohybrid composite  

 IIB: Nanofilled composite  

 IIC: Bulk fill composite  

Samples of all the groups were restored with the 

composite resin. (Table 1).  

Acid etching: 37% orthophosphoric acid was applied to 

the prepared cavity for 15 seconds and was rinsed with 

water spray for 30 seconds.  

Application of dentin bonding agent: The dentin 

bonding agent was applied with a micro-applicator tip on 

the etched cavity. The bonding agent was light cured 

with an LED composite resin light curing unit with a 

light intensity of 1200mW/cm2, placed perpendicular to 

the specimen's surface at a distance of <1.0 mm for 10 

seconds.  

Composite resin placement: Composite resin was filled 

on the prepared cavity. After that polymerization was 

done with an LED composite resin light curing unit with 

a light intensity of 1200mW/cm2, placed perpendicular 

to the specimen's surface at a distance of <1.0 mm for 20 

seconds (0.75mm increment).  

Samples were prepared for the universal testing 

machine. Force was applied with a 1-mm/min crosshead 

speed. The vertical load was applied to the central fossa 

of the long axis of the tooth. The ball diameter was 

0.8mm. The load at which the restorations fractured was 

noted and recorded and was statistically analysed. 

 

 

 

 

 

 

Table 1: Composite resin materials and adhesive system 

used in the study 

 

Results  

The two-way Analysis of Variance (ANOVA) with the 

post-hoc Tukey HSD test was used to analyse the 

differences between the two groups. The P value of 

≤0.05 was considered as the level of significance. It was 

observed that the Fracture resistance(N) for the lingual 

wall with 1.5mm was greater than the buccal wall with 

1.5mm (Table 2). Comparisons were carried out using 

the two-way ANOVA test and it revealed that both the 

teeth structure and the type of material used significantly 

influenced the Fracture resistance(P<0.001) (Table 3). 
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Table 2: Fracture resistance of the study groups 

 

Table 3: Descriptive statistics and comparison of the 

Fracture resistance (N) between the study groups for the 

various types of composite resin used 

 

n:sample size per group  

§:Inter-group comparisons(between the study groups); ‡: 

intra-group comparisons(between the composites within 

each study group)  

ns: not significant(P >0.05), *: statistically significant (P 

<0.05), **:highly statistically significant (P<0.01)  

Different superscript letters indicate a significant 

difference between the follow-up period in each study 

group Tukeys HSD test was carried out to assess the 

actual differences within groups and between the groups 

and the following was inferred:  

Within-Group comparisons:  

For lingual(1.5 mm) group, the Fracture resistance was 

found in the following order of decrease: 

Nanohybrid(2122±75.9N)<Nanofilled(1779±31.3N)< 

Bulk fill(1284±84.6N)  

Comparisons indicated that there was a significant 

difference between the Fracture resistance of all three 

types of composite materials.  

 For buccal (1.5 mm) group, the Fracture resistance 

was found in the following order of decrease: 

Nanohybrid (1966±75.7 N)<Nanofilled(1525±44.8 

N)<Bulk fill(1119±104N)  

Comparisons indicated that there was a significant 

difference between the Fracture resistance of all three 

types of composite materials. 

 Between-Group comparisons:  

 For the Nanohybrid composite specimens, it was 

observed that the Fracture resistance of the 

specimens with a lingual wall thickness of 1.5 mm 

was significantly greater than the specimens with a 

buccal wall thickness of 1.5 mm (P<0.0001).  

 For the Nanofilled composite specimens, it was 

observed that the Fracture resistance of the 

specimens with a lingual wall thickness of 1.5 mm 

was significantly greater than the specimens with a 

buccal wall thickness of 1.5 mm (P<0.0001).  

 For the Bulkfill composite specimens, it was 

observed that the Fracture resistance of the 

specimens with a lingual wall thickness of 1.5 mm 

was significantly greater than the specimens with a 

buccal wall thickness of 1.5 mm (P<0.0001) (Figure 

1).  

 

Graph 1: Graph depicting mean fracture resistance 
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Discussion  

In the earlier study, four groups were examined based on 

remaining wall thickness: lingual wall thicknesses of 1.5 

mm and 1 mm and buccal wall thicknesses of 1.5 mm 

and 1 mm. Only nanohybrid composite resin was used. 

A lingual wall thickness of 1.5 mm showed higher 

fracture resistance than a buccal wall of 1.5 mm. A 

buccal wall thickness of 1 mm showed less fracture 

resistance than a lingual wall thickness of 1 mm.  

Nanocomposites with clusters exhibit enhanced filler 

loading, leading to superior mechanical properties, 

although they may compromise strength. Larger 

particles of finely ground glass or nano-particle filled 

organic resin fillers are combined with nanomeric-

dispersed nanoparticles to improve mechanical 

properties. These are often termed nanohybrid composite 

resin (a mixture of two or more filler particles at least 

one of which is in the nanometric range i.e. below 100 

nm) [4]. This combination reduces the interstitial 

spacing of the filler particles, thus increasing filler 

loading. This is reflected in their higher fracture 

toughness.  

The present study showed that nanohybrid composite 

resin exhibited the highest fracture resistance, followed 

by the nanohybrid and then the bulk-fill composite. This 

is because Tetric-N-Ceram has a higher filler loading 

(80.5%) and contains larger-sized (400-700nm) barium 

alumina silicate glass fillers with greater hardness (1.25 

Moh's) and ytterbium fluoride (Knoop hardness 206). 

This material offers good physical properties with a 

flexural strength of 130 Mpa, compressive strength of 

267 Mpa and Vickers hardness of 630 Mpa.  

Filtek Z350XT is a visible light-activated, nano-filled 

composite resin. The fillers consist of a combination of 

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

nm zirconia, and aggregated zirconia/silica cluster 

fillers. This material offers a compressive strength of 

360 Mpa, Tensile strength of 85 Mpa and flexural 

strength of 160 Mpa. It has lower filler loading (78.5 %) 

and comparatively lesser hardness of filler than Tetric N 

Ceram.  

Filtek Bulk Fill Posterior contains two novel 

methacrylate monomers that, in combination, act to 

lower polymerization stress. A high molecular weight 

aromatic urethane dimethacrylate decreases the number 

of reactive groups in the resin. This helps to moderate 

the volumetric shrinkage. The addition-fragmentation 

monomers contain a third reactive site that cleaves 

through a fragmentation process during polymerization. 

This process provides a mechanism for the relaxation of 

the developing network and subsequent stress relief. The 

fragments, however, still retain the capability to react 

with each other or with other reactive sites of the 

developing polymer [5]. However, the inorganic filler 

loading of bulkfill composite resin (64.5%) is less which 

contributed to lower fracture resistance.  

Pachore et al. conducted a study to evaluate the fracture 

resistance of maxillary molar teeth restored with 

different composite resins [6]. The MOD cavity was 

prepared on the specimens. They found that fracture 

resistance was slightly higher in teeth restored with 

Tetric N Ceram (nanohybrid composite) compared to 

those restored with Polofil Supra (microhybrid 

composite) and Filtek Z350(nanofilled composite). 

Leyton et al. evaluated the fracture resistance of 

extended Class I restorations by employing various 

restorative methods with nanofilled and nanohybrid 

composites [7]. Sixty extracted human third molars were 

prepared with extended Class I cavities and allocated 

into six groups: FS-F (Filtek bulk-fill Flow + Filtek 

Supreme Ultra, 3M) and GR-F (X-tra base + GrandioSO, 

VOCO), which were restored using a flowable bulk-fill 
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composite as a base topped with a nanofilled or 

nanohybrid composite. FB (Filtek One Bulk-Fill, 3M) 

and AF (Admira Fusion X-tra, VOCO) were restored 

using a bulk-fill resin composite, while FS (Filtek 

Supreme Ultra, 3M) and GR (GrandioSO, VOCO) were 

restored incrementally with a nanofilled or nanohybrid 

composite. Restorations utilizing a nanofilled bulk-fill 

composite or traditional resin composites combined with 

a flowable bulk-fill base successfully restored fracture 

strength to levels comparable to that of intact teeth.  

Taha et al. investigate the effect of ormocer, nanofilled, 

nanoceramic, and microhybrid composite restorative 

systems on the fracture resistance of maxillary premolars 

with Class II mesio-occlusodistal (MOD) cavities[8]. 

They found that during compressive load testing, teeth 

restored with microhybrid, ormocer, and nanofilled 

composites exhibited lower cuspal fracture resistance 

compared to those restored with nanoceramic 

composites.  

Suhasini K et al. examine the clinical effectiveness of 

nanohybrid composite restorations utilizing resin-

modified glass-ionomer and flowable composite liners 

[9]. Among forty patients, a total of eighty Class I 

restorations were performed, with one group using a 

resin-modified glass-ionomer cement liner and the other 

group employing a flowable composite liner (smart 

dentin replacement). They concluded that nanohybrid 

composite restorations with RMGIC and a flowable 

composite liner showed clinically satisfactory 

performance after 12 months.  

Mandibular molars are selected due to their 

susceptibility to fractures caused by occlusal contact 

with the pointed and protruding palatal cusps of 

maxillary molars, which exert significant force onto the 

central groove of the mandibular molars. In the present 

study, it was observed that the lingual wall remaining 

thickness of 1.5mm showed the highest fracture 

resistance. This might be explained by the weakened 

state of the buccal cusp in extracted teeth, potentially 

caused by attrition. The lingual cusp generally shows 

greater resistance to fracturing than the buccal cusp. 

Attrition can cause a flatter wall and less cuspal 

inclination. 

Conclusion  

 The minimum wall thickness of the buccal and 

lingual wall in Class I should be kept at 1.5mm.  

 Nanohybrid composite resin showed more fracture 

resistance than nanofilled and bulkfill composite 

resin.  

 Greater marginal thickness can help preserve the 

fracture resistance of teeth.  
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