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ABSTRACT

Background: The long-term prognosis of endodontically treated teeth (ETT) depends on preservation of pericervical dentin
(PCD) and appropriate post-endodontic restoration. Short fibre-reinforced composites (SFRCs) have been introduced to
improve fracture resistance due to their crack-arresting properties.

Aim: To evaluate and compare the reinforcing effect of SFRC with different intra-orifice barrier materials on fracture
resistance of ETT.

Materials and Methods: Thirty-two extracted single-rooted human anterior teeth were standardized and randomly divided
into four groups (n = 8): Group I (intact control), Group II (GIC + nanohybrid composite), Group III (Purple Seal + SFRC
+ nanohybrid composite), Group IV (Purple Seal + nanohybrid composite). Fracture resistance was tested using a universal
testing machine. Data were analyzed using one-way ANOVA and Tukey post hoc test (p < 0.05).

Results: Group I showed the highest fracture resistance. Among experimental groups, Group III demonstrated significantly
higher fracture resistance compared to Groups II and IV (p < 0.05), while no significant difference was observed between
Groups II and IV.

Conclusion: The use of SFRC in combination with Purple Seal as an intra-orifice barrier significantly enhances fracture
resistance of ETT.
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INTRODUCTION

Root canal preparation is a vital step in endodontic
treatment, involving the removal of radicular dentin.
Excessive flaring can weaken dentin and raise the risk of
vertical root fractures by 11%—20% making it the second
most common identifiable reason for root-filled tooth
loss.! According to Swartz P et al., the failure rate of
endodontically treated teeth was nearly double in cases
lacking adequate postendodontic restoration. In this
regard, pericervical dentin (PCD), which extends 4 mm
above and 4 mm apical to the crestal level of bone, is of
interest.>The occlusal stress is transferred along the root
long axis by PCD. According to research, long-term
tooth retention and fracture resistance are directly
related to the amount of PCD remaining.

The success of root canal therapy is dependent on the
tooth being restored with a definitive, permanent
postendodontic restoration. A well-executed restoration
with a good coronal seal prevents microleakage, keeps
the tooth stable, and protects it from cuspal flexure and
future fracture. Adhesive restorative materials used as
intra-orifice barriers and intracoronal restorations have
been shown to increase the fracture resistance of
endodontically treated teeth. Because of their adhesive
properties, composite resin restorations require minimal
cavity preparation, preserving tooth structure and
providing intracoronal reinforcement.’

Previous studies have not compared the efficacy of these
materials like purple seal as orifice barrier with short
fibre reinforced composite as reinforcing materials,
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which offer greater ease of placement and superior
properties than conventional materials. Thus, the aim of
the present study is to evaluate and compare reinforcing
effect of SFRC with different intra-orifice barriers on the
pericervical dentin of endodontically treated teeth in
vitro.

The objectives of this study are

. To evaluate reinforcing effect of GIC as intra-
orifice barrier and nanohybrid composite on the
endodontically treated teeth in vitro

. To evaluate reinforcing effect of purple seal as
intra-orifice barrier and nanohybrid composite on the
endodontically treated teeth in vitro.

. To evaluate reinforcing effect of purple seal as
intra-orifice barrier and short fibre reinforced composite
on the endodontically treated teeth in vitro

. To compare reinforcing effect of all the three
reinforcement materials with the intact tooth

METHODOLOGY

SAMPLE PREPARATION

Thirty-two extracted intact non-carious single-rooted
incisor were collected .Teeth with caries, cracks,
fractures, wear or developmental enamel defects were
excluded from this study. All the samples were sectioned
from 2mm below cementoenamel junction (CEJ) to
Smm of the mesiodistal width of incisal edge joined to
form a base of an imaginary triangle with apex
corresponding to mesio-incisal line angle and
standardized access opening was done . A #10 K file was
advanced into the root canals of the sample until it was
visible at the apical foramen. The working length was
established to be 1 mm shorter. Up to #20 K, the root
canals were meticulously instrumented using a hand file.
Biomechanical preparation was done with an endo
motor (E-connect Pro, Orikam Healthcare India Pvt.
Ltd., India) and rotary files(Protaper Next,Dentsply
Sirona,Ballaigues,Switzerland) in the crown-down
technique.

During instrumentation, 5 mL of 5.25% NaOCI was
used to irrigate the canals following each file change.
Final irrigation was done by rinsing the canals with 5 mL
of 17% ethylenediaminetetraacetic acid (EDTA). The
root canals were finally flushed with 10 mL of
saline..Obturation using single cone 25 6% GP cones
and hot plugger was used to remove the coronal 3 mm
of root canal obturation for all experimental groups. All
the specimens were embedded in autopolymerising
acrylic resin block (3.0 cm x 3.0 cm x 3.0 cm) and were
divided into 4 groups:

. Group I: Control group of intact teeth.

. Group II: GIC as intraorifice barrier and
nanohybrid composite
. Group III: Purple Seal as intraorifice barrier

with short fibre-reinforced composite (SFRC) as dentin
replacement which is layered over by nanohybrid
composite

. Group IV: Purple Seal as intraorifice barrier
and nanohybrid composite as restoration

Fracture resistance was measured using a universal
testing machine.

The samples were mounted on Universal Testing
Machine (INSTRON 3369, UK) with a knife edge
loading head. A 1 mm/min compressive force was
applied to the specimens until fracture occurred using a
universal testing machine (MICRONIX, Seoul,South
Korea). The force needed to fracture each specimen in
newtons (N) was noted.

Statistical Analysis:

Data that were obtained from the universal testing
machine were analysed using the statistical software
SPSS version 23. The Kolmogorov—Smirnov test of
normality confirmed that the data were normally
distributed (p > 0.05), allowing for the use of parametric
tests. The data were expressed as mean + standard
deviation (SD). Intergroup comparisons were made
using one-way Analysis of Variance (ANOVA),
followed by Tukey’s post hoc test for pairwise
comparisons.

RESULTS

GROUP 1 550 +61.1 502 625
GROUP 2 269 +74.3 201 395
GROUP 3 432+ 84.5 311 541
GROUP 4 282+64.4 190 410

Table 1: Comparison of fracture strength among the four
groups.

Table 1 summarizes the mean and standard deviation
(SD) values of the four experimental groups. The one-
way ANOVA revealed a statistically significant
difference among the four groups (p < 0.001), indicating
that the experimental treatments had a significant effect
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on the measured outcome variable. The control group
(Group 1) exhibited the highest mean value, suggesting
optimal performance under standard conditions. Group 2
and Group 4 demonstrated the lowest outcomes, while
Group 3 showed moderate but significantly improved
performance compared to the other test groups. The
analysis confirms strong statistical evidence that the
treatment conditions exerted measurable and significant
effects on the observed variable.

Comparison of Mean + SD for Experimental Grouf
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Figure 1: Bar graph showing comparison of mean = SD values among the four groups.

Table 2 represents the inter- group comparison between
groups Using Post Hoc Tuckey test. Subsequent Tukey’s
post hoc analysis identified that Group 1 (Control) had
significantly higher mean values compared to all other
groups (p < 0.001). Group 3 also showed a statistically
higher mean compared to Group 2 and Group 4 (p <
0.05), whereas the difference between Group 2 and
Group 4 was not statistically significant (p>0.05).
These findings indicate that the parameter measured was
markedly reduced in the treated groups (Groups 2 and 4)
compared to the control, while Group 3 maintained
intermediate values but still significantly lower than the
control.

Comparison Mean p-Value
Group Difference (I-J)

Group 1 (Control)
Group 1 (Control)

Group 1 (Control)

Group 2
Group 2
Group 3

*Statistically significant at p < 0.05.

Table 2 Inter- Group Comparison Between Groups
Using Post Hoc Tuckey

DISCUSSION

As endodontically treated teeth are more prone to
fracture, this study assessed the efficacy of different
intraorifice materials in improving the fracture resistance
of teeth that have undergone endodontic treatment. The
experimental groups demonstrated superior fracture
resistance comparable to the control group of intact teeth.
The quantity of remaining tooth structure determines the
strength of the tooth . “The pericervical dentin, located
near the alveolar crest extending about 4 mm coronally
and apically from the crestal bone, is vital for stress
transfer along the length of the tooth. The loss of this
pericervical dentin can increase the susceptibility of the
tooth to fracture’. Furthermore, the aggressive use of
greater taper rotary instruments weakens the radicular
dentine . Rundquist et al. stated that in an obturated tooth,
the occlusal forces generate maximum stresses at the
cervical portion of the root which increases as the taper
of the instrument increases. Therefore, to reinforce such
teeth, the concentration of stress at the dentin-restoration
interface should be reduced by using materials having a
modulus of elasticity comparable to that of dentin, which
is about 14-16 GPa.®

Additionally, as gutta-percha does not bond to the
radicular dentin, emphasis is placed on using materials
that adhere to the root dentine and reinforce the
remaining tooth structure . Various experiments have
included intraorifice barriers consisting of bioceramics,
resin-based composites, glass-ionomer cements .The
materials selected for this study were based on their
ability to adhere to the tooth structure, having low elastic
modulus, and those which did not affect the adhesion of
the final restoration .

GICs offer advantages like chemical adhesion to tooth
structure and fluoride release, they are mechanically
weaker with lower compressive and flexural strength
and greater wear as seen in the study. Its use is favored
due to its adhesive properties, which bond to dentin, its
ability to release fluoride, and its biocompatibility. The
idea of purple seal is that contrasting purple colour will
make it easy to identify the pulp chamber, reducing
procedural risks when it is removed for retreatment or
further treatment. "This flowable composite resin, has
better mechanical properties than GIC and good
sealability.

The tetric N-Ceram Bulk Fill (Ivoclar Vivadent) is a
novel addition to the field of dentistry. Its matrix consists
of Bis-GMA, UDMA (15 wt%), and ethoxylated Bis-
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EMA (3.8 wt%). Its filler particles constitute barium
glass, ytterbium trifluoride, mixed oxide, and silicon
dioxide (63.5 wt%).}

The highest fracture resistance was seen with bulk short
fiber composite (EverX Posterior) supported restorations
with purple seal as orifice barrier. Resin-based
intraorifice barriers (like Purple Seal) enhances
reinforcement. Short fibers act as crack stoppers,
effectively transferring stresses and reinforcing the
structure. The lowest fracture resistance occurred with
bulk-fill composite and GIC as intraorifice barrier,
possibly due to limited filler content and less sealing
effect of GIC.°

Ever X posterior is a short fiber reinforced composite
(SFC). With the elastic modulus approximating to that of
dentin, it has been widely accepted and used as a dentin
replacement material.!° The current study showed
substantially more excellent fracture resistance of SFC
among the experimental groups. The semi-
interpenetrating polymer network, which is formed by
cross-linked  bisphenol  A-glycidyl methacrylate,
triethylene glycol dimethacrylate, and linear polymethyl
methacrylate, is the resin matrix of the ever X posterior.
It strengthens the composite and improves bonding.!! In
addition, it has been demonstrated that the
micromechanical interlocking between the dentin and
the short fibers of ever X posterior enhances the capacity
to bind to the dentin surface underneath.'?Compared to
all other adhesive composite resins employed in the
current investigation, the ever X posterior has a higher
elastic modulus of 12.3 GPa.

Studies have demonstrated that SFC can halt the spread
of cracks and offer the maximum reinforcement
efficiency in a multidirectional isotropic reinforcement
effect, increasing the composite resin’s resistance to
fracture.'’> The micromechanical interlocking between
the dentin and the short fibers of everX flow has been
shown to improve its ability to bond effectively to the
underlying dentin surface, thereby providing an overall
reinforcement to the tooth as well as the restoration.14
Each of the above factors could have impacted the results
of the study.

With its limitations, the results of this in vitro study
suggest that endodontically treated teeth have
considerably greater fracture resistance when PCD is
restored using adhesive composite resins like purple seal
as intraorifice barrier and short fibre reinforced
composites. Among the experimental groups, short-fiber
reinforced composite resin showed noticeably more
significant reinforcing of the PCD, a finding that could
potentially revolutionize postendodontic restorations .

CONCLUSION:

Within the limitations of the present in vitro study, it is
concluded that the placement of intra-orifice barriers
enhanced the fracture resistance and reinforcement of
obturated roots. Ever X posterior and tetric N-Ceram can
be used as intra-coronal restoration and purple seal as
intraorifice barrier as they exhibited good fracture
resistance in endodontically treated teeth.
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