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Abstract Objective This study aimed to investigate the effect of relining prefabricated fiber-
reinforced composite (FRC) posts using bulk-fill, flowable, discontinuous short fiber-
reinforced composite (SFRC) on intracanal adaptation in weakened endodontically-
treated premolar teeth.
Materials and Methods Forty extracted human premolar teeth were selected and
randomly allocated to five groups (n¼8) according to the canal preparation method
and restorative technique after endodontic treatment: Group 1 (control): nonflared,
closed apex root canals; group 2, 4: flared, open-apex root canals; group 3, 5: flared,
closed apex root canals. Groups 1 to 3 were restored with standard RelyX fiber post size
#1, while groups 4 and 5 were restored with customized RelyX fiber post size #1 and
relined with bulk-fill flowable SFRC (everX Flow, GC, Tokyo, Japan). To evaluate
intracanal adaptation, the empty root of each sample with the corresponding fiber
post (standard or customized) inserted was measured twice using a micro-digital scale
and the average value was calculated. The post was then removed, followed by the
insertion of a light body polyvinyl siloxane (PVS) impression material into the canal,
followed by reinsertion of the post and removal of excessmaterial once the PVSwas set.
Finally, the sample weight was recorded, and the data were analyzed using one-way
analysis of variance and the Bonferroni post hoc test (p-value¼0.05).
Results A statistically significant difference (p< 0.05) in PVS material weight was
identified between the groups. Group 1 (control) had the lightest weight of PVS
material, followed by groups restored with customized fiber posts (groups 4 and 5) and
standard fiber posts (groups 2 and 3).
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Introduction

The restoration of endodontically-treated teeth (ETT) has
been extensively researched to identify the best materials,
protocols, and parameters. Despite numerous efforts to
enhance the mechanical behavior and prognosis following
root canal treatment, the discoveries remain controversial.
The introduction of carbon or glass fiber post systems since
the 1990s provided an alternative to cast or prefabricated
metallic posts.1 These posts are alternatives to overcome the
challenges of restoring damaged ETT. Furthermore, these
post systems have been developed with a modulus of elas-
ticity closer to that of human dentin, thus, improving the
stress distribution along the root and reducing catastrophic
failures than the previous metallic posts.2–5 One of the
crucial aspects is the intracanal adaptation of the fiber-
reinforced composite (FRC) post to the radicular dentinwalls,
which influences the retention of the intra-radicular resto-
ration such as fiber posts.6

Excessive removal of the radicular and coronal dentinal
tissue occasionally occurs during endodontic procedures,
such as over-flaring canals or attaining straight-line access.
Additionally, several clinical situations are present with
flared andwide root canal space, such as endodontic retreat-
ment cases and immature permanent teeth with open apex,
thus, requiring intraradicular posts for core retention.7

Moreover, the adaptation was compromised due to the
discrepancy between the shape of the root canal space and
the prefabricated post shape. This inconsistencywill result in
an excessively thick layer of cement between the post and the
radicular dentine. Thus, increasing polymerization shrinkage
at the different interfaces could lead to bubble formation and
debonding/adhesive failure.8 Subsequently, debonding can
lead to awedging effect by the intraradicular restoration and
catastrophic failure.9,10 Furthermore, studies reported that
oval and tapered posts did not improve fracture resistance
and adaptation to canal morphology compared with previ-
ous cylindrical posts. In addition, reducing the cement film
thickness in such clinical scenarios has been proven chal-
lenging in the past.11,12

Recent studies have proposed an alternative clinical tech-
nique to restore structurally-compromised ETT resulting from
caries, trauma or congenitally malformed teeth, known as the
anatomically customized or relined FRC posts.6,8,13–15 This
technique involves relining the prefabricated FRC post using
several conventional8 and bulk-fill resin composites6 to en-
hance adaptation on the walls of noncircular root canals. The
adaptationwas improvedby fabricatinganatomically-custom-
ized fiber posts that conform to the anatomy and taper of the
root canal, thus limiting the thickness of the resin cement16,17

Recently introduced bulkfill flowable, discontinuous
short fiber-reinforced composite (SFRC) offers advantages

and unique properties in restoring large ETT cavities. For
instance, SFRC exhibited superior fracture toughness, flexur-
al strength, and modulus compared with conventional resin
composite. Furthermore, SFRC possesses specific properties,
such as termination of crack propagation, lower polymeriza-
tion shrinkage stress, reduced microgap formation, and
microleakage compared with existing bulk-fill and conven-
tional resin composites.18,19 The application of SFRC inside
the root canal as a post-core material was recommended by
some studies.19,20 However, no available studies have been
conducted to evaluate the use of prefabricated FRC post
relinedwith the bulk-fill flowable SFRC. Therefore, this study
aimed to investigate the intracanal adaptation of anatomi-
cally-customized FRC post relined with bulk-fill, flowable
SFRC and compare the performance with the standard FRC
post in restoring flared, immature and compromised root
canals. The null hypothesis was as follows H0: There is no
significant difference in intracanal adaptation, between
standard noncustomized fiber posts used to restore ETT,
and customized anatomical fiber posts.

Materials and Methods

Ethical approval was obtained from the University of Sharjah
– Research Ethics Committee (Ref no. REC-21–09–20–02-S)
and Human Research Ethics Committee of Universiti Sains
Malaysia (JEPeM-USM) (USM/JEPeM/21090637). PS software
(Dupont and Plummer, 1997) was used to calculate the
sample size with standard deviation (σ) assumed to be 4.6
as per previous study by Pitigoi-Aron et al21 of the mean
gamma count with 80% power and α (α)¼0.05. Thirty-five
samples were needed for this study. With the anticipation of
10% failure during the procedure, a total of forty samples
were prepared for this study.

Forty extracted human premolar teeth were collected
from the oral surgery clinic at the University Dental Hospital
of Sharjah. The teeth were randomly distributed into five
groups consisting of eight teeth per group (n¼8). The
inclusion criteria were teeth extracted from patients due
to periodontal or orthodontic reasons without evidence of
hereditary or developmental anomalies as confirmed in the
clinical examination and medical history. A single-rooted,
single-canal maxillary, andmandibular premolar teeth were
used in this study for standardization. Specifically, the root
dimensions were: root length¼15–16mm, buccolingual
dimension at the cervical area¼7–8mm, and mesio-distal
dimension at the cervical area¼5–6mm. Furthermore, the
teeth should be sound with straight roots, without evidence
of coronal and radicular caries, cracks, or external and
internal resorption. Meanwhile, the exclusion criteria in-
volved teeth with previous endodontic treatment and teeth
demonstrating signs of erosion, attrition, or abrasion.

Conclusion Anatomically-customized fiber posts with bulk-fill flowable SFRC provided
better intracanal adaptation compared with standard fiber posts in teeth with
compromised root canals.
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Sample Preparation
A single trained operator was assigned to perform all sample
preparation, restorative and subsequent experimental proce-
dures. The extracted teeth were rinsed with saline solution to
clear any blood residues, debris, and soft tissue attachments
using an ultrasonic scaler (Dentsply Sirona Endodontics, Bal-
laigues, Switzerland). The extracted teeth were inspected for
fractures and cracks and stored in laboratory test tubes con-
taining distilled water at room temperature. First, the teeth
were sectioned using a low-speed diamond saw (IsoMet 1000,
Buehler Ltd., Illinois, United States), 2mm above the cemen-
toenamel junction, under water cooling. Subsequently, the
working length was determined using a K-file size 10, which
was inserted until it appeared at the apex, followed by sub-
tracting 0.5mm from it. For group 1, group 3, and group 5, the
sectioned teeth were embedded in a self-cure acrylic resin
(Vertex-Dental, theNetherlands), poured into a cuboidal shape
mold, and allowed to set. Simulation of flared root canals (for
groups 3 and 5) was made, followed by root canal treatment.
the open apex simulation for groups 2 and 4 was performed
before embedding the roots in the self-cure acrylic resin
blocks, followed by root canal treatment. For simulating the
open apex in groups 2 and 4, Peeso reamer size #1 to #6
(Roydent, United States) was used to prepare past the apex of
the teeth under water cooling along the long axis of the tooth.

Root canal treatment was conducted on all groups. First,
theWaveOneGold reciprocatingfile system (Dentsply Sirona
Endodontics, Ballaigues, Switzerland) was used to prepare
the root canal space; a primary (red) or large (green) file was
used according to the predetermined canal size and working
length. Subsequently, the obturation was performed using
WaveOne Gold gutta-percha (Dentsply Sirona Endodontics,
Ballaigues, Switzerland) and AHþ resin sealer (Dentsply
Sirona Endodontics, Ballaigues, Switzerland) via the single
cone technique for groups 1, 3, and 5. On the other hand, the
master cone was cut from the apical part and adjusted to
working length until tug-back was evident for groups 2 and 4
with open apex, followed by obturation similar to previous
groups. The teeth were then stored in distilled water for

72 hours. Subsequently, the post space was prepared by
removing the root canal filling using gates glidden drills
and RelyX universal drill (3M Oral Care, St. Paul, MN, United
States), thus, leaving a 5mm apical seal.

The RelyX fiber post drills (3M Oral Care, St. Paul, MN,
United States) in white–yellow–red–blue were used sequen-
tially for post-space preparation to obtain a standardized
simulated flare of the root canals for groups 2 to 5 (►Fig. 1).
Conversely, the post drill white–yellowwas used for group 1.
The fiber post length was standardized at three-quarters of
the root length of each specimen.22 Finally, the specimens
from all experimental groups (►Table 1) received either a

Fig. 1 Simulated flared root canal preparation.

Table 1 Overview of the experimental groups

Group Description Preparation Materials for root canal restoration

1 Nonflared, closed apex
root canals

White-Yellow RelyX post drills. (FRC) post (RelyX, 3M Oral Care, St. Paul, MN,
United States)

2 Simulated open apex,
flared root canals

Flare: White-Yellow-Red-Blue
RelyX post drills.
Open apex: Peeso reamer
size #1–#6

(FRC) post (RelyX, 3M Oral Care, St. Paul, MN,
United States)

3 Simulated flared root canal,
closed apex

Flare: White-Yellow-Red-Blue (FRC) post (RelyX, 3M Oral Care, St. Paul, MN,
United States)

4 Simulated open apex,
flared root canals

Flare: White-Yellow-Red-Blue
Open apex: Peeso reamer
size #1–#6

Customized (FRC) posts (RelyX, 3M Oral Care, St. Paul,
MN, United States) using flowable E-glass discontinuous
short fiber-reinforced composite resin (everX Flow, GC,
Tokyo, Japan)

5 Simulated flared root canal,
closed apex

Flare: White-Yellow-Red-Blue Customized (FRC) posts (RelyX, 3M Oral Care, St. Paul,
MN, United States) using flowable E-glass discontinuous
short fiber-reinforced composite resin (everX Flow, GC,
Tokyo, Japan)

Abbreviation: FRC, fiber-reinforced composite.
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standard or anatomically-customized fiber post and were
assessed for intracanal adaptation. (►Fig. 2) presents a
graphical illustration of the different experimental groups.

A standard, prefabricated RelyX fiber post (3M Oral Care,
St. Paul, MN, United States) size #1 (Yellow) was tried in the
canal to ensure the fit and resistance of the post following
post-space preparation for group 1. Meanwhile, the post-
space preparation was done using post drills size #0 to #3
(white–blue) for groups 2 to 5. RelyX fiber post (3M Oral
Care, St. Paul, MN, United States) size #1 (yellow)was tried in
the canal and checked for fitment. In groups 4 and 5, the post
was removed and cleaned with isopropyl alcohol and air-
dried. Subsequently, Scotchbond™ Universal Adhesive (3M
Oral Care, St. Paul, MN, United States) with a combined

formulation of adhesive resin and silane was applied over
the post and scrubbed for 20 second according to manufac-
turer’s instructions, followed by air thinning and light-cured
for 40 second using the light curing unit, BluePhase Style
(Ivoclar Vivadent, Shaan, Liechtenstein) at an output inten-
sity of 1200 mW/cm2. The root canal was then coated with a
thin microbrush and glycerin-separating agent. everX Flow
Bulk (GC, Tokyo, Japan) resin composite was applied around
the post. The post was then inserted into the root canal and
light-cured for 40 second from the occlusal aspect.

The anatomically-customized post was removed, light-
cured for 20 second from all sides, cleaned from any residues
of the separating agent using water, and dried. The result is
shown in (►Fig. 3).

Fig. 2 Graphical representation of the experimental groups. Group 1: Nonflared, closed apex root canal with standard FRC post; group 2: open
apex, flared root canal with standard FRC post; group 3: flared root canal, closed apex with standard FRC post; group 4: open apex,
flared root canal with customized FRC post using everX Flow Bulk; group 5: flared root canal, closed apex with customized FRC post using everX
Flow Bulk. FRC, fiber-reinforced composite.

Fig. 3 The customized (FRC) post using bulk-fill flowable E-glass short discontinuous fiber-reinforced resin composite, everX Flow (GC America,
United States). FRC, fiber-reinforced composite.

European Journal of General Dentistry Vol. 12 No. 2/2023 © 2023. The Author(s).

Adaptation of Relined Fiber Post Using Discontinuous SFRC to Restore Weakened ETT Premolars Alshetiwi et al.92



Intracanal Adaptation Test
The weight of each tooth specimen with the fiber post
(standard or customized) inserted into the canal, was mea-
sured twice using a micro-digital scale (AND GR200, A&D
Company Limited, Japan) with an accuracy of 0.001, and the
averagewas calculated. A light-body polyvinyl siloxane (PVS)
impression material was introduced into the canal using an
intracanal plastic tip. A dental surveyor (Ney surveyor, Ney-
tech, Bellevue, WA, United States) was utilized to ensure
parallelism along the long axis of the tooth during seating of
thefiber post thefiber post (standard or customized)with an
attached rubber stopper set at ¾ of the working length, was
placed into the root canal up to the reference point level
represented by the canal orifice., before the PVS material
hardened. The excess impression material on the coronal
tooth structure was removed using scalpel blade no. 15 after
the material had been set completely. Each tooth with the
PVS and fiber post still inside the prepared canal space was
reweighted twice to determine the average weight, and data
were recorded in tabular form. The difference in weight
before and after placement of the PVS impression material
represents the empty canal space that was not occupied by
the post.

Statistical Analysis
Normality of the data was examined through Kolmogorov–
Smirnov test, then one-way analysis of variance test was
performed as the results showed that the data was normally
distributed. Finally, the post-hoc Bonferroni test was per-
formed for multiple comparisons between the experimental
groups. A p-value was set at 0.05.

Results

A significant difference in theweight of the PVSmaterial was
identified between the groups, but therewere no differences
within the same group (►Table 2). Meanwhile, ►Table 3

presents the descriptive results (mean� standard deviation)
for the weight of the PVS material inside the canal. Group 1
(control) had the lightest weight of PVS material
(18.31888mg�0.428827), followed by groups restored
with customized fiber posts (group 4¼22.61350mg
�0.757683, group 5¼20.61100mg�0.703809). In contrast,
the groups restored with standard fiber posts had the
heaviest PVS material (group 2¼33.58738mg�0.520669,
group 3¼34.36675mg�0.200298). Multiple comparisons
using the post-hoc Bonferroni test between the experimental
groupswere statistically significant excluding groups 2 and 3
(p¼0.085).

Discussion

The null hypothesis stating that there is no significant
difference in intracanal adaptation between standard non-
customized fiber posts used to restore ETT, and customized
anatomical fiber posts had to be rejected as there were
significant differences between the experimental groups
(p<0.000). The weight of the PVS material inside the canal
represented the space between the post and dentinal wall of
different experimental groups restored with either standard
or customized fiber posts. This result reflected the intimacy
of fit of the fiber post; where a low value indicated close and
better adaptation to the radicular walls of the canal, while a

Table 2 One-way ANOVA to assess the intracanal adaptation between groups

Sum of Squares df Mean square F Sig.

Between groups 1816.237 4 454.059 1451.097 0.00

Within groups 10.952 35 0.313

Total 1827.189 39

Abbreviations: ANOVA, analysis of variance.
p< 0.05 is statistically significant.

Table 3 Descriptive statistics (mean� SD) of intracanal adaptation between groups

n Mean (mg) Standard deviation 95% Confidence interval for
mean

Minimum Maximum

Lower bound Upper bound

Group 1- NCSF 8 18.31888A 0.428827 17.96037 18.67738 17.476 18.811

Group 2- FOSF 8 33.58738B 0.520669 33.15208 34.02267 33.214 34.583

Group 3- FCSF 8 34.36675B 0.200298 34.19930 34.53420 34.117 34.663

Group 4- FOCF 8 22.61350C 0.757683 21.98006 23.24694 21.639 23.755

Group 5- FCCF 8 20.61100D 0.703809 20.02260 21.19940 19.639 21.811

Total 40 25.89950 6.844779 23.71043 28.08857 17.476 34.663

Abbreviations: FCCF, flared, closed-apex, customized fiber post; FCSF, flared, closed-apex, standard fiber post; FOCF, flared, open-apex, customized
fiber post; FOSF, flared, open-apex, standard fiber post; NCSF, nonflared, closed-apex, standard fiber post; SD, standard deviation.
Note: Values with similar superscript letters indicate no statistically significant difference (p> 0.05).
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high value suggested otherwise. In this study, the control
group (group 1) exhibited the narrowest space between the
post and radicular walls, thus demonstrating the best fit of
the fiber posts. Meanwhile, groups with flared root canals
that were restored with anatomically-customized posts
(groups 4 and 5) recorded values close to that of the control
group (group 1) and had significantly lighter PVS material
than groups with flared canals restored with standard, non-
customized posts (group 2, group 3) (see ►Table 2). This
outcome is consistent with Bhaktikamala et al17 who
reported improved internal adaptation and intimate contact
with anatomically-customized FRC posts.

The results of our study can be attributed to the fabrica-
tion process of anatomically-customized fiber posts. As the
canal for the control group is the narrowest, thefit of the post
drill was better; thus, the post fit was in accordancewith the
drilled space size. Moreover, the manual manipulation in-
volved during the relining process of the post by the operator
gives better adaptation of the post and a larger surface
contact area to the root canal. This process possibly contrib-
uted to the lower mean weight compared of the canal with
anatomically-customized FRC post compared with the non-
customized group. Likewise, earlier studies have reported
that customized post improved intimate contact and adap-
tation between the customized post and radicular dentin
walls, thus, enhancing frictional retention and leading to a
homogenous resin cement layer.17,23 Additionally, Caceres
et al24 conducted purposive microcomputed tomography to
evaluate different cementation techniques and found that
relined fiber posts presented with improved adaptationwith
lower void formation than nonrelined fiber posts.

Previous studies have highlighted the benefits of this
technique,8,25–27 which involves replicating the internal
canal anatomy and tapering by the resin composite placed
externally on a prefabricatedfiber post. Thismethod resulted
in close adaptation, limited space between the anatomically-
customized post and dentinal walls, reduced cement layer
thickness and defects, enhanced frictional retention, and a
larger surface contact area. Bulk-fill resin composites have
many advantages over conventional resin composites, in-
cluding lower polymerization shrinkage stresses and higher
light transmission regardless of filler content, allowing an
increment of up to 4mm and are recommended to restore
cavities with high c-factor.28,29 Furthermore, with the use of
bulkfill flowable SFRC, controlled polymerization shrinkage
stress is achieved by the presence of the fibers comprising
the bulk-fill flowable SFRC.30

In this study, a universal adhesive system containing both
adhesive resin and silane incorporated into its chemistrywas
applied over the fiber post. Silane coupling agents are
bifunctional molecules, where one end of the molecule can
react with the inorganic glass fibers and the other with
organic resin composite.31 Improved bond strength between
silanized translucent fiber posts and flowable resin compos-
ite corematerialswas reported by Vano et al.32 Silane coating
was found to provide more uniform adaptation between the
post and composite core build up material.33 The chemical
bond formed by silane is achieved between superficial

exposed glass fibers of the post and the resin composite.31

Combined bonding/silane agents can be beneficial in bond-
ing to posts as the siloxane bonds and polymerization of the
functional groups in the resin occur simultaneously.34

A customized fiber post using discontinuous SFRC mate-
rial was utilized in several experimental groups to overcome
poor fitting and adaptation. Consequently, thematerial could
not shrink along the fiber length during polymerization, and
only the polymer matrix shrinks; this leads to the mainte-
nance of horizontal dimension and improved adaptation in
groups restored with customized FRC post with flowable
SFRC.19 Similarly, Fráter et al evaluated the adaptation of
different fiber-reinforced post-core restorative techniques of
the root canal. The authors reported the lowest microgap
formation scores and better adaptation to root canal walls
restored with 1) directly layered SFRC post using either the
packable or flowable form of the material (Bioblock tech-
nique) and 2) individually formed FRC posts combined with
flowable SFRC as post and core (hybrid technique) compared
with conventional prefabricated FRC posts which had the
highest microgap scores.19,35,36

Relevant literature lacks information and general agree-
ment about the ideal thickness of the cement layer between
the fiber post and canal dentinal walls.6,14,24,37 The cement
layer is commonly the area where defects can occur in the
form of voids or bubbles, and the junction between the resin
cement and dentinalwalls is theweakest and prone to failure
such as debonding, particularly when there is an excessively
thick cement layer in oversized flared root canals that are
also associated with increased polymerization shrinkage
stress.14 Multiple studies have been conducted to evaluate
the ideal luting cement thickness. For instance, D’Arcangelo
et al37 recommended a thickness between 0.1 and 0.3mm for
the cementation of quartz fiber posts. Other studies38,39 did
not report specific values or ranges but highlighted improve-
ments when cement layer thickness was reduced and vice
versa.

Several techniques have been reported in the literature to
assess internal adaptation and fitting of fiber posts and other
intraradicular dowels used to restore ETT: 1) slicing different
regions of the root, followed by evaluation under the optical
microscope6 2) scanning electron microscopy25 3) micro-
computed tomography24 or 4) utilizing PVS light-bodied
impression material inserted into the root canal space.21

This study evaluated intracanal adaptation as described
by Pitigoi-Aron et al.21 and modified as described in a study
by Muttlib et al.23 The method involved measuring the
weight of PVS light body impression material placed into
the root canal together with the fiber post inside the root
canal of the tooth simultaneously. Subsequently, previous
readings of the fiber post placed in the empty root canal of
the tooth were subtracted to represent the space available
between the fiber post and the radicular dentinal wall.
Furthermore, this value indicated the intimacy of fit and
adaptation relative to the radicular walls of the canal.

This technique is advantageous due to the excellent indi-
rect representation of the area surrounding the post, usually
filled with resin cement. PVS siloxane light body material
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was utilized because of the excellent accuracy, elastic recov-
ery, dimensional stability, ability to flow under pressure into
the relatively small root canal space, and easily removable
with good tear strength.40 In addition, this technique ismore
convenient, simpler, and cost-effective than sophisticated
techniques, such as micro-computed tomography. An intra-
canal tip attached to the dispensing gun enhances and
ensures the material delivery into the root canal space.
Nevertheless, this technique has several disadvantages: 1)
possible tearing and the lodging of impression material into
undercuts and irregularities of the radicular space, 2) air
bubbles formation caused by human error in maintaining a
constant contact of the tip with the syringe material. In this
study, intracanal adaptation was assessed indirectly using
light body PVS material that occupied the available space
between the fiber post and radicular dentin walls. Sufficient
results were provided due to the excellent properties of this
material to flow and fill the narrow resin cement space.
However, this technique does not provide a detailed three-
dimensional visualization with ability to quantify intracanal
adaptation of the fiber post inside the radicular region. In
consideration of such limitation, further evaluation using a
more advanced analysis through micro-computed tomogra-
phy scan is required to assess the intracanal adaptation of
anatomically customized fiber posts.

Conclusion

The anatomically-customized FRC posts relined using bulk-
fill flowable SFRC improved the adaptation and intimacy of
fit in compromised root canals with flared, wide, and imma-
ture anatomy compared with standard noncustomized fiber
posts. Nonetheless, the enhancement was not to the extent of
adaptation in the control group. Further studies are recom-
mended to evaluate the bond strength of relined FRC posts
using bulk-fill flowable SFRC, as well as the fracture resis-
tance of teeth restored with the customized FRC posts.

Clinical Significance
Increased resin cement thickness is correlatedwith higher
incidence of defects formation. Optimum intracanal ad-
aptation is necessary to result in a low resin cement
thickness in compromised root canals. For FRC post
system, relining with bulkfill flowable discontinuous
SFRC achieves this objective and creates an anatomically
customized post conforming to root canal taper. Addition-
al benefits associated with the inherent properties, flow-
ability of the relining SFRC material are also obtained
making it an excellent option for this technique.

Funding
Submission of this manuscript is funded by Research
University Grant, Universiti Sains Malaysia (1001/PPSG/
8012367).

Conflict of Interest
None declared.

References
1 Schwartz RS, Robbins JW. Post placement and restoration of

endodontically treated teeth: a literature review. J Endod 2004;
30(05):289–301

2 McLaren JD, McLaren CI, Yaman P, Bin-ShuwaishMS, Dennison JD,
McDonald NJ. The effect of post type and length on the fracture
resistance of endodontically treated teeth. J Prosthet Dent 2009;
101(03):174–182

3 Plotino G, Grande NM, Bedini R, Pameijer CH, Somma F. Flexural
properties of endodontic posts and human root dentin. Dent
Mater 2007;23(09):1129–1135

4 Chuang SF, Yaman P, Herrero A, Dennison JB, Chang CH. Influence
of post material and length on endodontically treated incisors: an
in vitro and finite element study. J Prosthet Dent 2010;104(06):
379–388

5 Santos-Filho PCF, Veríssimo C, Raposo LHA, Noritomi MecEng PY,
Marcondes Martins LR. Influence of ferrule, post system, and
length on stress distribution of weakened root-filled teeth. J
Endod 2014;40(11):1874–1878

6 Fantin LL, Simões F, Alencar CM, et al. Bond strength and internal
adaptation of customized glass fiber posts using different bulk-fill
flow resins. J Clin Exp Dent 2022;14(03):e263–e268

7 Zhabuawala MS, Nadig RR, Pai VS, Gowda Y. Comparison of
fracture resistance of simulated immature teeth with an open
apex using Biodentine and composite resin: an in vitro study. J
Indian Soc Pedod Prev Dent 2016;34(04):377–382

8 Grandini S, Sapio S, SimonettiM. Use of anatomic post and core for
reconstructing an endodontically treated tooth: a case report. J
Adhes Dent 2003;5(03):243–247

9 Santos AF, Meira JB, Tanaka CB, et al. Can fiber posts increase root
stresses and reduce fracture? J Dent Res 2010;89(06):587–591

10 Silva GR, Santos-Filho Pde F, Simamoto-Júnior PC, Martins LRM,
Mota AS, Soares CJ. Effect of post type and restorative techniques
on the strain and fracture resistance of flared incisor roots. Braz
Dent J 2011;22(03):230–237

11 Uzun İ, Arslan H, Doğanay E, Güler B, Keskin C, Çapar ID. Fracture
resistance of endodontically treated roots with oval canals
restored with oval and circular posts. J Endod 2015;41(04):
539–543

12 Wang HW, Chang YH, Lin CL. A novel anatomical short glass fiber
reinforced post in an endodontically treated premolar mechani-
cal resistance evaluation using acoustic emission under fatigue
testing. J Mech Behav Biomed Mater 2017;65:151–159

13 Grande N, Butti A, Plotino G, Francesco S. Adapting FRC root canal
posts for use in noncircular-shaped canals. Pract Proced Aesthet
Dent 2006;18:593–599, quiz 600

14 Bakaus TE, Gruber YL, Reis A, Gomes OMM, Gomes GM. Bond
strength values of fiberglass post to flared root canals reinforced
with different materials. Braz Oral Res 2018;32:e13. Doi:
10.1590/1807-3107bor-2018.vol32.0013

15 Gomes GM, Monte-Alto RV, Santos GO, et al. Use of a direct
anatomic post in a flared root canal: a three-year follow-up. Oper
Dent 2016;41(01):E23–E28

16 Rocha AT, Gonçalves LM, Vasconcelos AJC, Matos Maia Filho E,
Nunes Carvalho C, De Jesus Tavarez RR. Effect of anatomical
customization of the fiber post on the bond strength of a self-
adhesive resin cement. Int J Dent 2017;2017:5010712. Doi:
10.1155/2017/5010712

17 Bhaktikamala A, Chengprapakorn W, Serichetaphongse P. Effect
of different post materials and adaptability on fracture resistance
and fracture mode in human endodontically treated teeth. 2022;
2022:17–19

18 Garoushi S, Gargoum A, Vallittu PK, Lassila L. Short fiber-rein-
forced composite restorations: a reviewof the current literature. J
Investig Clin Dent 2018;9(03):e12330. Doi: 10.1111/jicd.12330

19 Fráter M, Lassila L, Braunitzer G, Vallittu PK, Garoushi S. Fracture
resistance and marginal gap formation of post-core restorations:

European Journal of General Dentistry Vol. 12 No. 2/2023 © 2023. The Author(s).

Adaptation of Relined Fiber Post Using Discontinuous SFRC to Restore Weakened ETT Premolars Alshetiwi et al. 95



influence of differentfiber-reinforced composites. Clin Oral Inves-
tig 2020;24(01):265–276

20 Forster A, Sáry T, Braunitzer G, Fráter M. In vitro fracture resis-
tance of endodontically treated premolar teeth restored with a
direct layered fiber-reinforced composite post and core. J Adhes
Sci Technol 2017;31(13):1454–1466

21 Pitigoi-AronG, Streacker AB, Schulze KA, GeissbergerM. Accuracy
of cast posts and cores using a new investigative method. Gen
Dent 2012;60(03):e153–e157

22 Goodacre CJ, Spolnik KJ. The prosthodontic management of
endodontically treated teeth: a literature review. Part I. Success
and failure data, treatment concepts. J Prosthodont 1994;3(04):
243–250

23 Muttlib NAA, Azman ANP, Seng YT, Alawi R, Ariffin Z. Intracanal
Adaptation of a Fiber Reinforced Post System as Compared to a
Cast Post-and-Core. Acta Stomatol Croat 2016;50(04):329–336

24 Caceres EA, Sampaio CS, Atria PJ, et al. Void and gap evaluation
using microcomputed tomography of different fiber post cemen-
tation techniques. J Prosthet Dent 2018;119(01):103–107

25 Grandini S, Goracci C, Monticelli F, Borracchini A, Ferrari M. SEM
evaluation of the cement layer thickness after luting twodifferent
posts. J Adhes Dent 2005;7(03):235–240

26 Farina AP, ChielaH, Carlini-Junior B, et al. Influence of cement type
and relining procedure on push-out bond strength of fiber posts
after cyclic loading. J Prosthodont 2016;25(01):54–60

27 Macedo VC, Faria e Silva AL, Martins LRM. Effect of cement type,
relining procedure, and length of cementation on pull-out bond
strength of fiber posts. J Endod 2010;36(09):1543–1546

28 Fronza BM, Ayres A, Pacheco RR, Rueggeberg FA, Dias C, Giannini
M. Characterization of inorganic filler content, mechanical prop-
erties, and light transmission of bulk-fill resin composites. Oper
Dent 2017;42(04):445–455

29 Tauböck TT, Jäger F, Attin T. Polymerization shrinkage and shrink-
age force kinetics of high- and low-viscosity dimethacrylate- and
ormocer-based bulk-fill resin composites. Odontology 2019;107
(01):103–110

30 Garoushi S, Säilynoja E, Vallittu PK, Lassila L. Physical properties
and depth of cure of a new short fiber reinforced composite. Dent
Mater 2013;29(08):835–841

31 de Moraes AP, Cenci MS, de Moraes RR, Pereira-Cenci T. Current
concepts on the use and adhesive bonding of glass-fiber posts in
dentistry: a review. Appl Adhes Sci 2013;1(01):1–12

32 Vano M, Goracci C, Monticelli F, et al. The adhesion between fibre
posts and composite resin cores: the evaluation of microtensile
bond strength following various surface chemical treatments to
posts. Int Endod J 2006;39(01):31–39

33 Monticelli F, Toledano M, Osorio R, Ferrari M. Effect of tempera-
ture on the silane coupling agents when bonding core resin to
quartz fiber posts. Dent Mater 2006;22(11):1024–1028

34 Monticelli F, Osorio R, Sadek FT, Radovic I, Toledano M, Ferrari
M. Surface treatments for improving bond strength to prefab-
ricated fiber posts: a literature review. Oper Dent 2008;33(03):
346–355

35 Fráter M, Sáry T, Néma V, et al. Fatigue failure load of immature
anterior teeth: influence of different fiber post-core systems.
Odontology 2021;109(01):222–230

36 Fráter M, Sáry T, Jókai B, et al. Fatigue behavior of endodontically
treated premolars restored with different fiber-reinforced
designs. Dent Mater 2021;37(03):391–402

37 D’Arcangelo C, Cinelli M, De Angelis F, D’Amario M. The effect
of resin cement film thickness on the pullout strength of a
fiber-reinforced post system. J Prosthet Dent 2007;98(03):
193–198

38 Aleisa K, Al-Dwairi ZN, Alghabban R, Goodacre CJ. Effect of luting
agents on the tensile bond strength of glass fiber posts: an in vitro
study. J Prosthet Dent 2013;110(03):216–222

39 Özcan E, Çetin AR, Tunçdemir AR, Ülker M. The effect of luting
cement thicknesses on the push-out bond strength of the fiber
posts. Acta Odontol Scand 2013;71(3-4):703–709

40 Hamalian TA, Nasr E, Chidiac JJ. Impression materials in fixed
prosthodontics: influence of choice on clinical procedure. J Pros-
thodont 2011;20(02):153–160

European Journal of General Dentistry Vol. 12 No. 2/2023 © 2023. The Author(s).

Adaptation of Relined Fiber Post Using Discontinuous SFRC to Restore Weakened ETT Premolars Alshetiwi et al.96


