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Abstract

Restorative oral treatments today truly encompass all the disciplines that dentistry has to offer in an incorporated inter-
disciplinary method to accomplish optimal dental health, function and aesthetics for our patients. That's where our
expertise and experience in all aspects of restorative dentistry along with the other disciplines assists us to achieve the
best possible long-term outcomes for our patients. Naturally, dental implants, implant dentistry, periodontal treatment,
aesthetic dentistry, orthodontics, endodontics, cosmetic dental treatments all play a crucial function in getting the very
best outcomes for our patients. Restorative oral treatment may consist of a variety of treatments from tooth bleaching,
braces, root treatments, fillings, crowns, bridges, veneers, plastic gum surgery, bone and gum restoring & grafting, and
more! Dentistry has quickly developed throughout the last number of years, where innovative techniques have in fact
altered the conventional treatment strategies as applications of brand-new oral products supply better outcomes, so the
primary objective of this evaluation is to list and separate the New Techniques and Treatment Methods in Restorative
Dentistry.
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1. INTRODUCTION

Dentistry has rapidly developed throughout the
last couple of years, where innovative strategies have
actually changed the traditional treatment techniques as
applications of brand-new oral materials provide much
better results. The current century has suddenly required
on dentistry a brand-new paradigm concerning expected
requirements for modern patient care. Traditional
methods and procedures that have actually served the
occupation well are being questioned within the context
of  evidence-based rationales and  emerging
information/technologies. Within the field of corrective
dentistry, the incredible advances in dental materials
research study have led to the current schedule of
esthetic adhesive repairs, conducting the occupation
into the "post-amalgam era" [1]. Clinicians have been
using particular requirements to select dental materials
i.e. (i) analysis of the problem, (ii) factor to consider of
requirement, and (iii) available products and their
residential or commercial properties [2]. Resin
composites as direct/indirect restorative materials have
actually been utilized to re- location missing tooth
structure, (e.g. hypoplasia) or as a direct filling product
[3, 4]. The current pattern towards "minimally intrusive
dentistry" and in action to the growing patient demand

for esthetic, resin composites are the product of option
for the repair of anterior teeth [5]. Throughout the last
half century that applications of composites have ended
up being so demanding that the customizing of well-
bonded, long lasting user interfaces (or 'inter- stages')
between the matrix and reinforcement has ended up
being a crucial concern. The use of coupling
representatives, chemically reactive with matrix and
reinforcement, and/or chemical adjustment of the
surface areas of one or both constituents has been the
most successful ways of chemically bonding the matrix
to the encapsulated reinforcement. Generally, the dental
composites utilized for direct esthetic remediation
consists of generally polymer matrix and dispersed
strengthening inorganic filler particles [6]. The
advancement of methacrylate monomer, bisphenol-A-
glycidyl- methacrylate (Bis-GMA) monomer and dental
composites by Bowen [7, 8] and their introduction to
restorative dentistry was so successful that they were
soon accepted as an esthetic filling material [9, 10],
nevertheless; their residential or commercial properties
are affected by the size and volume of filler particle, the
resin composition, the matrix-filler bonding, and the
polymerization conditions [11]. Composite restorations
and veneers are isotropic, having no particular filler
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orientation. However, these composites have enhanced
particularly in terms of wear, through decrease in size
of the filler particles and using fiber fillers [12].

1.1 Concept of fiber reinforced composites

Fiber enhanced composites (FRCs) are
common composite products made of a polymer matrix
that is strengthened by great thin fibers. The polymeric
matrix, consisting of polymerized monomers, has the
function of holding the fibers together in the composite
structure. The matrix might affect the compressive

strength; interlaminar shear and inplate shear residential
or commercial properties, interaction between the
matrix and the fiber and flaws in the composite [13, 14].

Numerous production techniques have been
used for particles/fibers enhanced polymers, including
injection molding [15], compressive molding [16],
hydrostatic extrusion and self-reinforced (die-drawing)
[17, 18]. The recently used fibers with their residential
or commercial properties are given up Table 1.

Table-1: Types of fibers and their properties

Sr.no. | Fibers Properties References
Good fatigue and tensile strength and have

1 Carbon/epoxy increased modulus of elasticity, but they are | [19,20]
not esthetically acceptable

. Cannot be easily cut or polished and there is
2 Polyaramide difficulty in handling them [21.22]
3 Ultra High Molecular Weight Poor adhesion with the polymer matrix and [23.24]
Polyethylene (UHMWPE) thus do not give sufficient strength ’

Improved adhesion to the polymer matrix with

4 Glass better mechanical properties and also have [12,25-29]
good esthetic appearance

1.2 Glass fiber enhanced composites

They are amorphous (hon-crystalline),
homogenous and structurally a three dimensional
network of silica, oxygen and other atoms arranged
arbitrarily [30]. For oral applications, polycarbonate,
polyurethane and acryl base polymers, such as poly-
methyl-methacrylate (PMMA) and  bisphenol-A
glycidyl methacrylate (Bis-GMA) were generally
enhanced with glass fibers and are normally dealt with
by silane coupling agent to improve chemical bonds in
between fiber and polymer matrix [31-37]. The
capability of the fiber reinforcement to integrate with
the resin composite is important in their effectiveness.
The physical qualities of the rein-forced glass fiber
based composite and tooth is comparable, for that
reason, failure of these composites is less likely
compared with resin-based composites. Resin-based
composites have inadequate physical residential or
commercial properties to allow it to be used for repaired
prosthodontic application. Resin impregnated with
fibers can be utilized for this purpose, which can be
made either in lab with traditional style of tooth
preparation or straight at the chair-side. The
composition of commercially available enhanced glass
fiber oral composites is given up Table 2. These
industrial glass fiber strengthened products created for
core-build up showed 10% improvement in their
physical homes compared to conventional products.

GFRC has gained its application in dentistry
and presently it has actually extensively been utilized in
fixed-partial denture, endodontic post systems, and
orthodontic set retainers. However, the authors might
not discover an unique updated evaluation paper which
covers the main aspects of reinforced glass fiber dental

composites. For that reason, the function of this review
is to arrange this subject into its part and offer evidence-
based concepts that are sound from an oral point of
view. The post concentrates on peer-review just and
vital analysis of this material runs out scope. The initial
evaluation began with a MEDLINE, Book Chapters,
Conference/Symposium's procedures, and PhD Thesis
with in-vitro and clinical trial findings search for
citations indexed from 1964 to 2014. The search was
restricted to dental, biomaterials and materials journals
and all citations were collected and duplicates were
discarded. Wherever possible the complete texts of
papers were acquired from the journals. Where it was
not possible to get a particular journal, the abstracts,
where available digitally were taken a look at.
Therefore the addition criteria for posts were: (i) glass
fiber strengthened resin composites and their
applications with respect to dentistry. We included lab
based analysis, in-vitro and in-vivo testing with clinical
trials on enhanced glass fiber dental restorative
composites. (ii) All papers in a foreign language where
an abstract in English was offered. Literature not
published in commonly readily available, refereed
journals or in a foreign language was not examined
though any place possible an abstract was sought for
these. The gray literature, that is details not reported in
the regular scientific literature, was rejected. Referrals
in documents were inspected and cross-matched with
those from the original MEDLINE search. Where extra
referrals were discovered which satisfied the addition
requirements, these were included in the review. For
addition in this evaluation, an article had to fulfill the
following requirements: Articles falling out of the scope
of dental applications including fiber reinforcement in
other oral products such as glass ionomer cements,
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impression products, oral implant abutments, crowns,
orthopedic applications and product sciences were
omitted. After application of the search technique, two
inspectors evaluated the titles and abstracts of the
articles and carried out the choice by consensus with the
goal of matching the database searches.

The initial search strategy resulted in more
than 300 short articles. The overall number of papers
which met the inclusion criteria for the review was 153.
The majority of the methodical evaluation took the type
of types and properties of reinforced glass fiber
composites [29,30,38-43], in- fluence of factors [44-47]
such as orientation of fibers [12, 48-54], amount of

fibers [51,5 5], impregmentation of fibers with
polymers [56-66], adhesion of fibers with polymers [45,
65, 68-74], result of contents [38, 75, 76], circulation of
fibers [14, 20, 30, 77-80], and water absorption [81-90].
These studies examined a variety of locations such as
the mechanical, physical [92-108], thermal [12] and
biological properties [109-111] of the enhanced glass
fiber composites. The clinical applications consisting of
prosthodontics [115-130], endodontics [105,130-- 132],
tooth remediation [89,133-138], orthodontic retainer
and space maintainer [63,139-150], and periodontal
splints [151-153] were carefully consisted of. Non-
automated manual searches were likewise conducted on
the references within the picked articles.

Table-2: Composition of commercially available reinforced glass fiber composites

FRC Core
material

Manufacturer

Composition

Fabrication procedure

Preimpregnated
E-
glass FRC

Vectris Pontic,
Ilvoclar

Vivadent, Schaan,
Liechtenstein

Bis-GMA (24.5%),
Triethyleneglycol dimethacrylate
(6.2%), Decandiol dimethacrylate

(0.3%)

Urethane dimethacrylate (0.1%)
Highly dispersed silica (3.5%)
Catalysts and stabilizers (b0.3%)

Initial polymerization for 1
min with a light-curing unit
(Targis QuickTM, Ivoclar-
Vivadent). Final
polymerization in a light and
Heat curing unit (Targis
Power TM, Ivoclar-Vivadent)

Pigments (b0.1%),
Preimpregnated
E-glass fibers (65.0%)

for 25 min

Preimpregnated S-

FiberKor, Pentron

Preimpregnated S-glass fibers

Initial polymerization for 1

FRC E- Turku, Finland

glass FRC Corporation, (=60%)ina 100% Bis-GMA min with a light-curing unit
Wallingford, CT, matrix (Targis QuickTM, Ivoclar-
USA Vivadent). Final
polymerization in a light and
Heat curing unit (Targis
PowerTM, Ivoclar-Vivadent)
for 25 min
Impregnated glass | Stick StickTech, E-glass fibers impregnated

poly(methyl methacrylate) with

2. KINDS OF GLASS FIBERS

In the development of fibers it is required to
take into consideration the requirements and criteria of
fibers, which are determined by the purpose and the
production innovation residential or commercial
properties. For that reason, glass is manufactured in
different systems, which attend to qualitatively different
residential or commercial properties in various fibers.
Table 3 shows the various kinds of glass fibers
depending upon the distinctions in their composition
and their residential or commercial properties [38]. The
parts of glass fibers that have been utilized in
construction of numerous oral home appliances can be
categorized into 6 classifications depending upon their
composition and application [39, 40].

1.Glass a (neutral)-it is a high-alkali glass including
25% soda and lime. The advantage of this glass fiber
is that it is more affordable than other types of
fiberglass and can be utilized as filler for plastics
when no rigid requirements are required. The

shortcomings are that the composition has low
chemical resistance to water and alkaline media and
low strength.

2.Glass C (chemically resistant)-- this was established
for engineering area, in which product is in contact
with aggressive media, mostly acids. These fibers
have great rust resistance. However, the disadvantages
are that it has inferior technological homes in molding
glass beads and fiber and has low strength and cannot
be used as insulating products.

3.Glass D (low dielectric permittivity)-- this kind of
glass has a low dielectric constant with exceptional
electrical residential or commercial properties and
utilized as an enhancing material in electronic boards
and radar real estate. Nevertheless, they are defined by
a low level of strength and chemical resistance.

4.Glass S-- this is a high-strength and elasticity modulus
glass with low dielectric permittivity and has better
corrosion resistance to acids. This glass is labor
consuming and costly due to its production procedures
and the life span of these glass fibers is low, for that

© 2021 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 357



Doaa Makki Alharbi & Waad mosaad Almugren; Saudi J Oral Dent Res, Aug, 2021; 6(8): 355-371

reason, their usage is limited.

5.Glass AR-- These glassfibers helped to improve the
structural and technological residential or commercial
properties, and enhance the fracture resistance and
impact strength. The high melting and high zirconium
contents are limiting their location of application.

6. Glass E (electrical grade)-- this is calcium--aluminum-
- borosilicate glass with low alkali content. It
manifests much better electrical insulation and
strongly withstands attack by water. The concern
related to this fiber is because of the presence of
unpredictable parts (boron oxide and fluorine) which
results in the disturbance of the chemical homogeneity
of the glass and contaminates the environment.
Nevertheless, more than 50% of the glass fibers
utilized for support is E- glass [41, 42]. The E- glass
fibers have actually been used primarily for oral

applications [43]. They are a mix of amorphous stages
and silicon oxide, calcium oxide, barium oxide,
aluminum oxide and some oxides of alkali metals.
They have trace quantities of Na20, MgO, TiO2,
Fe203, and FI [29]. The E-fiber utilized in oral
application has a density of 2.54 g - cm — 3 and the
reported tensile strength and E-modulus of these
fibers is 3.4 GPa and 73 GPa, respectively [39]. The
S-glasses are likewise amorphous, but vary in
structure and has higher hardness and modulus to E-
glass and greater resistance to plastic contortion than
E- glasses [30]. The reported tensile strength and
modulus of elasticity is 800 MPa and 66 GPa,
respectively. Silica oxide, aluminum oxide and
magnesium oxide are greater in material than E-glass,
but they have small amount of alkali and earth alkali
ions [29].

Table-3: Composition in wt % of various glass fibers

Components | A- E- C- AR- R- S-
glass | glass | glass | glass glass | glass
Si02 71 53-55 | 56-58 | 62 75.5 62-65
Al203 3 14-16 | 12 0.8 0.5 20-25
CaO 8.5 20-24 | 17-22 | 5.6 0.5 -
MgO 2.5 20-24 | 2-5 - 0.5 -
B20 - 6-9 - - 20 0-1
K20 - <1 0.4 - 3.0 0-1
Na20 15 <1 0.1-2 14.8 - 0.2

3. INFLUENCE OF FACTORS

Certain factors which can influence the

directionality (i.e. random or longitudinal orientation)
[48]. It is extensively accepted that orientation of the

properties of GFRC [44-47] are given in Table 4.
Orientation of fiber the glass fibers can be set up in
various directions; (i) unidirectional fiber laminates, (ii)
alternate brief and long fiber (bidirectional) injection
molding and (iii) textile materials (woven, knitted and
braided fabrics) laminates. The unidirectional constant
fibers are anisotropic (have various homes in various
instructions) that can have advantages in numerous
applications. Bidirectional are available in numerous
fabric structures, such as linen, and twill weave. They
provide orthotropic (same properties in two instructions
with various residential or commercial properties in the
third, orthogonal instructions) properties, fiber weave is
an example of the bidirectional support of polymers and
random (sliced) oriented fibers provide isotropic
residential or commercial properties. Unidirectional
longitudinal GFRC materials to the maximum when
stress is exerted along the instructions of the fiber, their
strength lowers when the stress is applied at an angle to
the instructions of the fiber, for that reason unidirection
al glass fiber has significantly greater strength than a
bidirectional fiber. Sliced fibers and hairs were
discontinuously distributed in the matrix, which each
fiber or whisker was much shorter than the
measurements of the composite specimen. Hybrid fiber
composites are a mix of 2 or more types of fibers [12].
Previous researches on GFRC orientation has focused
upon the impacts of the question of fiber reinforcement

glass fiber long axis perpendicular to an applied force
will lead to strength reinforcement. Forces that are
parallel to the long axis of the fibers, nevertheless, pro-
duce matrix-dominated failures and consequently yield
little actual support. Design strategies are periodically
used to provide multi-directional reinforcement to
lessen the highly anisotropic habits of unidirectional
fiber reinforcement [49]. The multidirectional support,
however, is accompanied by a decline in strength in any
direction when compared to unidirectional fiber [50]. In
many circumstances glass fiber reinforcement (GFR)
has actually been positioned in the center of a
composite specimen. Mechanical residential or
commercial properties of GFRC also depend on the
direction of fibers in the polymer matrix. Continuous
unidirectional fibers revealed the highest strength and
tightness for the composite, however just in one
instruction, i.e. in the direction of the fibers. Therefore,
the enhancing result of unidirectional fibers is
anisotropic in contrast to woven fibers which enhance
the polymer in 2 directions and the composite also has
orthotropic mechanical homes. If the fibers are
orientated arbitrarily, the mechanical residential or
commercial properties are the same in all instructions
and the mechanical homes are isotropic. A composite
with the longer fibers exhibited lower wear volumes
and use rates. This could be warranted thinking about
that the complete strength of the GFRC might not have
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been utilized with fibers of length less than the crucial
length. The crucial length of a glass fiber depends on
the fiber strength and interfacial shear strength. In
addition, brief fibers might be easily clustered and lead
to a weak area in the composite [51]. In theory,
enhancing impact of the fiber fillers is based not just on
tension transfer from polymer matrix to fibers but also
on the behavior of individual fibers as fracture stoppers.
It is possible that the 3 mm fibers oriented parallel to
each other had strength of constant unidirectional

GFRC [50] Garoushi et al. [46] and Manhart et al. [51,
52] studied the wear resistance of numerous industrial
dental composites, and it was found that short glass
fibers could be quickly eliminated from the matrix
leading to increased wear. Xu et al. [53] showed that
increasing the glass fiber length typically increased the
GFRC supreme strength and fracture resistance. These
residential or commercial properties have clinical
significance and would impact the longevity of repair.

Table-4: Factors influencing the properties of reinforced glass fiber composites

Influencing factors

Orientation of fiber

Quantity of fiber (volume fraction)

Surface treatment (sizing)

Impregnation of fiber with matrix polymer

Adhesion of fiber to the matrix polymer

Properties of fiber vs. Properties of matrix polymers

The glass fiber orientation likewise affects
thermal habits of the composite. The thermal coefficient
differs inning accordance with the direction of the fiber.
This might have clinical significant impact, e.g. on the
adhesion of wveneering composite on the GFRC
framework of the fixed partial denture and the adhesion
of the GFRC home appliance to the tooth compound
[12]. The orientation of fibers produces an impact on
direct shrinkage stress. In case of constant
unidirectional GFRC products, the shrinking stress
along the fiber was low, whereas the main shrinkage
happened in the transverse direction to the fiber
direction. Much like the constant unidirectional GFRCs,
the bidirectional GFRC showed little shrinking pressure
in either instruction. GFRC with arbitrarily oriented
fibers showed low polymerization shrinking, but
somewhat higher than the bidirectional GFRC. The
brief fibers were likewise reliable in restricting the
shrinkage [54] matrix. Generally the volume portion of
fiber in GFRCs is high, approximately 60 vol.%,
however, in dentistry fiber fraction is reasonably low.
The factor is because of the fact that glass fiber need to
be covered with a layer of unfilled polymer or with a
layer of particulate filler composite. Lassila and Vallitu
[55], and Callaghan et al. [51] have actually reported
the wear behavior of GFRC with different concentration
of fiber volume. It was discovered that with 7.6 wt.%
glass fiber the specimen is potentially packed with a lot
of fibers resulting in a cluster of fibers with little
matrix. There are significant interactions between glass
fibers leading to a poor bonding between fibers and
matrix. If these are being pulled out of matrix along
with matrix being removed from around the fibers
causing a high wear rate. The high concentration of
glass fibers might result in the premature fiber fracture,
in addition to a substantial amount of fibers plucking.
The ideal amount of fiber for superior wear resistance is
between 2.0 and 7.6 wt.% for the matrix. There are

substantial interactions in between fibers resulting in a
bad bonding in between fibers and matrix.

3.1 Impregmentation of fiber with polymer matrix
GFR works just when the load can be moved
from the matrix to the reinforcing stage and this can be
accomplished just when the fiber is fully attained by
bonding to the matrix, and in dental composites this is
generally fertilized [56]. A degree of impregnation of
GFR utilized in oral applications affects properties of
FRC. Poor impregnation produces voids in between the
matrix and the fiber and the load bearing capability of
GFRC is reduced [57]. In addition, the mechanical
properties such as flexural strength and modulus of
GFRC remains far from the oretically determined
worths. Another problem with bad impregnation is
water sorption. Fractures and spaces in the laminate
allow water to enter, which decreases the bond strength
and can cause hydrolytic deterioration of polysiloxane
network of GFRC [58-61]. It also causes discoloration
due to penetration of oral microbes into deep spaces of
badly fertilized GFRC. These spaces also function as
oxygen tanks, which enabled oxygen to inhibit radical
polymerization of the utilized acrylic resin inside the
GFRC. The total degree of impregnation of the GFRC
can be gotten if the fibers are pre-impregnated with
polymers, monomers and/or mix of both. The pre-
impregnation of the fiber not just affects the degree of
impregnation but it likewise affects the adhesive
properties of the finally polymerized GFRC. If the
fibers are pre-impregnated with a light polymerizable
bifunctional acrylate or methacrylate monomers the
polymer matrix is highly cross-linked in nature and the
bond is based on complimentary extreme
polymerization and on inter-diffusion of the monomers
of the new resin. The bonding between the GFRC
substrate and resin can be based upon unreacted carbon-
carbon double bonds of the functional groups on the
surface of polymer matrix. However, the possibility to
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get totally free extreme polymerization bonding is low
because of fairly small number of unreacted carbon-
carbon double bonds on the polymer surface area [62,
63].

Another possibility for sticking new resin on
the aged composite substrate is based upon inter-
diffusion of monomers to the substrate. The bonding
based upon the inter-diffusion of the monomers can be
acquired if the substrate is a partly non- cross-linked
polymer [64] and the monomers of the new resin have a
dissolving ability of the linear phases of the substrate
such as semi-interpenetrated polymer network (semi-
IPN). In semi-IPN polymer the direct phases and the
cross-linked polymer network are not bonded
chemically together. This independency of the semi-
IPN polymer is a crucial property when a sufficient
bonding based on the monomer interdiffusion is a
demand. This can be the scenario when GFRC structure
needs repair work in the mouth or when finally
polymerized lab produced GFRC work is abided by the
tooth substance by composite luting cements or by low-
viscosity  light treating adhesive resins. The
preimpregnation matrix of the novel GFR consists of
direct polymer phases, which are suggested to improve
the bonding of aged FRC structure substrate to brand-
new composite resin by the IPN bonding system. In
dentistry semi-IPN has been used including linear
polymer and the cross-linked polymer however they are
not bonded chemically together as a single network. It
has been effectively used in acrylic resin polymer teeth
and denture base polymers and in removable dentistry
[64, 66].

3.2 Adhesion of fiber to polymer matrix

Dependable adhesion in between glass fiber
and polymer matrix could be obtained with silane
coupling representative. It has actually been reported
that a condensation reaction between silanol group and
an inorganic molecule such as glass fiber resulting in an
additional boost in bonding strength and less water
sorption will happen [45, 67]. The development of an
IPN layer between the matrix and the glass fiber was
recommended to be further improving the adhesion
between them. IPN structure was formed from direct
polymer of the sizing, which is partially or completely
dissolved by bi- or multifunctional acrylate monomers
of the matrix [65]. The adhesion between the glass fiber
and resin matrix affects the strength, without adequate
adhesion the glass fiber serves as an inclusion in the
matrix, which actually weakens the composite. One of
the main concerns in clinical durability is the quality of
adhesion between the GFRC and other polymer matrix
mainly because of significant distinctions between
deformation habits and other composites leading to
comprehensive tension concentration near the bi-
material user interface [68-71]. The interfacial forces
holding the two parts together may emerge from van
der Waals forces, chemical bonding, electrostatic
attraction or mechanical interlocking. The adhesion

bond strength is strongly related to the kind of bonding,
viscosity of the adhesive and its chemical structure and
mechanical homes of bonded substrates [72].
Additionally, considering that any decision of the
adhesion strength involves measurement of a fracture
stress, state of tension throughout the whole adhesion
joint plays an important role [73].

It is presumed that the interfacial bonding in
between GFRC and particulate filled composite (PFC)
is based upon the resin which will not be impacted by
including the filler offering the increased viscosity of
the PFC will not affect wetting of the GFRC surface
area. Considering that its use in dentistry is extremely
often reinforced with unidirectionally aligned fibers the
nature of their reaction is inherently orthotropic. The
interfacial/inter-laminar shear strength is typically the
weakest link in their mechanical action. The actual
system of bonding between PFC and GFRC
investigation can either be chemical bonding,
mechanical interlocking or a mix of the two [74]. The
cured GFRC exhibits reasonably smooth surface and
the adhesion strength increases with filler loading,
therefore, mechanical interlocking plays only bit part in
establishing adhesive bond.

4. EFFECT OF CONTENTS

Glass fiber structure is wvery important,
particularly the content of alkali, earth-alkali ions;
boron oxide responds with the oxides of ions of water
leading to leaching from boron oxide from glass
surface. The leaching of glass forming representative
impacts its strength by interrupting the glass supporting
web- work. B203 exists in 6-9 wt.% in E-glass fibers
and b 1 wt.% in S-glass fibers [38, 75]. The rust of glass
surface area can be decreased by the correct treatment
of the glass fiber. To overcome this issue pre- fertilized
(Pre-preg) GFRC have been used. They are
preimpregnated with its matrix and do not need
moistening prior to use. Alternatively, the fertilized
fibers as made are glass fibers fertilized with highly
porous PMMA polymer matrix that needs the extra
process of moistening with a solvent-free resin or a
liquid- powder resin mix. Table 2 reveals the
composition of some commercially readily available
GFRC [76].

4.1 Distribution of fibers

The distribution of glass fibers display
different residential or commercial properties, depend
upon its application. Either these fibers are equally
distributed or lie in a particular zone. If these fibers are
similarly dispersed, it enhances the fatigue resistance
however if they lie at one place then they can increase
the stiffness and strength [77].

It has been reported that resin materials
reinforced with short glass fiber, arbitrarily dispersed,
acquired higher values of flexural strength, fracture
durability, and compressive strength [78]. Brief fibers
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randomly distributed provide an isotropic reinforcement
in numerous directions instead of one direction [14, 79].
Positioning of unidirectional E-glass fiber in the same
study did show substantial result on strength and
modulus of flexibility of FRC materials [33]. In the
majority of circumstances in the oral literature, fiber
reinforcement has actually been positioned in the center
of a composite specimen [20]. Yet from engineering
applications, it is known that the position and
orientation of the reinforcement within a building and
construction affects mechanical homes [23, 80].

4.2 Water absorption of GFRC matrix

A liquid and moisture environment, such as
saliva in the mouth, can cause "rust" effects in the
surface area of GFRC arising from water that diffuses
through the polymer matrix [81]. This can cause a
decrease of the mechanical properties and changes in
the composite structure, since the surface area of the
glass fibers is affected by the hydrolysis of alkali and
earth alkali oxides in the glass and leaching of ions. The
structure of the glass is a vital aspect for the hydrolytic
stability of the glass fibers. The silanization which helps
to bond the fibers to the polymer matrix likewise
influences the hydrolytic stability of the composite [82].
It has been reported that there is a possible deteriorative
result of water to the interfacial adhesion in between the
polymer matrix to the glass fibers through rehydrolysis
of silane coupling representative [83, 84]. The water
sorption is likewise impacted by the impregnation of
fibers with a resin, if there are regions in which the
fibers are not completely embedded with resin, there
will be voids in the structure of cured composite that
increase water sorption [85, 86]. In conclusion, water
has a plasticizing effect resulting from the interaction

with the polymer structure [87]. Lots of studies on the
water sorption of GFRC have actually been performed,
and it has actually been concluded that water sorption
reduces the mechanical homes including flexural
strength and the load bearing capacity of denture base
polymers [88, 89].

Flaws in the interphase resin/material support
interfere in transmission force in between fiber and
matrix. Additionally, voids of improperly impregnated
fibers end up being an addition body in the splinting.
The oxygen could hinder resin matrix polymerization,
reduce load-bearing capability of the FRC and increase
water absorption that triggers negative impact in
mechanical homes [90].

4.3 Evidence based results

During the last few years various homes of
GFRC have actually been reported and it has actually
been shown that a considerable quantity of data have
actually been gathered, which assists to form the base
for the so called "proof based therapy" [91]. The
evidence based lead to this evaluation is given in Table
5.

4.4 Mechanical properties

Mechanical homes of polymer base products
have two facets; (i) related to the macroscopic behavior
and (ii) related to the molecular habits, which includes
chemical structure and physical structure. Frequently
used mechanical methods are compressive strength,
flexural strength, elastic modulus, and fatigue
resistance. The outcomes and details gotten from these
techniques offer some explanation why a product has
stopped working and how it can be enhanced [92].

Table-5: Various properties of reinforced glass fiber composites

Properties

Mechanical o Strength, stiffness, toughness and fatigue resistance

Visco-elasticity

Adhesive Failures

Thermal

The stronger the fiber-resin interfaces in
GFRC system, the greater the static, impact and
tiredness properties. The solidity and diametric tensile
strength increased with the incorporation of silanated
filler particles or fiber [93] .Mechanical residential or
commercial properties such as strength, stiffness,
toughness and tiredness resistance depend upon the
geometry of the support. The performance of the fiber
reinforcement (Krenchel's element) varies in FRC
laminates with different fiber orientation [94]. The
mechanical residential or commercial properties of
GFRC structure with continuous unidirectional fiber
can express better outcomes compared with strengthen-
ment with other fiber such as brief and random.
Krenchel [95] suggested that the efficiency of the fiber
reinforcement (Krenchel's factor, worth 0 to 1)

approximates the strength of FRCs. The strengthening
effectiveness of unidirectional fibers is theoretically 1
(100%), which indicates that rein- requiring homes can
be gotten in one instructions [96]. The reported cases
[97] showed that the flexural properties of GFRC
endodontic posts are higher than the metal post and just
like dentin. Continuous bidirectional (woven, weave)
fibers have strengthening fibers in 2 directions, for that
reason, reinforcing the polymer similarly in 2 directions
[Krenchel's factor 0.5 (50%) or 0.25 (25%)]
Nevertheless, the woven fibers add durability to the
polymer, act as crack stoppers, and are especially
appropriate in cases where the direction of the load is
unidentified or where there is no area for unidirectional
fibers. If the fibers are oriented arbitrarily as in a fiber
mat or as in chopped short FRCs, the mechanical
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properties are the same in all instructions and are so-
called isotropic three-dimensionally (Krenchel's aspect
0.38 (38%) in 2 measurements and 0.2 (20%) in three
dimensions) [21, 30]. The research study was carried
out to assess the fixed and vibrant fracture load of
GFRC kept with tooth structure and the gotten lead to
both conditions were 195.80 N and 190.57 N,
respectively. Different studies have described various
typical forces during mastication i.e. 14 N [98] 45 N
[99] and 120 N [100]. The GFRC has adequate and
appropriate strength for clinical application under
typical mastication loads [101]. At first preimpregnated
GFRC formulas based on polycarbonate matrix and E-
glass fibers displayed a flexural strength and
compression modulus 297-426 MPa and 965 MPa,
respectively. The flexural strength and modulus is
greater with high fiber amount compared with low fiber
quantity i.e. 339 MPa versus 300 MPa, respectively,
and the modulus, 6 GPa and 3 GPa, respectively [102].
The light treating polymerization has an influence on
firmness and flexural properties. The greater the degree
of monomer conversion, the much better is the strength.
The reported mechanical testing in tension was
significantly enhanced by the addition of the resin. The
strength of the FRC specimen has actually risen from
18.9 MPa to 43.4 MPa [103].

Viscoelasticity

Khan et al. [104] studied the viscoelastic habits
of GFRC and resin based composite (RBC) and it was
found that the viscoelastic habits of GFRC was close to
dentin (17 GPa) structure as compared to RBC. The
worths for GFRC and RBC were 15.32 GPa and 9.34
GPa, respectively.

Adhesive failure

La Bell et al. [105] examined the adhesion of
different post systems including metal (titanium),
carbon-FRC and GFRC posts. Contrary to the other
posts, there were no adhesive (post-cement) failures
with the separately formed GFRC posts, whereas for
metal and carbon-FRC the failure rate was 70% and
55%, respectively, which recommends better interfacial
adhesion of cement to these posts. Kadam et al. [106]
also reported that the adhesive failure was observed in
between the cement-dentine interfaces, followed by the
post-cement user interface, which reveals trouble in
bonding in between post- cement-- dentine user
interfaces. The kind of luting system likewise
considerably affected bond strength. Adhesively luted
GFRC posts attained greater bond strengths than
traditionally luted posts [107]. The failure mechanism
likewise depends upon the strategy utilized for the fiber
post placement. The sealing homes of a one-step
obturation post-placement method have actually been
compared to a two- step technique and it was observed
that the seal of root canals accomplished with the one-
step obturator is less effective than the two-step
treatment. In fact, with the one-step treatment, spaces
were observed in between the sealer and the

intraradicular dentine. On the contrary with the two-
action treatment less interfacial flaws can be found
[108].

Thermal residential or commercial properties

The direct coefficient of thermal growth
(LCTE) depends on the orientation of glass fibers.
Continuous unidirectional strengthened fibers have 2
coefficients of thermal growth. One in the direction of
fibers gives lower LCTE because of the mechanical
restraints enforced by the fibers. The second in the
direction perpendicular to the fibers instructions gives
higher worths of the polymer matrix. This is due to the
rigid fibers that primarily prevent expansion of the
matrix in the longitudinal instructions, thus the resin
matrix is required to broaden more than regular in the
transverse instructions. The reported worth of LCTE for
unidirectional glass fiber was 5.0 x 10— 6° C — 1 [12].

4.5 Biocompatibility

Microbial adhesion was observed with glass
fibers covered with saliva. It was discovered that
adherence of Streptococcus mutans to brief glass fiber-
reinforced filling material was considerably lower
compared with dentin and enamel; however, saliva
finish significantly decreased the adhesion for FRC
products [96] Another study showed same outcomes
and it was observed that the impregmentation of
hydrophobic resins with glass fibers lowered the
adhesion of microbes on surface area. A research study
conducted with Yeast albicans showed that E-glass
fiber reinforcement does not appear to increase the
adhesion of oral yeast on the surface of material [109]
Ballo [110] assessed the biocompatibility of GFRC and
found cell expansion and differentiation on
BisGMA/TEGDMA rein- forced with E-glass fibers
and cultured cell formed a multicellular layer on the
surface as displayed in Fig. 8. It has been reported
formerly about the biocompatible problems of
BisGMA, for that reason to use as oral implant, the
degree of conversion of BisSGMA is necessary to think
about. This can be acquired by extending the
photopolymerization time in combination with heat-
induced post-curing [111] before implantation. In this
same study, they found biomechanical bonding of bone
with FRC and micro-CT scans shows bone trabeculae
on the surface of FRC implant. The new bone
apposition was detected between the implant threads
which suggest great biocompatibility of the FRC
implants.
5. CLINICAL APPLICATIONS

GFRC are a group of new materials with
minimal industrial clinical information. Nevertheless,
with biocompatible fibers and matrix systems, fibrous
composites have discovered application as biomaterial.
In addition to biocompatibility, the factors affecting the
use of fibrous composite in dentistry are; esthetics, non-
corrosive, durability, metal allergic reaction, and chair
side handling [112-- 115]. GFRC has been presented as
a new product for a treatment alternative in esthetic and
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metal totally free dentistry and shown to be helpful in
dentistry. A crucial function of composites is their
ability to customize the material until it meets the style
requirements, makings GFRC highly ideal for a vast
array of oral applications. These oral applications are
arranged in Table 6.

Prosthodontic application

Glass fibers were checked as support for
denture base in 1960s. Since then, different research
studies [115-119] have been performed and the strength
of glass fiber composite has been examined. Fiber
reinforces- ment is presently being used to boost the
effective use of oral devices in case of denture base
polymers. Different types of fibers may be used to
obtain fortifying of provisionary partial dentures;
nevertheless, numerous research studies reveal that
glass fibers occur to bring out far more efficient results
[120]. The very first prosthodontic application of the
speculative thermoplastic GFRC was the fabrication of
a single tooth replacement bonded FPD. These
prostheses were formed in the laboratory and then
bonded to the tooth. The structure was treated with
PMMA monomer prior to delivery. The mode of failure
for this frame-work looked like either an adhesive
debonding in between the GFRC and the bonding
composite or cohesive separation of the GFRC near the
bonded surface. This separation was most likely due to
the swelling of the polycarbonate matrix by the PMMA
monomer that was used to treat the internal element of
the GFRC prior to bonding [121, 122]. A comparative
research study was performed to examine the bonding
of polymer matrix with denture base polymers
consisting of numerous kinds of fibers consisting of
carbon, aramide, woven polyethylene and glass fibers
and it was discovered that glass fibers yielded better
results in terms of esthetics and ease of bonding to the
polymer matrix [123, 124]. GFRC based on S-glass
fibers with heat dealt with Bis-GMA/TEGDMA matrix
displayed great physical homes, but they did not
properly bond to composites and were hard to handle,
whereas with light activated Bis-GMA optimal
combination of managing characteristics and physical
properties was attained [122, 125]. The GFRC
including detachable dentures revealed increased
tiredness resistance compared with metals. However,
in-vitro research study showed that while fatigue
resistance of the GFRC was increased, the relatively
low flexural modulus might restrict their clinical usage
where high rigidity of the material is required [126].
Mechanical fatigue that takes place medically, might
likewise contribute to the decrease in mechanical
properties of GFRCs after aging [127].

GFR FPDs (fixed partial dentures) are
considered as a promising alternative to cast metal
resin-bonded FPDs. They offer the possibility of
producing adhesive, esthetic, and metal-free tooth
replacements at a reduced biological expense. The
placement of the fiber at the tensile side of the beam is

the most efficient place for support. Their use for resin-
bonded FPDs is supported for their beneficial flexible
modulus compared to metal and better adhesion of the
composite luting representative to the structure. In-vitro
research study showed that fiber support increases the
fracture strength of resin composite to a level that
justifies the clinical use of the material in unsupported
applications [128] .Compared to metal- ceramic and all
ceramic FPDs, the needed preparation on abutment
teeth is minimally invasive [129] Moreover, using.
GFRC minimizes the risk of allergic or poisonous
negative effects of metal alloys. The post-curing
provides better mechanical properties in lesser time. A
clinical trial reported that the success rate of 71% and a
survival rate of 78% after 5 years were found for GFRC
FDPs in the posterior area [130].

Endodontic application

The rigidness of the post ought to be
equivalent or near to that of root dentin to distribute the
occlusal forces equally along the length of the root.
GFRC endodontic posts have been introduced to be
used instead of metal alloys and ceramics. It was found
that premade GFRC posts showed lower flexural homes
than a separately polymerized product. Nevertheless the
mechanical residential or commercial properties depend
upon the structure, structure and size of endodontic
posts. The separately polymerized GFRC material
showed nearly the exact same degree of conversion
after light polymerization as monomer resin without
fibers. The individually formed FRC post product with
a semi-IPN polymer matrix bonded better to composite
resin luting cement than the prefabricated posts with a
cross-linked polymer matrix [105]. There is less danger
to loss of retention due to greater bond strength worths
of IPN posts than premade FRC posts [130].

The mechanical residential or commercial
properties of fiber-reinforced posts have actually been
widely evaluated and reported, however, high
irregularity has been observed in outcomes which are
expected due to the products constituting the post:
normally, glass fiber-reinforced posts are defined by a
thermosetting polymer matrix strengthened with high
performance fibers; the fibers are typically parallel to
the post axis so the higher strength and elastic modulus
occur along this direction. However, the last mechanical
properties are likewise highly impacted by structural
integrity, measurements, density, fiber distribution,
volume fraction, voids, and the internal bond between
fiber and matrix [131,132] .Their strength and flexible
modulus depend on the type of tensions they undergo.
Tensile, shear, flexural or compressive stresses lead to
different values of flexible modulus or optimal strength
for the very same composite material. Furthermore
these values depend likewise on the angle between the
fiber and the load direction.
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Tooth repair application

Just recently, brief GFRC (everX Posterior)
has actually been presented as an oral corrective
composite resin [133]. The composite resin is planned
to be used as base filling material in high tension
bearing locations particularly in big cavities of vital and
non-vital posterior teeth. It consists of a mix of a resin
matrix, arbitrarily orientated E-glass fibers and
inorganic particulate fillers. The resin matrix consists of
Bis- GMA, TEGDMA and PMMA forming a semi-IPN
(net- poly (methyl meth- acrylate)- inter-net-poly (bis-
glycidyl-A-dimethacrylate)) which offers good bonding
homes and improves toughness of the polymer matrix.
The in-vitro studies showed improvements in the load
bearing capacity, the flexural strength and fracture
strength of oral composite resin reinforced with brief E-
glass fiber fillers in contrast with traditional particle
filler corrective composite resin [89,134-136]. The short
glass fiber composite resin has also exhibited control of
the polymerization shrinkage tension by fiber
orientation and, therefore, limited microleakage was
lowered compared with standard particle filler
restorative composite resins.

On the basis of the abovementioned studies it
is recommended that short glass fiber composite resin
could be used to fulfill the requirements for the ideal
posterior repairs. It is meant to be utilized as bulk sub-
structure product which will be covered by a layer of
particle filler composite. It is hard to anticipate clinical
long-lasting  efficiency from only laboratory
experiments. One year clinical report showed great
clinical efficiency of an unique material mix of bulk
short glass fiber composite base and surface layer of
particle filler composite in high tension bearing areas
after 1 year [137]. The brief glass fiber based composite
revealed considerably greater fracture durability (4.6
MPa - m — 1), flexural strength (124 MPa) and flexural
modulus (9.5 GPa) than all other relative composite
materials. Treating depth was discovered 4.6 mm which
was similar to other bulk fill composites and higher
than particulate based composites. They also showed
lower percentage of shrinkage pressure (0.17%)
compared with other tested composites [138].

Orthodontic application

Fallis [139] introduced GFRC wire for specific
functions with affordable patient acceptance and
structural stability. Burstone and Kuhlberg [140]
provided a brand-new clinical use of GFRC to make an
esthetic linking bar made use of as an adjunct for active
tooth motion. In this application, bonding and fracture
characteristics of GFRC under masticatory forces would
be of terrific significance. Meiers et al. [141] and
Freudenthaler et al. [142] revealed excellent bond
strength of FRC to enamel and an excellent bonding of
orthodontic attachments to GFRC, respectively. On the
other hand, an issue with rigid connection of teeth is
independent physiologic tooth movement during

function in contrast to the fundamental brittleness and
rigidity of composites. Therefore, the outcomes of
clinical reports on direct splinting of oral segments with
composite were regularly discouraging, demonstrating
damage or fracture of the adhesive within a few weeks
or months [143,144]. A 6 year clinical trial compared
the bond failure and damage rates of two kinds of
bonded lingual orthodontic retainers i.e. glass fiber
retainers and multistranded stainless-steel (MST) wire.
The outcomes revealed that maxillary detachment rates
were 21.42% for the glass fiber retainer group and
22.22% for the MST group; the mandibular detachment
rates were 11.76% for the glass fiber retainer group and
15.62% for the MST group. The maxillary breakage
rates were 7.14% for the glass fiber retainer group and
16.66% for the MST group; the mandibular damage
rates were 8.82% for the glass fiber retainer group and
15.62% for the MST group. The glass fiber retainer and
multi-stranded stainless-steel retainers revealed similar
lead to terms of bond failure and breakage [145].

Burstone and Kuhlberg [140] have actually
promoted the use of GFRCs for both passive and active
orthodontic applications. Initially long, continuous
fibers were saturated with resin and bonded to the teeth
as retainers. These first- generation retainers were too
rigid to permit tooth movement; therefore, the fibers
and bonding adhesives were technically unsatisfactory.
Recently glass fiber package (EverStick Ortho*) pre-
impregnated with a PMMA polymer providing both
micromechanical and chemical adhesion [63]. Both the
retainer material and the composite appear to be
important in successful bonding of linguistic retainers
[146, 147].

There are minimal reports on the clinical
efficacy, style and building and construction, of GFRC
space maintainers. Wetness contamination has actually
been reported to be one of the primary reasons for
failure of the GFRC space maintainer [148]. Earlier the
GFRC was put only on the lingual surface area to lessen
the occlusal forces acting on it. However, there was a
high failure rate, which was most likely due to a change
in the offered occlusogingival measurement and
debonding at the enamel-composite user interface was
likewise observed as early as 3 months. Mainly the
GFRC area maintainers were placed on baby teeth, the
existence of prismless enamel could adversely affect the
retention of resin. Fracfture of the GFRC frame is the
other considerable type of failure due to possible
supraeruption of the opposing tooth and its
impingement on the fiber frame [149] Nidhi et al. [150]
assessed the clinical effectiveness of GFRC and Band
and Loop space maintainers with time intervals of 5
months and it was shown that the GFRC space
maintainers revealed a higher success however the
distinction was statistically nonsignificant. ~This
research study showed that GFRC area maintainer can
be used as an alternative to the standard area maintainer
for short-term space upkeep.
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Table 6: Clinical (dental) applications of reinforced glass fiber composites

Applications
Prosthodontic Removable dentures, fixed partial dentures
Endodontic Root canal posts

Restorative dentistry Provisional restorations

Periodontology Periodontal splints

Periodontal application

Due to intrinsic rigidity of resins, the 3.
composites as splints are prone to failure. To overcome
this constraint, reinforcement has actually been
introduced  with  resin-based composites. The
advancement of strengthened glass fiber composites has 4.
actually enabled clinicians to replace metal wires and
basic resin composites as gum splints that are esthetic
and easy in style and execution and have the capacity
for exceptional resilience [151]. Various types of 5.
industrial glass fiber splints are available for the
function of conservative splinting and indirect
prosthesis. These fiber strengthened splints have
adequate mechanical strength, acceptable esthetics, do
not disturb the occlusion and permit keeping 6.
appropriate oral health [152,153].

6. CONCLUSIONS 7.
This review paper attempts to systematically

discuss about glass fiber enhanced composite systems

with respect to oral applications. This evaluation was

not intended to be exhaustive and authors think that 8.

within the restrictions (dentistry), this review provides a

good insight into the proof offered. It is concluded that

GFRC products offer a combination of strength and 9.
modulus that is either comparable to oral tissues. The

specific mechanical and physical strength and particular 10.
modulus of these fiber reinforced composite products

may be significantly superior to those of existing resin- 11.

based composites and metal materials. The majority of

the data explained in this review are laboratory- oratory
investigations, whereas relatively couple of clinical

research studies has actually been carried out. The few 12.
clinical trials that have actually been published suggest,

a minimum of in the short term, reasonable success for

glass fiber-based restorations including endodontic

posts, repaired partial denture, and posterior 13.
restorations. For these reasons, glass fiber reinforced
composites have emerged as a significant class of

structural material and are either utilized or being 14.
considered as alternative to traditional materials in

dental applications.
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