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Abstract

INTRODUCTION. Composite resins, used in restorative dentistry, offer enhanced esthetic and mechanical
qualities. Nevertheless, the significant issue of volumetric shrinkage during polymerization remains
a concern. Shrinkage-induced stress has the potential to cause marginal defects and enamel and cuspal
fractures, especially in high stress-bearing areas. The present study aimed at assessing and comparing the
fracture resistance and fracture patterns of teeth restored with new impregnated cubical composite, short
fiber reinforced composite, and nanohybrid composite in mesio-occlusal-distal (MOD) cavities.

MATERIALS AND METHODS. This was an in-vitro study comprising 45 extracted premolars cleaned and moun-
ted in resin blocks. The MOD cavities were prepared in all the samples and were divided into three groups;
Group | samples restored using ESPE Filtek Z350 XT restorative composite syringe™, Group Il using GC EverX
posterior composite™ (4mm), and Group Il using Fibrafill cube S. Restorations were finished and polished.
RESULTS. The mean fracture resistance was 844.5+264.8, 1249.7+518.3, and 1240.8+£453.3 in Group |, I,
and lll, respectively. Group Il and lll fracture resistance was comparable (p=1.00) but higher than Group |
(p=0.03 with Group I, p = 0.04 with Group Ill). No significant difference was present in the favourable and non-
favourable fracture patterns between the three groups (p=0.108).

CONCLUSIONS. Short fiber and cubic fiber integrated composites performed similarly in terms of fracture
resistance resulting in favourable fracture, however better over conventional nanohybrid composites.
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CpaBHUTeNbHAA OL,eHKA CONMPOTUB/IEHUA 3Y60B HA U310M,
BOCCTAHOBJ/IEHHbIX C NOMOLLbIO HOBOr0 KOMMO3MUTA,
NpOoNUTAHHOI0 BOJIOKHAMU KOPOTKOBOJIOKHMCTOr0 KOMMNO3UTA
M HaHOrM6puAHOro KOMNo3uTa: uccnegoBaHue in vitro
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Pesiome

BBEAOEHME. KOMNO3UTHbIE CMOJbI, UCMOJIb3yEMbIE B PECTABPALMOHHOM CTOMAaToNornm, obnagarT ynyd-
LUEHHBLIMW 3CTETUYECKMMUN N MEXAHMYECKMMU CBOCTBaMU. TeM He MeHee, 3HauuTesibHasa npobsiema 06b-
€MHOW ycagku BO BpEMS NOMMepPM3aLmMmn octaeTcs akTyanbHon. CTpecc, Bbl3BaHHbI ycaakor, MOXeT npu-
BECTU K KpaeBbIM fledekTam 1 TpeLuyHam amanm n 6yrpos, ocobeHHO B 061acTsX ¢ BbICOKOW Harpy3komn. Ha-
cTosiwee nccnegosaHmne 6b10 HANPaBJIEHO Ha OLLEHKY U CPaBHEHNE CONPOTUBIIEHUS HA U3JIOM U XapakTepa
TpewmH y 3y6oB, BOCCTAHOBJIEHHbIX C UCMOJ/Ib30BAHNEM HOBOIFO KOMMO3MTa, NPONUTAHHOIO KyOnieckumm
BOJIOKHAMM, KOMMO3MTa C KOPOTKUMWN BOJIOKHAMU N HAHOTMOPUAHOro KOMMNO3MUTa B ME3UaJIbHO-OKK/HO3WOH-
HO-aucTanbHbIX (MOD) nonocTax.

MATEPUAbI N METO/bI. B paHHoe in vitro nccnegosaHue Bowwnm 45 yganeHHbIX NPEMOSISIPOB, OYULLEHHbIX
1 YCTaHOBJIEHHbIX B 6510kM 13 cMOJibl. Bo Bcex obpasuax 6binn noarotosneHsl MOD nonoctu, 1 nx pasgenmnm
Ha TpwW rpynnbl; rpynna | — BoccTtaHoBneHne ¢ ncnonb3osaHnem ESPE Filtek Z350 XT restorative composite
syringeTM, rpynna ll - komnoauntom GC EverX posterior compositeTM (4 mm), rpynna lll - komnosutom Fibrafill
cube S. PecTtaBpauun 6b111 okOHYaTeNbHO 06paboTaHbl 1 OTNONNPOBAHLI.

PE3YJIbTATbI. CpegHee conpoTmBneHne Ha n3nom coctasmno 844,5+264,8, 1249,7+518,3 n 1240,8+453,3
srpynnaxl|, llnlllcootBeTcTBEHHO. COnpoTmBneHne Hansnom B rpynnaxllnlll 6eino conoctasmmeim (p=1,00),
HO 3Ha4MTENbHO Bbilwe, Yem B rpynne | (p=0,03 gna rpynnel I, p=0,04 gna rpynnsl lll). 3Ha4ymMTENbBHBLIX PA3K-
Y B 61aronpusTHbIX U HEGNAronpPUSTHBIX TUMAX TPELLMH MEXAY TPEMS rpynnamm He BoisiBneHo (p=0,108).
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BbIBOAbl. KoMN031Tbl C KOPOTKMMW BONOKHAMWU N C MHTEFPUPOBAHHbLIMU KYOUYECKMMU BOSIOKHAMU MokKa-
3a/m cxoxue peaynbTaTthl M0 CONPOTUBIIEHNIO HA N3110M, o6ecrneynBas 6aaronpusiTHele TPELLMHBI, U Npoae-
MOHCTPMPOBAIN NyyLLMe NoKa3aTenn no CPaBHEHMIO C TPAAVLMOHHBIMU HAHOTMBPUAHBIMY KOMMO3UTaMW.

KnioueBble cnoBa: KOMNO3MTHaAs CMoJa, NPONUTaHHAs BOJIOKHaMU, KOPOTKME BOJSIOKHA, HaHOFI/I6pI/I,EI,

UHdopmauuna o ctatbe: noctynuna — 15.07.2024; ncnpasneHa — 26.08.2024; npunara — 04.09.2024

KoH)AUKT uHTepecoB: ABTOPLI cO06LWAloT 06 OTCYTCTBUM KOHMINKTA UHTEPECOB.

bnarogapHocTM: CDI/IHaHCVIpOBaHVIe N nHanemagyanbHble 6naro,u,apHoc;Tv| Ana peknapnpoBaHna OTCYTCTBYIOT.

Ana umtupoBanma: Jowwn M., Ocean M., CpuHnax C.P., Bxyox6an M. CpaBHUTENbHAsA OLEHKA CONPOTUB-
nieHnsa 3y60B Ha U310M, BOCCTAHOBMIEHHbBIX C MOMOLLbIO HOBOrO KOMMO3UTa, NPOMUTAHHOIrO BOIOKHAMM, KO-
POTKOBOMIOKHUCTOrO KOMMNO31Ta M HAHOrMBPUAHOro KOMMNO3UTA: UCCNefoBaHue in vitro. SHAogoHTUS Today.
2024;22(3):220-228. (Ha aHrn. 13.) https://doi.org/10.36377/ET-0037

INTRODUCTION

Advancements in adhesive techniques and the
growing demand on aesthetics have elevated resin
composite as the primary option for restoring cavities
in posterior teeth [1]. Although the combined restora-
tive materials such as porcelain and composite re-
sins effectively imitates the mechanical characteristics
of natural dental tissues, the fracture and volumetric
shrinkage remain the paramount concerns with com-
posite resins [2]. Considerable research has been un-
dertaken and continues to be ongoing to tackle these
concerns, with a focus on refining composite charac-
teristics by altering filler ratios, particle dimensions,
and the chemical composition of the polymer matrix
[3]. The dentino-enamel junction (DEJ) acts as a cru-
cial interface between the rigid enamel and the more
flexible dentin, forming a mechanically robust unit that
absorbs stress in teeth and prevents crack propaga-
tion [4]. Maintaining or replicating the properties of DEJ
during restoration processes is vital. Restoration tech-
niques, in MOD direct restorations play a pivotal role in
maintaining the mechanical integrity of posterior teeth,
particularly in cases where the stress-absorbing pro-
perties of DEJ are compromised [5]. However, achiev-
ing an ideal composite restoration requires awareness
of potential risk factors and the types of failure com-
monly observed in the posterior region such as bulk
fracture and secondary caries.

Fiber reinforcement in conventional dental compo-
sites aims to increase the fracture resistance by optimi-
zing the diameter and length of fiber to enhance stress
transfer from the matrix. Garoushi et al. observed sig-
nificantimprovement in material properties through this
method [3]. Since the elastic modulus and mechanical
strength of fiber-reinforced composites (FRC) closely
resemble dentin [6], research has been conducted to
strengthen the reinforcing phase of restorative PFC
making it more reliable for use in high-stress environ-
ments like posterior teeth. In the year 2013, short fiber
reinforced composite (SFRC), consisting of a combina-
tion of a resin matrix, randomly orientated E-glass fi-
bers, and inorganic particulate fillers has emerged
with an aim to simulate stress absorbing ability of den-
tin [1; 7]. The SFRC is designed for use as a bulk base
in high stress-bearing regions for restoring both vital
and non-vital teeth. Its semi-interpenetrating polymer
network enhances bonding properties for repairs and
increases toughness of polymer matrix. Materials that
are used to make fibers include carbon, aramid, po-
lyethylene, and glass [7]. The in-vitro investigations
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revealed enhanced load-bearing strength and fracture
toughness in SFRC compared to conventional com-
posite materials [8; 9]. However, findings from studies
by Barreto et al. and Frater et al. indicate no significant
differences in fracture resistance between SFRC and
conventional filler composites. This discrepancy may
be primarily attributed to the insufficient reinforce-
ment provided by short fibers within the polymer ma-
trix [10; 11].

The introduction of nanotechnology has advanced
composite resin materials, particularly nanohybrid re-
sin composites. Nanohybrid composites enhance filler
distribution by combining nanoparticles with submi-
cron particles, resulting in superior mechanical, chemi-
cal, and optical properties [12]. The nanofilled mate-
rials, due to their high filler content and reduced particle
size, offer easy handling, long-term restoration main-
tenance, and improved mechanical properties. These
materials exhibit reduced polymerization shrinkage
and enhanced diametral tensile strength, compression
strength, and fracture toughness, making them ideal
for high-stress areas in the oral environment [13]. Filtek
Z350 XT restorative nanohybrid composite comprises
a combination of non-agglomerated silica filler of 20 nm
and aggregated zirconia/silica clusters with primary
particle sizes of 5-20 nm at 78.5% weight [12]. An in-
vitro study by Bukhari SM demonstrated significantly
higher fracture resistance of Filtek Z350 XT composite
material in posterior MOD cavities compared to Zir-
conomer and Cention [14].

Lately, FibraFill CUBE was introduced in restora-
tive dentistry as a microhybrid, light-curable compos-
ite with integrated fiber reinforcement that substitutes
the dentin layer. Designed to mimic the DEJ and evenly
distribute stress, it reduces the risk of fracture be-
tween the restorative material and the tooth. It is thus
meant for the fabrication of direct restorations as an al-
ternative for the dentine layer [15; 16]. FibraFill comes
in pad form with two layers of particulate composite
and oriented glass fiber reinforcement. It is available
in cube shapes (3mmx4mmx3mm), it comes in doses
of S(65+5mg), M (95+8 mg), and L (180+ 10 mg). The
manufacturer indicates that it can be used in dentist-
ry for Class I, Class Il, and Class V cavities, as well as
large posterior combination cavities, deep cavities in
endodontically treated teeth, pre- and post-endodon-
tic restorations, and core restorations'.

' Fibrafill. Available at: https://fibrafill.com/en/instructions/
instructions-for-use-fibrafill-cube (accessed: 17.05.2024).
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Considering the Fibrafill CUBE material as lately
introduced, it is crucial to have a better understan-
ding of its mechanical strength when compared to the
widely used Filtek Z350 XT composite material and
fiber reinforced EverX posterior composite. In terms of
mechanical strength of the restoration, fracture tough-
ness testing is vital to evaluate a material’s ability to
withstand stress without breaking and to monitor crack
propagation before failure. Previous studies suggest
that testing bulk fill composites in 4 mm increments is
appropriate [3]. Thus, the aim of this in-vitro study was
to assess and compare the fracture resistance and
fracture patterns of teeth restored with new impreg-
nated cubical composite, short fiber reinforced com-
posite, and nanohybrid composite in MOD cavities.
The null hypothesis was; teeth restored with the cu-
bical fiber-impregnated composite will exhibit similar
mechanical resistance to those restored with nanohy-
brid and SFRC composites, and that fracture patterns
in premolars with MOD cavities will not depend on the
type of composite used.
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MATERIALS AND METHODS

This was an in-vitro study conducted in a dental col-
lege of Pune, Maharashtra. The approval for conduc-
ting this study was obtained from the Scientific and In-
stitutional Ethical committee of a dental college in Pune,
Maharashtra. The sample size was estimated using G*
Power 3.1.9.2 software keeping effect size of XX, alpha
of 0.05, and power of the study as 80%. A total of 45 ex-
tracted two rooted premolars were included using con-
venience sampling. All the materials, instruments, and
equipment used in the study are presented in Fig. 1. The
procedural steps are presented in Fig. 2 and 3.

Preparation of samples

All teeth were cleaned using an ultrasonic scaler
(Azdent), autoclaved (using Runyes Unicorn DenMart)
and stored in a normal saline until use. The teeth were
subsequently embedded in resin blocks measuring
2x2x2.5cm, with the root portion extending from 2 mm
below the CEJ to the apex. MOD cavities were pre-
pared on these mounted teeth using a diamond tapered

Fig. 1. Materials, instruments, and equipment used in the study: A — extracted two rooted premolars;
B — William’s probe; C — 3M ESPE Filtek Z350 XT resorative composite syringe.TM; D, E — compule dispensing gun
and GC EverX posterior TM composite; F — composite instruments; G - Fibrafill CUBE S TM;

H, I — universal testing machine

Puc. 1. Matepuanbl, MHCTPYMEHTbI M 060pPyA0BaHWE, UCMOJIb30BAHHbBIE B UCCNIE00BAHUN:

A — N3BJIEYEHHbIE ABYKOPHEBLIE NpeMonsapbl; B — 3oHA Bunbamca; C — wnpuy, ¢ KOMNO3UTOM 415 pecTaBpaumm
3M ESPE Filtek 2350 XT™; D, E — komno3ut GC EverX posterior™ u nuctoner; F — KOMNO3UTHbIE MHCTPYMEHThI;
G - Fibrafill CUBE S™,; H, | — yHMBepcanbHasa TeCToBasi MalunHa

DHdodoHmus
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fissure (TF-13) and an air rotor handpiece (Being Fos-
han). Bucco-lingually, the cavity was expanded to two-
thirds of the bucco-lingual width of the tooth. The proxi-
mal box depth on both the distal and mesial aspects
was maintained at 1 mm above the CEJ. Verification of
measurements was done using a William’s probe (GDC)
and the unsupported enamel was meticulously removed
with an enamel hatchet (GDC).

Tofflemier (GDC) with matrix band was adapted around
each tooth. A selective etching protocol was applied,
using 37% phosphoric acid (Dental Restorite Etching
Gel Prime™) for 15 seconds, followed by rinsing and air-
drying. The bonding agent (Single Bond Universal Ad-
hesive 3M ESPE™) was then applied using applicator tip
(Oro), agitated, and cured with an LED unit for 10 seconds.

Restoration of the prepared teeth

For restoration, the samples were divided into three
groups as below:

Group I (n = 15): MOD cavity restored with 3M ESPE
Filtek Z350 XT restorative composite syringe™

In Group |, a layer of 2 mm of 3M ESPE Filtek Z350
XT restorative composite syringe™ was cured for 20 se-
conds. The remaining tooth was restored using layer
technique with each layer cured for 20 seconds with con-
tinuous intensity by Woodpecker LED.C light curing unit™.

Group Il (n = 15): MOD cavity restored with GC
EverX posterior composite™ + 3M ESPE Filtek Z350 XT
restorative composite syringe™

In Group I, the initial layers of 4 mm of GC EverX pos-
terior composite™ were adapted using composite instru-

Wccneposanus / Scientific researches ‘ 225

ments and cured for 20 seconds. The remaining tooth
was restored using 3M ESPE Filtek Z350 XT restorative
composite syringe™ up to occlusal anatomic surface and
cured using Woodpecker LED.C light curing unit™.

Group Il (n = 15): MOD cavity restored with Fibrafill
CUBE S™ Dentapreg + restored using 3M ESPE Filtek
Z350 XT restorative composite syringe™

In Group lll, cube of Fibrafill CUBE S™ was adapted
using composite instruments up to 4 mm and cured for
30 seconds. The remaining tooth was restored using
3M ESPE Filtek Z350 XT restorative composite syringe™
up to occlusal anatomic surface and cured using Wood-
pecker LED.C light curing unit™.

Finishing and polishing of the restoration

Samples were finished with a yellow band diamond
point (TF-21EF) after removing the retainer and matrix
band. The final finishing and polishing was done using
Shofu Super Snap rainbow discs in a sequence of black
(coarse), violet (medium), green (fine) and pink (super-
fine, based on particle size, using a slow-speed micro-
motor handpiece (Alegra). All samples were then stored
in a humidifier at 35 °C and 80% humidity.

Assessment of outcome parameters

Fracture resistance was assessed by subjec-
ting the MOD restorations from each group to loading
via Universal testing machine (INSTRON) at a cross-
head speed of 2 mm/min using a stainless-steel sty-
lus 4.8 mm diameter at centre pit of occlusal surface.
This was followed by evaluation of fracture patterns.

45 extracted premolars were included in the study

v

Teeth were cleaned using ultrasonic scaler and kept in normal saline until use

v

Teeth were mounted in resin blocks 2 mm below CEJ

v

MOD cavities were prepared

v

Etching and bonding was performed

v

Samples divided into 3 groups

|

A 4

}

Group | (n=15)
MOD cavity restored with 3M ESPE
Filtek Z350 XT restorative
composite syringe™

Group Il (n=15)
MOD cavity restored with GC EverX posterior
composite™ (4 mm) + 3M ESPE Filtek Z350
XT restorative composite syringe™

Group llIl (n=15)
MOD cavity restored with Fibrafill cube
S (4 mm) + 3M ESPE Filtek Z350 XT
restorative composite syringe™

A 4

Restorations were finished and polished with Shofu super snap kit and stored in humidifier
for 24 hours (35 °C, 80%)

v

Fracture resistance and fracture patterns of restoration assessed

Fig. 2. Flow chart representing procedural steps involved in the study
Puc. 2. 5n0|<—cxema, npeacrtaBndiowasa npouenypHbie Wwaru, BbllMOJIHEHHbIE B XO04€e nccnegoBaHnA
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Fracture patterns were evaluated as restorable or non-
restorable under dental operating microscope (Carl
Zeiss Meditec AG™) with two examiner agreement. The
fracture above the CEJ was noted as restorable frac-
ture while the fracture extending below CEJ was noted
as non — restorable fracture.

Statistical analysis

All analysis were performed using SPSS version 15.0
(SPSS Inc., Chicago, IL). The data for fracture loads was
analysed statistically using one-way ANOVA. Differen-
ces between fracture patterns of experimental groups
were analysed using Chi-square test. The significance
was kept at p<0.05.

MccnepoeaHus / Scientific researches

RESULTS

The mean fracture resistance in Group | was
844.5+264.8, in group Il was 1249.7+518.3, and in
Group lll was 1240.8+453.3 (Table 1). The compari-
son of fracture resistance between the groups using
one way ANOVA test revealed a statistically significant
difference between the groups (F=4.427, p=0.018).
The post hoc Tukey test demonstrated a significant
difference in fracture resistance between Group | and
Group Il (p=0.038) and between Group | and Group Il
(p=0.044). However, the fracture resistance between
Group Il and Group lll was comparable (p=1.000)
(Fig. 4).

Fig. 3. Preparation of teeth, restoration of MOD cavity, and finishing and polishing of the restoration:
A — cavity preparation; B — tofflemire retainer with matrix band application and etching and bonding;

C - MOD cavity restoration; D - finishing and polishing

Puc. 3. NoarotoBka 3y6oB, BoccTaHoBneHne MOD nonoctu n okoH4aTenbHas o6paboTka 1 nonmpoBka
pecTtaBpauumn: A — nogroToeka NonocTn; B — ycTaHOBKA MaTPUYHOW IEHTLI C UCMOJIb30BaHMeM durkcaTopa
Toddnemaiipa, npoTpaBka n HaHeceHue aareanea; C — BocctaHoBneHne MOD nonocTy;

D - okoH4YaTenbHas o6paboTka 1 NonnmpoBka

DHdodoHmus
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Table 1. Comparison of fracture resistance
between Group |, I, and llI

Ta6nuua 1. CpaBHeHWE CONPOTMBIIEHMS HA U3SIOM
mexay rpynnamu |, [ n 1l

Groups | N Mean ﬁct:l?:t?;: F-value Signi(ﬁpc;ance
Group | 15 844.5 264.9

Group Il 15 | 1249.7 518.3 4.427 0.018*
Group lll | 15 1240.8 453.3

Note. Significance at p<0.05
lMpumevaHmne. 3Ha4mmocTb npu p< 0,05

The fracture patterns in the present study were ca-
tegorized as favourable and non-favourable fractures.
In Group |, 47.8% and 18.2% samples had non-favou-
rable and favourable fracture pattern, respectively.
Similarly, group Il presented with 26.1% non-favoura-
ble and 40.9% favourable fracture patterns. The non-
favourable fracture patterns in Group lll was revealed
in 26.1% samples and favourable patterns in 40.9%
samples (Fig. 5). Comparison between favourable and
non-favourable fracture patterns between the three
groups using Chi-square test revealed no statistically
significant (x3=4.447, p=0.108) difference between the
groups.

DISCUSSION

It is widely acknowledged that the success of en-
dodontic therapy depends on both the treatment and
the quality of the coronal restoration. Excessive cavity
preparation often leads to tooth fragility, causing partial
or complete fractures of the cusps or roots in posterior
teeth. The loss of the marginal ridge and proximal tooth
structure reduces tooth stiffness by 46%, a significant
2.5-fold decrease [17; 18]. As reported in the study by
Eakle et al., endodontically treated premolars are par-
ticularly prone to fractures, especially under compres-
sive forces, with the lingual cusp being most frequently
affected [19]. Hence, in the present study cavities were
prepared in two rooted premolar. Further, studies in-
dicate that preparing MOD cavities can reduce tooth
fracture strength by up to 54% compared to unprepared
teeth. Therefore, in the present study MOD cavities
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were prepared in the teeth to assess the load-bearing
capacity of resin composites with various substructures
under worst-case conditions.

In present study, three composites were compared
for their fracture resistance. One was Filtek Z350 XT,
which is a visible light-activated, nano-filled compo-
site resin with advanced filler technology containing
4-11 nm zirconia, aggregated zirconia/silica clusters,
and 20 nm non-agglomerated silica fillers, while the
other was GC EverX posterior composite. The third FRC
used in the experimental group in the present study was
the Fibrafill S cube which is recently introduced. The
fracture resistance in the present study was compa-
rable between GC EverX posterior composite™ and Fi-
brafill CUBE S™ Dentapreg and was significantly higher
than the 3M ESPE Filtek Z350 XT restorative composite
syringe™.

The higher fracture resistance of GC EverX poste-
rior composite™ and Fibrafill CUBE S™ Dentapreg can
be attributed to their structure and fiber composition.
The GC EverX posterior composite contains short fi-
bers that prevent fracture propagation and offer frac-
ture toughness comparable to dentin, nearly double
that of conventional composites. According to Ga-
roushi et al., the fiber length distribution of EverX Pos-
terior ranged from 0.3 to 1.5 mm. The specific lengths
of E-glass fibers embedded in a bis-GMA polymer ma-
trix are crucial because they effectively transfer stress
from the polymer to the fibers. This stress transfer is
essential for reinforcing the composite material, as the
fibers can bear and distribute the load more efficiently,
thereby enhancing the overall strength and durability
of the composite. Moreover, the fibers are silanized,
which enables them to bond chemically with the ma-
trix [7]. According to the present study, a substantial
proportion of favourable fractures (40%) define cavi-
ties were repaired with EverX posterior composite™
when compared to 3M ESPE Filtek Z350 XT restorative
composite syringe™. Similar results were demonstra-
ted for Fibrafill CUBE S™ Dentapreg with 40.9% favour-
able fractured restored with this material. Frater et al.
demonstrated that SFRC has the ability to alter frac-
ture modes to more favorable ones. [1] This is primarily
due to the support provided by the SFRC substructure
beneath the composite restoration [18].

450 60
4091 == - 50| 47.8
350
300+ 40-
250
200- 807
150 20-
100
50 . 10
0 : : 01

Group |-Group Il Group I-Group Il Group Il-Group llI

Fig. 4. Bar diagram representing the mean difference
in the fracture resistance between the groups

Puc. 4. Ctonbyatasa guarpamma, npeacrasnstoLias
CPELHIO PasHULY B CONPOTUBIIEHNN HA N3JIOM
Mexay rpynnamm
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Group |

Group Il Group I

mm Non-favourable I Favourable

Fig. 5. Bar diagram representing fracture patterns
observed in Group I, I, and Il

Puc. 5. Cton6uatasa anarpamma, npeacrtasnsiow,as
TUNbl TPELWVH, Habnogaemble B rpynnax |, [T wn lll
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The higher fracture resistance of Fibrafill S cube can
be attributed to integrated membrane reinforcement.
This material primarily comprises surface-treated con-
tinuous glass fibers of special glass. The composition
includes silane-treated glass, Isopropylidenediphenol
PEG-2 Dimethacrylate (Bis-EMA) and a blend of vari-
ous resin components including silane-treated silica,
Bis-GMA, UDMA, TEGDMA, HEMA, CQ, DMAEMA, and
BHT [20].

Furthermore, the material offers a special kind of bio-
mimicry to restore hard tissue, featuring both short scat-
tered fibers and continuous fiber reinforcement. Thus, it
makes it ideal for replacing dentin in large posterior ap-
plications, minimizing crack development and propaga-
tion within dental tissue. This reduces the risk of severe
damage to remaining dental tissues, thereby enhancing
longevity. Its enhanced fracture toughness as a filling
or core build-up material has been demonstrated. Ad-
ditionally, bulk filling with a cube reduces stress concen-
tration, preserves marginal integrity, and lowers tension
during polymerization, resulting in overall robustness
and reduced risk of failure [20]. These findings align
with the present study, which indicates improved frac-
ture resistance compared to nanohybrid composites,
with more favorable fractures observed in FibraFill-filled
cavities compared to conventional ones. The structures
and features of GC EverX posterior composite™ and Fi-
brafill CUBE S™ Dentapreg are thus better over the Fil-
tek Z350 XT composite whose diverse nanocluster sizes
allow for high filler loading, maintaining strength, frac-
ture resistance, and wear resistance. The resin includes
Bis-GMA, UDMA, TEGDMA, and bis-EMA, providing
a compressive strength of 360 MPa. Literature reports
its fracture toughness comparable to Filtek Supreme XT
restoratives and significantly higher than Durafill VS and
Renamel Microfill microfills. However, despite changes
in filler size and concentration, the resin matrix has not
achieved the fracture resistance of a natural tooth [21].

In the present study, a two-step etch-and-rinse ad-
hesive was applied to the tooth structure for all three
types of composite resins examined in this study. A re-
search by Tsujimoto A et al. has shown higher bond
strength of SFRC to dentin compared to one-step sel-
f-etch adhesives [22]. Incremental layering techniques
are preferred clinically to reduce polymerization stress
and improve mechanical properties. While some stud-
ies suggest oblique layering strategies over horizontal
ones, no significant differences between various buil-
d-up techniques have been found. Therefore, a horizon-
tal layering technique was employed in this study when
applying the different composite resins [1].
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With respect to the technique adopted for assessing
the fracture resistance, a compressive static fracture
test was used in the present study. The procedures were
performed using Universal Testing Machine [17] and
were in accordance with the steps reported by Wu et al.
[15] However, the clinical environment, with its dynamic
loading conditions, presents differences from earlier
in vitro research conducted under static loading condi-
tions. Additionally, variations in factors such as the con-
dition of the teeth, application methods for restorations,
and study protocols make it unfair to directly compare
the fracture resistance statistics of the current study
with those of previous investigations [18]. These factors
should be considered as limitations of the present study.

Itis important to highlight that, continuous exposure
to mechanical and environmental stress on restora-
tions leads to gradual deterioration and the formation of
cracks, ultimately resulting in the failure of dental res-
torations [23]. In extensive class Il restorations, cracks
can initiate in enamel or dentin, typically at the center
of cavity preparations, and progress apically. The lack
of visible signs often leads to delayed treatment. Uti-
lizing a dental operating microscope, which provides
enhanced magnification, offers valuable insights due
to enamel’s translucent nature and enables dentists to
initiate early treatment, improving prognosis. In the pre-
sent study, a dental operating microscope was used to
assess favorable and unfavorable fractures observed in
the experimental samples. This was in accordance with
the approach outlined by Scotti et al. [18].

CONCLUSION

FRCs enhance the fracture resistance and streng-
then structurally compromised teeth compared to
conventional nanohybrid composites. Both short fiber
and cubic fiber integrated composites performed simi-
larly in terms of fracture resistance in all experimental
groups. Additionally, the use of FRCs prevented further
crack propagation, resulting in favorable fractures.
These findings suggest that employing membrane-
integrated self-assembled glass fiber reinforced com-
posites (SFRCs) as an intermediate layer can improve
the fracture resistance of extensive and deep posterior
restorations. Future in vivo studies can further explore
and support these findings while investigating other
physical properties of cubical fiber impregnated com-
posite resin. Future research should concentrate on
comparing the flexural strength of the newly introduced
fiber-integrated composite resin with flowable com-
posites, supported by clinical investigations to validate
the findings.
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