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Abstract

ABSTRACT

Title: comparative fracture strength evaluation of endodontically treated teeth having
different access cavity design, restored with SDR and Filtek Bulk Fill composite as a

dentin replacement: an in-vitro study.

Aim: Comparing the fracture strengths of mandibular molar teeth prepared using
traditional (TEC) and conservative endodontic cavity (CEC) methods and restored
using SDR (Dentsply Caulk, Milford, DE) and Filtek™ Bulk Fill Flowable base

composite materials.

Method: 100 first mandibular molar teeth were randomly divided into 5 groups. In
group A (control group), samples were kept intact. In group B and group C, TECs and
CECs were prepared respectively, and samples were restored with Filtek™ Bulk Fill
base and composite resin Filtek Z250. In group D and group E, TECs and CECs were
prepared respectively, and samples were restored with SDR and composite resin
Ceram.X Mono. The load was applied on the samples at 1 mm/min speed using 6 mm
round-head tip until fracture. Forces resulting in fracture were recorded in newton
units. Data were analysed using Kruskal-Wallis and Pearson correlation tests at 5%

significance level.

Result: Mean fracture strengths of samples in control group were significantly higher
than experimental groups (p < 0.05). Mean fracture strengths of samples in group D
vs group B, group E vs group C and group C vs group B was significantly higher (p <
0.05) while group E and group D had no significant difference (p > 0.05).

Conclusion: Fracture strengths of teeth restored with the SDR base was higher than
that of teeth restored with Filtek™ Bulk Fill Flowable. CEC prepared samples had
significantly higher fracture strength as compared to TEC prepared samples when
Filtek™ Bulk Fill was used as restorative base while difference was insignificant

when SDR base was used.




Introduction

INTRODUCTION

Our objective should be the perpetual preservation of what remains than the

meticulous restoration of what is missing. —M. M. De Van

The fundamental aim of root canal treatment is to remove the bacteria from the root
canal and to treat apical periodontitis using biomechanical preparation, infection
control and complete obturation of the root canal system. In order to carry out any of
the above technical stages effectively, adequate access to the root canal system is
required. An access cavity is defined as “The opening prepared in a tooth to gain entry

to the root canal system for the purpose of cleaning, shaping and obturation”. (1)

Traditionally the technical stages of root canal therapy was described as ‘clean, shape
and fill’. The significance of the access cavity in this process was frequently
overlooked. A poorly executed access cavity will compromise the remaining technical

stages and result in an increased risk of procedural errors. (1)

Design of the access cavity is crucial to maintain the healthy tooth structure. A
diagnostic radiograph is a prerequisite to prepare minimally invasive access cavities.
However, before access cavity preparation, insufficient coronal restorations and caries
lesions should be removed and a pre-endodontic restoration performed to minimize
the risk of recontamination of the endodontic system during treatment procedures.
The preparation of the access cavity is divided into two steps:

1) Primary access cavity: Cleaning the whole pulp chamber including complete
removal of hard tissues that may impede the straight-line access to the root
canals represents the first step.

2) Secondary access cavity: The number of root canal orifices in a particular
tooth can never be known prior to the commencement of the treatment. Hence,
canal orifices should be identified with the utmost care. (2)

In the last decade, several access cavity designs involve minimal removal of tooth
structure for gaining entry to pulp chambers during root canal treatment. The premise
behind this concept that maximum preservation of as much of the pulp chamber roof
as possible during access preparation .However, the smaller the access cavity, the
more difficult it may be to visualize and debride the pulp chamber as well as locate,
shape, clean and fill the canals. At the same time, a small access cavity may increase

2
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the risk of iatrogenic complications because of poor visibility, which may have an

impact on the treatment outcome.

Influence of minimally invasive access preparation on the fracture resistance of
teeth

One of the most important conditions that contribute to the susceptibility of a tooth to
fracture includes the removal of large amounts of sound dentine during the endodontic

and restorative procedures.

Hence, the minimally invasive concept in endodontics was founded on the premise
that dentine conservation during access cavity preparation was an essential measure to
maintain optimal strength, fracture resistance needed for the long-term function and

survival of root filled teeth.

Trauma, caries, extensive cavity preparation, and endodontic treatments are the most
common reasons for tooth fragility. Because of the loss of water content and anatomic
structures, such as the pulp chamber roof, endodontically treated teeth are more
susceptible to fracture than are vital teeth. The amount of residual coronal dentin is
considered of primary importance in the prognosis of endodontically treated teeth.
Supporting the remaining dental structures is crucial for the long-term success of
treatment. Deciding how to implement a restorative protocol for endodontically
treated teeth with variable remaining tooth structure is challenging for operators when
excessive structure has been lost. There are many different direct and indirect
treatment options for these kinds of teeth, such as direct resin-based restorative

materials, onlays/inlays, and crowns (with or without post placement).

Restoration of a tooth with adhesive procedures and direct resin composites
eliminates excessive loss of sound tooth structure and over preparation. Direct resin-
based composite restorations are applied in single appointment. As there are many
different types of tooth-colored direct restorative materials available in the dental
market, it is important to determine which materials are successful to ensure a long-

lasting restoration in endodontically treated teeth.
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Although conventional resin composites are used for restoration of endodontically
treated teeth, their major shortcoming, polymerization shrinkage, is still present. In
larger cavities, the polymerization shrinkage that leads to higher stress accumulation
on the tooth than on the restoration is considered responsible for a series of clinical
complications, including higher risk of tooth fracture. In order to reduce
polymerization shrinkage stress and to maintain adequate depth of cure, incremental
placement of resin composites has been routinely used in daily practice. However, the
use of 2-mm thick resin composite materials incrementally for direct restorations is
time consuming, increases the risk of contamination between layers and may include

voids in the restoration.

Bulk fill resin composites are an innovative class of dental resin composite materials,
developed to simplify the placement of direct composite restorations. They include
low-viscosity, flowable and high-viscosity material types. According to the
manufacturers, they can be efficiently light-cured at depths up to 4-5 mm and cause
low polymerization shrinkage stress at the same time. The only drawback of low
viscosity material was low hardness and low modulus of elasticity; hence, there is a

requirement of a final top layer of conventional composite. (3)

SDR has an increased depth of cure because of increased translucency. SDR includes
a flexible polymer that does not translate the shrinkage stress to the tooth. 3M™
ESPE™ Filtek™ Bulk Fill Flowable Restorative, is a low viscosity, visible-light
activated, radiopaque flowable composite. This low stress flowable material is semi-

translucent enabling a 4mm depth of cure.

Considering these facts the present study has been undertaken to observe and measure
the fracture strength of molar by using traditional and conservative access cavity
preparation there by restoring them SDR, Bulk fill resin composites and Nano-hybrid

composites.

All the samples are tested for fracture strength using “Inston Universal testing

machine”.




Aim And Objectives

AIM AND OBJECTIVES

AlM:

To compare the fracture strength of endodontically treated teeth with two different
access cavity designs restored with Smart Dentin Replacement and Filtek™ Bulk Fill

Flowable composites.

OBJECTIVES:

1. To evaluate the fracture strength of endodontically treated molars by using
traditional endodontic access cavity preparation and conservative endodontic
access cavity preparation, restored with smart dentin replacement and Filtek™
Bulk Fill Flowable composites.

2. To compare the fracture strength of endodontically treated molar by using
traditional endodontic access cavity preparation and conservative endodontic
access cavity preparation, restored with SDR and Filtek™ Bulk Fill Flowable

composite materials.

The null hypotheses of the present study were as follows:
1. The access cavity preparation designs would have no effect on the fracture
strength of endodontically treated mandibular molar teeth.
2. No significant difference would be seen in the fracture strength of the teeth

restored post endodontically with two different base metal composites.



Review Of Literature

REVIEW OF LITERATURE

Mannan G, Smallwood ER, Gulabivala K, et al. (2001)* Conducted a study to
examine the effect of access cavity location and design on degree and distribution of
instrumented root canal surface in maxillary anterior teeth. They concluded that
mechanical preparation did not allow instrumentation of the entire root canal wall,
straight-line access allowed the greatest proportion of the root canal wall to be

instrumented and the lingual cingulam access the least.

Tang W, Wu Y, et al. (2010)° had done a study to identify and reducing risk for
potential fracture in endodontically treated teeth. They found that post endodontic
tooth fracture might occur because of the loss of tooth structure and induced stress
caused by endodontic and restorative procedure such as access cavity preparation,
instrumentation and irrigation of the root canal, post space preparation and coronal

restoration and form inappropriate selection of tooth abutment for prosthesis.

Krishna R, plaque F, et al. (2014)° Conducted a study to measure the impacts of
conservative endodontic cavity on root canal instrumentation efficacy and resistance
to fracture assessed in incisor, premolar and molar. They found that conservative
endodontic cavity was associated with the risk of compromised canal instrumentation
only in molar distal canal. It conserved coronal dentin in the 3-tooth type and

conveyed a benefit of increased fracture resistance in mandibular molar and premolar.

Mannocci F, Cowie J, et al. (2014)" had done a study on restoration of
endodontically treated teeth. They concluded that the preservation of tooth structure is
critical to the survival of an endodontically treated tooth.

Eaton JA, Clement DJ, Lloyd A, et al. (2015)® conducted a study to examine the
Micro — computed tomographic evaluation of the influence of root canal curvatures in
mandibular molars. They concluded that the use of different landmarks to establish
access outline design affected the primary angle of curvature in relatively calcified

mandibular molar.
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Moore B, Veredelis K, et al. (2016)° had done a study to assess the impacts of
conservative endodontic cavity on instrumentation efficacy and axial strain response
in maxillary molar. They found that conservative endodontic cavity did not affect
instrumentation efficacy and biomechanical response compared with traditional
endodontic access cavity.

Zehnder MS, Connert T, Weiger R, et al. (2016)"° conducted a study to examine
the guided endodontics: accuracy of a novel method for guided access cavity
preparation and root canal location. They concluded that Guided endodontics allowed
an accurate access cavity preparation up to the apical third of the root utilizing printed

templates for guidance. All root canals were accessible after preparation.

Yuan K, Niu C, Xie Q, et al. (2016)"" had done a study to examine the impact of
minimally invasive preparation vs. conventional straight-line preparation on tooth
biomechanics. This study aimed to compare the biomechanics on teeth after
minimally invasive (MI) preparation and straight-line (SL) preparation using finite
element analysis. The stress concentration areas of teeth with minimally invasive
access cavities were smaller than those areas prepared with straight-line opening in
coronal and cervical areas. The stress concentration points in the cervical areas
increased with the increase of canal taper in the coronal third. Minimally invasive

access preparation reduced the stress distribution in crown and cervical regions.

Plotino G, Grande NM, lIsufi A, et al. (2017)"* found that teeth with traditional
endodontic cavity access showed lower fracture strength than the one prepared with
conservative endodontic cavity or ninja endodontic cavity. Ultra conservative ninja
endodontic cavity did not increase the fracture strength of teeth compared with the
one prepared with conservative endodontic cavity. Intact teeth showed more

restorable fracture than all the prepared one.

Rover G, Belladonna FG, Bortoluzzi EA, et al. (2017)"* had done a study to assess
the influence of contracted endodontic cavities on the root canal detection,
instrumentation efficacy, and fracture resistance assessed n maxillary molar.

Traditional endodontic cavity are used as reference for comparison. The results of the
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study did not show benefits associated with conservative endodontic cavity. This
access modality in maxillary molar resulted in less root canal detection where no
ultrasonic troughning associated to an operating microscope was used and did not

increase fracture resistance.

Taha NA, Maghaireh GA, Ghannam AS, et al. (2017)"* conducted a study to
examine the effect of bulk-fill base material on fracture strength of root-filled teeth
restored with laminate resin composite restorations. They concluded that the use of a
bulk-fill flowable base material significantly increased the fracture strength of
extracted root-filled teeth with MOD cavities; however, it did not improve fracture

patterns to more favorable ones.

Ozyiirek T, Ulker O, Demiryiirek EO, et al. (2018)"° had done a study to examine
the effect of endodontic access cavity preparation design on the fracture strength of
endodontically treated teeth. —Traditional versus conservative preparation. They
concluded that CEC preparation did not increases the fracture strength of teeth with

class Il cavities compared with TEC preparation.

Allen C, Meyer CA, Yoo E, et al.(2018)"® conducted a study to examine the effect
of stress distribution in a tooth treated through minimally invasive access compared to
one treated through traditional access. They concluded that traditional endodontic
access cavity may render a tooth more susceptible to fracture compared with a

minimally invasive access.

Corsentino G, Pedulla E, Castelli L, ,et al (2018)"” had done a study to examine the
influence of access cavity preparation and remaining tooth substance on fracture
strength of endodontically treated teeth.They concluded that truss access do not
increase the fracture strength of endodontically treated teeth in comparison with

traditional and conservative endodonic access cavity.

Silva E, Rover G, Belladonna FG,et al.(2018)"® conducted a study to examine the
impact of contracted endodontic cavities on fracture resistance of endodontically

treated teeth. They concluded that there is no evidence that supports the use of
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contracted over traditional endodontic cavity for the increase of fracture resistance in

human teeth.

Sabeti M, Kazem M, Dianat O, et al.(2018)"° had done a study to examine the
Impact of Access Cavity Design and Root Canal Taper on Fracture Resistance of
Endodontically Treated Teeth: They concluded that increasing the taper of the root
canal preparation can reduce fracture resistance. Moreover, access cavity preparation
can reduce resistance; however, CAC in comparison with TAC had no significant

impact.

Marchesan MA, Lloyd A, Clement DJ et al.(2018)*° had done a study to examine
Impacts of Contracted Endodontic Cavities on Primary Root Canal Curvature
Parameters in Mandibular Molars. They concluded that within the limitations of this
study, the results suggested that instrumentation of curved mesial canals with engine-
driven instruments reduced the severity and abruptness of PCC and shifted the PCC
location apically similarly in mandibular molars with CEC and those with
nonextended TEC. Treatment time in the molars with CECs was considerably longer,
suggesting that extended treatment time should be taken into account along with other

considerations when debating CECs versus TECs.

Alovisi M, Pasqualini D, Musso E,et al.( 2018)*' conducted a study to examine the
Influence of Contracted Endodontic Access on Root Canal Geometry: An In Vitro
Study. They concluded that TECs showed a greater preservation of the original root
canal anatomy with less apical transportation than CECs, possibly because of the
absence of coronal interferences and, therefore, fewer pecking motions required to
complete instrumentation. Within the limitations of this study, TECs may lead to a
better preservation of the original canal anatomy during shaping compared with

CECs, particularly at the apical level.

Marchesan MA, Lloyd A, Clement DJ et al.(2018)** had done a study to examine
the Impacts of Contracted Endodontic Cavities on Primary Root Canal Curvature
Parameters in Mandibular Molars. They concluded that instrumentation of curved

mesial canals reduced the severity and abruptness of PCC and shifted the PCC
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location apically similarly in mandibular molars with CECs and those with
nonextended TECs. The extended treatment time with CEC merits consideration
when debating CECs versus TECs.

Abou-Elnaga MY, Alkhawas MAM, Kim HC et al. (2019)* conducted a study to
examine the effect of Truss Access and Artificial Truss Restoration on the Fracture
Resistance of Endodontically Treated Mandibular First Molars.They concluded that
the truss access cavity preparation improved the fracture resistance of endodontically
treated teeth with mesio-occluso-distal cavities, whereas the artificial truss restoration
did not improve it.

Roperto R, Sousa YT, Dias T, et al. (2019)** had done a study to examine the
Biomechanical behavior of maxillary premolars with conservative and traditional
endodontic cavities. They concluded thatregardless of the cavity design,
conservative endodontic cavities that preserve marginal ridge integrity did not affect
the resistance to fracture, failure mode, or stress distribution in maxillary premolars
restored with composite resin. Endodontically treated teeth displayed biomechanical
behavior similar to sound teeth.

Zhang Y, Liu Y, She Y, et al.(2019)** conducted a study to examine the Effect of
Endodontic Access Cavities on Fracture Resistance of First Maxillary Molar Using
the Extended Finite Element Method. They concluded that the fracture resistance of
an endodontically treated tooth was increased by preparing the conservative
endodontic cavity. The fracture of the maxillary first molar originated from the mesial
groove of the enamel, propagated through the groove, and finally induced the damage
in the dentin.

Saberi .E, Pirhaji.A and Zabetiyan et al.F(2020)*® had done a study to examine
effects of Endodontic Access Cavity Design and Thermocycling on Fracture Strength
of Endodontically Treated Teeth.They concluded that TREC enhances the fracture

strength of endodontically treated teeth under thermal stresses.

10
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Barbosa AFA, Lima CO, Coelho BP, et al. (2020)*” conducted a study to examine
the influence of endodontic access cavity design on the efficacy of canal
instrumentation, microbial reduction, root canal filling and fracture resistance in
mandibular molars. They concluded that Conservative access cavities did not offer
any advantage in comparison to the traditional endodontic cavities in any of the
parameters considered. Furthermore, conservative methods were associated with
larger percentages of unprepared canal surface area and larger volume of remaining

root filling material within the pulp chamber.

Saber SM, Hayaty DM, Nawar NN, et al. (2020)*® had done a study to examine
The Effect of Access Cavity Designs and Sizes of Root Canal Preparations on the
Biomechanical Behavior of an Endodontically Treated Mandibular First Molar: A
Finite Element Analysis . They concluded that conservative and truss access designs
preserved a significant volume of tooth structure. The extent of root canal
enlargement should be as small as practical without jeopardizing the biologic

objectives of root canal treatment.

Silva EJNL, Oliveira VB, Silva AA, et al. (2020)*° conducted a study to examine
effect of access cavity designs on gaps and void formation in resin composite
restorations following root canal treatment on extracted teeth . They concluded that
the access cavity design used during root canal treatment interfered with the
adaptation of the restorative material. The minimally invasive access cavity design

was associated with a greater number of voids within the restoration.

Isufi A, Plotino G, Grande NM, et al. (2020)*" had done a study to examine
Standardization of Endodontic Access Cavities Based on 3-dimensional Quantitative
Analysis of Dentin and Enamel Removed. They concluded The percentage of volume
of DER was less than 6% for the UEC group, up to 15% for the CEC group, and more
than 15% for the TEC group, with a statistically significant difference among all
groups in all of the tooth types analyzed (P < .05).The present study showed
significantly different percentages of volume of DER among the groups analyzed (i.e.
UEC < CEC < TEC).

11



Review Of Literature

Barbosa AFA, Lima CO, Coelho BP, et al(2020)*' conducted a study to examine
The influence of endodontic access cavity design on the efficacy of canal
instrumentation, microbial reduction, root canal filling and fracture resistance in
mandibular molars . They concluded that conservative access cavities did not offer
any advantage in comparison to the traditional endodontic cavities in any of the
parameters considered. Furthermore, conservative methods were associated with
larger percentages of unprepared canal surface area and larger volume of remaining

root filling material within the pulp chamber.

Wang Q, Liu Y, Wang Z, et al. (2020)*? had done a study to examine the Effect of
Access Cavities and Canal Enlargement on Biomechanics of Endodontically Treated
Teeth: A Finite Element Analysis They concluded that Preserving coronal dentin by
using conservative endodontic cavity significantly reduced the concentration of
tensile stress and the failure probability of dentin, although the maximum principal

stress and failure probability were less affected by taper of canal preparation.

Tiifenkci P, Yilmaz K, Adigiizel M. (2020)* This study was conducted to evaluate
the effects of traditional and contracted endodontic cavity (TEC and CEC) preparation
with the use of Reciproc Blue (RPC B) and One Curve (OC) single-file systems on
the amount of apical debris extrusion in mandibular first molar root canals. RPC B
caused more apical debris extrusion in the CEC groups than did the OC single-file
system. Therefore, it is suggested that the RPC B file should be used carefully in teeth
with a CEC.
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MATERIALS AND METHOD

Place of the study

The present in-vitro study was conducted in the Department of Conservative Dentistry
and Endodontics, Babu Banarasi Das College of Dental Sciences, Lucknow.

Study subjects
Extracted human mandibular molar teeth, which are extracted due to periodontal

purpose.

Study Sample and size
Hundred mandibular molar teeth
e GroupA-20
e GroupB-20
e GroupC-20
e GroupD-20
e GroupE-20

Eligibility Criteria
Inclusion criteria
e Teeth with complete root development.
e Teeth with similar buccolingual (11 mm +_ 0.5 mm) and mesiodistal (10.5
mm x 0.5 mm) dimensions.

e Teeth with single canal in distal root.

Exclusion Criteria
e Teeth with cracks or defects on the surface,
e Root fracture

e Previously restored teeth.

13
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Materials and Equipments Used in the study with specifications and Company

For root canal preparation

Endo access bur & Endo Z bur (Dentsply Maillefer, Switzerland)

15K file (Dentsply sirona,Ballaigues, Switzerland)

ProTaper next file (Dentsply sirona)

Endomoter (X-Smart plus endomoter, Dentsply sirona)
5.25% Sodium hypochlorite (Septodont)
17% EDTA (pyrax)

Ah plus sealer (Dentsply Detrey, Germany)

Gutta percha (Dentsply Sirona)

For Simulating the periodontal ligament
Wax sheet

Self-curing resin (Pyrax rapid repair)

Silicon Impression material (Zhermack Elite Hd-+light body normal

set)

For Restoration of sample

35% phosphoric acid (Scotchbond Universal Etchant,3M
ESPE, St Paul, MN, USA),

Single Bond Universal (3M ESPE)

a two-step etch-and-rinse n adhesive, (Dentsply/De Trey)
Prime&Bond NT (Dentsply/De Trey)

LED light curing unit (Woodpecker LED ,)

Filtek™ Bulk Fill Flowable(3M ESPE)

SmartDentin replacement(Dentsply caulk, mailfo)

Filtek z250 composite resin(3m ESPE, St Paul, Mn)

Ceram.X Mono (Dentsply)
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For fracture strength test

Inston universal testing machine (Inston, buckinghamshire, uk)

Methodology

Control Group

] TEC + FILTEK

100 samples divided equally in 5

groups thus each group received | e M CEC + FILTEK
20 samples

TEC + SDR

CEC + SDR

Figurel. Distribution of samples in different groups

A total of 100 extracted human molars irrespective of gender and age were collected
from the Department of Oral and Maxillofacial Surgery, Babu Banarasi Das College
of Dental Sciences, Lucknow. The teeth were extracted due to periodontal reasons.
All extracted teeth were handled as per safety guidelines of ADA. The buccolingual
(BL) and mesiodistal (MD) diameters of the teeth were measured using a caliper and
ensure that all the selected teeth have similar dimensions for standardization. All
collected teeth were then debrided with ultrasonic scalers & stored in 10% formalin

solution until use.
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After ethics committee approval 100 molar included in this study. Teeth are randomly

divided in 5 groups.

1.
2.

Group A: Teeth in this group served as control group.

Group B: In this group, after traditional endodontic access cavity preparation,
root canal treatment was performed, and Filtek™ Bulk Fill Flowable was
applied as the base material. The final restoration was completed by using
Filtek Z250 (3m ESPE St Paul, mn) composite resin.

Group C: In this group, after conservative Endodontic access cavity
preparation, root canal treatment was done. Filtek™ Bulk Fill Flowable was
applied as the base material. The final restoration was done by Filtek Z250
composite resin.

Group D. After traditional endodontic access cavity preparation, root canal
treatment was done. SDR is applied as base material and final restoration was
done by using Ceram.X Mono (Dentsply)

Group E: After conservative endodontic access cavity preparation, root canal
treatment was done. SDR was applied as a base material and final restoration

was done by Ceram.X Mono (Dentsply) composite resin.

TEC and CEC preparation

In traditional endodontic access cavity preparation, occlusal enamel and
dentin tissue between the root canal orifices was removed.

In conservative endodontic access cavity preparation occlusal enamel and
dentin tissue between the root canal orifices in the mesial and distal segment
was not removed.

Pulpal tissue in the pulpal chamber was completely removed using an

ultrasonic scaler.

Root canal preparation and obturation

After preparing the endodontic access cavity, a#10k type canal file (Dentsply

Sirona, sBallaigues, Switzerland) was placed into the root canal of the teeth under

2.5 x magnification, until the apical foramina was reached. The working length

was set 1mm shorter than this working length. Biomechanical preparation was

done by ProTaper next file. (Dentsply sirona)
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X1 and X2 files of the ProTaper Next (Dentsply Sirona) rotary instrument system
was used for shaping the mesial root canals, and X1, X2, X3, files are used for
shaping the distal root canals. Each of the files was used to shape a maximum of 4

root canals.

The files were operated at 300-rpm speed and 300-g/cm torque using X- SMART
Plus endodontic motor (Dentsply Maillefer)in accordance with the

recommendations of the manufacturer.

While changing the files, the root canal is irrigated with 2ml 5.25% hypochlorite
solution) Septodont(. To remove the smear layer, 2ml 17% EDTA (Ultradent
Edta) was applied for 2 minutes and 2ml 5.25 %hypochlorite was applied in the
final irrigation. After drying with paper points, the canal was filled with an Ah
plus sealer (Dentsply DeTrey, Konstanz, Germany) and gutta percha (Dentsply

Sirona).

Redundant gutta-percha was removed from the canal orifices using a hot

excavator.

Simulating the periodontal ligament
The samples was coated with molten wax upto 2mm apical from the enamel
cement line. Then using a metal mold, all the samples are embedded in self curing
resin to 2mm apical of the enamel cement line. The teeth were then removed from
the acrylic resin and molten wax removed using hot water. To simulate the
periodontal ligament, the gap in acrylic resin was filled with silicone (Zhermack
Elite Hd+light body normal set) impression material and the teeth was replaced in

the gap.

Restoration of the sample
For group B and C, the cavities are etched for 30 seconds in enamel and 15
seconds in dentin with 35% phosphoric acid (Scotchbond Universal Etchant, 3M
ESPE, St Paul, MN, USA), rinsed for 15 seconds , and gently air dried, leaving
the tooth moist. The adhesive Single Bond Universal (3M ESPE), was applied for
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20 seconds; the solvent was air dried for five seconds and then light cured for 10
seconds by LED .4mm thick Filtek ™Bulk Fill Flowable is applied as base
material and then polymerised with an led light curing unit for 40 sec.
Subsequently 2mm composite resin Filtek Z250 composite resin (3m ESPE, St
Paul, Mn) is applied.

For the teeth in group D and E, after etching with De Trey Conditioner
36(Dentsply/De Trey) the cavities are etched for 30 seconds in enamel and 15
seconds in dentin rinsed for 15 seconds, and gently air dried, leaving the tooth
moist, a two-step etch-and-rinse adhesive, Prime & Bond NT (Dentsply/De
Trey), was applied and remained fully wet for 20 seconds; teeth were then gently
air-dried for five seconds and light cured for 10 seconds. The cavities were filled
with bulk fill flowable composite (SDR Flow, Dentsply) at up to 4 mm in
thickness and were then cured for 40 seconds. The remaining parts of the cavities
were restored with increments at a maximum of 2 mm in thickness using
nanoceramic resin composite (Ceram.X Mono, Dentsply) and were light-cured

for 40 seconds.

Surface polishing of all the restored samples was accomplished using SofLex
(3M ESPE) finishing and polishing discs.

Fracture strength test
The teeth in all the groups was kept in distilled water at room temperature for 24
hours before the fracture strength test. For fracture testing all the samples was
placed on an inston universal testing machine (Instron, Buckinghamshire, UK),
which applies a compressive load on the central fossa in the lingual direction at a
15 degrees angle to the longitudinal axis of teeth. The load was applied on the
sample at 1 mm/min speed using a 6 mm round head tip until fracture. The force

resulting in fracture was recorded in Newton.
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MATERIALS AND ARMAMENTARIUM
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Figure 1: Teeth samples

Figure 2: Traditional Endodontic access cavity preparation

19



Materials And Method

Figure 3: Conservative Endodontic access cavity preparation

Figure 4: Armamentarium for root canal treatment
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Figure 5: Armamentarium for simulating periodontal ligament

Figure 6: Armamentarium for restoration of samples
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Figure 7: Working length determination

Figure 8: Biochemical preparation
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Figure 9: Master Cone

Figure 10: Sealer Application

23



Materials And Method

Figure 11: Obturation of canal

Figure 12: Etchant Application
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Figure 13: Bonding agent application

Figure 14: Curing of bonding agent
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Figure 15 SDR Application

Figure 16: Filtek Bulk Fill Flowable application

26



Materials And Method

Figure 17 Sample after restoration

Figure 18: Inston universal testing machine
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OBSERVATION & RESULTS

STATISTICAL ANALYSIS
e Data were analysed using Microsoft excel 2016 and IBM SPSS.

e Descriptive study was done (Mean and Standard deviations were determined)

o Kruskal-Wallis test and Pearson correlation tests were used at 5% significance

level.

Data of fracture strength of all samples are as follows:

Table 1. Data of fracture strengths of all samples in study

Group A Group B Group C Group D Group E
) TEC + CEC +
Preparation
~ |CONTROL | FILTEK FILTEK |TEC +SDR|CEC +SDR
and material
BULK FILL|BULK FILL

1812 1935.7 1649.3 1929 2039.3

1972.4 1269.2 1817.5 2036.2 1907.3

2439 1788.1 1506.7 1897.7 2246.2

2112 1808.1 1732.6 1987.5 1890.7

2092 1564.9 1603.2 2109.6 2080.7

2097 1921.9 1517.9 2205.7 1968.9

1990.3 1475.2 1852.7 1890.4 1967.2

2255.7 1619.2 1962.3 1978.2 1967.4

2173.7 1449.2 1608 1896.6 2205.7

2206.8 1432.3 1809.9 2106.1 2198.7
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2398.7 1239.1 1762.3 2019.2 2027.6
2197.5 1474.4 1471.8 1865.9 2124.7
1990.7 1828.3 1952.7 1994.8 1976.9
2309.9 1752.6 1701.5 2012.1 1799.6
2207.6 1606.8 1901.1 2101.6 2298.8
2152.8 1713.2 1765.5 1872.9 1798.9
1997.5 1468.8 1879.8 1975.9 2098.6
2091.4 1502.6 1462.3 1972.2 1986.9
2107.9 1656.7 1793.7 1810.1 1909.4
2180.8 1542.7 1917.2 1990.3 2291.9
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Distribution of fracture strengths of samples in each group shown as line

diagram below:

Line diagram showing fracture
strengths of samples in each

group
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Group C (CEC + FILTEK) =©-Group D (TEC + SDR)
Group E (CEC + SDR)

Figure 1: Line Diagram Showing fracture strengths of samples in each group
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Mean Fracture strength and Standard deviation of each group:

Table 2: Mean Fracture strength and standard deviation of each group

Group B Group C | Group D | Group E
Group A
)TEC + )CEC + )TEC + | )CEC +
)Control(
FILTEK( | FILTEK( SDR( SDR(
Mean Fracture
2139.3 1602.45 1733.4 1982.6 2039.3
strength )N(
Standard
o 145.41 192.33 157.64 95.44 147.19
Deviation )SD(
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Mean Fracture strength (in Newton
unit) of each group

2139.3
1982.6
1733.4
1602.45

Group A GroupB GroupC GroupD GrouptE
(Control) (TEC+ (CEC + (TEC + (CEC +
FILTEK)  FILTEK) SDR) SDR)

Figure 2: Bar Diagram comparing Mean Fracture strength of each group
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Groups as per their mean fracture strength:

N
« Control Group
 Highest Mean fracture strength
y,
N
+CEC + SDR
y,
N
*TEC + SDR
y,
N
* CEC + FILTEK BULK FILL
y,

*TEC + FILTEK BULK FILL
«Lowest Mean fracture strength

Figure 3: Groups arranged as per their mean fracture strength

Control Group has highest mean fracture strength followed by Group E, Group D,
Group C and Group B respectively in decreasing order of mean fracture strengths .
Lowest mean fracture strength was in group B i.e .TEC prepared samples which were
restored using Filtek Bulk Fill.
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Comparison of mean fracture strength of control group A with other groups:

Table 3: Comparison of mean fracture strength of control group with groups using

p-value
TEC +
CEC +FILTEL
p value FILTEK BULK TEC +SDR CEC +SDR
BULK FILL
FILL
control < 0.05 < 0.05 < 0.05 < 0.05

Mean fracture strength of control group) i.e .Group A (was significantly higher than
other groups) i.e .Groups B, C, D and E.(

TEC vs CEC when SDR is final restorative material:

Table 4: TEC vs CEC when SDR is final restorative material

Mean Fracture strength

p-value
IN(
Group E )CEC +SDR( 2039.3 - 005
Group D )TEC +SDR( 1982.6 ynon-significant(

TEC and CEC prepared samples had no significant difference in their mean fracture

strength When SDR was used as the restorative material.
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TEC vs CEC when FILTEK BULK FILL is final restorative material:

Table 5: TEC vs CEC when Filtek Bulk Fill is final restorative material

Mean Fracture strength

p-value
IN(
Group C )CEC +FILTEK BULK
1733.4
FILL( < 0.05
Group B)TEC +FILTEK BULK )significant(
1602.45

FILL(

CEC prepared samples had significantly higher mean fracture strength than TEC

prepared samples when restorative material was FILTEK BULK FILL.

SDR vs FILTEK BULK FILL when TEC is the preparation method:

Table 6: SDR vs Filtek Bulk Fill when TEC is preparation method

Mean Fracture strength

p-value
IN(
Group D )TEC +SDR( 1982.6
<0.05
Group B)TEC +FILTEK BULK )significant(
1602.45

FILL(

TEC prepared samples had significantly higher mean fracture strength when SDR was

used as restorative material as compared to FILTEK BULK FILL.
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SDR vs FILTEK BULK FILL when CEC is the preparation method:

Table 7: SDR vs Filtek Bulk Fill when CEC is preparation method

Mean Fracture strength N p-value
Group E )CEC +SDR( 2039.3
< 0.05
Group C )CEC +FILTEK BULK Jsignificant(
1733.4

FILL(

CEC prepared samples had significantly higher mean fracture strength when SDR was

used as restorative material as compared to FILTEK BULK FILL.

36




Discussion

DISCUSSION

The present in-vitro study titled ‘Comparative fracture strength evaluation of

endodontically treated teeth having different access cavity design, restored with SDR
and bulk fill composite as a dentin replacement® was conducted in the Department of
Conservative Dentistry and Endodontics, Babu Banarasi Das College of Dental
Sciences, Lucknow. The facility of inston universal testing machine (Instron,
Buckinghamshire, UK), was availed at Central Institute of Plastics Engineering And

Technology (CIPET Lucknow) Lucknow.

The methodology followed in the present study was in accordance with the study
done by Taha Ozyurek et al. In present study, 100 mandibular molar were selected
because the sample size 20 for each group was found to be statistically significant. In
the present study, mandibular molar teeth were selected because vertical fractures are
most frequently observed in mandibular molar teeth among endodontically treated

posterior teeth. (34)

The buccolingual (11 mm x 0.5 mm) and mesiodistal (10.5 mm x 0.5 mm) dimensions
of the selected crowns were measured with a vernier caliper at the most prominent
point of the respective surfaces. We tried our best to standardize the dimensions in all
teeth of the groups. Samples that did not meet these criteria were excluded and

replaced.

In the present study, TEC and CEC preparation methods are compared. The aim of the
study is to compare these 2 types of cavity preparation (TEC and CEC) and examine
the effects of different materials on the fracture strengths of samples in the TEC and
CEC groups.In endodontic treatment of posterior teeth, the main problem with
cavities prepared using the TEC method is that the pulpal chamber floor also
constitutes the cavity floor. (35) Among mandibular molar teeth, occlusal enamel and
dentin located at the center of a tooth are subject to high chewing pressure. (36) By
preserving the pulpal chamber roof using CEC preparation, the aim is to distribute the
occlusal forces before they reach the pulpal chamber floor. (37) An additional aim is
to preserve cervical dentin, which is very important for the lifetime and optimal
function of teeth (38)
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The main drawbacks of CEC preparation are the limitation in the examination of the
pulp chamber and the difficulties in the debridement of the area under the pulp roof
that does not get exposed. According to the findings of the present study, there was
statistically significant difference in the fracture strengths of the samples prepared
with the traditional (TEC) and conservative (CEC) methods when restored with the
filtek bulk fill (p < .05)and when restored with SDR result is non-significant.

On the other hand, Moore et al (9) and Rover et al (13) found no significant difference
between the TEC and CEC preparation methods in terms of fracture strength. In
common with the findings of the present study, Plotino et al (12) found that the
fracture strength of teeth prepared with the TEC method was significantly lower than
that of teeth prepared with the CEC method and the ultra-CEC method.

According to the results obtained, the fracture strength of healthy teeth (positive
control) was significantly higher than that of the other groups tested. This finding was
also observed in studies by Moore et al. (9) , Consertino et al. (17) In 2018, Silva et
al. (29) eemphasized the importance of maximum preservation of the pericervical
dentin area, which would reduce the forces required for tooth fracture.

Similarly, Krishan et al. (4) and Plotino et al. (13) observed a significant difference in
fracture strength in relation to the design of the access cavity preparation performed.
In teeth subjected to minimally invasive access, a significantly higher fracture strength
was observed when compared with teeth subjected to conventional access. These
studies corroborate, to some extent that by Al-Omiri et al. (22), in which the authors
report better fracture strength with preservation of the dentinal structure when

minimally invasive endodontic access cavity preparation is used.

In the present study, bulk fill flowable material is used to reduce clinical working time
for direct composite restorations while simultaneously keeping a satisfactory degree
of conversion and reducing polymerization shrinkage than conventional composites
and also less contamination. The biggest advantage of these materials is the
possibility of application in 4-mm thick layers. In conventional composite resins, light

attenuation due to light reflection from the material surface, scattering from filler
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particles and absorption by photoinitiators are limiting the depth of cure to
approximately2 mm. Among other factors, filler content and particle size are critical
to dispersion of light beam. In contrast to the trend of reducing the filler particle size
and producing nanocomposites, fillers in bulk-fill composites are in the macro-filler
range, in order to increase translucency of the material and increase the depth of cure.
Larger filler particles have lower filler surface area and thus smaller resin-filler

interface, which is responsible for the majority of light scattering.

Two groups of bulk-fill composites can be distinguished: (a) low-viscosity materials
which are used as base materials and require an additional capping layer as their
surface hardness and modulus of elasticity are low, and (b) high-viscosity materials

which are sole cavity filling materials. (39)

In bulk fill composite, SDR and Filtek bulk fill was used, they are low viscosity
composite. SDR bulk-fill composite contains a modified UDMA with a photoactive
group incorporated into the monomer chain, which helps to delay gelation and reduce
shrinkage stress without affecting the degree of conversion. This UDMA also has
higher molecular weight (849 g/mol) than other commonly-used monomers, such as
Bis-GMA (512 g/mol), Bis-EMA (496 g/mol) and conventional UDMA (470 g/mol).
Thus, the shrinkage itself can be reduced by decreasing the number of reactive sites
per unit volume. Flowable resin composites act as an intermediate layer and stress-

breaker.

When the material is light activated, the polymerization process develops, and the
volumetric reduction causes shrinkage of the material. However, the relationship
between shrinkage and stress is not that simple because not all shrinkage causes
stress. Residual stresses will only be generated when the composite material can no
longer relax in a timely manner; not all polymerization shrinkage causes shrinkage
stresses. It is important to distinguish between total shrinkage and the shrinkage that
truly causes stresses, called the ‘‘post-gel shrinkage”. The percentage of
polymerization shrinkage is influenced by the amount of organic content of the
composite and the percentage of inorganic content. The change of a resin composite

to a solid material, characterized by the development of the elastic modulus, during
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the polymerization results in rigid restorations and consequently residual shrinkage
stresses by the effect of polymerization contraction. Polymerization shrinkage stress,
which may result in clinical problems such as fractures, is affected by the composition
and filler content of resin composites and their elastic modulus. The lower post-gel
shrinkage value of SDR could be explained by the lower viscosity that results in more
flexibility and also by the amount of inorganic filler content, an attribute of flowable
composites. Additionally, the SDR resin has a polymerization modulator that acts at
propagation of the linear and branched chains of the polymers of the resin, reducing
the formation velocity of the polymer network, keeping its viscosity longer and
providing lower stress compared with traditional composites. Inversely, SDR
presented the highest total shrinkage value, probably due to the smaller amount of
filler content. The total volumetric contraction depends on factors such as the size of
the charge particles and also the type of the organic matrix and concentration of
monomers. (40)

If the stress generated exceeds the adhesive strength, debonding can occur. On the
other hand, if the adhesive is sufficiently strong, the tooth structure will suffer the
consequences, leading to cusp flexure, crack formation and propagation, and fracture.
These shrinkage stresses are also directly associated with the elastic modulus of the
composite. The elastic modulus is a material property that expresses the inherent
stiffness of a material and determines how much stress is generated when the material
is deformed. Stresses created by polymerization shrinkage thus depend on both
shrinkage and elastic modulus values. Composite resins with a higher elastic modulus
(which increases, for example, with filler content) can generate higher residual

shrinkage stresses in a restored tooth with the same amount of shrinkage.

It has often been claimed that the elastic modulus should be as similar as possible to
the tooth structure so that the resin composite is able to flex with the tooth structure
under mechanical load. The elastic moduli of the three resin composites investigated
in the present study (4-5 GPa to 10-11 GPa)are much closer to that of dentin (13-19.0
GPa)than to that of enamel(80-94 GPa) the much bigger difference for enamel

resulting in higher stress formation. (41)
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According to the results of the present study, regardless of the type of prepared
endodontic cavity, the fracture strength of the samples restored with SDR was higher
than that of the samples restored using Filtek bulk fill (P < .05). Thus, the second null
hypothesis of the present study was rejected. A previous study showed that the choice
of restoration material had significant effects on the fracture strength of teeth after
root canal treatment (42). In the present study, in contrast to previous studies, the
fracture strength of teeth restored with Filtrek Bulk Fill was lower than that of teeth
restored using Sdr. Moreover, during the restoration of teeth with CEC preparation,
SDR Plus has a self-leveling feature that allows intimate adaptation to the prepared
cavity walls resulting higher fracture strength.

The use of bulk-fill composite resins in posterior restorations reduces the cusp
deformation, post-gel shrinkage, and shrinkage stress, and increases the fracture
strength.

Rosatto CMet al. fracture resistance of molars restored with bulk-fill composites and
incremental filling technique four bulk-fills-, Filtek Bulk Fill/Filtek Z350XT;
VBF/CHA, Venus Bulk Fill/Charisma Diamond; SDR/EST-X, SDR/Esthet-X HD;
TEC, TetricEvoCeram Bulk Fill, The FBF/Z350XT group had significantly lower
fracture resistance than the other filling techniques that used bulk-fill composite
resins. Atalay C,et al (3)compared fracture resistance of endodontically treated teeth
restored with bulk fill resin composite/Filtek Bulk Fill (3M ESPE); bulk fill flowable
resin composite + nanohybrid/SureFil SDR Flow + Ceram.X Mono (Dentsply); fiber-
reinforced composite + posterior resin composite/GC everX posterior + G-aenial
posterior (GC Corp.); and nanohybrid resin composite/Tetric N-Ceram
(Ivoclar/Vivadent)Haugen HJ (44)also found similar result that sdr has better fracture
strength than filtek bulk fill,on the other hand Al-Nahedh HN, et al (45)compared
filtek bulk fill SDR and tetric n ceram,found that filtek bulk fill has better fracture
strength.

The limitations of the present study are that a static rather than a dynamic force was
applied to the samples, and intraoral factors, such as temperature and pH changes,

were not simulated.
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CONCLUSION

It can be concluded from this study that Group A (Intact teeth) showed significantly

highest fracture strength when compared with all other groups (Group B, C, D, E) in
this study.

While TEC and CEC prepared samples had no significant differences in their mean
fracture strength, when SDR was used as the restorative material (Group D and group

C) respectively.

CEC prepared samples had significantly higher mean fracture strength than TEC
prepared samples when Filtek Bulk Fill was used as the restorative material

(comparison of Group C and B respectively).

It can also be stated from this study that when a comparison was done only on
samples prepared using TEC method a significantly higher mean fracture strength was
found in samples restored using SDR as compared to Filtek Bulk Fill (Group D and
B).

When only the samples prepared using CEC method were compared it was seen that
the samples restored using SDR as the restorative material showed significantly high
mean fracture strength as compared to samples restored using Filtek Bulk Fill

(comparison between group E and group C).
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