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ABBREVIATION

FRC — Fibre-reinfirced composite.

NCD — Non-communicable disease.

GFRP — Glass Fiber Reinforced Polymer.

UDMA — Urethane Dimethacrylate.

Bis-GMA — Bisphenol A-glycidyl methacrylate.

TEGDMA — Triethylene Glycol Dimethacrylate.

HEMA - 2-Hydroxyethyl Methacrylate.

MAA — Methyl Methacrylate.

CSF — Caries Susceptible Factor.

BAG - Bioactive glass.

BAG-FRC - Bioactive Glass Fiber Reinforced Composite.
SCENIHR - Scientific Committee on Emerging and Newly-Identified Health Risks.
ADA — American Dental Association.

MMC — Metallic matrix composite.

CMC — Ceramic matrix composite.

C/C — Carbon/ carbon composite.

PMC — Polymer matrix compositesor polymeric composites.

UD — Unidirectional.



UHMWP — Ultrahigh molecular-weight polyethylene.

Fibre — Reinforced Composite Vs Conventional Composite in Severe Loss of Tooth Structure

SUMMARY

Relevance of the problem: It is challenging for dentists to ensure the durability of the restoration
especially in treatment of severe loss of tooth structure. Nowadays there is a humongous variety of
composite materials on the market enabling dentists to choose the most suitable one depending on

the individuality of the case and ensure the most successful treatment possible.

The aim of the study: Compare Fibre Reinforced Composite with Conventional Composite in Severe

Loss of Tooth Structure.

Materials and methods: There was a narrative review done. Using “Pubmed” and “Google scholar”
platforms articles were chosen based on the following keywords: Fibre-reinforced composite vs
conventional composite, bilk fill composites, bulk flow, fibre reinforced composite flexural strength,
polymerisation shrinkage of bulk fill. Articles were selected by the year of issue between 2013-2023.
After typing these key words in search tool of “Pubmed” platform there 111173 articles found. After
typing these key words in search tool of “Google scholar” platform there 7539090 articles found.
Atrticles were selected by the year of issue between 2013-2024 and by relevance to the topic. In total

115 articles were used and analysed for this thesis.

Conclusions: Fibre-reinforced composite shows higher level of flexural strength and resistance to
fractures than both conventional composite and bulk fills in severe loss of tooth structure.
Furthermore the best performance was shown by everX. Both fibre-reinforced composite and
conventional composite are well-tolerated by the tissues of the oral cavity, even though both show
some mild toxicity. Fibre-reinforced composite have more advantages in terms of adhesion than

conventional composite due to its reinforced properties in bonding.

Keywords: Tooth cavities; degree of conversion; fibre-reinforced resin composite; flowable bulk-

fill; microtensile bond strength; Bulk fill, everX.



INTRODUCTION

Fibre-reinforced dental composites are proven to have high mechanical properties
compared with other types of dental composites like micro, nano, or hybrid filled composites. The
containing of glass fibres in the fibre-reinforced restoration material strengthen the dimensional

stability of the of the filling both, whether during the initial stages or through the life of the restoration.

Before moving into the details of the fibre-reinforced composite and it’s properties,
we also need to understand the properties of the other types of the current composites to understand

the strength of the fibre supported composite.

According tothe classification ofresin-based composite is been classified into specific

types and properties, such as following. [1]

1. Restorative procedure:

e Direct: refers to the procedure of placing the filling material at the office at the same
visit by the dental professional. [2]

e Indirect: while this technique stands for the fabrication of the replaced material outside
the dental office, which requires a dental laboratory thus a specialised dental
technician to carry our the procedure of fabrication (of e.g. the inlay, onlay, crown,
veneers) outside the mouth of the patient, on cast models and articulator that
demonstrates the bite, occlusion and the movements of the jaw, of each specific patient.
[2]

2. Curing modes:

e Chemically activated;

e Light activated;

e Heat-cured;

e Dual-cured.

3. Clinical application:
e Packable;
e Flowable;

e Polyacid modified;



e Self-Adhesive;
e Osmotic;
e Bulk-Fill.

4. Filler particle size.

For the understanding of the comparison, an observation of the different types is
needed. There are 5 subtypes of the “Based on filler particles size” composites: Macrofilled 10-100
um (conventional composite); Microfilled 0.01-0.1 pm; Small particle 0.1-10 pm (fine particle);
Hybrid; Nano-composite 0.005-0.1 pum.

Macrofilled.
It is one of the first invented type of composites. This type is hard to polish, besides the strong
structure of the restoration resulted into abrasions on the antagonist, thereason why further finer types

were introduced to the market[3].

Microfilled.

Inorganic colloidal silica particles are embedded in resin. Contains prepolymerised resin fillers thus
no high shrinkage and the filler volume is maximised. Additionally it makes the surface of the
restoration a high polishability. This type’s disadvantage is the weakness of restoration, but still

considered as on of the aesthetics restoration in the area of the incisors. [3]

Hybrid: This type contains microfine and small/fine fillers. This mix increases the filler loading,
because the small/fine fillers occupy the spaces that are created by microfine filler, thus we can reach
a restoration with high physical and mechanical properties. This type can be polished well, but not as
much as the microfilmed composite. Most of the hybrids consist of colloidal silica and ground

particles glasses containing heavy metals. [3]

Nanocomposite.

Nano does not refer to the size of fillers, but to the Nano-technology that is used. The high
concentration of particles means more fillers are added thus the mechanical properties are enhanced
and the polishing procedure is been facilitated. The more filler the composite material is composed
of, the higher the viscosity. Despite that fact, these particles undergo a special surface procedure, so
that the material maintains its low viscosity. This is how to concept of nano filled technology is

performed. Nano filler particles are ways smaller than the wavelength of light, which allows the light
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to enter, hence the material shows high translucency. These features enables the creation of wide

range of shades, thus it allows us to design a highly aesthetic restoration. [3]

It is important for the dentists to be aware of the particles and materials included in
the types of the composites they are using thus to enhance the outcome and prognosis of the filling

concerning the treatment of severe tooth structure loss cases.

The aim of the study: Compare-fibre reinforced composite with conventional composite in severe

loss of tooth structure.

Issue of the study: Do the properties of fibre-reinforced composite provide longer longevity in severe

loss of tooth structure than conventional composite?
Goals of the study:

1. To compare the flexural strength of fibre-reinforced composite and conventional composite
in severe loss of tooth structure.

2. To compare the biocompatibility of fibre-reinforced composite and conventional composite
in severe loss of tooth structure.

3. To compare the adhesion of fibre-reinforced composite and conventional composite in severe

loss of tooth structure.

Hypothesis of the study: Fibre reinforced composite has an advantage over conventional composite

in treatment of severe loss of tooth structure.



1. MATERIALS AND METHODS

1.1 Study design:

Narrative review.

1.2 Study method:

Using “Pubmed” and “Google scholar” platforms there was articles found by key
words of “Fibre reinforced composite”, “Conventional Composite”, “Severe loss of tooth structure”,
“Deep marginal elevation”, “Treatment of severe tooth structure loss”, “Prognosis of endodontically
treated teeth”, “Caries”. After typing these key words in search tool of “Pubmed” platform there
111173 articles found. Aftertyping these key words in search tool of “Google scholar” platform there
7539090 articles found. Articles were selected by the year of issue between 2013-2024 and by

relevance to the topic. In total 115 articles were used and analysed for this thesis.

1.3 Literature search and strategy:

The articles were chosen based on the following keywords: Fibre-reinforced
composite vs conventional composite, bilk fill composites, bulk flow, fibre reinforced composite

flexural strength, polymerisation shrinkage of bulk fills.



2. LITERATURE REVIEW

2.1 Anatomy of the tooth.

Teeth are ectodermal organs, which play important role in digesting system. As it is
the first station of the digestion system, allowing us to chew the food thus facilitating the procedure
of further digesting processes. Crushed and cut food is easier to swallow and digest afterwards.
Therefore caries prevention and prophylactic measures should play a big role in each individuals life
to have not only a healthy first path of the whole procedure of digestion but also give an aesthetic

smile, which boosts self confidence and makes one feel better. [4]

The teeth of human have four main layers: enamel, dentin, cementum, and tooth pulp.
Each layer of the tooth has its own purposes. Enamel is the external protective layer of each tooth. It
helps to prevent bacteria from causing tooth decay. The enamel is the hardest material in the entire
human body. Right underneath the enamel is a layer of dentin which is not as strong as the enamel is.
The risk of tooth decay increases when missing enamel exposes the dentin making it more prone to
carious infection. As the layer of the enamel is covering the underlaying dentin, so the cementum
coats the root of the teeth. Working together with the periodontal tissue, it helps to anchor the tooth
firmly in the jaw. The innermost layer of the toothis dental pulp, which contains nerves, blood vessels

and connective tissue. [5-7]

2.2 Development of caries.

Tooth decay is a significant health challenge in most developed countries, impacting
the vast majority of young children and adults. [8] The Global Burden of Disease Study ranked
untreated tooth decay as the most common of all 291 diseases assessed, affecting 3.1 billion people
which makes up 44% of the total population across the world, meaning that almost every second
person among the whole population is suffering caries. [9,10] Dental decay has a significant impact
on quality of life and usually comes with high costs to individuals and families within the
communities. Dental caries is unevenly spread among populations and has a strong underlying
socioeconomic disparity. [11] Like other diseases referred to as non-communicable diseases (NCDs),
dental caries evolves as aresult of a combination of genetics, physiology, environmental and lifestyle

factors. [12] Of concern is that the prevalence of dental caries has barely declined over the past 30



years, even though it is widely preventable. [13] The paper contends that the recognition of dental
caries as a non-communicable and not an infectious disease (NCD) will enable caries to be integrated

into oral health promotion, disease prevention and treatment strategies and overall NCD policies. [14]

Dental caries is been worldwide an issue for the most of industrialised countries.
Almost every second person must have been suffering caries in his life. Wherein the bulk of
youngsters and adultsrevel in the sickness. [96] Inthe Global Burden of Disease Study.[97] untreated
caries turned into the maximum general of all 291 clinical situations evaluated, affecting 3.1 billion
people (44%) worldwide.[98] With a primary effect on high-satisfactory of lifestyles and excessive
expenses for individuals, households and society. The sickness is inconsistently allotted in
populations with a sturdy socioeconomic gradient[98]. Similar with different situations which can be
defined as non-communicable diseases (NCDs), dental caries develops because the end result of a
mixture of genetic, physiological, environmental and behavioural factors. [99] A critical subject is
that even though dental caries is essentially a preventable sickness, its incidence has slightly
decreased over the past 30 years. [100] This paper argues that recognising dental caries as an non-
communicable disease as opposed to an infectious sickness will allow caries to be included into

techniques on oral fitness promotion, prevention and treatment, and into normal NCD policies. [101]

2.3 The Oral Cavity and its Microbiology.

The mouth hosts a complicated microbiome that persists and grows all around the oral
mucosa and surfaces as multi-species biofilms; those biofilms are termed dental plaque once they
expand on teeth. [102] The specific homes of the oral hollow space make the composition of the oral
microbiome function of the web website online however wonderful from that of neighbouring habitats,
consisting of the pores and skin and the digestive tract. These observations emphasise vital principle,
specifically the decisive function performed through the nearby surroundings in figuring out which
species can colonise, develop and end up both predominant or minor additives of the microbiome at
a particular niche. The oral microbiome has a symbiotic courting with the host. [102,103] The resident
oral microbes show off pathogen exclusion, down-regulate unwanted and probably pro-inflammatory
responses to useful resident organisms [104] and sell cardiovascular fitness through the enterosalivary
nitrate-nitrite-nitric oxide pathway. [105] The courting among the microbiome and the host is
dynamic and is susceptible/prone to extrade if there are significant adjustments to the habitat. This
consists of the social determinants of fitness that form the distribution of the 4 predominant

behavioural threat elements of NCDs: dangerous diet, bodily inactivity, tobacco smoking and extra
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alcohol consumption. Online Supplementary lists a few elements that can have an effect on the

composition of the oral microbiota over the lifespan and predispose for next oral diseases.

2.4 Toxicity & Biocompatibility of FRC Composite.

Biocompatibility is generally a property that requires materials or medical devices to
be compatible when in direct contact with living tissue. The materials or products can be described
as biocompatible if they do not cause a toxic or immunological reaction to the tissue. Corresponding
tests are required to protect people from potential biological risks. The current standards include ISO
10993, a series of tests to assess the biocompatibility of medical devices, and ISO 7405, a dental-
specific standard to assess the biocompatibility of medical devices used in dentistry. ISO 10993-2009
requires cytotoxicity to be assessed for all medical devices. For the cytotoxicity of products and
materials, various cell cultivation techniques can be used to determine cell lysis (cell death), inhibition
of cell growth, colony formation and other effects on cells. The literature [20, 21, 22, 23] shows that
E-glass fibres are best suited for GFRP in terms of biocompatibility. In addition, ideally the resin
should be UDMA-TEGDMA based. This is consistent with various previous studies. For example,
Schweikl et al. showed that the cytotoxicity of unpolymerized resin monomers on hamster lung
fibroblasts (V79 cells) was rated from high to low for Bis-GMA, UDMA, TEGDMA, HEMA and
MAA [24], the most commonly used monomers in FRCs. Another study also confirmed that the
monomer bis-GMA is more toxic than TEGDMA, with UDMA being the least toxic in tests with
three different human fibroblasts and immortalised HaCaT keratinocytes [25, 26]. FRCs based on
fused silica had a restricted amount of residual MMA (0.37 + 0.007% (w/w)) and demonstrated quite
good levels of cytotoxicity in mouse fibroblasts.[27, 28, 29] The studies investigated [30, 31]
involved CSFs incorporating bioactive glass (BAG), respectively, and the results were different. The
differences in the designs of the glass fibres and GFRPs could be the reason for the varying outcome.
However, other studies [32, 33] used similar fibre and FRC designs to study [30], and the results
implied that the usage of BAG-FRCs (fibre: is also referred to as E-glass fibre) has satisfactory
potential to enhance interactions and the proliferation of cells that resemble osteoblasts. Their
conclusion was that the results were comparable to those obtained using titanium. [34] On the
contrary, Chen et al [35] tried touse BAG fibre or the addition of bioactive glass particles in an epoxy
resin to enhance the osteoblastic performance of prefabricated implant material (as indicated in MG63
and ALP), which was considered a different approach. The two studies were not comparable. As
osteoblast-like cells, rat bone marrow-derived stromal cells [34] or human MG63 osteosarcoma cells

[31] were used. Bone marrow-derived stromal cells are multipotent and have to be stimulated by
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chemical substances such as dexamethasone [36-37], glycerophosphate [36, 37] and ascorbic acid
[37] to form osteoblasts. However, the standardised method with dexamethasone [38] can also break
down the stromal cells into other cells like osteoclasts. Hence, different cells that are similar to
osteoblasts such as MG63, MC3T3-E1 and SaOs-2, are preferable to decrease the failure of
differentiation.[39]

MC3T3-E1 is a pre-osteoblasts that are evolving into a mature osteoblasts [40], whilst
MG63 and SaOs-2 are osteosarcoma cells. MC3T3-E1 was shown to be superior to the other both
cells with respect to proliferation, ALP activity and minerals deposition, as MC3T3-E1 shows similar
functionality to that of primary human osteoblasts (HOB). [39] Using HOB could be appropriate for
research laboratories, but they are quite challenging to acquire. Besides there are ethical objections
regarding the use of human subjects in a test facility. Furthermore, MC3T3-E1 has been used for
years toassess the cytotoxicity of dental composites [41-42], but to the best of the authors' knowledge,
had never been utilised to assess FRCs. Consequently, MC3T3-E1 appears to be a suitable screening

cell to evaluate cytotoxicity and its level.

Inadequate light polymerisation of resin composites material may have a higher
toxicity level because of the leakage of residual monomers of the resin and their interaction with
surrounding dental tissues, which may result in undesirable effects like postoperative sensitivity or
pulp irritation/inflamation, which in other words and afterall may lead to pulpitis. [43] This may be
caused by two mechanisms: Resin monomers are freed under low power light conditions due to the
low degree of conversion, or unconverted peroxide free radicals are released as an oxygen inhibitory
layer on the resin surface, which hinders the polymerization process and inhibits it entirely. [43, 44]
Imazato et al [42] examined an eluted or unreacted monomer such as HEMA, which was reported to

deplete osteoblastic cell proliferation, differentiation and mineralization of MC3T3-E1 cells.

However, although monomers like BPA and MMA are extracted from the composites,
only minimal to no bacteriostatic/bactericidal effect was observed against oral bacteria. [46, 47]
Conventional FRCs that use common dimethacrylates in the resin matrix are consequently lacking
antibacterial properties except when antibacterial fillers/functional groups are applied, either as silver
compounds [48], fluoride-containing fillers [49], or as 12-methacryloyloxy-dodecylpyridinium
bromide (MDPB). [50] Although these compounds have been previously tested in resin composites,
they have not yet been utilized in FRCs as their effects on the material characteristics of FRCs,

including mechanical properties, release profile and efficacy, have not yet been studied or tested.
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2.5 Toxicity & Biocompatibility of Conventional Composite.

Compared to mercury released by the placement of an old school amalgam filling, we
can say that the newly introduced composite are safer and more biocompatible towards the human
body. Since the old amalgam filling and its disadvantages carries harmful substances that could harm
our body. Less people know that even when placing composite, substances such as bisphenol A is
released from composite fillings which and has been blamed for some of negative aspect regarding
the human health. Disorders as following can be the consequences: decreased fertility, untimely onset
of puberty, diabetes and obesity. [110,111] In the sector of dentistry, the management of bisphenol A
(five ng/kg frame weight) to rats brought about molar incisor hypomineralisation. [112,113] How-
ever, it need to be cited that the metabolism of bisphenol A in rodents differs from that during humans,
in whom the lipophilic bisphenol A is sure to glucuronic acid and excreted withinside the urine. In
rodents, on the alternative hand, it's miles secreted into the intestine, in which it's miles reabsorbed.
Thus, the powerful bisphenol A attention in rodents is essentially better than in humans. SCENTHR
(Scientific Committee on Emerg- ing and Newly-Identified Health Risks) these days evaluated the
tolerability of bisphenol A in clinical devices, which include composite substances. [114] It became
concluded that the discharge of bisphenol A from dental substances poses a negligible risk. [114]
According to a study that was done min the year of 2014, performed by the American Dental
Association (ADA), it showed that the release of bisphenol A — especially from materials containing
bis-DMA - is orders of magnitude below the current EU oral intake limit of 4 pg/kg body weight.
[115] Removal of the superficial, non-polymerised resin layer after placement of the
restoration/sealant also reduces bisphe- nol A exposure. However, the new TDI limit for BPA of 0.04
ng/kg body weight proposed in 2021 would necessitate a new risk assessment for resin-based

restorative materials.

2.6 Biomechanics.

The biological response of fibre-reinforced composite materials as a function of
particular mechanical properties also has been investigated [21, 51, 52, 53]. Such biomechanical
attributes and properties, referred to as "structural biocompatibility" by Vallittu et al [43], include
tensile, flexural, compressive and shear strength. An imbalance exists between the strength and
modulus of elasticity, allowing an unstable mechanical stress (load) to be transmitted to the bony

tissue is it is been surrounded by. Furthermore and contrary to that, from a clinical perspective,
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biomechanical behavior, such as tension (stress) shielding, is related to wound healing and implant
stability [54,55,56].

2.7 Application and use of FRC.

Composites arise in nature. Plant and bone systems may be proven as famous
examples. Wood is shaped of cellulose fibres sure with the aid of using lignin even as the bone has
hydroxyapatite and collagen as its constituents. On the opposite hand, man-made composites date
again to early homes made from dust and straw. Concrete, an aggregate of aggregate, cement, and
sand, is every other example, which nowadays additionally has metal rein- forcing bars as a
constituent. Modern composites may be assumed to have originated within the fifties with the use of
fibreglass, which has glass fibres and polyester matrix as its constituents. This composite cloth has
been broadly used with inside the manufacturing of boats, water tanks, early cars, etc. Today
composites are utilised in several fields which include energy, marine programs, sports, automotive,
aero- area and aeronautics, biomedical programs, civil engineering, military, or even tune industry.
Examples in aeronautical programs may be the Airbus A380, which has 25% with the aid of using
weight of its elements made from composites, and Boeing 787 Dreamliner, which has 50%

composites with the aid of using weight. [63]

2.8 Matrices.

Fibre strengthened composites may be labeled into 4 organisations consistent with
their matrices: metallic matrix composites (MMCs), ceramic matrix composites (CMCs), carbon/
carbon composites (C/C), and polymer matrix composites (PMCs) or polymeric composites. Matrix,
which has the number one function of maintaining the reinforcement together, is taken into
consideration additionally as resin specifically within the case of polymers. PMCs, which distinguish
from different kinds specifically due to their lightweights , are in addition labeled as thermoset,
thermoplastic, and elastomeric composites. Thermosets have cross-linked polymer chains on the
remedy stage, which on the quit ends in inflexible product that can not be reshaped. Thermoplastics,
in contrast to thermosets, may be in addition heated and remelted, which permits them to be reshaped
as a brand new product and consequently recycled greater widely while as compared to thermosets.
What is maximum high-quality for thermo- units is they may be used at increased temperatures as

they donow no longer free structural stress while heated. Typical examples forthermosetting polymer
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matrices are poly- ester, vinyl ester, epoxy, phenolic, cyanate ester, polyurethane, polyimide, and
bismaleimide. On the opposite hand, polyamide, polyetyhlene, polypropylene, PEEK, thermoplastic
polyimide, thermoplastic polyurethane, polycarbonate, PLA, poly- sulfone, polyphenylene sulphide
are not unusual place examples of thermoplastic polymer matrices. [80] Elastomers, like thermosets,
attain crosslinking due to the pro- cess known as vulcanisation. The famous elastomeric fabric is
rubber and there- fore elastomeric composites are generally named as rubber composites. Elastomers
range from thermosets and thermoplastics with their incredibly elastic mechanical behaviour. Some
examples of elastomeric composites are polyester fibre strengthened hoses, aramid fibre-strengthened
car tires, steel-wire, or mesh-strengthened heavy-responsibility truck tires. [81] Recent advances
additionally brought about research related to CNT incorporation into rubbers with an try to update
the same old carbon black or mineral fillers. [82,83] MMCs incorporate a metallic detail or alloy
because the matrix phase, e.g., aluminum, mag- nesium, lead, aluminum-lithium, titanium, copper,
and their alloys. MMCs are generally withinside the shape of particulate composites, that have
aluminum oxide, zirconium oxide, thorium oxide, graphite, titanium carbide, silicon carbide, boron,
tungsten, and molybdenum as instance reinforcements. CMCs have matrix substances consisting of
A1203, Si3N4, SiC, ZrO2, TiO2, WC, Cr203, etc., that have melting factors of over 1600°C.
Reinforcements used are withinside the shape of monofilaments, fibres, whiskers, particles, and
currently nanoparticles consisting of CNTs. General reinforcement substances are SiC, Al203,
A1203-Si02, A1203-ZrO2, boron, etc. [84,85] C/C composites are composed of carbon primarily
based totally reinforcements and a matrix fabric primarily based totally on carbon. State of the
components can be one-of-a-kind consisting of graphite and carbon. These composites locate
programs in aerospace components because of necessities consisting of excessive electricity and
oxidation resistance at accelerated temperatures like 1650°C. Typical examples are fueloline turbine
rotors, jet engine nozzles, crucibles for molten metals, disk brakes for cars, and pistons for inner

combustion engines.[86]

2.9 Reinforcement.

Fibres are usually categorised as natural (plant, animal, or mineral based) and synthetic
fibres (nylon, acrylic, fragrant polyester, polyethylene, aramid, glass, carbon, boron, silicon carbide,
stainless steel, aluminum, etc.) [64-66] Synthetic fibres are constructed from tens to hundreds of
unmarried filers or filaments having diameters with inside the variety of approximately five—20 um
(e.g., carbon fibres could have 1,2, 3, 6,9, 12, 24, 48k, or 50k filaments with diameters of five—7 pm

and levels from popular strength, intermediate modulus, and ultra-excessive modulus). While finer
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reinforcements are basically in a non-stop shape or a chopped shape of five mm common length,
technological traits additionally added nano-fibre reinforcements, that have submicron diameters and
ranging lengths for exclusive materials (e.g., carbon nano-fibres may be about some to 2 hundred pm
long). [67-68] In the case of particulate composites and chopped or nanofibre composites, dispersion
withinside the matrix turns into vital phenomena because the rheological, mechanical, electric,
thermal, and morphological homes are affected. A pattern examine on nanocomposites found out that
poorly dispersed CNTs brought about better garage modulus, loss modulus, and complicated viscosity
while in comparison to the case of nicely dispersed CNTs, ensuing in a greater solid-like rheological
behaviour. Poor dispersion reduced the tensile energy and elongation at wreck cost of the
nanocomposites whilst tensile modulus remained unaffected. Both of the dispersion instances
confirmed a comparable percolation threshold of electrical conductivity, however the nicely dispersed
nanocomposites had better electric and thermal conductivities. The morphological investigations
talked about to the presence of aggregates of pristine CNTs withinside the nanocomposites with
negative dispersion. [69] Fibre reinforcements also can have a shape of related systems named as
cloth or cloth, which may be woven, nonwoven, knitted, or braided. Woven fabric are produced with
the aid of using interlacing of warp and weft yarns with styles of weave patterns consisting of plain,
twill, satin, etc., which have an effect on most important cloth houses consisting of stability, drape,
porosity, smoothness, balance, symmetry, and crimp. [70] Other cloth architectures like triaxial,
multiaxial, multiply, three-D, and 5D buildings are to be had and most of these fabric architectures
are famous to persuade composite processing and give up cloth houses, that are glaringly visible
mainly in research targeted on mechanical houses. [71-74] Knitted fabric have excessive diploma of
deformability, which gives drapeability inflicting first-rate formability, consequently permitting the
introduction of complicated preforms (close to internet form dry cloth shape of the favoured product,
that's processed to provide composite part). Although lower of in-aircraft composite mechanical
houses because of intense bending of fibres is an essential concern, knitting is most advantageous for
three-D cloth buildings with through-the-thickness reinforcement. [75,76] Similarly, braided fabric
have the drawback of fibre bending for the duration of the process, which once more debts for the
decreased in-aircraft mechanical houses of the composite. Despite this, braiding permits the
introduction of multiaxial preforms and 3-D buildings with through-the-thickness reinforcement
having terrific dam- age tolerance. [77] Nonwoven fabric are produced via way of means of bonding
of chopped or non-stop fibres via way of means of mechanical, chemical, or thermal means. Usually
chemical bonding method is used for generating mats, that'sa nonwoven cloth composed of randomly
orientated chopped or non-stop fibres. Stitching, a manner of mechanical bonding, which prevents

stiffening of the feel and thereby protects the preliminary softness of the fibres, is likewise used to
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provide multilayer nonwoven fabric via way of means of assembling unidirectional (UD) fabric with
one of a kind orientations which includes longitudinal, transverse, forty five degrees, etc. Stitched
fabric, that are additionally named as noncrimp fabric, have decreased crimp ensuing in improved
energy while as compared to woven fabric. UD fabric are the maximum fundamental ones having
nearly all their fibres laid in a single path only. They may be built via way of means of stitching,
weaving, and bonding.[70-77] All the above noted cloth manufacturing techniques additionally
permit the advent of hybrid fabric and their composites, which may be grouped as interply hybrids
(stacked homogeneous layers of various materials), intraply hybrids (layer with one-of-a-kind fibre
materials), and intermingled hybrids (combination of various fibre materials). [78] Itis likewise really
well worth bringing up of z-pinning, any other technique of enhancing through-the-thickness
composite homes, which may be described as a way of nailing the laminate plies to restoration them
thru friction and adhesion. The predominant distinction of this method from the similar ones which
include 3-D weaving, stitching, knitting, and braiding is that the latter ones are utilised in case of dry

fabric even as z-pinning is relevant to prepress , which can be matrix impregnated fabric.

Mats and chopped fibres are discontinuous form of reinforcements even as continuous
fibre and cloth (apart from mat) are non-stop reinforcements. Discontinuous reinforcements may be
randomly orientated as withinside the case of mats, or aligned alongside preferred axis as within the
internal side of the case of aligned chopped fibres with the aid of using the use of strategies which

include electric field, etc.

Mat, chopped fibre, or multidirectional non-stop fibre bolstered composites and
particulate composites behave like they've the identical mechanical homes in all 3 directions.
Therefore, they may be known as quasi-isotropic materials. UD, crossply, or aligned chopped fibre
bolstered composites have the identical homes in directions and display a one-of-a-kind assets within
the border of the 1/3 direction. That is why they may be known as orthotropic or transversely isotropic

materials.

2.10 The introduction and use of FRC in Dentistry.

A new organisation of non-steel dental biomaterials which might be more and more
more being utilised in dental packages are Fibre-Reinforced Composites (FRCs). FRC is a cloth
aggregate of polymer matrix and reinforcing fibres. Fibres of the composite act because the

reinforcing segment whilst the burden is implemented to the composite. Load is transferred to—and
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carried by—the fibres. The reinforcing fibres can take the shape of non-stop unidirectional, non-stop
bidirectional or non-stop random-orientated configurations, or quick random-orientated fibres.
Development of the FRCs with new kinds of resin structures at the side of a higher information of the
layout concepts in the back of the development of fibre-strengthened gadgets has caused the usage of
FRCs in a number of disciplines and packages: in detachable prosthodontics, constant prosthodontics,
restorative dentistry, periodontology and orthodontics, and in maintenance of fractured porcelain
veneers. Critical assessment of the to be had FRC substances and suggestions for affected person

choice are of amazing significance for a hit outcomes.

FRC is a fabric mixture of polymer matrix and reinforcing fibres. Fibres of the
composite act because the reinforcing segment whilst the burden is carried out to the composite. Load
is transferred to and carried by the fibres. The reinforcing fibres can take the shape of non-stop
unidirectional (rovings), non-stop bidirectional (weaves) or non-stop random-orientated (mat)

configurations, or quick random-orientated fibres.

Of the numerous styles of fibre which might be available, the maximum clinically
appropriate have proved to be glass fibres which may be silanised and bonded to the resin matrix of
the FRC. [87] Forty Glass fibres range in step with their composition and the maximum generally
used fibre is E-glass (electric glass) which gives chemically strong and sturdy glass with inside the
pH variety of other fibres which have been used have protected carbon/graphite fibres, however their
black look restrained their medical use. Attempts to apply ultrahigh molecular-weight polyethylene
(UHMWP) fibres have additionally been made, however there are troubles in bonding those fibres to
the resin matrix. In addition, oral microbes have excessive affinity for this material, adhering to the
UHMWP FRC;this can restriction their use as a dental material. [88] Obviously, the energy and stress
of a selected creation crafted from FRC is depending on the polymer matrix of the FRC and the sort

of fibre reinforcement. The elements influencing the houses of FRCs.

2.11 Interfacial Adhesion

Adhesion of particulate filler resin composite (PFC) (resin luting cement, veneering
composite) performs a critical position for load switch from the floor of the tool to the FRC
framework and tooth. FRC as a bonding substrate includes unique kinds of materials, from polymers
to inorganic glass-fibre fillers or even particulate fillers. Internal adhesion of the FRC influencing the

cohesive power of the FRC is primarily based totally on bonding the fibres to the polymer matrix. In
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this respect, the maximum appropriate fibres are OH-group-containing glass and silica fibres which
may be silanated for stepped forward adhesion to the polymer matrix. [89] Less appropriate fibres are
UHMWP fibres that have proved to be hard for resin adhesion despite the fact that the fibre floor has
been activated with diverse kinds of high energy treatment, for example. [90-91] In bonding new
resin to FRCs, the fibres and polymer matrix are substrates for adhesion. If the fibres of the FRC are
uncovered at the bonding floor, the adhesive residences of the fibres themselves play a function in
bonding the adhesive resin and resin composite luting cement to the FRC: glass fibres may be bonded
to partial fibre reinforcement (PFR) with the aid of using silanation. Due to the cross-related nature
of the polymer matrix of maximum of the dental FRC materials, there are opportunities for acquiring
adhesion of the PFR to the FRC: mechanical interlocking or adhesion primarily based totally on
ongoing polymerisation ofthe resin matrix of the FRC.Ifthe FRC includes non-cross-related polymer
phases, i.e. they may be manufactured from thermoplastics or semi-IPN polymers, the adhesion also
can be primarily based totally on diffusion of monomers of the brand new resin or resin composite
into the non-cross-related polymer. [92,93] This calls for the solubility parameter of the linear
polymer to be near that of the monomer gadget of the PFR. In polymerisation of the resin, an adhesive
bond primarily based totally on a secondary semi-IPN shape is formed. An instance of the secondary
semi-IPN shape is determined in upkeep of fractured denture bases with the aid of using restore
acrylic resin. The restore acrylic resin monomers dissolve and swell the floor to shape a long lasting

secondary semi-IPN bond. [94,95]

2.12 Fibre — reinforced composite and its properties.
Fibre reinforced polymers.

The strength of polymers can be improved by adding reinforcing fibres. [16] By combining two or
more materials into a composite, better mechanical properties can be obtained than with the polymers

alone.

In dentistry, glass fibre reinforcement is commonly used for the following applications. Post-
endodontic restoration, restorations of coarsely decayed teeth, crowns, fixed partial dentures, implant

prostheses, facial prostheses, dental splints, root canal posts, and orthodontic retention appliances.

Resin matrix characteristics.
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When developing a resin material for fibre reinforcement, special considerations are required.
Optimally, a resin matrix material into which fibres are to be integrated must have mechanical
properties that tolerate masticatory forces, the materials should be biocompatible and resistant to

degradation, have poor water sorption and solubility, and a low residual monomer concentration. [16]
Alignment of the fibres.

Both mechanical and physical properties are related to the orientation of the reinforcement. The
orientation of the fibres can affect the strength, modulus and thermal expansion coefficient. The
orientation of the fibres can change the properties of a fibre reinforced polymer from isotropic to to
anisotropic and even orthotropic. A continuous unidirectional fibre-reinforced polymers impart
anisotropic properties to the composite [16]. A continuous bidirectional fibres (fabrics) result in
orthotropic properties in one plane and randomly oriented fibres result in isotropic properties.
Longitudinal unidirectional fibres exhibit excellent mechanical properties along their longitudinal

axis.
Quantity of fibres.

The finer amount in a polymer matrix can be specified in weight percent or in volume percent.
Because of the varying density of the fibres, it is recommended to specify in volume percent. A higher
quantity of fibre reinforcement will improve the flexural properties[17]. By contrast, a larger amount
of fibre does not always lead to better mechanical properties. Using a carefully controlled
manufacturing procedure, the volume fraction of glass fibres integrated into the matrix can be 45-
65%. Maximum flexural strength in the dry state for glass fibres with 65% fibres is 1230 MPa. An
increase in the percentage of fibres also decreases water absorbency, as the percentage of the water-

absorbing polymer matrix drops. [18]
Adhesion of fibres to the polymer matrix.

The adhesion of the fibres to the resin matrix is an important property for good mechanical properties.
A finer reinforcement is only effective if a certain load can be transferred from the matrix to the
reinforcement, and this can only be accomplished if there is a full adhesion between the resin matrix
and the fibres [108]. Inadequate adhesion of the fibres to the resin matrix leads to voids and porosities
in the fibre-reinforced composite, making it vulnerable to water sorption. Voids and porosities in the
fibre-reinforced composite may affect flexural strength. Silane coupling materials can maximise the

chemical and the physical bonding between the various components in composites.
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Absorption (Characteristics of fibre-reinforced composite material water).

The water absorption of a material includes both the adsorbed water on the surface and the water that
is absorbed into the body of the material during manufacture and during operation of the material.
Poly (methyl methacrylate) will absorb water given the polarity of the water molecule and the fact
that it is smaller than the distance between the chains in the polymer. Volume of water absorption by
a polymer material is influenced by the polymer structure, the amount of diverse polar and hydrophilic
groups in the polymer structure, temperature, concentration of various additives, and the presence of

voids in the matrix.
Flexural resistance.

Although these materials are often tested in the laboratory, the nature of failure and many other
properties affect clinical performance. Researchers highlight the importance of fatigue and fracture
toughness in predicting the clinical performance of different classes of dental materials, including
fibre composites. It is important to consider that the test methods, sample preparation processes, and
particularly the geometry of the test specimens have an impact on the calculated flexural strength.
The bending strength of commercial laboratory-processed fibre-reinforced composites may range
from 300 to 1,000 MPa, all depending on specimen preparation and geometry. In a preceding look at,
it turned into discovered that the flexural residences of FRCs multiplied with growth in fibre content
material percentage [106]. Likewise on this look at, the finer content material drastically affected the
flexural power of the FRCs. However, it remained to be showed if fibre diameter additionally made
a distinction in flexural power some of the groups. It turned into for this reason proposed that because
the fibre content material of FRCs multiplied with growing fibre diameter, the flexural power
correspondingly multiplied with a growth in fibre diameter. To check out this proposal, equal-fibre-
content material FRCs with extraordinary diameters have been used as controls. It turned into
mentioned that the mechanical residences of fibre composites relied on the path of fibres in the
polymer matrix [107]. In the existing look at, the fibre-matrix ratio of cross-sections of equal-fiber-
content material specimens fabricated with unidirectional glass fibres of numerous diameters turned
into taken into consideration to be uniform some of the specimens. During the three- factor bending
test, strain turned into exerted perpendicular to the path of the fibres. Hence, it tumed into
hypothesised that there might be no huge variations of the flexural power of FRCs with 30 vol% glass
fibre content material, though fabricated with numerous finer diameters. However, the flexural
strengths of FRCs of 20, 25, and 30 um diameter have been drastically better than the others. In
different words, the finer diameter drastically affected the flexural power of FRCs of 30 vol% glass

fibre content material. Moreover, among the FRCs of 30 vol% glass fibre content material, FRCs
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with drastically better flexural power have been nearly equal to the ones of the particularly stuffed
FRCs, besides for forty five um. Therefore, below the situations of the existing experiment, it turned
into concluded that the diameter of glass fibres significantly affected the flexural power and elastic
modulus of FRCs.

Apart from fibre content material and diameter, the inherent mechanical residences of glass fibres at
every diameter additionally regarded to steer flexural power. As stated earlier, glass fibres with
diameters starting from 10 to 17 um are commonly used for FRP materials. With commercially to be
had FRCs, glass fibre diameters commonly variety from eleven to 17 pm. Thus, it appears affordable
that commercially to be had FRCs can be used as FRP materials. However, FRCs for dental use are
extraordinary from business FRPs, which can be hired for functions together with bathtubs and
educate upholstery. Conversely, prostheses fabricated with FRCs are smaller and finer. Hence, there
need to be a positive diameter variety of glass fibers this is suitable for FRCs. This look at indicated
that higher flexural residences have been discovered for the 20-30 pm diameter glass fibers withinside

the unidirectional glass fiber-bolstered composite (FRC) materials.
Fracture strength.

The fracture resistance of a material reflects its resistance to fracture and represents the energy
required to propagate a crack through the material to complete fracture. Fracture toughness of
polymer composites depends on the type of polymer and reinforcement. For example, the fracture
toughness of a monomethacrylate based material is poorer when compared to a dimethacrylate based
material. Generally, "intrinsic" physical aging and/or storage in a moisture environment at increased
temperatures may reduce fracture toughness and other mechanical properties. Enhancing fracture
toughness, however, can be achieved by adding reinforcing fibres to a polymer to resist or slow crack
growth. [108]

According to the study by Department of Dental and Biomedical Materials Science, Graduate School
of Biomedical Sciences, Nagasaki University, in Japan, it was clearly shown that Filtek was the
leading material on the list with the highest flexural strength, followed by everX and X-tra fil as
second on the list. While X-tra fil and at the depth of 1mm had the highest microhardness, Gradia
ended up providing the lowest microhardness of the materials tested. At another level of depth, the
materials were compared again. At4-mm depth, the microhardness test resulted as follows: everX >
Filtek > X-tra fil > Gradia > Beautifil. When comparing the everX composite to Filtek, Gradia, and
X-tra fil composites, there was a noticeable difference in the lowering of the d egree of conversion at

a 4-mm thickness. As everX showed the lowest conversion. (Fig. 1.) [109]
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Linear coefficient of thermal expansion.

Physical and chemical resistance is one of the main concerns in the development of dental materials.
The variation of the coefficient of thermal expansion between different materials is significant
because mismatching can result in expansion[19], which is reflected in the form of stresses and has a
detrimental effect on the interface. Thermally induced strains and stresses can therefore have a
negative effect on the long-term stability of intraoral multiphase materials. Incorporating fibres into
a polymer decreases the coefficient of thermal expansion. The coefficient of thermal expansion
generally varies with the direction of the fibres in a composite. Inflexible, rigid fibres appear to hinder
the matrix from expanding in the longitudinal direction and will force the matrix to expand in the

transverse direction. [108]
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2.13 The Technology of fibre-reinforced composites

Composite substances may be usually described as a heterogeneous combination of as
a minimum specific substances in micro-scale, owning new houses apart from that of its ingredients
and generally nearly homogeneous shape in macro-scale. The opportunity to mix this combination of
houses brings approximately the maximum distinguishing feature of a composite material, that is the
opportunity to tailor its houses in keeping with the necessities of the preferred application. In the case
of mechanical houses, it may be performed via way of means of changing the kind in addition to the
loading of reinforcement, that is the load-bearing constituent of a composite, or via way of means of
enhancing the matrix formulation, the binder constituent that holds the reinforcement together.
Additionally, the interplay among those essential ingredients additionally has crucial impact at the
composite houses. Reinforcement constituent of the composites is usually in the form of fibers/fabrics
or particles/fillers. In the latter case, the final product is named as particulate composite, which
includes usually micron-sized particles. In case the reinforcement is a type of nanoparticle such as
carbon nanotube or graphene as an outcome of the developments in nanotechnology, the end material

is then named as nanocomposite.

The material in the first case mentioned above, i.e., the one having fibres/fabrics as
the reinforcement constituent is named as fibre reinforced composite, which shows a typical fibre
reinforced composite material where the reinforcement is in the form of fibres, which are in this
example aligned in two directions, namely longitudinal and transverse, forming a crossplay
configuration. It should be noted that the end use applications for fibre reinforced composites are
rarely in the form of a monolithic laminate panel, but more shaped in a complex geometry. The role
of lay-up orientation designs utilises the load-bearing capability of the material during its service life.
However, from a materials design point of view, this fulfills the criteria of a stand ard test pyramid.
Nevertheless, in this illustration, it can be seen that the fibres are surrounded well by the binding
matrix laminate, which are stacked in through-the-thickness direction, at the end forming a laminated
composite structure, i.e., a layered product consisting of plies of fibres embedded within the matrix.
Other components of composites are fillers and additives. Fillers had been frequently used to update
a few quantities of the steeply-priced ingredients on the way to lessen the value of the fabric and
additionally to enhance a few houses of the composite. Wood flour, noticed dust, and calcium
carbonate are usual examples for fillers. In the interim it is able to additionally be the maximum high-
priced constituent inside a fibre bolstered composite system. In the case of composite fuselage of
business aircrafts for example, debris which are of excessive sturdiness are delivered to brittle matrix

formula to decorate mechanical houses. Besides, brittle debris also are delivered to low value
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thermoplastic resins so one can stiffen up the houses of the composite. Additives are used to feature
a favoured characteristic to the matrix consisting of colour, hearthplace retardance, UV radiation
protection, electric conductivity, ease of removability from mold, etc. Fillers and components also
can have an effect on the mechanical houses of the composite, which made them to be additionally
taken into consideration as reinforcement material. [57-60] The microstructure of fibre bolstered
composite substances consists of the fiber and the matrix, which can be the essential parts of the
composite, and addition- best friend the interphase location. The interphase is described because the
location in which the physical, mechanical, and chemical homes range from the ones of the authentic
fibre and the matrix due to thermal, chemical, and mechanical influences. Factors taking place in the
interphase location may be indexed as variable crosslink density and molecular weight,
transcrystallinity, impurities, sizings, voids, fibre surface chemistry, fibre topography, and
morphology. [61] Interphase location has been suggested to seem in among a factor in the fibre and
a factor in the matrix past the interface, that is the boundary floor among the fibre and the matrix. The
interface is thought to shape the fibre/matrix bonding, which influences the weight switch in the

composite and therefore affects its mechanical homes. [62]

2.14 Fibre-Reinforced composites components.
Composition.

Fibre-reinforced composites are made of a resin matrix which is been reinforced with fibres, often

made of materials such as polyethylene or glass.
Strength and flexibility.

Incorporating fibres increases the strength's stability and flexibility of the material. This makes fibre-
reinforced composites suitable for use where extra strength is required, e.g. for restoring teeth with

higher load requirements (Posterior).

Applications.
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They are frequently applied in situations where conventional composite materials are not adequate or

suitable, e.g. when repairing large cavities or restoring teeth with extensive damage.

2.15 Bulk-fill composites components.
Composition.

Bulk fill composite is a type of resin-based composite that has a modification in its formulation which

facilitates and fasten the procedure of placement in thicker layers.
Depth of placement.

Conventional composites often are deposited in layers to guarantee adequate curing capability and to
minimise shrinkage. On the other hand, bulk-fill composites may be placed in thicker layers (layers

up to 4-5 mm) and are simultaneously designed to cure successfully at increased placement depths.
Efficiency.

Being able to place thicker layers means that the placement process is more efficacious, which reduces

the restorations overall chair time for the patient as well as the clinician in more invasive procedures.

Applications. Mostly bulk-fill composites are used for the restoration of posterior teeth that have to

bear the highest load during chewing and meal processing in the oral cavity.
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CONCLUSIONS

1. Fibre-reinforced composite shows higher level of flexural strength and resistance to fractures
than both conventional composite and bulk fills in severe loss of tooth structure. Furthermore
the best performance was shown by everX.

2. Both fibre-reinforced composite and conventional composite are well-tolerated by the tissues
of the oral cavity, even though both show some mild toxicity.

3. Fibre-reinforced composite have more advantages in terms of adhesion than conventional

composite due to its reinforced properties in bonding.

Hypothesis of the study — fibre reinforced composite has an advantage over conventional composite
in treatment of severe loss of tooth structure — was partially confirmed. Fibre-reinforced composite
provide better treatment results of severe loss of tooth structure then conventional composite in terms

of durability and adhesion, but do not show higher biocompatibility.
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