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Fiber Reinforcement of
Endodontically Treated

Teeth: What Options Do We
Have? Literature Review

ABSTRACT

The restoration of endodontically treated teeth (ETT), even though practiced for many
years, remains a major concern in dentistry. There is a variety of materials and clinical
techniques advocated for restoring ETT and hundreds of studies devoted to this subject
have been published in the dental literature. This narrative review article was undertaken
to answer a question regarding restoration of ETT with available evidence: What fiber
reinforcement options do we have other than prefabricated fiber post? Using a Medline
search (up to 2019) and resulting cross-references, authors selected original research
on the topic of fiber-reinforced composite (FRC) and restoration of ETT. Of the assessed
articles selected (n=79), most were laboratory-based research with various test speci-
men designs and only 15 articles were clinical reports. From the reviewed studies, using
individually formed FRC posts and short-FRC resin showed promising characteristics,
and therefore, might be recommended as an alternative treatment option in restoring
ETT. However, long-term clinical trials are needed in order to evaluate the usefulness of
these alternatives.
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INTRODUCTION

The success of restoring endodontically treated teeth (ETT) depends on
various aspects during the course of therapy. Coronal restoration of ETT
is considered of crucial importance to the clinical outcome of the teeth.'?
It represents a major concern, for both dentist and patient. The major is-
sues with ETT seem to be the coronal destruction by caries, fractures of
previous restorations, dentine loss due to the removal of the roof of the
pulp chamber and the weakening of the peri-cervical dentine during ac-
cess preparation.” Many studies have showed that indirect full crown or
overlay restorations and direct complex amalgam or composite restora-
tions can be used for final restorations.>* However, the best way to restore
ETT has long been and still is a subject of debate.

Restoring a tooth with adhesive procedures and direct composite resto-
rations reduces the need for sacrificing sound tooth tissue and over-pre-
paring in terms of retention. Moreover, composite restorations are more
economic than indirect restorations and are considered less time consum-
ing.> Adhesive dentistry has rapidly developed during the last few decades.
Avariety of new and innovative techniques have changed the conventional
treatment methods as applications of new dental materials give better
outcomes than traditional ones. Composites too, have undergone many
changes and improvements.® One of the most effective changes to increase
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durability and damage tolerance of composite materials was
the incorporation of fibers with particulate filled composite
(PFC).'° Fiber-reinforced composites (FRCs) have made it pos-
sible to use composites in high stress-bearing structures such
as fixed partial dentures and root canal posts. The parame-
ters which have been developed to their maximum potential
within classic composites, are flexural strength and fracture
toughness. FRCs have excellent mechanical properties, and
their strength to weight ratios are superior even to those of
most alloys.”8

The structural integrity of ETT is severely compromised due
to loss of coronal tooth tissue as well as radicular tooth tis-
sue.” Radicular tooth tissue is mainly lost by caries, root canal
treatment and post space preparation.’'? Furthermore, the
use of mechanical NiTi endo files might additionally weaken
the roots of ETT resulting in vertical root fractures.’>' On the
other hand, the coronal part of ETT is weakened by the loss of
marginal ridges due to caries, trauma or removal of the pulpal
roof during endodontic access cavity preparation.''> As a re-
sult of the compromised structural integrity, tooth stiffness of
ETT is reduced and an increased fracture tendency during nor-
mal function is observed.?'>"7 In accordance, a survey among
Dutch general practices by Fennis et al., pointed out that ETT
suffered more catastrophic or non-reparable cusp fracturesin
comparison to vital teeth.'®

Nowadays, the use of prefabricated FRC posts is recom-
mended only in cases of severe loss of remaining coronal
tooth structure to promote the retention of the final restora-
tion and to optimize the biomechanical behavior of the re-
maining tooth structure.’>7" It has to be stated that if ETT still
has substantial amount of remaining sound tooth structure
(over 50%), a post does not improve its longevity, but instead
bear substantial risks when placing one.>"

There is wide variation between FRC posts in respect of fiber
types, fiber surface treatments and methods of incorporating
the fibers into the resin matrix. Glass FRCs are the most wide-
ly used reinforcing fibers with high tensile strength and good
bonding to the resin matrix. Several studies validate the utili-
zation performance of glass FRC posts over the other types of
fiber posts.20-22

Despite the favorable biomechanical behavior of prefabri-
cated glass FRC posts,?? there has been discussion about the
shortcomings as well.**28 The preset shape and diameter of a
prefabricated FRC post rarely follows the anatomy of the root
canal. Consequently, when inserting a prefabricated FRC post,
a big space will be filled with resin cement coronally and a
needless amount of dentine may have to be removed apically.
To avoid unnecessary preparation, a prefabricated FRC post
with a smaller diameter is often chosen, which may resultin a
post-core system with an insufficient stiffness and load-bear-
ing capacity.?” Another shortcoming is the inadequate bond-
ing ability of a cross-linked prefabricated FRC post to resin
cements, composite core materials and root canal dentine.?
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By time, a poor bonding between FRC post and resin cement
may result in marginal breakdown and further in secondary
caries. In addition, a prefabricated FRC post positioned in the
center of the root canal is not able to carry the load, give me-
chanical support and consequently diminish the tensile stress
at the crown margin.>?"2¢ Accordingly, the latest guidelines for
restoration of ETT by Zarow and his colleagues, FRC post is
recommended only in anterior and premolar teeth with com-
promised tooth structure that have less than 50% of remain-
ing coronal structure.

Therefore, taking into account the positive effect of fiber re-
inforcement, negative side effects of prefabricated FRC post,
extra costs and chairside time, the aim of this narrative review
article was to answer the following question: what fiber rein-
forcement options do we have other than prefabricated fiber
post?

MATERIALS AND METHODS
SEARCH PROCESS AND SELECTION OF STUDIES

Two authors (SG, FK) performed a Medline (via PubMed)
search in April 2019 using the term “fiber reinforced endo-
dontically treated teeth” OR “reinforcement of endodonti-
cally treated teeth” OR “fiber reinforcement of endodontically
treated teeth” OR “ endodontic fiber post” OR “restoration of
endodontically treated teeth” OR “fiber reinforced composite
and endodontics” OR “fiber reinforced composite restoration”
in order to identify studies answering the focus question:
what fiber reinforcement options do we have other than pre-
fabricated fiber post?

During the review process, the relevant literature was fur-
ther obtained through the reference sections of the retrieved
articles to provide more supportive information.

INCLUSION/EXCLUSION CRITERIA

Studies eligible for inclusion in this article were laboratory
studies and clinical reports dealing with glass fiber reinforce-
ment of ETT, published in English language, in peer-reviewed
Journal. The articles selected had to include the search terms
either in the title or abstract. Published articles that were full-
text were preferred. Conference abstracts, personal commu-
nications, background information, and advertisements were
filtered and excluded.

RESULTS AND DISCUSSION

Athorough electronic literature search was done, using Pub-
Med. After exclusion of repetition, a number of 79 full text
published articles was included; 64 articles were in vitro stud-
ies and 15 were clinical reports (Figure 7). Depending on avail-
able related data on those papers and after having studied the
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Figure 1: Flow diagram (PRISMA format) of the screening and selection process

whole reviewed articles thoroughly and in detail, the focused
question was discussed according to the following parameters:

*  Loading performance
+  Adhesion and adaptation performance

*  Clinical performance

1. SHORT FIBER-REINFORCED COMPOSITE (SHORT-
FRC): BIOMIMETIC COMPOSITE RESTORATIONS

Efforts have been made to reinforce composite restorations
of ETT by using FRC as a substructure with different orien-
tations in order to enhance composite strength and tough-
ness.>'2® This bilayered composite structure is a restoration
that includes both FRC and PFC composites. Studies have
shown that the FRC substructure supports the composite res-
toration and serves as a crack-prevention layer.3”3® The FRC
substructure’s thickness has prior importance, as it influences
the failure mode and the crack-arresting mechanism. Further-
more, the type of FRC substructure and the thickness of the
veneering composite also play a significant role.>*#' In order
to simplify the clinical technique of using FRC inside cavities,
many studies in the literature introduced short-FRC as a den-
tine-replacing material (bulk/core) or post-core foundation
(Figure 2) under surface layer of enamel-replacing material
(PFC), i.e. biomimetic or bilayered composite restorations.

Garlapati et al., studied the in vitro fracture resistance of
ETT restored with different core materials, and concluded
that among the materials tested, teeth restored with short-
FRC composite base showed superior fracture resistance and
a favorable failure mode.*? Giirel et al., evaluated the frac-
ture strength of endodontically-treated premolars reinforced
by the bulk base of short-FRC.** Biomimetic short-FRC based
composite restorations showed higher fracture resistance
and more restorable fracture type than other tested restora-
tions. In addition, they stated that the traditional way of us-
ing prefabricated FRC post is a multistep application, which
is more complex and sensitive technique in comparison with
using short-FRC as post-core foundation. Gurel et al., high-
lighted that this biomimetic restorative approach of using
short-FRC material is promising for the posterior region.* This
is in line with Forster et al., and Frater et al., who studied dif-
ferent designs of restoring endodontically-treated premolars,
and found that the application of direct-layered short-FRC as
post and core in endodontically-treated premolars performed
statistically similarly in the studied conditions as natural teeth
and higher than all other tested restoration designs.*“> They
also emphasized that the direct-layered short-FRC based
biomimetic composite restoration is a promising alternative
technique in restoring ETT. Garoushi et al., measured the
static load-bearing capacity of direct composite restorations
on severely damaged crowns made of biomimetic technique
compared to bulk-fill and conventional PFC restorations. It

cesesesssssssessssssessssssssssssssessssoso FiberReinforced ETT Restorations..
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Figure 2: Schematic representation of an endodontically
treated tooth restored with a direct post and core restoration
using different approaches. (A) prefabricated FRC post + PFC
core; (B) individually formed FRC post + PFC core; (C) short-
FRC composite as post and core material.

(Modified from Tanner and Le Bell-R6nnl6f. Fiber-reinforced
materials in the restoration of root-canal treated teeth (book
chapter). In: Perdigdo J. (ed.) Restoration of root canal-treated
teeth: An adhesive dentistry perspective. Springer publishing
2016:67-86)

was observed that short-FRC based restorations presented
the highest load-bearing capacity compared to other direct
composite restorations.*64

Interestingly, Ozsevik et al., found that placing short-FRC as
core material under conventional PFC composite restorations
of ETT (molars) provided strength that was very similar to that
of intact teeth and superior to that of the plain PFC composite
and the continuous-FRC reinforced restorations.*® They stated
that, although molar teeth with big cavities were included in
the study, other types of teeth with smaller cavities dimen-
sions would be difficult for a long/ continuous fibers place-
ment under surface PFC composites. In contrast, Tekce et al.,
reported no difference in the fracture resistance of deep class
IT composite restorations reinforced either by short-FRC or
continuous-FRC base.* In another congruous study, Eapen et
al., discussed the performance of short-FRC based biomimetic
restorations. They concluded that short-FRC can be used as
a direct core build-up material that effectively resists heavy
occlusal forces against fracture and reinforces the remaining
tooth structure in ETT.50 Soares et al., reported that large di-
rect MOD composite restorations can perform as well as indi-
rect inlays (CAD/CAM) when a short-FRC base is used.”’

In addition to the above-mentioned studies, Shafiei et al.,
Kemaloglu et al., Yasa et al., Vahid et al., and Frater et al., also
evaluated short-FRC as bulk base for large mesial-occlusal-
distal (MOD) cavities in ETT.>*¢ They concluded that the res-
toration of severely weakened teeth with the use of short-
FRC combined with conventional PFC composites might have
advantages over conventional PFC composites alone. They
claimed that this could be an alternative technique to prevent
cuspal fracture on ETT with MOD cavities. It was observed also
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from the statistical data that the application of short-FRC with
an oblique layering technique yielded better fracture thresh-
olds and more favorable fracture patterns than any other
studied material/technique combination.*®

A recent study by Gaintantzopoulou and her colleagues,
showed that a combination of short-FRC core with PFC dimin-
ished the catastrophic root fractures induced by prefabricated
FRC posts, at a similar or higher fracture load.>” Previous stud-
ies by Garoushi et al., and Bijelic et al., found that the resto-
ration of anterior ETT with short-FRC yielded a better load-
bearing capacity as opposed to the application of FRC post.>&°
This was partly confirmed by Forster et al., and Frater et al.,
in endodontically treated premolar teeth with class I cavity.
In those studies, the directly layered short-FRC post and core
groups displayed promising performance concerning fracture
behavior.4

A recently published article by Lassila et al., presented that
restoration of structurally compromised incisors with flow-
able short-FRC as core material and prefabricated FRC post
displayed promising performance regarding load bearing ca-
pacity and failure mode.®' However, still the question arises
whether the short-FRC material could have adequate cur-
ing also inside the root canal. Frater et al., and Lassila et al.,
showed by measuring the surface microhardness of the com-
posite inside the root canal that short-FRC can be cured safely
up to 6 mm. 46!

Bijelic-Donova et al., and Nagata et al., showed that fracture
resistance of oblique-loaded anterior single crown restora-
tions using short-FRC yielded better static and fatigue resist-
ance than conventional PFC restorations. They emphasized
that short-FRC should be used in high stress-bearing areas to
yield enhanced toughness and make biomimetic restorations
more resistant to fracture and crack propagation.®263

de Kuijper et al., investigated the mechanical behavior of se-
verely compromised ETT molars restored by means of various
types of composite buildups, full-contour lithium disilicate
crowns (with or without post) or a lithium disilicate endo-
crown.% They showed that restorations reinforced by short-
FRC obtained significantly more repairable fractures than the
other restorative methods.

Confirming the previously-mentioned laboratory data, many
authors have demonstrated in their clinical reports that using
short-FRC as a bulk base or core under direct composite res-
torations for posterior teeth can be considered an economical
and practical measure that could obviate the use of extensive
prosthetic treatment.5-%°

In contrast to the previously-mentioned laboratory studies,
C)szrek et al., Atalay et al., Rocca et al., and Barreto et al.,
reported that the incorporation of short-FRC inside the
cavity of posterior destroyed teeth restored with thick PFC
composite overlays is not useful to increase their load-
bearing capacity or to yield a better failure mode after load
to fracture.”7#They explained that the discrepancy between
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their studies and previous studies stemmed from a difference
in the thickness of overlay PFC composites, loading set-up,
and the adhesive system used. Previous studies showed that
short-FRC substructure supports the PFC layer and serve as a
crack prevention and redirection layer.>”* They demonstrated
that the mechanism of arresting crack propagation is
greatly influenced by the distance between the short-FRC
substructure and the surface where the stress initiates. Thus,
highly important is how thick short-FRC and PFC layers are
applied. It has been observed in vitro that optimal thickness of
the veneering PFC composite over the short-FRC substructure
is between 0.5 - 1.5 mm.3#

The union of enamel and dentine creates an integrated or-
gan that is capable of supporting high masticatory stresses.
Dentine is an important structure to integrate the dentition
with surrounding supporting tissues. Understanding the me-
chanical behavior and structure of dentine provides insight
into the design strategies to recover tooth functions and helps
to improve dental restoration technique, preventing cata-
strophic failures of ETT.” Therefore, dentine could rather be
seen as an FRC. Collagen fibers act as crack stoppers and give
dentine unique properties by making it resilient, flexible and
tough at the same time.”® For that reason, improvement could
be found when taking advantages of a more dentine-like and
high toughness composite as dentine replacement material.

Many studies from the reviewed literature reported that frac-
ture pattern changed to predominantly favorable or restor-
able fractures with biomimetic FRC restorations, compared to
the plain PFC restorations. Interestingly, these were similar to
natural crown fracture patterns seen in some studies in the
literature.””7® As explained previously, fracture toughness is
a mechanical property that describes the resistance of brittle
materials to the catastrophic propagation of flaws under an
applied load.®777° Thus, it describes damage tolerance of the
material and can be considered as a measure of fatigue re-
sistance which predicts structural performance. Since modern
composite materials are rigid, they do not lack strength, but
they lack toughness.® The problem of lack of toughness is es-
pecially well seen in extensive ETT restorations, as the volume
of the material increases.®’ As a result of the above-mentioned
disadvantage, direct composite restorations might not be the
best solution in the scenario of major loss of tooth structure.

Bijelic-Donova et al., showed that short-FRC had a statisti-
cally higher fracture toughness (2.6 MPa m"?) and fatigue
limit than conventional PFC composites (range: 0.9-1.1 MPa
m'2).627°They managed to show a strong correlation between
fracture toughness and fatigue performance, with short-FRC
being able to sustain both compressive static and fatigue load.

It is therefore not surprising that inclusion of short fiber fill-
ers within the resin matrix revealed improvements in fracture
toughness.

Interestingly, Tsujimoto et al., determined that the rela-
tionship between mechanical properties and dentine bond
durability of short-FRC using universal adhesive showed im-
provements compared to conventional PFC composites.®
Regardless of adhesive type and etching modes, the ratios of
shear fatigue strength (SFS) and shear bond strength (SBS) of
short-FRC were higher than those of conventional PFC com-
posites. Authors clarified that superior mechanical properties
of short-FRC, especially fracture toughness, could improve its
bond durability with universal adhesives. They debated that
short fiber might have a reinforcing effect on the oxygen-in-
hibited layer of the adhesive and they emphasised that, with
enhanced mechanical properties and bond durability, short-
FRC might perform better in high stress-bearing situations.
However, many other researchers investigated the SBS and
surface free energy of short-FRC using different adhesives,
in comparison with other PFC composites. They found that
bonding performance of short-FRC to enamel and dentine
was the same as for tested PFC composites.?2% Bijelic-Donova
et al., looked at the effects of thickness of the oxygen inhi-
bition layer of short-FRC in comparison to conventional PFC
composites and they evaluated the interlayer SBS for all test-
ed PFCs.®” They found that the thickness of oxygen inhibition
layer of short-FRC to be the highest overall regardless of type
of surface treatment. They attributed the reinforcement of
fibers and their orientation, which may influence the oxygen
inhibition depth by favoring the passage of oxygen. The pres-
ence of oxygen inhibition layer improved the interlayer SBS to
adjacent composite layers, which led to more durable adhe-
sion. It is important to emphasize that a valuable advantage of
using short-FRC is that it enables restoration of the extensively
destroyed tooth using direct composite, and this approach re-
duces the number of sessions required to end the restorative
procedure as well as the cost of treatment.

2. BIDIRECTIONAL FIBER-REINFORCED COMPOSITE
(FRC-NET)

Adhesive endocrowns\overlays are increasingly used as a
restorative alternative to post-core and crowns for ETT teeth.
Their advantages are minimal invasiveness, more simple
preparation, and optimal coronal seal. The risk associated
with these restorations may result in a catastrophic vertical
fracture of the tooth-restoration complex, often leading to
the extraction of the tooth.% Rocca et al., presented a clinical
technique of using FRC-net as resin-coating layer for adhesive
endocrown restorations.® They claimed that using FRC-net
may reduce the risk of extensive fractures and thus improve
the success rate of endocrown restorations on ETT teeth. Dere
et al., demonstrated that FRC-net reinforced overlays, in ad-
dition to producing high fracture load values, are also able
to produce more favorable fracture patterns.® In accordance,
other laboratory studies by Monaco et al., showed that, in-
corporation of FRC-net at the adhesive interface under indi-
rect composite overlays (CAD/CAM) was found to increase the
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fracture resistance and can favorably influence the fracture
mode of the restorations.”®*' Although, the ability of FRC-net
to change the fracture patterns has already been reported
previously in many papers,-3* their usefulness with endo-
crowns\overlays should, however, be confirmed by more in
vitro and in vivo studies.

3. INDIVIDUALLY FORMED FRC POSTS

As previously stated, despite the favorable biomechanical
behavior of prefabricated FRC posts, there has been discus-
sion about the drawbacks/shortcomings as well.?*? On the
other hand, many studies in literature showed a significant
increase in the fracture resistance of restored teeth when the
FRC posts were adapted closely to the canal walls where the
highest stresses occur.®**° Through the use of an individually
formed post technique, it is possible to fill large and irregular
root cavities more efficiently than with a single, prefabricated
centrally positioned post (Figure 2). Because of the semi-IPN
(interpenetrating polymer network) polymer matrix structure,
the individually formed FRC posts have good bonding ability
with cement and direct composite core\restorations enabling
reliable surface retained applications. Moreover, with an in-
dividually formed FRC post, the amount of luting cement can
be minimized, thus reducing the residual shrinkage of the ce-
ment and resulting in a better adaptation of the FRC post.'%°!

Dentists should make all attempts to minimize damaging
tensile stress at crown margin. A possible answer to lowering
the magnitude of damaging tensile stress is to be found inside
the root, at the canal opening through placing a larger amount
of fibers at the root canal opening and locating the fibers close
to the dentine walls, where the highest stresses are located.
An editorial letter written by one of the authors of this arti-
cle stated that thin prefabricated FRC posts should be used
only in very limited clinical cases because they do not provide
mechanical support and load-bearing capacity, although the
material itself may demonstrate adequate strength in mega-
Pascals.?” In fact, many authors also showed in their in vitro
studies that ETT restored with an individually formed FRC post
exhibited significantly higher fracture resistance than those
restored with a single prefabricated FRC post.*>°>%° Authors
concluded that with an individually formed FRC posts, the fail-
ures of crown restorations may more often be favorable com-
pared to the failures with other posts, which clinically means
repairable failures.

Le Bell et al., showed in their studies that contrary to the
prefabricated FRC posts, there were no adhesive (post-
cement) failures with the individually formed FRC posts,
suggesting better interfacial adhesion of cement to these
posts.'1%" This is in accordance with Mannocci et al., who
concluded in their study that the ability of bonding resins to
penetrate into individually formed FRC post with semi-IPN
polymer matrix may give the opportunity to establish a good
link between individually formed FRC posts, luting cements
and composite cores.’ As a consequence, Wiskott and his
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colleagues concluded in their study that the fatigue resistance
of the individually formed FRC post was the highest and twice
of that of any other tested prefabricated posts.'®

To compare the flexural property of different commercially
available FRC posts, Lassila et al., had determined the flex-
ural strength and modulus of eighteen different FRC posts.'%*
Authors showed that considerable variation was found in the
calculated strength values of the studied post brands. Com-
mercial prefabricated FRC posts revealed lower flexural prop-
erties compared to those of an individually formed FRC post.
They have also shown that individually formed FRC posts may
possess some benefits over other studied posts due to their
modulus of elasticity being closer to that of dentine.'%

To compare the marginal adaptation and bonding of both
prefabricated and individually formed FRC posts to root canal
dentine, Erkut et al., and Sari & Ozyesil evaluated microleak-
age in teeth with over flared root canals restored with differ-
ent types of FRC posts.'%1%7 The data from the SEM photomi-
crographs clarified that individually shaped FRC posts showed
less detachment and better continuity at the resin-dentine
interface compared with prefabricated FRC posts. This creates
lower microleakage at the coronal section compared with the
other tested prefabricated FRC posts.’® This is in line with
Makarewicz et al., who showed in their study that individually
formed FRC posts directly cured and cemented in the canal
have statistically higher bond strength values and less microle-
akage compared to the posts cemented in a traditional way.®
According to them, none of the individually formed and ce-
mented FRC posts revealed any dye penetration between the
post and the cement. Clinically it is of importance to have the
best possible post-curing adaptation of the cement and post
to the walls of the root canal. This is important because the
physical contact of the post and the cement forms the basis
for the dentine bonding. It is also important to receive seal-
ing against possible microbe penetration through the gaps
towards periapical region of the restored teeth.

In addition to the previous mention studies, Zaither et al.,
and Bitter et al., showed that individually formed FRC posts
have higher bond strength to flowable resin cement than
those obtained with prefabricated FRC posts.’®'® Mannocci
et al., Abo El-Ela et al., and Bitter et al., showed that individu-
ally formed FRC post has a higher dentine bond strength val-
ues and less microleakage compared to the prefabricated FRC
posts.'113

Short-term clinical reports on the restoration of severely com-
promised maxillary incisors with individual formed FRC post
technique were published."#'2" Authors showed that direct
composite crown on an individually formed root canal post
could be used as an economical and conservative treatment
option. They stated that individually formed posts have better
resistance to rotational forces and dislodgement in compari-
son to prefabricated FRC posts."*'"” Authors concluded that
the individually formed FRC posts provide a reliable retention
for direct/ indirect restorations of ETT. The posts can be used in
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short and wide or curved root canals, where prefabricated FRC
posts cannot insure adequate retention. Filling the pulp cham-
ber with additional posts is of top importance to strengthen the
most critical area of the post-core restoration.

On the other hand, Salim et al., showed no significant differ-
ence in marginal dye penetration between prefabricated and
individually formed FRC posts.'?2 AmiZi¢ et al., and Alnagbi et
al., reported that prefabricated FRC posts exhibited signifi-
cantly higher retention forces than the individually formed
FRC posts.'?*124 This difference can be attributed to the lack
of surface pretreatment and curing procedure of individually
made FRC posts. Ferrari et al., also reported that over a six-
year clinical observation period, the placement of a prefabri-
cated or an individually formed FRC post was shown to con-
tribute significantly to the survival of ETT restored premolars.
However, this contribution was more effective for prefabricat-
ed than for individually made FRC posts.'?> Authors claimed
that the stronger mechanical properties of the used prefabri-
cated FRC posts in comparison with the individually made FRC
posts have been advocated as a possible explanation for the
more satisfactory performance.'®

In summary, it seems that to date a thick and short individu-
ally made FRC posts would be a biomechanically optimal al-
ternative. A semi-IPN post can be light-cured directly to the
root canal simultaneously with the dual curing of resin luting
cement. Glass fibers of the post transmit the curing light and
polymerize the resin matrix of the post.

CONCLUSION

Based on the reviewed studies, short-FRC resin, FRC-net and
individually formed FRC posts show several benefits in restor-
ing ETT. The studies indicate notable benefits regarding load
bearing capacity, fracture mode and bond strength in adhe-
sive interfaces with these materials. Thus, these alternative
materials/techniques could be used in different clinical situ-
ations during the restoration process of ETT. However, long-
term clinical trials are needed in order to confirm the useful-
ness of these alternatives.
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