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صخلملا

داوملروحملايئانثينثلاةوقديدحتىلإةساردلاهذهفدهت:ثحبلافادهأ
.ةددحمهوشتتلادعميفةبكرملاجنتارلا

ةبكرملاجنتارلاداومنمةقيقدلانئاجهلانمنينثارايتخامت:ثحبلاقرط
يز(٢٥٠مايتيزكتلفو)١٠٠يز(مايتفتاروتسير١٠٠يزكتلف[

ميربسكتلف(ونانلاقيرطنعةأبعملاةبكرملاجنتارلاداومنمنينثاو،])٢٥٠
صارقألكشىلعتانيععينصتمتامك.)ةيفافشلايلاعكتلفويدوبيتسكا
متو.ينثلالماعمديدحتلجأنم،ةمسقمنوليانبلاوقمادختساب)مم١×١٢(
رابتخامتو.ةداملكنم)مم٢×٢×٢٥(نابضقلكشىلعتانيععينصت
ةفاجلافورظلايفهلماعمُوروحملايئانثينثلاةوقباستحلاتانيعلا
.اعوبسأ٥٢واعوبسأ١٣وعوبسأدعبةبطرلافورظلاو

يبما١٩-/١٦٢þ("٢٥٠يز"ـلروحملايئانثينثةوقىلعأتلجّسُ:جئاتنلا
"١٠٠يز"و)يأيبما١٦-/١٥٤þ(ةيفافشلايلاعكتلفاهعبتيو)يأ
)١٥٠þ/-١٣٦(يدوبيتسكاميربسكتلفو)يأيبما١٨þ/-يبما١٨
يئانثينثلاةوقةدايزبحضاوطمندوجوهوشتلالدعميفةدايزلاترهظأو.)يأ
روحملايئانثينثةوقتناك،رمغلانمدحاوعوبسأدعب.داوملايفروحملا

١٢٦þ/-١٢٤و"١٠٠يز"ـل١٨þ/-ىلعأتناكيتلا،"٢٥٠يز"ـل١٧
ةيفافشلايلاعكتلفويأيبما١٦-/٩٩þيدوبيتسكاميربسكتلفنم

١١٥þ/-تانيعلليئانثنلاالماعمُلاضفخنا.ةلثاممفورظيفيأيبما١٩

"١٠٠يز"؛ةفاجلاتانيعلابةنراقمحضاولكشبدحاوعوبسأةدملةرومغملا
نم"٢٥٠يز"و،يأيبيج١٥.٧�٠.٨ىلإيأيبيج١٨.٣�١.٢نم

يتسكاميربسكتلفو،يأيبيج١٣.٣�١.٤ىلإيأيبيج١٦.٧�٠.٨
يلاعكتلفويأيبيج١١.٠�٢.١ىلإيأيبيج١٣.٧�٠.٦نميدوب
.يأيبيج١٠.٤�١.٠ىلإيأيبيج١٢.٧�٢.٣نمةيفافشلا

نمةعونصملانانسلأاميمرتداومءانحناتلادعموةوقضفخنت:تاجاتنتسلاا
ىلإلوصولادعبو.ءاملاباهعبشتنيحليئامطسويفاهرمغدنعجنتارلا
تاريثأتنإ.ةيبيكرتلاداوملاىلعرثؤيلارمغللمدختسملاطسولانإفنزاوتلا
نمةعونصملانانسلأاميمرتداوميفروحملايئانثينثلاةوقىلعهوشتلالدعم
.ةميقتاذتسيلجنتارلا

بط؛لماعمُ؛ةيكيناكيملاصاوخلا؛نانسلأابطداوم:ةيحاتفملاتاملكلا
يميمرتلانانسلأا

Abstract

Objectives: This study aimed to determine the biaxial

flexural strength (BFS) of resin composite materials at

distinct deformation rates.

Methods: Two micro-hybrid [Filtek Z100� Restorative

(Z100), Filtek� Z250 (Z250)] and two nano-filled [Filtek�
Supreme XT Body (FSB), Filtek� Supreme Translucent

(FST)] composite resins were selected. Disc-shaped

(12 � 1 mm) specimens were fabricated using nylon split

moulds. Bar-shaped specimens (25� 2� 2 mm) were fabri-

cated from each material to determine the flexural modulus.

The specimens were tested for BFS and flexural modulus

under dry and wet conditions after 1, 13, and 52 weeks.
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Results: The highest BFS was recorded for Z250

(162 � 19 MPa), followed by FST (154 � 16 MPa), Z100

(150 � 18 MPa), and FSB (136 � 18 MPa). The materials

exhibited a clear trend of increase in BFS with defor-

mation rate. Following immersion for 1 week, the BFS

was 126 � 18 MPa for Z100, and 124 � 17 MPa for Z250,

which were higher than those of FSB (99 � 16 MPa) and

FST (115 � 19 MPa) under comparable conditions.

There was a remarkable reduction in the flexural moduli

of the specimens immersed for 1 week compared to those

of the dry specimens: Z100 (from 18.3 � 1.2 GPa for dry

specimen to 15.7 � 0.8 GPa after immersion for 1 week),

Z250 (from 16.7 � 0.8 GPa to 13.3 � 1.4 GPa), FSB

(from 13.7 � 0.6 GPa to 11.0 � 2.1 GPa) and FST (from

12.7 � 2.3 GPa to 10.4 � 1.0 GPa).

Conclusion: This study concludes that the BFS and flex-

ural moduli of resin-based dental restoratives decline

when they are immersed in an aqueous medium until

saturation with water. However, after equilibrium is

established, the immersion medium does not affect the

restorative materials further. Variations in deformation

rate did not have a significant effect on the BFS of resin-

based dental restoratives.
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Introduction

Restorative dental materials form the basis for replace-
ment of tooth structure lost due to disease or injury. Given

this significance, a variety of direct aesthetic restorative dental
materials has been developed; however, no restorative mate-
rial possesses ideal properties. For example, silicate cement,

the first tooth-coloured restorative material, was introduced
in the 1870s; it did not gain much acceptance due to its brit-
tleness, quick erosion, and marginal discoloration.1 The first

polymeric, tooth-coloured polymethyl methacrylate
(PMMA)-based composite was introduced in the 1940s.
Although, it was relatively better in terms of aesthetics, it
exhibited inferior properties such as high polymerisation

shrinkage, poor bonding, andmismatch of thermal expansion
coefficients.2 Subsequently, Rafael L. Bowen used high-
molecular weight epoxy and methacrylate derivatives to

overcome the deficiencies associated with PMMA-containing
composites.3 The advancement by Bowen significantly helped
industries develop novel resin-based composites (RBCs) as

restorative materials comprising resin and inorganic fillers.
Resin-based composites havebeenwidely accepted indental

practice due to key benefits such as minimal need of tooth
preparation4 and aesthetic properties.5 However, they exhibit a

number of drawbacks including polymerisation shrinkage,6

bond strength,7,8 and inferior fracture toughness.9 Since the

development of RBCs, extensive research has been carried
out to improve their clinical life with focus being mainly on
the development of new monomers10 and fillers based on

particle size, content, and silanisation.11 One of the most
important developments in this field during the past decade
has been the incorporation of nanotechnology in RBCs.12e14

Nanotechnology is the manufacturing and handling of
materials and structures in the size range 0.1e100 nm using a
number of physical or chemical techniques.15 It is believed
that lower filler particle size and broader particle size

distribution enable enhanced filler loading, thereby reducing
polymerisation shrinkage and improving mechanical
properties such as flexural and tensile strength.16,17

Biaxial flexural strength (BFS) has been employed by re-
searchers to evaluate the mechanical properties of restorative
materials.18,19 The key benefit of using BFS as a parameter is

that tensile stress is mostly applied on the central loading
area, eliminating edge failures. The disc-shaped specimens
(12 � 1 mm) used to test the BFS simulate the average width
of molars. Additionally, BFS testing is not influenced by

specimen geometry and flaw directions.20

Clinically, restorative materials undergo variable stresses
in a cyclic pattern due to functional masticatory forces. The

stresses encountered vary in several aspects including
anatomical features, physiological chewing patterns, diet,
and individual variations.21 For instance, patients with para-

functional habits such as bruxism may exert higher stress on
restorations than would physiological forces of mastication
alone.22 Nevertheless, the strength of RBCs is determined

under a constant deformation rate. The international
standard for testing polymer-based restorative and luting
materials (ISO 4049) recommends a narrow range of defor-
mation rates (0.5e1.0 mm/min) to test flexural strength.16

However, a constant deformation rate may reflect the
precise behaviour. Moreover, according to ISO 4049, 2000,
it is recommended that the specimen be stored in distilled

water for 1 week prior to being tested for flexural strength.
However, long-term water storage at body temperature is
essential in order to simulate real clinical environment and

reveal any water-induced degradation effects. This study was
based on the hypothesis that the RBCs would exhibit no
difference in BFS at varying deformation rates under storage

conditions. Thus, this study aimed to determine the BFS of
RBCs at distinct deformation rates (0.01, 0.1, 1.0, and
10.0 mm/min) and up to 1 year of water storage regime. In
addition, the effect of nanoclusters and micro-hybrid fillers

on the BFS of RBCs has been comparatively analysed.

Materials and Methods

Materials

The current study used four resin-based dental restorative

composite materials (A3 shade): two micro-hybrid materials
[Filtek Z100� Restorative (Z100) and Filtek� Z250 (Z250)]
and two nano-filled materials [Filtek� Supreme XT Body
(FSB) and Filtek� Supreme Translucent (FST)]. In terms of
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