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ABSTRACT

Aims: The present study aimed to compare fracture resistance of endodontically treated class Il premolar teeth
restored with different composite restorations.

Methodology: Sixty intact human premolars were selected for this study. All teeth received disto-occlusal
preparation such that the buccolingual width was 3mm, mesiodistal width was 2mm and depth of the cavity
was 4mm. A conservative endodontic access was done. The biomechanical preparation was done using hyflex
CM rotary files upto apical size 30 with 6% taper. After preparation, canals were obturated with gutta percha
using single cone technique. All teeth were etched with 37% phosphoric acid for 15seconds and washed with
water for 15 seconds. The teeth were randomly divided into 6 groups (n=10 in each group) according to the
type of the restorative material that was used Group A: Filtek P60 Group B: 3M ESPE Filtek Z250 XT Group
C: Filtek bulkfill Group D: Tetric N-Ceram Bulkfill (Ivoclar) Group E: 3M Filtek Supreme Flowable
Restorative underneath Filtek bulkfill Group F: Tetric N-Flow Bulkfill underneath Tetric N-Ceram bulkfill. All
specimens were stored in an incubator at 37° C for 1week. The samples were subjected to universal testing

machine at to determine fracture resistance.

Results: The highest fracture resistance was seen in teeth restored with 3M Filtek Supreme Flowable
Restorative underneath Filtek bulkfill next by Tetric N-Flow Bulkfill underneath Tetric N-Ceram bulkfill,
followed by Filtek bulkfill, Tetric N-Ceram Bulkfill, Filtek Z250 XT and least with Filtek P60. The statistical
significance of these variations yielded a p-value of <0.001, indicating a highly significant difference among

the groups.
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Conclusion: This study concluded that, flowable composite underneath bulkfill improves fracture resistance of

teeth when compared to only bulkfill. Highest fracture resistance is seen in Filtek Supreme Flowable
Restorative underneath Filtek bulkfill, Tetric N-Flow Bulkfill underneath Tetric N-Ceram bulkfill followed by
Filtek bulkfill, Tetric N-Ceram Bulkfill, Filtek Z250 XT, Filtek P60.

Keywords: [Bulkfill composite, Flowable Composite, Filtek bulkfill, Tetric N-Ceram Bulkfill }

INTRODUCTION

Endodontically treated teeth are more prone to fractures due to the removal of pulp tissue, leading to a 22%
decline in moisture content and increased dentin brittleness. Structural compromises such as caries, access
cavity preparation, instrumentation, and pre-existing fractures further weaken the tooth, making it more

susceptible to fracture compared to vital teeth’.

Effective coronal restoration and adequate support for the remaining tooth structure are critical for the long-
term success of endodontic treatment. Premolars are especially vulnerable to cusp fractures due to their

anatomy, unfavorable crown-to-root ratio, and exposure to shear and compressive forces>?.

Various materials like amalgam, GIC, and composite have been used to restore these teeth. Resin composites
enhance fracture resistance by reinforcing remaining tooth structure. They gained popularity due to their
superior aesthetics and minimal tooth destruction. The composite resin material was found to exhibit deeper

strength and micromechanical interlocking®.

Packable composites are widely used in posterior teeth due to their stiff viscosity and favorable handling similar

to amalgam. These composites typically contain filler particles ranging from 0.4—1 pm°.

Filtek Z250, a nanohybrid composite, offers high strength and durability. Its advanced formulation offers
excellent mechanical properties and reliable clinical performance with reduced polymerization shrinkage due

to its high filler content®.

Posterior teeth endure high masticatory forces. Composite contraction stress can damage the marginal seal and
result in microleakage'. This leads to microcracks and potential fractures. To overcome this, the incremental
layering technique is used. However, this they require precise handling, additional time, and advanced skills
since the composite must be applied in multiple layers. To simplify the procedure, bulk-fill resin composites

were introduced, allowing single-layer placement'¢.

Damanhoury and Platt (2014) reported that bulk-fill composites have 80% curing efficiency and lower
shrinkage stress than incremental composites!. Tetric Evo-Ceram, a nano-hybrid bulk-fill, offers better depth
of cure and creep resistance due to its optimized filler and matrix components®. Studies by Zorzin et al. and
Fronza et al. confirm bulk-fills like Filtek Bulk Fill and Tetric N Ceram reduce shrinkage rates to 1.2-2.5%

through stress-relieving monomers and high filler loads’'°.
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Despite their advantages, bulk-fills may exhibit poor adaptation to cavity walls. This can be improved by using

a flowable composite liner®. Flowable composites, with smaller filler particles and low viscosity, adapt well to

cavity anatomy and improve clinical performance when used beneath packable/hybrid composites?,!!

Taha et al. demonstrated that using flowable composite as a base significantly enhances the fracture resistance
of non-vital teeth!?. This approach also reduces polymerization stress through the elastic bonding concept,

improving durability and clinical outcomes®.

Fracture toughness is a critical factor reflecting a material’s ability to resist crack propagation. Evaluating bond
strength under shear stress is necessary for accurate clinical insights. However, evidence on the fracture
resistance of endodontically treated teeth restored with bulk-fill composites remains limited, necessitating

further research®.

So this study aims to “compare fracture resistance of endodontically treated class II premolar teeth restored
with different composite restorations”. [Packable (Filtek P60), Nanohybrid (3M ESPE Filtek Z250 XT),
Bulkfill (Filtek bulkfill, Tetric N Cerum bulkfill), Flowable underneath bulkfill (3M Filtek Supreme Flowable
Restorative underneath Filtek bulkfill, Tetric N-Flow Bulkfill underneath Tetric N-Ceram bulkfill]

Material and methods

The selected teeth were mounted in a self-cured acrylic resin blocks (1.5%1.5%1.5 cm) so that they remain 1

mm above the CEJ.

All teeth received disto-occlusal preparation such that the buccolingual width was 3mm, mesiodistal width was
2mm and depth of the cavity was 4mm measured from cavosurface margin of the palatal cusp. The cavosurface

margins were prepared at 90°.

Conservative endodontic access were done on the pulp chamber wall using endo access bur and a straight-line
access into the canal was gained, working length was set at 0.5 short of the apical foramen. The biomechanical
preparation was done using hyflex CM nickel titanium rotary files upto apical size 30 with 6% taper and canals
are irrigated with 0.9% saline solution and 3% NaoCl (sodium hypochlorite). After preparation, canals were

obturated with gutta percha and AH-PLUS using single cone technique.

All teeth were etched with 37% phosphoric acid for 15seconds and washed with water for 15 seconds. A one-

bottle adhesive system was then applied to the cavities with a microbrush and photopolymerised for 20 seconds.

The teeth were randomly divided into 6 groups (n=10 in each group) according to the type of the Restorative

Material that was used

Group A: Teeth were restored with Filtek P60 (Packable/ microhybrid)
Group B: Teeth were restored with 3M ESPE Filtek Z250 XT (Nanohybrid)
Group C: Teeth were restored with Filtek bulkfill (3M ESPE)

Group D: Teeth were restored with Tetric N-Ceram Bulkfill (Ivoclar)
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Group E: Teeth were restored with 3M Filtek Supreme Flowable Restorative underneath Filtek bulkfill (3M

ESPE)
Group F: Teeth were restored with Tetric N-Flow Bulkfill underneath Tetric N-Ceram bulkfill.

All specimens were stored in an incubator at 37° C for 1week, at 100% relative humidity in deionized water
before testing. The samples were subjected to universal testing machine to determine fracture resistance and
fracture type (favourable or unfavourable). The test was performed at a speed of Imm/min with a Smm

diameter round tip, parallel to the long axis of the tooth until a fracture occurred in the tooth or restoration.

STATISTICAL ANALYSIS

The sample size for the present study were estimated using GPower software (latest ver. 3.1.9.7; Heinrich-
Heine-Universi-ta't Du'sseldorf, Du'sseldorf, Germany). One-way ANOVA Test followed by Tukey’s post hoc
test / Kruskal Wallis Test followed by Dunn’s post hoc test [ Based on Data distribution] were used to compare

the mean Fracture Resistance between 6 groups. The level of significance [P-Value] was set at P<0.05

Table no. 1 Comparison of mean Fracture Resistance (in N) b/w 6 groups using One-
way ANOVA Test
Groups N Mean SD Min Max p-value
Group 1 10 | 241.37 89.25 115.4 372
Group 2 10 | 441.31 79.25 3314 542.2
Group 3 10 | 731.14 95.34 575.3 856.1
<0.001*
Group 4 10 | 566.47 71.88 417.1 655.9
Group 5 10 ]994.53 54.34 889.9 1076.4
Group 6 10 |902.64 83.21 767 995.7
RESULTS

The mean fracture resistance values (N) and the standard deviations of each group are given in Table 1. Group
5 (3M Filtek Supreme Flowable Restorative underneath Filtek bulkfill) exhibited significantly higher fracture
resistance compared to other groups followed closely by Group 6 (Tetric N-Flow Bulkfill underneath Tetric N-
Ceram bulkfill). Group 3 (Filtek bulkfill) demonstrated moderate resistance, with Group 4 (Tetric N-Ceram
Bulkfill) and Group 2 (Filtek Z250 XT) exhibiting lower values. Group 1 (Filtek P60) had the least fracture

resistance among all groups.
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Fig no. 1 Mean Fracture Resistance (in N) b/w 6 groups
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DISCUSSION

A complete or partial break in a material caused by excessive force is called a fracture®. One crucial feature
of dental materials is their ability to withstand fractures, which depends on resisting crack propagation from

internal flaws. These flaws act as stress concentrators, leading to bulk fractures or marginal microfractures®.

Posterior teeth bear the highest occlusal loads. Restorations disrupting enamel integrity, especially those
covering more than one-third of the intercuspal distance, reduce fracture resistance and increase cusp fracture
risk™>. Premolars are particularly susceptible to fractures due to their position in the arch, prominent cusps, and
fragile root anatomy, making post-placement inadvisable. These cuspal fractures in premolars highlight the

need for materials with high fracture toughness after endodontic treatment, thus making fracture resistance a
critical parameter for restoration longevity°.
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Studies report a 5% reduction in fracture resistance from endodontic procedures and 20% from occlusal cavity

preparation. Taha et al. found teeth without proximal walls had a 60% lower fracture resistance. Access cavity
preparation further weaken teeth®!’. Therefore, restorative materials must resist these dynamic stresses to

ensure long-term post-endodontic success®®,

Also endodontically treated teeth have reduced structural integrity and a diminished long term prognosis than
vital teeth. Traditionally, posts, cores, and full-coverage crowns were used to reinforce such teeth?®.
Contemporary minimally invasive dentistry now favors repairing rather than replacing restorations when
feasible—e.g., minor fractures, intact margins, or localized secondary caries®. Adhesive direct restorations

without posts have gained support for enhancing cuspal stiffness while preserving structure?.

Mannocci et al. recommended direct composite restorations to restore function and aesthetics while minimizing
tissue removal®. Kahler et al. confirmed composite resins offer mechanical properties similar to intact teeth,
making them a reliable choice for endodontically treated teeth. Composite resins are preferred due to their

adhesive nature, allowing minimal cavity prep and internal reinforcement?.

In this study, Group 5 (3M Filtek Supreme Flowable under Filtek Bulk Fill, 1076.4 N) had higher fracture load
than Tetric N-Flow under Tetric N-Ceram (995.7 N). This is because Flowable composites are more flexible
due to lower filler content, improving wettability and adaptation. These act as flexible intermediate layer that
may help dissipate stresses generated during the polymerization of large composite restorations, increasing
fracture resistance. Their elastic modulus is similar to dentin, which enhances the fracture resistance®. Gabriela
Ciavoi et al. confirmed base materials under adhesive restorations enhanced fracture strength.

Also high filler content of composites results in higher modulus and offer greater resistance to deformation.
The increased filler content in Filtek Bulk Fill enhances its depth of cure by reducing the volume of the resin
matrix available for polymerization. This leads to increased surface hardness and reduced polymerization

shrinkage and ultimately increase fracture resistance.??

In this study, the fracture load of teeth in Group 6 restored with Tetric N-Flow Bulkfill under Tetric N-Ceram
Bulkfill (1076.4 N) was higher than that of Group 3 with Filtek Bulkfill (856.1 N) (Refer Table 2). Tetric Evo-
Flow Bulk Fill shows polymerization shrinkage stress that is lower or comparable than conventional
composites, making it suitable as a flowable liner beneath bulk-fill. Its flexibility allows plastic deformation
and energy absorption, reducing the risk of catastrophic failure. Its excellent adaptation to both tooth structure
and bulk-fill composite enables it to function as a monolithic unit. Also the advanced filler system consists of
barium aluminum silicate glass, Isofiller (glass fillers with ytterbium fluoride in a prepolymerized matrix),
ytterbium fluoride, and spherical mixed oxides—has a refractive index matching the resin matrix, improving
translucency despite high filler content. Additionally, the use of Ixoderin, a highly reactive dibenzoyl
germanium-based light initiator, enhances depth of cure. These combined properties contributed to the superior

fracture resistance observed in Group 52
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Group 3 (Filtek Bulk Fill) exhibited higher fracture load than Group 4 (Tetric N-Ceram, 655.9 N) due to its

higher filler content and nanocluster technology. Filtek Bulk Fill contains silica/zirconia nanocluster fillers
(20 nm for silica, 4-11 nm for zirconia), which enhance mechanical properties, durability, and load-bearing
capacity. Its higher compressive strength (300 MPa) also contributes to its superior fracture resistance.
Additionally, Filtek Bulk Fill incorporates true nano-filler technology, two innovative methacrylates, and 1,12-
dodecane dimethacrylate (DDMA) that relieve stress during polymerization. A high molecular weight aromatic
urethane dimethacrylate reduces volumetric shrinkage, while addition-fragmentation monomers introduce a

third reactive site that fragments under curing stress, enhancing overall material performance.

Group 4 teeth restored with Tetric N-Ceram Bulk Fill (655.9 N) showed higher fracture load than those with
Filtek Z250 XT (542.2 N). Tetric EvoCeram Bulk Fill contains a BiISEMA and UDMA matrix (21 vol%) with
a filler mix of barium aluminum-silicate glass (61%), isofiller ytterbium fluoride, and spherical mixed oxide
(17%). Tetric EvoCeram have advanced filler technology, including the patented light initiator Ivocerin, which
is more reactive than conventional initiators and allows 4 mm polymerization in just 10 seconds. This rapid
curing reduces shrinkage stress. Additionally, its glass fillers, with a low elastic modulus of 71 GPa, act like
microscopic springs to absorb and distribute stress, enhancing restoration durability and increasing fracture
resistance compared to Filtek Z250 XT?.

In this study, the fracture load of teeth restored with Filtek Z250 XT (Group 2) (542.2 N) was higher than that
of teeth restored with Filtek P60 (Group 1) (372.0 N). Teeth restored with Filtek Z250 XT (Group 2, 542.2 N)
showed higher fracture load than those with Filtek P60 (Group 1, 372.0 N), due to differences in filler content
and composition. Filtek Z250 XT has higher filler loading and uses small to medium round zirconium fillers,
improving bonding surface area and mechanical strength. The presence of aromatic monomers like Bis-GMA
and Bis-EMA enhances cross-linking and reduces cyclization, contributing to superior strength, durability, and

compressive resistance®.

In this study, Filtek P60 showed the lowest fracture load (372.0 N) among all experimental groups. As a
packable posterior composite with 60—70% filler volume and compressive strength of 360-380 MPa, it aims
to reduce polymerization shrinkage. However, its relatively low filler content compromises mechanical
performance. Its resin matrix (BisGMA, BisEMA, UDMA, TEGDMA) and ZrO-/SiO: fillers (0.01-3.5 pm)
contribute to higher resin volume, increasing shrinkage and internal stress. This weakens the bond to tooth

structure, reducing load resistance and increasing fracture susceptibility?®.

This study also assessed fracture types, classifying them as favourable or unfavourable. Most specimens
showed unfavourable fractures where the fracture line is below the cementoenamel junction (CEJ), rendering
them non-restorable. These results align with findings by Hande Kemaloglu et al. and Aws H. Atiyah et al.,

who also reported a predominance of non-restorable fractures®*.
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Extrapolating the results of this study directly to clinical practice is challenging due to certain limitations as

this study was conducted on freshly extracted, intact teeth, unlike typical clinical cases where endodontically
treated teeth are often compromised or previously restored. Intraoral factors—such as thermal and chemical
changes, and variations in occlusal force—also affect fracture resistance but are hard to replicate in vitro.
Hence, long-term clinical studies are needed to evaluate the effectiveness of composites in post-endodontic

restorations’ %,

CONCLUSION

Loss of tooth structure, whether at the coronal or radicular level, significantly influences the structural integrity
of endodontically treated teeth. The highest mean fracture resistance was observed in specimens restored with
a flowable bulk-fill composite underneath a bulk-fill composite. This was followed by restorations using bulk-
fill composites (Filtek Bulk Fill and Tetric N-Ceram Bulk Fill). Nanohybrid composite (Filtek Z250 XT)
demonstrated moderate fracture resistance, while the lowest resistance was recorded in teeth restored with a

packable composite resin (Filtek P60).
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