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Objective This study compared the bond strength of glass fiber post to dentin
using different irrigation methods and solutions and to evaluate the bond strength in

different regions of the root.

Methods One hundred human anterior maxillary teeth were randomly divided into
10 groups (n=10). Root canal filling and post space preparation were carried out followed
by diverse final irrigation techniques. Groups 1 to 3 underwent syringe irrigation, groups
4 to 6 irrigation with ultrasonic instrumentation and groups 7 to 9 passive ultrasonic
irrigation. Different irrigant solutions were used in each groups as 2.5% NaOCI (groups
1,4,7), 17% EDTA (groups 2,5,8) and 2.5% NaOCI followed by 10% sodium ascorbate
(groups 3,6,9). Group 10 was done by syringe irrigation with distilled water. Fiber post
luting was performed with Panavia SA Cement Plus. Slices of 1 mm thickness were divided

into cervical and apical root regions. Push-out bond strength tests were performed.

Results Bond strengths were significantly affected by different irrigants (p<0.05;
2-way ANOVA). Irrigant solution groups 3, 6, and 9 with NaOCI followed by sodium
ascorbate gave higher bond strengths with group 6 showing a significant difference

between cervical and apical root regions.

Conclusions Bond strengths are significantly affected by different irrigant
solutions. An irrigant solution of NaOCI followed by sodium ascorbate resulted in high

bond strength values. The region of the root was affected only in group 6.
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Background and rationale

Endodontically treated teeth have been restored with post whenever have to retain

. . 1-2 . .
core in case of coronal excessive loss. “Nowadays, glass fiber post has been used widely

because of proper elastic modulus which similar to dentin and esthetically preferred as

well. However, clinical failure is still presented which is mainly caused by de-cementation

of glass fiber post to intra-radicular dentin which can lead to post fracture.”® Boschian et

al. shown that a weak link of bonding interface has been shown at dentin-cement interface

more than post-cement interface.” Sidoli et al. shown that minimize wedging effect of the

post within the root canal by successful bonding can lead to lower susceptibility to

7
fracture.

Irrigation in root canal treatment is an essential step to provide better cleaning of

intra-radicular dentin. Studies have demonstrated that mechanical instrumentation only

cannot sufficiently disinfect root canal wall.”® Ultrasonic irrigation has been introduced in

endodontics by using ultrasonically activated files which provide acoustic micro

streaming.ﬂ0 It is the rapid movement of fluid in a circular motion around the vibrating file
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in the root canal. The shear flow caused by acoustic micro streaming produces shear

stress along the root canal wall, which can remove debris and bacteria from the wall. Two

types of ultrasonic irrigation have been described in literature.'""* First is a simultaneous

ultrasonic instrumentation (Ul). Second is a passive ultrasonic irrigation, operated without

simultaneous instrumentation (PUI). Studies demonstrated that when PUI was used with

different concentration of NaOCI, complete removal of smear layer was shown. On the

other hand, Cheung et al. shown that it could not completely remove the smear layer by

using PUI with 1% NaOCI for 10 seconds.'® Moreover, Gu et al. demonstrated that PUI

with EDTA or a combination of EDTA and NaOCI did not completely remove smear layers

from the apical third of the canal walls."

The use of irrigant provides an additional antibacterial effect in combination with

mechanical preparation. EDTA and NaOCI solutions are used to remove the inorganic and

. . 15 .
organic portion of smear layer.” It has been shown to enhance bacterial removal

significantly. According to Barbosa et al., the study shown that the use of irrigant before

cementation with self-adhesive cement allow the dentinal tubule to open for better

10
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adhesion.'® Gu et al. shown that EDTA could effectively improve the bond strength of the

self-etching adhesive resin cement compare to NaOcCl." Marques et al. shown that NaOCI

alone may have oxidizing effect that might decrease bond strength.”Sodium ascorbate

is a sodium salt of ascorbic acid and well known as effective antioxidant that could reverse

the compromising effect of NaOCI on bond strength to enamel and dentin. Celik et al.

claimed that Sodium ascorbate application after NaOCI conventional syringe irrigation

improved the bond strength value."

As a result, to minimized post de-cementation problem we conduct this research

to study and compare bond strength of post bonded in root canal wall which effected by

ultrasonic irrigation versus syringe irrigation with various irrigant solutions including

NaOCI, EDTA and NaOCI followed by Sodium ascobate.

11



Literature review

(I) Factor effected bonding to root canal dentin

1. Irrigation method

- Syringe irrigation VS Ultrasonic irrigation

- Type of ultrasonic irrigation

- Mechanism of ultrasonic irrigation

- Time of ultrasonic irrigation

- Application of irrigant solution during ultrasonic irrigation

2. Irrigant solution

3. Region of bonding to root canal dentin

4. Pre-treatment of fiber post

5. Type of resin cement

6. Endodontic sealer

7. Insufficient light activation

8. Operator experience

(I Method to evaluate bond strength of post to root canal dentin

(1) Factor effect bonding to root canal dentin

12
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1. Irrigation method

- Syringe irrigation V'S Ultrasonic irrigation

Irrigation is an important part of root canal treatment for providing irrigant to clean

beyond the root canal instruments. The aim of irrigation is to eliminate microorganism,

pulp tissue and dentin debris which we known as smear layer in the root canal system.

Goracci et al. shown that the efficacy of irrigation relys on working mechanism of irrigant

and ability to bring the irrigant in contact with intra-radicular dentin."

The flushing action from syringe irrigation is relatively weak and dependent not

only on the anatomy of the root canal but also on the depth of placement and the diameter

of the needle. It has been shown that irrigant can only progress 1 mm beyond the tip of

the needle. Moreover,

Abou-Rass et al. shown that an increase in volume does not significantly improve their

flushing action and efficacy in removing debris.”

Ultrasonic irrigation has been introduced in endodontic by using ultasonically

activated files which provide acoustic micro streaming.10 It is the rapid movement of fluid

13
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in a circular motion around the vibrating file in the root canal. The shear flow caused by

acoustic micro streaming produces shear stresses along the root canal wall, which can

. . 21,22
remove debris and bacteria from the wall.

Hence, A possible explanation for the
improved action is that a much higher velocity and volume of irrigant flow is created in the

canal during ultrasonic irrigation.

- Types of ultrasonic irrigation

Two different types of ultrasonic irrigation have been described in endodontic

11,12 . . . . % W\ . . . .
First is a combination of ultrasonic irrigation and instrumentation occurring

literature.

simultaneously. This is called as ultrasonic irrigation (Ul). During Ul, the ultrasonic tip is

intentionally contacted with intra-radicular dentin while irrigant solution is delivered into

the canal. Second is a way to operate without simultaneous instrumentation. It is known

as passive ultrasonic irrigation (PUI) and occurred when activated file is allowed to

oscillate freely in the canal with no contact the root canal wall. Ultrasonic irrigation has

been shown to be less effective than PUI to remove smear layer in the root canal.

Reduction of acoustic streaming and cavitation can be explained for this reason. It could

14
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result in uncontrolled cutting root canal wall.” Recently, Boutsioukis et al shown that

even PUI may also result in uncontrolled removal of dentin in straight root canals as

23
well.

- Mechanism of ultrasonic irrigation

During ultrasonic irrigation, two mechanisms can be explained, acoustic

streaming and cavitation.” First is a acoustic streaming which is the rapid movement of

. . . . . . . 10 . . .
fluid in a circular motion around a vibrating file. ~ The acoustic streaming that occurs in

the root canal during ultrasonic irrigation has been described as acoustic

. . 24 A . 0 .
microstreaming.” This is defined as the streaming which occurs near small obstacles

placed within a sound field, near small vibrating wires, which arise from the frictional

forces between a boundary and medium carrying vibrations of circular frequency. Several

5,26

papers have confirmed that acoustic microstreaming occurs during PUI.***® When file is
activated in the canal, the displacement amplitude is at its maximum at the tip of the file,

probably causing a directional flow to the coronal part of the root canal. When the file is

unable to vibrate freely in the root canal, acoustic microstreaming will become less

15
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intense, however, it will not stop completely. The intensity of the acoustic microstreaming

is directly related to the streaming velocity. It can be concluded that the higher the

streaming velocity and the more powerful the acoustic microstreaming will be. Ahmad et

al. shown that the shear flow caused by acoustic microstreaming produces shear stresses

. . 26
along the root canal wall, which can remove debris from the wall.

Second is a cavitation. Leighton et al. explained that it is the impulsive formation

of cavities in a liquid through tensile forces induced by high-speed flows or flow

gradients.24 These bubbles expand and then rapidly collapse producing a focus of energy

leading to intense sound and damage. Acoustic cavitation can be defined as the creation

of new bubbles or the expansion, contraction and/or distortion of pre-existing bubbles in

a liquid, the process being coupled to acoustic energy. According to Roy et al., two types

of cavitation could occur during ultrasonic irrigation of root canal : stable cavitation and

transient cavitation.”® Stable cavitation could be defined as linear pulsation of gas-filled

bodies in a low amplitude ultrasound field. Transient cavitation occurs when vapor

bubbles undergo highly energetic pulsations. Transient cavitation only occurs when the

16
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file can vibrate freely in the canal or when the file unintentionally touches the canal wall.

. . . . . 25
Increased contact with the canal wall, as in Ul, exclude transient cavitation.

In contrast, other researchers claim that cavitation provides only minor benefit in ultrasonic

irrigation, or that it does not occur at all.”®

- Time of ultrasonic Irrigation

Irrigation time on the ultrasonic irrigation is still varied among studies. In general, the

literature recommends between 30 seconds and 3 minutes for NaOCI irrigation, although

there is no defined consensus on the exact length of time. Munley et al. demonstrated that

shorter passive irrigation makes it easier to keep the file in the center of the canal and

therefore prevents it from touching the walls and creating aberrant forms.”’ Sabins et al.

demonstrated no significant different of smear layer removal between 30 and 60 seconds

of PUL*® On the other hand, Cameron et al. shown an increased removal of the smear

29

layer after 5 minutes of PUl as opposed to 3 minutes.

- Application of irrigant during ultrasonic irrigation

According to Cameron et al., two flushing methods can be used during ultrasonic

17
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irrigation, including a continuous flush and an intermittent flush.” The continuous flush is

from ultrasonic handpiece itself whereas the intermittent method, the irrigant solution is

injected into the root canal by a syringe, and replenished several times after each

ultrasonic activation.

Despite two methods, both flushing methods were equally effective in removing

dentin debris from the root canal in an ex vivo model when the irrigation time was set at 3

minutes. Druttman et al. confirmed that application of irrigant is more likely to influence by

time than by volume used.”' Passarinho-Neto et al. shown that 5 minutes of PUI removed

more dentine debris from the root canal than 1 minute when the volume was the same.*

They explain that intermittent flush from a syringe can control the amount of irrigant flowing

through the apical region of the canal because both volume and depth of syringe

penetration are known, which is not possible in the continuous flush from the handpiece.

The apical flow is important because frequent replenishment of irrigant is essential.

2. Irrigant solution

Not only the mechanical action of the endodontic instruments is responsible for

18



19

the root canal cleaning, but also chemical irrigant solution plays an important role in

. . 33,34 - . . .
removing debris and the smear layer. The irrigation of the root canal is an essential

cleaning procedure in endodontic treatments. Currently, a final irrigation with chemicals

such as ethylenediaminetetraacetic acid (EDTA) and Sodium hypochlorite (NaOCI) is

recommended to remove the inorganic and organic components of debris and the smear

layer.

NaOCl has low superficial tension and has the antimicrobial action, the ability to

reduce endotoxic load, and the capacity to dissolve organic tissue. But NaOCIl does not

alter the inorganic content of the intra-radicular dentin and does not remove the smear

Iayer.35 It has de-proteinisation effect and acts as biological oxidant which breaks down

to Sodium chloride and oxygen. However, according to Nikaido et al., oxygen has been

demonstrated a negative effect on polymerization of the adhesive system that caused

reduction of bond Strength.36 The presence of reactive residual free radicals in Sodium

hypochlorite-treated dentin may compete with the propagating free radicals generated

during light activation of the adhesive, resulting in premature chain termination and

19
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incomplete polymerization. Most of these studies demonstrated that NaOCI application

decreases dentin bond strength. If decreased bond strength to NaOClI-treated dentin is

the result of the oxidizing effect of this irrigant, it may be possible to reverse this reaction

by a biocompatible antioxidant such as Sodium ascorbate.””™ It was reported that these

antioxidants could reverse the compromising effect of NaOCI on bond strength of enamel

and dentin by restoring the altered redox potential of the oxidized bonding substrate.

Sodium ascorbate allows free radical polymerization of the adhesive to proceed without

premature termination. Akgun et al. also reported that the use of Sodium ascorbate

reduced the microleakage induced by NaOCl.*

Irrigation with EDTA known for its mild demineralization and low abrasion on

dentinal substrates, has been reported to remove the smear layer effectively.’ EDTA

could effectively improve the bond strength of a self-etching adhesive resin cement

compared to NaOCl." Although, many adhesive resin cements bond well to intra-radicular

dentin, the durability of dentin bonding remains a concern.

In this regard, it should be considered that NaOCl and EDTA are common

20
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endodontic irrigants, although their prolonged use at high concentrations may have

negative effects on the physical properties of root canal dentin, such as reduced flexural

strength, elastic modulus, and microhardness. Consequently, irrigation after post space

preparation and its effects on the bond strength of different adhesive strategies are a topic

of interest because manufacturers’ recommendations vary from the use of NaOCI to no

recommendations at all. Bitter et al. conducted five different irrigation protocols after post

space preparation to analyze their effects on bond strengths of fiber posts to root canal

dentin using three different adhesive strategies.43 Besides a control group using distilled

water, the irrigation protocols were passive ultrasonic irrigation (PUI) using NaOCI 1% and

5.25 %, respectively. Additionally, irrigation using 18 % EDTA followed by 525 %

NaOCI as well as 2 % Chlorhexidine was tested after post space preparation. Fiber posts

were luted using a self-etch and an etch-and-rinse adhesive system as well as a self-

adhesive resin cement. The effects of the irrigation protocol on bond strengths were

significantly affected by the adhesive strategy. For the etch-and-rinse adhesive system,

irrigation using EDTA and 5.25% NaOCI resulted in significantly lower mean bond

21
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strengths compared to the control group, whereas irrigation using 1% NaOCI with PUI

revealed the highest mean bond strengths.

During PUI, NaOCI removes significantly more smear layer, pulp tissue or dentine

debris from the root canal than distilled water.” When a greater concentration of NaOCI

is used the efficacy appears to increase ; on the other hand, some studies demonstrated

no statistically significant different was found when increase concentration of NaOCl.*

Moreover, Cheung et al. has shown that it could not completely remove the smear layer

by using PUI with 1% NaOCI for 10 seconds.'® Mozo et al. also demonstrated that PUI

with EDTA or a combination of EDTA and NaOCI did not completely remove smear layers

from the apical third of the canal walls.” Schmidt et al. demonstrated that PUI by using

1% NaOCI and ultrasonic tip placed within 1 mm of the apical foramen did not show higher

: . . . A . 46
efficacy in smear layer removal compared with conventional irrigation.

3.Region of bonding to root canal dentin

Differences in the histology of dentin have been shown in different levels of the

root. Accordingly, from coronal to apical root region, the dentinal tubule density and its

22
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diameter decrease so the increase in density of dentine tubule would lead to a decrease

in the availability of intertubular dentin for micromechanical retention’’. Moreover, moisture

control and removal of debris from the apical part is still a difficult issue. Study has

concluded that the intensity of the light diminishes as the distance of the light source

increases. Hence, dentin in the deeper part of the root canal might be a challenging for

adequate resin bonding through light-polymerization of the resin. In vitro studies on resin

bonding to intra-radicular dentin mostly examined and compared bond strength data

between different root regions48 accordingly, the studies compared the bond strength

between cervical, middle and apical root regions. Results from published studies on

regional bond strength in the root canal and post space are quite variable. It has been

shown that the strongest adhesion is achieved in the most coronal regions because that

tubule density is greater in the coronal and middle thirds than in the apical region of the

root canal,49 and the diameter of the tubules also decreases in the apical direction.” On

the other hand, several other studies did not report any variations in bond strengths in

different root regions.”™

23
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4. Pre-treatment of fiber post

A reliable bond of the post surface to the root canal dentin is required for

establishing a predictable post-endodontic restoration. Although more often failures has

been shown at the interface between root canal dentin and luting agent,6 numerous

pretreatment procedures of fiber posts have been suggested to enhance the bond

strength between fiber post surface and luting agent. Current fiber posts consist of

unidirectional fibers that are embedded in a resin matrix which different matrixes are used

by the manufacturers such as epoxy resin, methacrylate resin. It has been demonstrated

that different glass fiber posts may vary in flexural properties and micromorphology and

that flexural properties may be affected by mechanical properties of the resin matrix and

interfacial adhesion between fiber and matrix.” Moreover, differences in

micromorphology, surface texture and composition may have an impact on the effects of

post-pretreatment on fiber post bond strength.55 The use of a silane solution to enhance

the bonding characteristics of fiber posts is still controversial. While some authors have

reported increased bond strengths, most peer-reviewed research publications on the

24
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subject have reported that the use of a silane solution chairside does not improve the

bonding ability of fiber posts to root canal dentin®

5. Type of resin cement

Resin cement was used to bond between root canal wall and fiber post. The high

and durable bond strength of fiber post to intra-radicular dentin is essential to ensure a

long-term success of any coronal restoration procedure over time. The durability of

bonding is related to the hybrid layer created by combination of dentin organic matrix,

hydroxyapatite crystallites, resin monomers and solvents. Degradation of polymer network

in hybrid layer plays important role for shortening success in this treatment.”

In etch-and-rinse adhesive system, polymer degradation becomes more crucial

because of wet bonding technique. In this strategy, acid etching demineralizes the dentin

surface, then rinsed off by water that must remained to some extension to avoid collagen

collapse and allowed resin monomers to infiltrate the demineralized dentin. Organic

solvents are added to allow easier and faster evaporation of both water and remaining
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solvent; nevertheless, complete solvent elimination is difficult.”™ As a result, the remnant
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of solvent and water may prevent the complete hybridization. Then the poorly polymerized

resin will eventually fasten water sorption and compromise the long-term integrity of

adhesive—dentin interface.

According to Nakabayashi et al., self-etching adhesive system does not require

acid etching or wet bonding because it has acidic monomer which capable of partially

involving original smear layer in the hybrid Iayer.58 However, it has high hydrophilic

monomer and solvent contents so it exhibits higher water sorption rate and hydrolytic

degradation.59

To simplify adhesive system, recently manufacturers have launched self-adhesive

resin cement which elimination of previous application of bonding. These products

contain acid functionalized monomers such as 10-MDP (10-methacryloyloxydecyl

dihidrogen phosphate) and 4-META (4-methacryloxyethyl trimellitic anhydride) to

demineralize and bond to tooth structure. The acidic monomers create a pH ranging

between 1.5 and 3 to gently demineralize dentin and enamel surfaces. The acidic groups

bind with calcium in the hydroxyapatite to form a stabilizing ionic attachment between the
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methacrylate network and dentin. First, the cements are hydrophilic, which allows proper

wetting and adaptation to the tooth surface. As the acid functionality is consumed through

reaction with calcium from hydroxyapatite and a variety of metal oxides from the cement

ion-leachable fillers, these materials become more hydrophobic, so these products would

be less prone to hydrolytic degradation.60

Radovic et al. reported better performance of the association of etch-and-rinse or

self-etch adhesives with self-adhesive cements. It demonstrated that the self-etching

adhesives may offer less favorable adhesion to root canal dentin in comparison with etch-

and-rinse and self-adhesive approaches.63 Recently, Sarkis-Onofre et al. conducted

meta-analysis of laboratory studies which indicated that the use of self-adhesive resin

cements could improve the retention of fiberglass posts when compared with etch-and-

rinse or self-etch adhesives.”' Even though some studies have been shown that limited

interaction in terms of smear layer removal and tag formation have been demonstrated in

self-adhesive resin cement, a good chemical interaction with calcium of hydroxyl apatite

has been described.* This is corroborated by a recent review that revealed that the use
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of self-adhesive resin cement might improve bond strength of fiber posts inside the root

canal indicating that this simple and less-technique-sensitive procedure is

61
advantageous.

6. Endodontic sealer

Some authors observed a loss of retention when eugenol-based sealers were

used before post luting with resin cements.” Eugenol is a radical scavenger that inhibits

the polymerization of resin based materials.®® However, other studies found no significant

difference when comparing eugenol and non-eugenol containing root canal sealers in

terms of post retention when using resin cements. The similar chemistry of luting cements

and resin sealers and the lack of contamination with eugenol are responsible for this

improved bonding.64

7. Insufficient light curing for polymerization

Light activation within the root canal wall is very difficult because of canal

geometry that light cannot penetrate through the length of the post. Hence, high bond

strength of entire root canal is difficult as well.” A limitation in the distance of light
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penetration results in a low degree of conversion at the apical area. When the distance

from the light source to the irradiation surface was increased, the degree of conversion

. 67 . .
of resin monomers decreased.” Goracci et al. shown that even in the presence of

translucent posts, the amount of light at the apical third of the root space might not be

sufficient to effectively cure the cement at that level.”’

8. Operator experience

Bonding procedure is a technic sensitive which require highly susceptible to the

operator’s experience to get the acceptable quality of bonding. Miyazaki et al. shown

that fiber post cementation procedure with etch-and-rinse adhesives may reduce bond

strength when observed in less experienced clinicians.” On the contrary, when self-

adhesive cement was used, Gomes et al. demonstrated that the role of operator was not

significant. The reduction in clinical steps as well as no need to keep the dentin

substrate moist prior to material application might explain why self-adhesive cement was

not sensitive to the operator’s skill.*

29



30

(I method to evaluate bond strength of post to root canal dentin

Some methods are used to evaluate the bond strength of resin-based material to

intra-radicular dentin including micro-tensile bond strength test and push-out bond test.

Micro-tensile bond strength test method is performed by the bonded specimens

are sectioned into smaller sized sub-specimens and then individually subjected to the pull

out test.” Generally, there are two ways to perform this test, trimming and non-trimming

method. It has demonstrated that the trimming procedure of the bonded roots luted with

fiber posts led to an increased percentage of premature failure of the specimens.

Moreover, previous studies have shown that the non-trimming version of the micro-tensile

technique may be less traumatic to the bonding interfaces, but the study has been shown

unsuccessful in providing intact specimens for bond testing. Most of the beams failed

while being cut, suggesting that the root-post bond strength was too low to resist the

stresses transmitted to the interfaces. This method has not yet been applied to quantify

the adhesion achieved when a prefabricated post is luted into a prepared root canal

simulating the clinical condition. Hence, Goracci et al. demonstrated that this test method
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is not an optimal method for testing these bond strength.71

Push-out bond test is the most reliable and commonly used laboratory method to

test the bond strength of a fiber post luted to intra-radicular dentin in a way to simulate

clinical condition. It produces shear stress at both interfaces (post-cement and cement—

dentin) of the luted fiber post to intra-radicular dentin with resin cements. This simulates

the stress accumulation during clinical functioning of the restored tooth. The push-out test

leads to less premature failures of the specimens and reduce variation in the distribution

of bond strength data. Finite element analysis was confirmed that the push-out test

71,72

method is a relevant bond strength test for fiber post luted to intra-radicular dentin.

Research Questions

1. Does the different irrigation methods and irrigant solutions influence

the bond strength?

2. Does the region of the post in root canal influence the bond strength?
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Research Objectives

Null hypothesis

To evaluate and compare the push out bond strength of fiber post to

intra-radicular dentin among test groups using different irrigation

methods (syringe irrigation, ultrasonic instrumentation, passive

ultrasonic irrigation) and different irrigant solutions (NaOCI, EDTA,

NaOCI followed by Sodium ascorbate)

To examine the push out bond strength in different region of the post in

root canal

There is no statistically significant different on push out bond strength

of the different irrigation methods and irrigant solutions.

There is no statistically significant different on push out bond strength

of the different regions of post in root canal.
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Conceptual framework
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Diagram of study design
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Sample calculation

Group Type of [rrigant material MPa
irrigation mean(SD)
4 Passive NaOCl 10.614 (6.255)
5 ultrasonic EDTA
6 (Irrisafe) NaOCI+Sodium
Ascorbate
7 Ultrasonic NaOClI 7.001 (3.759)
8 (ET20D) EDTA
9 NaOCI+Sodium
Ascorbate

35

Due to Pilot study (study code HREC-DCU-P2016-003), Sample can be calculated

by focus on first objective which is type of irrigation by followed equation

(Group1-3 were positive control and were not included in calculation)

whereas

2 2
A (0," +02°)(Z1—q2 + Z1-p)
= 2
(u1 [V |~12)

M1 and O1 were obtained by passive ultrasonic test group (G4-G6)

M2 and O2 were obtained by ultrasonic test group (G7-G9)
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M1 =10.614 M2=7.001

01=6.255 02 =3.759

n = 30 = sample size in each type of irrigation

so in each group (G1, G2, G3 ..... G9) when divided by both type of irrigation and

irrigant, sample size will be 10 teeth per group. After proposal defense, advisor added

negative control group (syringe irrigation with distilled water group) so total of 100 teeth

were collected in the study (n=10)

Materials

1. 100 Human maxillary anterior teeth

2. 100 D.T. Light-Post lllusion X-RO No.2 (RTD, Lancon Provence, France)

3. D.T. Finishing Drill (RTD, Lancon Provence, France)

4. Absorbent paperpoint (Dentsply, Maillefer, Ballaigues, Switzerland)

5. AH Plus Sealer (Dentsply, Maillefer, Ballaigues, Switzerland)

6. Panavia SA cement (Kuraray, Tokyo, Japan)

7. ProRinse Endo Irrigation Needles (Dentsply, Maillefer, Ballaigues, Switzerland)
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8. lrrisafe (Acteon Satelec, Merignac, France)

9. Endotip, ET20D (Acteon Satelec, Merignac, France)

10. Luer Vac Adapter (Ultradent Products, South Jordan, Utah)

11. Protaper Next X3 —X5 (Dentsply, Maillefer, Ballaigues, Switzerland)

12. K-file (Dentsply, Maillefer, Ballaigues, Switzerland)

13. Cavit (3M,ESPE, St. Paul, MN)

Solution

1. 2.5% NaOCI (Faculty of dentistry, Mahidol university, Thailand)

2. 17% EDTA (Faculty of dentistry, Chulalongkorn university, Thailand)

3. 10% Sodium ascorbate (NutriBiotic, California)

4. 0.1% Thymol Solution (Faculty of dentistry, Mahidol university, Thailand)

Equipment

1. Low speed cutting machine (ISOMET 1000, lllinois)

2. Digital caliper (Mitutoyo, Tsukuba, Japan)

3. Universal testing machine (SHIMADZU, Kyoto, Japan)
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4. Stereo Microscope (ML 9300, MEIJI Techno, Saitama, Japan)

5. Ultrasonic unit (Acteon P5 Newtron XS, New Jersey)

6. ATR Motor (ATR Technika Digital motor, Pistoia, Italy)

Methods

Sample Preparation and root canal filling

One hundred maxillary human anterior teeth with straight or slightly curved canals,

no sign of crack and fracture, no root caries and fully developed apices with complete

root length were collected in this study. The teeth were cleaned of soft tissue and calculus

and stored in 0.1% Thymol solution at 4°c not more than 6 months.

The crowns were cut above cento-enamel junction 2 mm with diamond disks and

slow speed saw under water cooling, which exposed the pulp chamber. The teeth with

IAF 25-30 and root length 13-15mm were included in the study. Then the length of root

canal was determined by # 10 K-file (Dentsply, Maillefer, Ballaigues, Switzerland) until
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present at the point of apical foramen. The working length was obtained by deduct 1 mm

from the tooth length.

Root canal preparation was done by Protaper Next X3-X5 (Dentsply, Maillefer,

Ballaigues, Switzerland) with ATR Motor (ATR Technika Digital motor, Pistoia, Italy) at

300 RPM, 4 Ncm torque. Then 2.5% NaOCI was used to irrigate 3 ml in each change of

instrument, then recapitulate and re-irrigate again. Each instrument was used to enlarge

eight canals only. Apical patency was done by No.10 K-file. Final irrigation was done by

1 mlof 17% EDTA and 3 ml of distilled water, then evacuated out by Luer Vac Adapter

(Ultradent Products, South Jordan, Utah) and dried with 3 absorbent paper points 3

second each (Dentsply, Maillefer, Ballaigues, Switzerland). Master apical file was 50.

Root canal obturation was done by using lateral condensation technique with  AH Plus

sealer and gutta percha cone. (Dentsply, Maillefer, Ballaigues, Switzerland) Temporary

filling was done by Cavit (3M,ESPE, St. Paul, MN). Digital x-ray was done randomly to

check the quality of canal obturation. Then teeth were stored in distilled water for 48

hours at 37°c.
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10% Sodium ascorbate solution preparation

Sodium ascorbate (Ascorbic acid sodium salt) was obtained from NutriBiotic

(CA,USA). The solution containing Sodium ascorbate (10%) was prepared by dissolving

Sodium ascorbate powder in distilled water under mixing at room temperature. For

example, in each 500ml solution preparation, we use 25g of Sodium ascobate powder.

We prepare it freshly before each using because it can be damaged easily by light.

Post space preparation

After storage, gutta percha was removed until 4 mm left behind for preserve

apical seal. The post space was prepared by D.T. Finishing drill No.2 as recommened

by manufacteror in a low speed handpiece (rotation speed 1000-2000 rpm).

One hundred maxillary anterior teeth were randomly divided in to 10 groups

(n=10)

Group 1 : Syringe irrigation with 2.5% NaOCI

Group 2 : Syringe irrigation with 17% EDTA
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Group 3 : Syringe irrigation with 2.5% NaOCI then 10% Sodium ascorbate

Group 4 : Ultrasonic irrigation with 2.5% NaOCI

Group 5 : Ultrasonic irrigation with 17% EDTA

Group 6 : Ultrasonic irrigation with 2.5% NaOCI then 10% Sodium ascorbate

Group 7 : Passive ultrasonic irrigation with 2.5% NaOCI

Group 8 : Passive ultrasonic irrigation with 17% EDTA

Group 9 : Passive ultrasonic irrigation with 2.5% NaOCI then 10% Sodium ascorbate

Group 10 : Syringe irrigation with distilled water (Negative control)

Syringe irrigation group (Positive control) was performed with 10 ml syringe and

ProRinse Endo Irrigation Needles (Dentsply, Maillefer, Ballaigues, Switzerland) by placing

1 mm above gutta percha . Irrigant solution were injected into canal by in and out motion

10ml for 1 minute then evacuated out by Luer Vac Adapter then re-apply irrigant several

times with total of 3 ml in 3 minutes in each group.

Ultrasonic irrigation group was performed with Ultrasonic unit (Acteon P5 Newtron

XS) power setting of 7 along with a tip (EndoTip ; ET20D, Acteon) placing 1 mm above
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gutta percha with simultaneous instrumentation the root canal wall using push-pull

circumferential motion. During irrigation, intermittent flush were used which irrigant is

injected into canal by syringe 1 minute then evacuated out by Luer Vac Adapter then re-

apply irrigant several times with total of 3 ml in 3 minutes in each group.

Passive ultrasonic irrigation group was performed with Ultrasonic unit power

setting of 9 along with a special file (Irrisafe, Acteon) 25-diameter and 21 mm-long placing

1mm above gutta percha at the center of canal avoided contact of root canal surface.

During irrigation, intermittent flush were used which irrigant is injected into canal by

syringe 1 minute then evacuated out by Luer Vac Adapter and re-apply irrigant several

times with total of 3 ml in 3 minutes in each group.

Then group 1 to group 9 were irrigated with distilled water and evacuated out by

Luer Vac Adapter then 3 absorbent paper points were used 3 second each.

Negative control group was performed with 10 ml syringe and ProRinse Endo

Irrigation Needles by placing 1mm above gutta percha and irrigate with distilled water

total of 3 ml in 3 minutes.

42



43

The D.T. Light-Post lllusion X-RO No.2 were prepared and cleaned with alcohol as

recommended by manufacturers.

Fiber post luting procedure

Panavia SA Cement Plus (Kuraray, Tokyo, Japan), a dual-cure, self-adhesive resin

cement was used in all groups by applying it in the post space from bottom to the top

using a root canal tip. The posts were seated in to canal by finger pressure and excess

cement were immediately removed. It was polymerized using LED for 10 seconds which

tip of light cure unit place direct to the post, stabilized without pushing it. Digital x-ray was

done randomly to check the quality of post placement.
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Push-out bond strength test

After cementation specimens were stored in distilled water for 48 hours at 37°c.

and then section with Low speed cutting machine (ISOMET 1000) divided into 2 pieces

which identified into cervical and apical sections.

=
H | { cervical 1 mm
H | i apical 1 mm

Figure1. Preparation of specimens: Low speed cutting machine was used to prepare two sections; 1
mm cut below cement-enamel junction for cervical part and 1 mm cut above gutta percha for apical

part, each 1 mm thick.

The thickness of each root sections was verified by Digital caliper (Mltutoyo, Japan) and

radius of post was measured by Stereo Microscope (ML9300, Meiji Techno, Japan). Push-

out bond strength was tested with universal testing machine (SHIMADZU, Japan) with

push out jig 0.5 mm at a crosshead speed 0.5 mm/min until post dislodgment.
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Load Cell Resi
Post Resin cement

— ]

Figure2. Push-out bond strength was tested with universal testing machine.

The peak force at the point of extrusion of the post segment from root was taken
as point of bond failure. The value was record in Newton (N). To get the bond strength in
MPa, the load value recorded in Newton was divided by area of the bonded interface,

which was calculated as followed

A=nR+1) V(R -2+

Figure 3. Bonded surface area was calculated using formula: A = TU(R + r) \/ (R - r)2- h? : where r is
the apical side of post radius, R is the cervical side of post radius, and h is the thickness of the post in

mm.
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Stereomicroscope evaluation

After push-out testing, specimens were analyzed under Stereo Microscope (ML

9300, MEIJI) to determine failure mode at apical side of post radius at magnification of

*45. The types of failure was classified into the following 5 categories :

1. adhesive failure between post and cement

2. adhesive failure between intra-radicular dentin and cement

3. cohesive failure of post

4. cohesive failure of cement

5. mixed failure

Five categories were examined by one operator with decision of more than 50%

of that failure fall into that category. Mixed failure was determine by more than one

failure has been shown in same amount.

Statistical analysis

Normal distribution is assumed, two-way ANOVA and Tukey’s test are used.
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Expected benefit from this study

The results of this study will be useful for dentists to archive better bond strength

of fiber post and intra-radicular dentin by different final irrigation. They can decide from

this study to use the method of irrigation such as syringe irrigation, ultrasonic irrigation or

passive ultrasonic irrigation, and irrigation solution such as NaOCI, EDTA or NaOCI

followed by Sodium ascorbate as well. In fact, if the result shows better push out bond

strength in ultrasonic irrigation or passive ultrasonic irrigation, they can choose that

method additional to the syringe irrigation. In addition, the result will illustrate mode of

failure compared between cervical and apical section of root canal, which could be imply

for the weak point of the bonding in this area and provide information for further future

investigation.
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Limitation

There is only one post system (D.T. Light-Post Illusion X-RO) and one resin cement

product (Panavia SA cement) were used in this study. Moreover, according to sample

preparation, teeth have to embed in a resin block which direction of the luted post has to

perpendicular to the saw of low speed cutting machine to get the even height of specimen

in precise direction. Due to Pilot study (study code HREC-DCU-P2016-003) has done,

final protocol of sample preparation is adopted. Using surveyor to conduct direction of

the post into the resin block was used to eliminate tilted direction of specimen.

Result

None of the prepared specimen failed prematurely. From two-way ANOVA model,

Irrigant solution was found significantly effective on push-out bond strength (p<0.05;

Table 1) while irrigant method and irrigant method combined with irrigant solution were not

found any statistically significant. The group that irrigated with NaOCI followed by Sodium

ascorbate has been shown higher bond strength than NaOCIl and EDTA group (Group 3,
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6 and 9). Only in group 6 which is ultrasonic instrumentation with Sodium ascorbate group

was found significantly difference between cervical region (mean 27.97, SD 12.48) and

apical region of root (mean 43.18, SD 20.99) (p<0.05; Table ).

Failure mode at apical side of post radius at magnification of *45 was determined.

The types of failure were classified into the following 5 categories but in this research we

found only type 1 (Fig.4), type 2 (Fig.5), and type 5 (Fig.6). The failure modes of the groups

and root levels are presented in Table 3. No cohesive failure in post and cement (type 3

and 4) was observed. A higher incidence of type1 failure was observed in group 2 (55%),

group 3 (80%), group 6 (70%) and group 9 (80%). The other groups was shown high

incidence in type 2 failure mode. Moreover, Gutta percha remnant has been shown in

approximately 10% of all case (18 out of 200 samples)(Fig.7).

Noted that the result has been trasformed into Log10 before analysis.
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Table I. ANOVA models

50

Source of Sum of df Mean F P
variation squares square
Irrigation method 438 2 219 1.189 307
Irrigant solution 14174 2 7.087 38.474 .000
Irrigation method*Irrigant solution 418 4 .105 .568 .686
Error 31.498 171
Total 267.782 180

Table Il. Mean bond strength values (SDs) of original data to different regions of the post in root canal

Group
No.

Bond
strength of
cervical third

(MPa)

Bond strength
of apical third
(MPa)

1 Syringe + NaOCI

2 Syringe + EDTA
3

4 Ul + NaOCl

5 Ul + EDTA

6

7 PUI + NaOCI

8 PUI + EDTA

9

10 Syringe + distilled water

Syringe + NaOCI + Sodium ascorbate

Ul + NaOCI + Sodium ascorbate

PUI + NaOCI + Sodium ascorbate

12.18(10.56)"
11.27(8.23)™
39.30(17.86)"
13.47(13.18)%
15.25(10.54)%
27.97(12.48)"
19.84(18.08)™
12.89(14.13)%
39.30(21.49)"
18.68(19.81)%

21.59(14.34)%
17.33(21.50)%
35.96(18.90)""
7.78(9.35)%°
9.44(6.36)™
43.18(20.99)*°
6.49(4.71)%°
16.14(16.44)%
42.85(22.98)"°
13.47(13.13)%°

‘Within the same column, different capital letter means statistically significant different;

within the same row, different lower case means statistically significant different (p<0.05).

50



51

Table Ill. Distribution of the failure mode following push-out bond strength test (Each group presented

cervical (C) followed by apical part (A))

Failure mode

Group1

Group2

Group3

Group10

C

A

C

A

C|A

C |A

1.adhesive
failure
between
post and

cement

2

4

3

8

8 |8

3 0

2.adhesive
failure
between
intra-
radicular
dentin and

cement

3.cohesive
failure of

post

4.cohesive
failure of

cement

5.mixed

failure
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Figure 4. Example of type 1 adhesive failure between post and cement by stereomicroscope at

magnification of 45 (before push out bond strength (left), after push out bond strength test (right))

Figure 5. Example of type 2 adhesive failure between intra-radicular dentin and cement by
stereomicroscope at magnification of 45 (before push out bond strength (left), after push out bond

strength test (right))
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Figure 6. Example of type 5 mixed failure by stereomicroscope at magnification of 45 (before push out

bond strength (left), after push out bond strength test (right))

Figure 7. After push out bond strength test, Stereo Microscope was used with magnification of 45.
Gutta percha remnant has been shown in approximately 10% of all case (18 out of 200 samples). (A:

post space, B: resin cement, C: root, D: gutta percha)
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Graph 6 Comparison of Push out bond strength test of group3 at apical region (n=10)



Shape: Area
Ared Hedghi
ks T2 T
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Graph 7 Comparison of Push out bond strength test of group4 at cervical region (n=10)
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Area Height
nits mim2 mim
-1 0.8920 D.7700
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-7 0.9500 0300
-8 0.9130 0200
1-2 09510 1.0300
1-10 0.9510 1.0200
Name Max Force Max Disp Max Shess Max Stan
Units N mim MFPa %
1-1 43250 18700 54002 21.88383
-2 1.03250 28283 20017 24,3822
-3 TAETS0 05817 5.25048 4.803383
-4 883500 10000 911765 9.17431
-5 655000 48833 44321 364423
-8 1.37500 02317 22488 2.08218
1-7 285175 435333 31,0711 404012
i-8 135625 20950 14.7579 20.5392
i-8 T.04750 18450 741082 15.2315
1-10 1.55250 049450 183240 3.88073
Mean T.T4225 20223 707582 18.3185
Standard BT4182 15882 935075 12.8478
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Graph 8 Comparison of Push out bond strength test of group4 at apical region (n=10)



Shape: Area
Area Height
Units mim2 mm
1-1 1.3830 1.1100
1-2 1.3330 1.1500
1-3 1.5400 1.0800
1-4 1.3480 1.1800
1-5 1.2720 1.0100
1-8 1.4850 1.3800
1-7 1.3160 1.0600
1-8 1.0500 1.0100
1-8 1.2330 1.0700
1-10 1.3260 1.2600
Mame Max_Force Max_Disp Max_Siress Max_Sirain
Units M mim MPa %
1-1 43.3500 ASRET 31.8048 45.0150
1-2 38.1650 25483 28.6309 30.8551
1-3 2.81500 ATH00 1.82782 34 4037
1-4 1.87000 A8TET 1.46034 15.9040
1-5 16.5000 1067 13.0425 60.5811
1-8 I7 2675 36150 18.2381 26.5808
1-7 16.9250 16233 12.8609 154803
1-8 7.29000 14450 0.94286 14.3068
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Standard 14.2014 14272 10.53801 13.5408
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Graph 9 Comparison of Push out bond strength test of group5 at cervical region (n=10)
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Shape: Ared
Area Height
nits: mimi2 mim
-1 1.3920 1800
-2 0.8730 .0300
-3 0.8810 0.8700
-4 0.5090 .0300
-5 0.8500 .0100
-8 1.0500 2400
-7 0.2400 .0500
-8 0.83730 .0100
i-2 1.0320 1.3100
1-10 1.0310 1.1800
Name Max Force Max Disp Max Shress Max Stran
Units N mim MFPa %
1-1 Z2 BOS0 09267 18.2929 788851
-2 5.B0RD 08667 0. 2454 G.47249
-3 G550 17300 Rditlsll 20.2299
-4 OLETTS 04833 17404 4. 73084
-5 647250 0517 7 55533 0.4135
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Standard T.0EZEE og1e8 635837 8.00382
Deviation
Push Out Test
-\5[' 1 1 1 1 1 1 1 1
4z 1 1 1 1 1 1 1
. i il miy [ Eail A S A S S ey i A I i R i A
36 —! ' : : : : : :
r--1--°---r-—-1-~-"r-"[~"1-~-"-~"1-"~""r"-"{~"q"~"°f~"1~""""r~"f-""~—"-
Han.__J______L ______ | L I N (I | N A P I N
& : ; ; : ; ; : :
a 24
O ] B s Sl ISt el s R e
e s e S B e e e S AR B S
B e it s B e st
S ulalriinbuiel nfnleiiots inflarulatinl dinlsbirisiiniel nlsieir ik inlnieaisind nleberintuiel il eislrulnieks Sl
o o1 o2 0.3 0.4 oS 0.6 o7 a8 0.9
Stroke(mm)

75

Graph 10 Comparison of Push out bond strength test of group5 at apical region (n=10)
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Graph 11 Comparison of Push out bond strength test of group6 at cervical region (n=10)
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Shape: Area - —
rea 2]
Units mm2 mm
1-1 1.0100 1.1300
1-2 0.9070 0.8300
1-3 1.0900 1.0600
1-4 0.96090 1.0600
1-5 1.1450 1.0300
1-68 0.7350 0.2400
1-7 1.0000 1.1100
1-8 1.0960 1.1300
1-9 1.0400 1.1400
1-10 1.4330 1.2400
Mame Max_Force Max_Disp Max_Siress Max_Sirain
Units M mm MPa k]
1-1 39.5400 18487 39.1485 16.3422
1-2 7.03000 08350 7.75083 T7.85060
1-3 28.6850 0383 26.3165 079560
1-4 38.2300 20883 39.4530 19.5128
1-5 69.9750 34867 61.1135 33.6570
1-8 48 8675 22117 B6.6224 235784
1-7 64 4500 11233 B84.4500 10.1201
1-8 68.8250 3TBE3 63.7088 33.6138
1-9 18.6650 15400 17.7931 13.5088
1-10 B5.1000 16050 4542082 12.8435
Mean 45.0468 19333 43.1788 12.0872
Standard 223983 10188 209878 B 46768
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Graph 12 Comparison of Push out bond strength test of group6 at apical region (n=10)
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Shape: Area = ——
rea =
Units mm2 mim
1-1 1.0850 0.2800
1-2 1.3210 1.1100
1-3 20570 1.5300
1-4 1.0580 1.1800
1-5 0.8770 1.0100
1-8 1.3880 1.0800
1-7 1.5380 1.3600
1-8 1.0850 1.05600
1-8 1.0000 1.1200
1-10 1.2780 1.0500
Mams Max_Force Max_Disp Max_Siress Max_Strain
Units N mim MPa %
1-1 38.1150 55850 33.2857 H6.5151
1-2 57.2350 STTE3 43,3270 52.0571
1-3 T3.8750 81317 35.8140 40.0763
1-4 1.08500 00700 102748 503232
1-5 41.3825 21250 42 3669 21.0388
1-8 358500 52350 2 5BERE 48.0275
1-7 B.23350 14700 6.00283 10.8088
1-8 28.8325 17100 27.2352 16.2857
1-8 4.38750 03067 4. 38750 2.73810
1-10 2.88250 16100 226153 15.3333
hMean 25.9833 30032 19.8405 26.3475
Standard 25.8T6T 23880 18.0846 20.9295
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Graph 13 Comparison of Push out bond strength test of group7 at cervical region (n=10)
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Shape: Area
Area Height
Units mim2 mm
1-1 11210 1.0500
1-2 1.0840 0.9600
1-3 1.2110 1.1800
1-4 0.8550 1.0600
1-5 0.9730 1.0400
1-8 0.8380 1.0600
1-7 1.1830 1.4000
1-8 1.1150 1.1200
1-9 0.9380 1.0800
1-10 0.9810 1.0700
Mame Max_Force Max_Disp Max_Stress Max_Sirain
Units N mm MPa %
1-1 11.1425 D&183 093979 5£.88880
1-2 1.B6750 01850 1.70704 203125
1-3 18.5700 A2600 15.3344 35.7083
1-4 B.33750 08483 075148 B.04854
1-5 1.76500 27417 1.81308 26.3822
1-8 5.091000 2ETET 6.28303 252518
1-7 208750 09850 2 52536 710714
1-8 56.30250 155687 4. 76561 13.8088
1-9 B.02750 05150 10.5837 4 72477
1-10 2.08500 01183 2 16962 1.10582
Mean 6.78050 14625 648749 13.1115
Standard 5.30466 13520 471042 11.9307
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Push Out Test
50 : : : " : : : :
1 1 1 I 1 1 1 1
r=-~T=-~=-|I-~~r=-=9°~~"~"r-- --Aa---rFr--rTT--"|-"-"-r/-r--°a---r--T=-°"-°|--"-r-- i R
2 [— : : : : : : :
r--+«-----r--—4---r--1t-"°---f--1--q---"r--7t-"~"°f~"T1"- "~ ""r-"f{-""~—-
3 [— : : : : : : :
r--+«-----r--—4---r--1t-"°---f--1--q---"r--7t-"~"°f~"T1"- "~ ""r-"f{-""~—-
= e e S s e
[] . i
£ :
il EEE SR R PR B P -----
RV SN AN AU U (N
1 1 1
SRV VU I AU U N A R
1 1 1
RO AR AU I
[1] 01 0.2 0.3 04 0.5 ] or oe oo
Stroke{mm)

79

Graph 14 Comparison of Push out bond strength test of group7 at apical region (n=10)
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Shape: Area
Area Height
Units mim2 mm
1-1 1.2820 1.1400
1-2 1.3520 1.1600
1-3 1.4880 1.2600
1-4 1.2280 1.2500
1-5 1.2060 1.2000
1-8 1.1860 1.0700
1-7 1.3220 1.1600
1-8 1.4300 1.3200
1-8 1.2380 1.0800
1-10 1.3860 1.1000
Mame Max_Force Max_Disp Max_Stress Max_Strain
Units lul mm MFPa %
1-1 521750 21300 40.6881 18.6842
1-2 18.2375 26683 14.2215 23.0028
1-3 19.5500 58850 13.3174 46.7857
1-4 5£.03750 09883 408888 T.74867
1-5 442350 05800 3.66708 4.83333
1-8 424725 .14500 35.8118 13.5514
1-7 3.57250 01450 270234 1.25000
1-8 3.56000 18150 2 48851 13.7500
1-8 11.7050 .03400 B8.45477 3.14815
1-10 3.33000 54267 238538 48.3333
Mean 16.5052 21418 12.8847 18.2088
Standard 17.5508 20218 14.1307 17.1888
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Graph 15 Comparison of Push out bond strength test of group8 at cervical region (n=10)
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Shape: Area
Area Height
Units mim2 mm
1-1 0.6100 0.6000
1-2 1.2520 1.1800
1-3 0.9310 0.8500
1-4 0.8830 1.0800
1-5 0.8510 1.0800
1-8 0.9510 1.0000
1-7 0.9230 1.0500
1-8 0.9730 1.0800
1-8 1.0480 1.0300
1-10 0.8450 1.0600
Mame Max_Force Max_Disp Max_Siress Max_Sirain
Units lul mm MPa %
1-1 10.4850 35400 17.1885 59.0000
1-2 T4.2000 26800 59.8962 22 7068
1-3 B.48750 AT1687 811654 £5.4802
1-4 6.07750 03800 B6.80571 357798
1-5 4 54750 05467 478181 501528
1-8 18.8375 11883 20.8506 11.8833
1-7 6.80250 D0817 7.36909 Jiiig
1-8 4 60000 00817 4. 72765 84008
1-8 19.4825 20050 18.5902 19.4860
1-10 11.3850 02033 12.0478 1.91824
Mean 18.6605 15463 16.1384 12.0868
Standard 21.2250 16353 16.4430 22.0455
Deviation
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Graph 16 Comparison of Push out bond strength test of group8 at apical region (n=10)
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Shape: Area
Area Height
Units mim2 mm
1-1 1.2430 1.0200
1-2 0.6420 0.5300
1-3 1.1520 1.0600
1-4 1.2480 1.0200
1-5 1.2480 1.0600
1-8 1.7250 1.2600
1-7 1.1370 1.0400
1-8 1.3000 1.0700
1-8 1.3040 1.1600
1-10 1.2880 1.0600
Mame Max_Force Max_Disp Max_Siress Mazx_Strain
Units lul mm MFPa %
1-1 14.0050 18400 11.2671 18.0382
1-2 13.4750 8T 20.89881 T2.4843
1-3 13.6375 28350 11.8381 26.7453
1-4 70.5750 30000 56.6412 294118
1-5 604525 ATE33 452344 35.6918
1-8 T0.7178 23067 40.9957 18.3069
1-7 §7.0500 9317 58.8710 18.5737
1-8 T7.8250 23717 59 B664 22.1851
1-8 28.3700 17383 20.2324 14.9858
1-10 B4.9750 27100 g87.0150 25.5860
klean 49.5082 26358 39.3038 281870
Standard 28.2314 07428 21.4882 16.7749
Deviaticn
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Graph 17 Comparison of Push out bond strength test of group9 at cervical region (n=10)
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Shape: Area
Area Height
Units mm2 mm
1-1 1.1560 0.2800
1-2 1.8880 1.5300
1-3 1.2000 1.3000
1-4 0.8770 1.0200
1-5 1.2410 1.5200
1-8 1.4160 1.3500
1-7 1.0250 1.1700
1-8 1.0560 0.8500
1-9 0.2060 0.8700
1-10 1.0320 1.0500
Mame Max_Force Max Disp Max_Siress Max_Sirain
Units M mm MPa %
1-1 11.8625 04850 10.3482 5.00000
1-2 51.1625 1317 25 7237 46.6122
1-3 51.1025 13833 42 5354 10.7179
1-4 61.3500 43633 82.7943 427778
1-5 10.8575 1183 8.74300 735748
1-6 46.4300 23433 32.7385 17.3580
1-7 587500 22167 87.0732 18.0450
1-8 47.8E7TE 22100 453140 23.2832
1-9 63.5750 20350 70.0165 20.9794
1-10 85.1000 26733 83.0214 25.4803
Mean 47.8378 25880 42 8474 21.8472
Standard 20.66862 EETE 28778 13.7978
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Graph 18 Comparison of Push out bond strength test of group9 at apical region (n=10)
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Shape: Area

Area Height
Units mm2 mm
1-1 1.3280 1.0200
1-2 0.9960 1.0900
1-3 1.1100 1.1700
1-4 0.8810 1.2300
1-5 1.2860 1.3300
1-8 0.5800 0.7200
1-7 1.4560 1.4000
1-8 1.2070 1.0800
1-8 1.3420 1.4100
1-10 0.7810 08100
Mame Max_Force Max_Disp Max_Siress Max_Sirain
Units M mim MPa %
1-1 12.8000 02150 09.60902 7.99020
1-2 1.20500 04150 1.20984 3.80734
1-3 242800 DaEe17 21.8738 5.82621
1-4 31.5725 13333 32.1840 10.8401
1-5 10.8475 10550 8.56833 T7.83233
1-8 15.8250 2783 268220 17.7548
1-7 1.48500 L7717 1.02748 5.51180
1-8 1.38500 14817 114747 13.8117
1-9 1.58750 07033 1.18204 4028818
1-10 241875 38017 30.8827 46,9342
Mean 12.5285 2347 13.4G08 12,5387
Standard 11.2773 09632 13.1318 128424
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Graph 19 Comparison of Push out bond strength test of group10 at cervical region

(n=10)



Shape: Area
Area Height
Units mim2 mm
1-1 1.1880 1.1000
1-2 1.2030 1.1100
1-3 1.2570 1.1000
1-4 1.0030 1.0400
1-5 1.0030 0.2000
1-6 1.1100 1.3600
1-7 1.6800 1.3000
1-8 1.2300 1.0000
1-8 1.4200 1.3800
1-10 1.1850 1.1100
Mame Max_Force Max_Disp Max_Stress Max_Strain
Units N mm MPa %
1-1 69. 1500 21400 58.2071 285455
1-2 19.7600 SEE33 16. 4266 34.5048
1-3 50.2325 25750 39.9622 23.4081
1-4 38.7825 27083 38 8725 260417
1-5 B.50500 1ras0 84795 198444
1-68 19.3578 14550 17.4382 10.6985
1-7 3.06500 AB533 1.81361 38.1026
1-8 T.80250 18833 B5.42480 19.8333
1-8 85250 AGEI3 BT07T 334772
1-10 88250 ] J4473 204885
Mean 21.6580 A0410 18.6840 264447
Standard 23.2808 11780 19,8067 B.Z3887
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Graph 20 Comparison of Push out bond strength test of group10 at apical region (n=10)
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Figure1. Cervical side of group1 sample1 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (before push out bond strength test (left), after

push out bond strength test (right))

Figure2. Apical side of group1 sample1 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure3. Cervical side of group1 sample2 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure4. Apical side of group1 sample2 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figureb. Cervical side of group1 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure6. Apical side of group1 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure7. Cervical side of group1 sample4 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure8. Apical side of group1 sample4 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

V

Figure9. Cervical side of group1 sampleb shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure10. Apical side of group1 sample5 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure11. Cervical side of group1 sample6 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure12. Apical side of group1 sample6 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure13. Cervical side of group1 sample7 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure14. Apical side of group1 sample7 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure15. Cervical side of group1 sample8 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))
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Figure16. Apical side of group1 sample8 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

't

Figure17. Cervical side of group1 sample9 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure18. Apical side of group1 sample9 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))
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Figure19. Cervical side of group1 sample10 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure20. Apical side of group1 sample10 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure21. Cervical side of group2 sample1 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (before push out bond strength test (left), after

push out bond strength test (right))
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Figure22. Apical side of group2 sample1 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure23. Cervical side of group2 sample2 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure24. Apical side of group2 sample2 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))
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Figure25. Cervical side of group2 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure26. Apical side of group2 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure27. Cervical side of group2 sample4 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (before push out bond strength test (left), after

push out bond strength test (right))
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Figure28. Apical side of group2 sample4 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure29. Cervical side of group2 sample5 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure30. Apical side of group2 sample5 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))
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Figure31. Cervical side of group2 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure32. Apical side of group2 sample6 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure33. Cervical side of group2 sample7 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure34. Apical side of group2 sample7 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure35. Cervical side of group2 sample8 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure36. Apical side of group2 sample8 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))
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Figure37. Cervical side of group2 sample9 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure38. Apical side of group2 sample9 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure39. Cervical side of group2 sample10 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

98



99

Figure40. Apical side of group2 sample10 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure41. Cervical side of group3 sample1 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure42. Apical side of group3 sample1 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure43. Cervical side of group3 sample2 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figured4. Apical side of group3 sample2 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure45. Cervical side of group3 sample3 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))
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Figure46. Apical side of group3 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure47. Cervical side of group3 sample4 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure48. Apical side of group3 sample4 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))
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Figure49. Cervical side of group3 sample5 shown adhesive failure between post and

cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure50. Apical side of group3 sample5 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure51. Cervical side of group3 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))
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Figure52. Apical side of group3 sample6 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figureb3. Cervical side of group3 sample7 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure54. Apical side of group3 sample7 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))
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Figure55. Cervical side of group3 sample8 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figureb6. Apical side of group3 sample8 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure57. Cervical side of group3 sample9 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure58. Apical side of group3 sample9 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure59. Cervical side of group3 sample10 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure60. Apical side of group3 sample10 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))
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Figure61. Cervical side of group4 sample1 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure62. Apical side of group4 sample1 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure63. Cervical side of group4 sample2 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figureb4. Apical side of group4 sample2 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure65. Cervical side of group4 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure66. Apical side of group4 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure67. Cervical side of group4 sample4 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (before push out bond strength test (left), after

push out bond strength test (right))

Figure68. Apical side of group4 sample4 shown adhesive failure between post and cement
analyzed under Stereomicroscope at magnification of 45 (before push out bond strength

test (left), after push out bond strength test (right))

Figure69. Cervical side of group4 sample5 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure70. Apical side of group4 sample5 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure71. Cervical side of group4 sample6 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure72. Apical side of group4 sample6 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure73. Cervical side of group4 sample7 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure74. Apical side of group4 sample7 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure75. Cervical side of group4 sample8 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure76. Apical side of group4 sample8 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure77. Cervical side of group4 sample9 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magpnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))

Figure78. Apical side of group4 sample9 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))
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Figure79. Cervical side of group4 sample10 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure80. Apical side of group4 sample10 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (before push

out bond strength test (left), after push out bond strength test (right))

Figure81. Cervical side of group5 sample1 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure82. Apical side of group5 sample1 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (teeth after

push out bond strength test (left), post after push out bond strength test (right))

Figure83. Cervical side of group5 sample2 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

=

Figure84. Apical side of group5 sample2 shown adhesive failure between intra-radicular

dentin and cement analyzed under Stereomicroscope at magnification of 45 (teeth after

push out bond strength test (left), post after push out bond strength test (right))
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Figure85. Cervical side of group5 sample3 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure86. Apical side of group5 sample3 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (teeth after

push out bond strength test (left), post after push out bond strength test (right))

Figure87. Cervical side of group5 sample4 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure88. Apical side of group5 sample4 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure89. Cervical side of group5 sample5 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure90. Apical side of group5 sample5 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (teeth after

push out bond strength test (left), post after push out bond strength test (right))
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Figure91. Cervical side of group5 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure92. Apical side of group5 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure93. Cervical side of group5 sample7 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure94. Apical side of group5 sample7 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (teeth after

push out bond strength test (left), post after push out bond strength test (right))

Figure95. Cervical side of group5 sample8 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure96. Apical side of group5 sample8 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (teeth after

push out bond strength test (left), post after push out bond strength test (right))
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Figure97. Cervical side of group5 sample9 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure98. Apical side of group5 sample9 shown adhesive failure between intra-radicular
dentin and cement analyzed under Stereomicroscope at magnification of 45 (teeth after

push out bond strength test (left), post after push out bond strength test (right))

Figure99. Cervical side of group5 sample10 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure100. Apical side of group5 sample10 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure101. Cervical side of group6 sample1 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure102. Apical side of group6 sample1 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure103. Cervical side of group6 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure104. Apical side of group6 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure105. Cervical side of group6 sample3 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure106. Apical side of group6 sample3 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure107. Cervical side of group6 sample4 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure108. Apical side of group6 sample4 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure109. Cervical side of group6 sample5 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure110. Apical side of group6 sample5 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure111. Cervical side of group6 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure112. Apical side of group6 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

F

Figure113. Cervical side of group6 sample? shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure114. Apical side of group6 sample’7 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure115. Cervical side of group6 sample8 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure116. Apical side of group6 sample8 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

[
Figure117. Cervical side of group6 sample9 shown adhesive failure between post and

cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure118. Apical side of group6 sample9 shown adhesive failure between post and

cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

P

Figure119. Cervical side of group6 sample10 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure120. Apical side of group6 sample10 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure121. Cervical side of group7 sample1 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (teeth after push out bond strength test (left),

post after push out bond strength test (right))

Figure122. Apical side of group7 sample1 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure123. Cervical side of group7 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure124. Apical side of group7 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure125. Cervical side of group7 sample3 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure126. Apical side of group7 sample3 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure127. Cervical side of group7 sample4 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure128. Cervical side of group7 sample4 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure129. Cervical side of group7 sampleb shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right)
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Figure130. Apical side of group7 sample5 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure131. Cervical side of group7 sample6 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure132. Apical side of group7 sample6 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure133. Cervical side of group7 sample7 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure134. Apical side of group7 sample7 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure135. Cervical side of group7 sample8 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))
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Figure136. Apical side of group7 sample8 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure137. Cervical side of group7 sample9 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure138. Apical side of group7 sample9 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure139. Cervical side of group7 sample10 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure140. Apical side of group7 sample10 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (teeth after push out bond strength test (left),

post after push out bond strength test (right))

Figure141. Cervical side of group8 sample1 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure142. Apical side of group8 sample1 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure143. Cervical side of group8 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(before push out bond strength test (left), after push out bond strength test (right))

Figure144. Apical side of group8 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure145. Cervical side of group8 sample3 shown adhesive failure between intra-

radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure146. Apical side of group8 sample3 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure147. Cervical side of group8 sample4 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (before push out bond

strength test (left), after push out bond strength test (right))
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Figure148. Apical side of group8 sample4 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (teeth after push out bond strength test (left),

post after push out bond strength test (right))

Figure149. Cervical side of group8 sample5 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure150. Apical side of group8 sample5 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure151. Cervical side of group8 sample6 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure152. Apical side of group8 sample6 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(before push out bond strength test (left), after push out bond strength test (right))

Figure153. Cervical side of group8 sample7 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure154. Apical side of group8 sample7 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure155. Cervical side of group8 sample8 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure156. Apical side of group8 sample8 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure157. Cervical side of group8 sample9 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure158. Apical side of group8 sample9 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure159. Cervical side of group8 sample10 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure160. Apical side of group8 sample10 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure161. Cervical side of group9 sample1 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure162. Apical side of group9 sample1 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure163. Cervical side of group9 sample2 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure164. Apical side of group9 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure165. Cervical side of group9 sample3 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure166. Apical side of group9 sample3 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure167. Cervical side of group9 sample4 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure168. Apical side of group9 sample4 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure169. Cervical side of group9 sample5 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (teeth after push out bond strength test (left),

post after push out bond strength test (right))

Figure170. Apical side of group9 sample5 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure171. Cervical side of group9 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure172. Apical side of group9 sample6 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure173. Cervical side of group9 sample7 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure174. Apical side of group9 sample7 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

143



144

Figure175. Cervical side of group9 sample8 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure176. Apical side of group9 sample8 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure177. Cervical side of group9 sample9 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure178. Apical side of group9 sample9 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure179. Cervical side of group9 sample10 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure180. Apical side of group9 sample10 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))
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Figure181. Cervical side of group10 sample1 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure182. Apical side of group10 sample1 shown mixed failure analyzed under
Stereomicroscope at magnification of 45 (teeth after push out bond strength test (left),

post after push out bond strength test (right))

Figure183. Cervical side of group10 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure184. Apical side of group10 sample2 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure185. Cervical side of group10 sample3 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure186. Apical side of group10 sample3 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure187. Cervical side of group10 sample4 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure188. Apical side of group10 sample4 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure189. Cervical side of group10 sample5 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure190. Apical side of group10 sample5 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure191. Cervical side of group10 sample6 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure192. Apical side of group10 sample6 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure193. Cervical side of group10 sample7 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure194. Apical side of group10 sample7 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure195. Cervical side of group10 sample8 shown adhesive failure between intra-

radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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Figure196. Apical side of group10 sample8 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure197. Cervical side of group10 sample9 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

Figure198. Apical side of group10 sample9 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))

151



1562

Figure199. Cervical side of group10 sample10 shown adhesive failure between post and
cement analyzed under Stereomicroscope at magnification of 45 (teeth after push out

bond strength test (left), post after push out bond strength test (right))

Figure200. Apical side of group10 sample10 shown adhesive failure between intra-
radicular dentin and cement analyzed under Stereomicroscope at magnification of 45

(teeth after push out bond strength test (left), post after push out bond strength test

(right))
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