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Abstract 
Aim: The objective of this study was to determine and compare the Push-out bond strength of AH Plus 
sealer of root canal following prior application of calcium hydroxide (Ca[OH]2) paste and Nano-silver 
gel as intracanal medication in single-rooted human extracted maxillary incisors. 
Methodology: Using of ProTaper System up till master apical file # F5 have been carried out to prepare 
root canals of 30 human extracted maxillary incisors. According to the intracanal medication applied, 
division of teeth were carried out in random manner into three groups. Group I: Control group (No 
intracanal medication), Group II: Nano-silver gel and Group III: Calcium hydroxide Ca(OH)2. Three 
weeks later, the elimination process of the intracanal medications were achieved by using passive 
ultrasonic irrigation of 5 mL 2.5% NaClO, in addition to that, a 17% EDTA was used in the step of final 
flush for duration of 60 seconds succeeded by 5 mL of distilled water. Using the master cone #F5 and 
AH plus sealer, the single cone approach was used to fill the canals. After 1 week, the universal testing 
machine was implemented to test the push out-bond strength of the samples, which was performed for a 
2-mm-thick of coronal, middle and apical thirds of each root. 
Results: A remarkable difference was evident between the control group and the comparison groups 
(p<0.001). Within the control group, the greatest value was evident (4.85±1.65), followed by calcium 
hydroxide (2.11±1.17), meanwhile the lowest value was discovered in nano-silver (1.41±1.08). Post hoc 
pairwise comparisons demonstrated a remarkably higher value in the control group than the rest of 
groups (p<0.001) with no statistically remarkable difference between calcium hydroxide and Nano-silver 
group. 
Conclusion: Prior calcium hydroxide and nano-silver placement seemed to decrease the push-out bond 
strength of epoxy resin-based Ah plus sealer. 
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Introduction 
The main contributors to pulpitis, apical periodontitis, and root canal failure are 
microorganisms. The elimination or cutting back on the number of these microorganisms is the 
endodontic therapy’s major objective [1-4]. Total bacterial eradication via instrumentation is 
doubtful [5, 6]. Intracanal medications is necessary to eliminate or decrease the number of 
microorganisms and their by-products, hence it can treat infections, reduce inflammation (and 
hence discomfort), help in clear apical exudate, control root resorption which is triggered by 
inflammation, and aid in preventing contamination between the scheduled visits [6, 7]. 
Calcium Hydroxide is among the most well-recommended inter-appointment medications 
owing to its antibacterial activity which is due to the hydroxyl ions [8]. Nano-silver is a well-
known Nano product. Nano-silver (NS) has a potent antibacterial effect [9, 10]. The silver ion is 
presumed to be accountable for the biological effects of silver. Because of their extremely 
wide surface area, that permits for better contact with pathogens, these nanoparticles displayed 
powerful antimicrobial properties when compared to other medicaments [11]. 
As the gutta-percha cones' adherence to the root canal dentin is insufficient, to ensure optimal 
obturation, a sealer should be used in conjunction with gutta-percha to enhance its adaptability 
to the wall of root canal dentin by establishing a fluid-tight seal coronally as well as apically 
[12, 13]. 
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An epoxy resin-based sealer such as the AH plus sealer is 
widely recommended because of its high bond strength to 
wall of dentin [14]. 
In order to acquire the optimal contact between the root canal 
filling material and the dentinal walls of the canal, removing 
the intracanal dressings from the root canals is a mandatory 
step before the procedure of final obturation [15, 16]. Remnant 
medicament might act as a physical barrier between the sealer 
and the dentin of the root canal, inhibiting sealers from 
penetrating the dentin walls [17, 18]. 
Adhesion of the obturating filling material to dentin is 
considered fundamental to avoid dislocation in both static and 
dynamic situations. Push-out bond strength (POBS), also 
known as dislodgement resistance, is a method that is 
considered as a relevant prognostic factor to assess how well a 
root canal sealer adheres to wall of the canal as well as the 
core material [19]. Leakage and push-out bond strength were 
shown to be negatively correlated, i.e., those treatments that 
resulted in the least leakage revealed the highest dentin bond 
strength [20]. 
Thus, this study aimed to assess how the AH plus sealer’s 
bond strength to wall of dentin is affected by intracanal 
medicaments. The null hypothesis stated that it would be 
predicted that the influence of calcium hydroxide intracanal 
medication and nano-silver gel intracanal medication have no 
appreciably different effects on the bond strength of the AH 
plus sealer.  
 
Materials and Methods 
Ethical Approval: The Faculty of Dentistry at Cairo 
University's research ethics committee authorized the study 
with an approval number of 5-10-20. 
 
Sample size calculation 
The (PS software) was used to perform the calculation of size 
of sample, based upon earlier study by Guiotti et al., (2014) 
[18]. In terms of the primary outcome (assessing the strength of 
AH sealer’s bond strength to dentin of root canal), It has been 
found that using a total sample size of 30 teeth splitted into 3 
groups, 10 teeth for each group, power is 80% and α error 
probability =0.05 is the suitable sample size for the study. 
Mean and standard deviation of the relevant variable were 
acquired from the literature, allowing us to estimate 
the impact and the magnitude we were aiming to detect. 
 
Selection of samples 
For this study, A thirty recently extracted human permanent 
(adult) maxillary incisors were chosen. The collection of teeth 
was from dental clinic of National Diabetic Centre and 
Endocrinology Institute in Cairo and department of Oral 
Surgery, Faculty of Oral and Dental Medicine Cairo 
University. Periodontal problems were the main causes of 
tooth extractions. 
 
Eligibility criteria 
Maxillary anterior incisors with completely formed single 
root and straight single canal having average length of 22 to 
25mm. Teeth with neither external nor internal resorption of 
root as well as no signs of cracks. Mesio-distal and bucco-
lingual preoperative radiographs were taken for all the teeth. 
 
Preparation of the samples 
The teeth were thoroughly washed under running water for 
two minutes. The periodontal scaler was used to mechanically 
eliminate the remnants of soft tissue, in addition to the calculi 

on the external root surface of these samples. An immersion 
of the teeth in 5.25% sodium hypochlorite (NaClO) solution 
(JK Dental vision, Mansoura; Egypt) were performed for 15 
minutes to disinfect them. The teeth were then sterilized in a 
Class B autoclave (Jardim Irajá - Ribeirão Preto; Brazil) for 
fifteen minutes at a temperature of 121 ℃. The teeth were 
stored in sterile isotonic saline until usage to preserve natural 
teeth hydration. A preparation of standard access cavity was 
performed for the entire samples, utilizing an endo access bur 
as well as diamond round bur under water coolant mounted on 
a high-speed handpiece. A #15 k-file (Dentsply Maillefer, 
Ballaigues Switzerland) was positioned just beyond the apex 
and afterwards withdrawn in order to flush with the apex, 
establishing working length in addition to canal patency. To 
adjust the working length, one common technique for making 
this is to subtract 1 mm from the flushed tooth length 
measurement. The ProTaper Universal Rotary System files 
(Dentsply Maillefer, Ballaigues, Switzerland) were used for 
instrumentation of the teeth up to size F5 (The tip of the 
instrument is 0.5 mm in diameter and apical taper is 5%) 
using an endo motor named X-Smart (Dentsply Maillefer, 
Ballaigues Switzerland) in accordance with the guidelines 
provided by the manufacturer. A 27-gauge needle was used to 
irrigate the canals using 5 mL 2.5% NaOCl between each 
subsequent file. A 5 mL 2.5% NaClO was utilized in final 
irrigation which was performed by passive ultrasonic 
irrigation using a file of #15 K-file (K15; Acteon Satelec, 
Merignac, France) in an ultrasonic device (P5 Newtron XS, 
Acteon Satelec) and a power setting adjusted to 6 for a 
duration of 1 minute shorter than the measured working 
length. Final flush was done using 17% EDTA (JK Dental 
vision, Mansoura; Egypt) for 60 seconds succeeded by using a 
27-gauge needle to flush with 5 mL distilled water. 
Specimens were dried using sterile absorbent paper points 
(#50.04 and #50.06) to confirm complete dryness of the root 
canals. 
 
Grouping of the samples 
Group I (n=10): Control group in which the root canals were 
obturated without prior intra-canal medication application. 
 
Group II (n=10): Intervention 1 (I1) in which a Nano-silver 
gel intra-canal medication (Nanotech Corp, 6th October, 
Egypt) was injected into root canals using a plastic syringe of 
27-gauge needle to a length 2 mm shorter than the measured 
working length. The gel was injected slowly during 
withdrawal till the tested gel was revealed at the canal’s 
orifice in order to guarantee that the canals were filled 
completely. 
 
Nano-silver gel preparation 
Thesynthesize of the spherical silver nanoparticles was 
carried out by the reduction of silver nitrate in aqueous 
solution to obtain silver ions. The chemical reduction was 
achieved by the inorganic reducing agent Sodium 
Borohydride (NaBH4) [21]. Polyvinylpyrrolidone (PVP) was 
added to the mixture to interact with the particle surfaces in 
order to stabilize the growth of particle in addition to prevent 
the occurrence of agglomeration and sedimentation to the 
particles [22]. Lastly, the product was prepared in gel form by 
using inactive ingredient polymer gel 1.5% hydroxyethyl-
cellulose gel [23]. 
 
Group III (n=10): Intervention 2 Where Calcium hydroxide 
paste (Meta Dental Corp. Ltd., Elmburst, NY) intracanal 
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medication were injected into the root canals using the nozzle 
of the readymade injectable paste. In order to guarantee the 
canals were filled, the nozzle or syringe was placed into the 
root canal to a length 2 mm shorter than the working length 
and it was slowly injected during withdrawal till the tested 
paste was demonstrated at the canal’s orifice to assure that the 
canals were filled. 
The leakage was prevented by packing the coronal access of 
the teeth with a tiny cotton pellet in addition to material of 
temporary filling (Cavit G; 3M ESPE, Seefeld, Germany). To 
better simulate clinical conditions, storage of the specimens 
was at 37 ℃ in 100% humidity for a duration of 3 weeks. 
 
Obturating of the samples 
After three weeks, the specimens were collected to remove 
the intracanal medications. A final wash with 5 mL 2.5% 
NaClO was activated by passive ultrasonic irrigation. This 
was followed by a final flush using 17% EDTA for one 
minute and finally 5 ml distilled water using a 27-gauge 
needle was used to remove any remaining debris. Sterile 
absorbent paper points were used to confirm complete dryness 
of the specimens. Mixing of AH plus sealer was done on a 
paper pad in according to manufacturer’s guidelines. A single 
cone of gutta-percha (F5) (Dentsply Maillefer, Ballaigues, 
Switzerland), was slightly coated with the sealer and 
positioned inside the root canal to the measured working 
length. The excess gutta percha was then cut with a pre-
heated condenser at the orifice of the canal and any excess 

sealer was removed by a moistened cotton pellet. After 
obturation, a temporary filling was filled into the coronal 
opening and storage of the specimens were at 100% humidity 
at 37 ℃ for 1 week in order to allow setting of the sealer. The 
quality of obturation was checked by the postoperative 
radiographs carried out for all teeth.  
 
Bond strength evaluation 
Decoronation of the teeth was done at the cemento-enamel 
junction in such a way that the diamond disc is positioned 
perpendicular to the long axis of the root. This diamond disc 
was mounted in a hand piece of low-speed type. A root of 
approximately 16 mm was obtained after the decoronation 
process. Pink acrylic resin model was used to embed each 
root that had a 2 cm diameter, 3 cm height and 5 mm 
thickness of wall. After the acrylic resin had set, a precision 
saw Iso Met 4000 of low-speed water-cooled type was used to 
cut each root into three horizontal sections, a section belongs 
to the coronal one third, a section belongs to the middle one 
third, and a section belongs to the apical one third, Figure (1). 
Using a digital caliper, we determined the thickness of each 
slice, yielding to 30 horizontal sections for each group Figure 
(2). A marker was used to mark every section on its coronal 
side. An examination of each specimens’ aspect was 
performed under stereomicroscope prior to testing to confirm 
that there are no signs of any dentin cracks or presence of 
voids in the filling materials. 

 

  
 

Fig 1: Buehler IsoMet 4000 micro-saw    Fig 2: A digital calliper 
 

To prevent sample movement during testing, all root slices 
were set up in a loading fixture. This was performed so that 
stress would be distributed equally. A universal testing 
machine was utilized to apply a compressive load to the 
filling of root canal solely in each section of root (Model 
Instron universal testing machine model 3345 England) at a 

crosshead speed of 0.5 mm/min using a stainless-steel 
cylindrical plunger of varied sizes 0.55, 0.7 and 0.9 mm in 
diameter for apical thirds, middle thirds and coronal thirds 
respectively to provide most extended coverage without 
touching the canal walls Figure (3) and (4). 

 

https://www.oraljournal.com/


 

~ 4 ~ 

International Journal of Applied Dental Sciences https://www.oraljournal.com 

  
 

Fig 3: Universal Testing Machine 
 

  
 

Fig 4: Stainless-steel cylindrical plunger of three different sizes 0.9, 0.7 and 0.55 mm 
 

An application of load was carried out apico-coronally till 
failure of bond occurs, which was demonstrated by filling 
material extrusion as well as an instant drop in load. The 
maximum load prior to the failure occurrence was reported in 
newtons (N). The force was recorded using computer 
software Blue hill 3 version. The bond strength of push-out 
was calculated in megapascals (MPa) in accordance with the 
following formula: 
 
Push-out bond strength (MPa) = Maximum load 
(N)/Adhesion area to dentin (A) 
 
- The calculation of adhesion surface area (A) for every 
section will be as follow [24]: 
 

A (mm2) = (pr1+ pr2) x L 
 
• “L” is calculated as the square root of (r2 – r1)2 + h2 
• “p” is the constant 3.14  
• “r1” is the smallest radius 
• “r2” is the largest radius 
• “h” is the section’s thickness expressed in millimeters 
 
Statistical analysis 
The presentation of numerical data was conducted as values 

of mean and standard deviation (SD). The exploration of 
numerical data for normality involved the use of the Shapiro-
Wilk test and an examination of the data distribution. Since 
the data exhibited a parametric distribution, intergroup 
analysis ((i.e., between the three groups) was conducted using 
one-way ANOVA followed by Tukey's post hoc test as well 
as repeated measures ANOVA followed by the test of 
Bonferroni post hoc which was used for intragroup (i.e., 
within each single group) comparisons. The level of 
significance was determined at p ≤ 0.05. R statistical analysis 
software version 4.1.2 for Windows [R Core Team (2021)] 
was used to perform statistical analysis.  
 
Results 
Effect of intracanal medication 
Mean, Standard deviation (SD) values of push-out bond 
strength (MPa) for various sorts of intracanal medications 
were demonstrated in Table (1) and Figure (5).  
The experimental groups showed a significant difference 
compared to the control group (p<0.001). The highest mean 
value was observed in the control group (4.85±1.65), 
followed by calcium hydroxide (2.11±1.17), and the nano-
silver group had the lowest mean value (1.41±1.08). Post hoc 
pairwise comparisons revealed that the control group 
exhibited significantly higher values than all other groups 
(p<0.001). 
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Table (1): Mean, Standard deviation (SD) values of push-out bond 

strength (MPa) for different types of intracanal medications 
 

Push-out bond strength (MPa), (Mean ± SD) P-Value Control Calcium Hydroxide Nano silver 
4.85±1.65A 2.11±1.17B 1.41±1.08B < 0.001* 

 

In the same horizontal row, a statistically significant 
difference was indicated by various superscript *; significant 
(p ≤ 0.05) ns; non-significant (p>0.05). 
 
 

 
 

Fig 5: Bar chart displaying average push-out bond strength (MPa) for various sorts of intracanal medications 
 

Effect of intracanal medication within each section of root 
The values of mean, Standard deviation (SD) of push-out 
bond strength (MPa) for various sorts of intracanal 
medications within each root section were demonstrated in 
Table (2) and Figure (6). 
• Coronal: A remarkable difference between various 

groups (p<0.001) was evident. The control group 
demonstrated the greatest value (6.13±1.70), followed by 
calcium hydroxide (3.33±0.21), while the lowest value 
was found in nano-silver (2.87±0.30). It has been shown 
by post hoc pairwise comparisons that control group to 
have a remarkably higher value than the other two groups 
(p<0.001), whereas the calcium hydroxide and Nano-
silver groups did not vary statistically from one another. 

• Middle: A remarkable difference between various groups 
(p<0.001) was evident. The control group demonstrated 
the greatest value (4.74±1.46), followed by calcium 
hydroxide (2.30±0.64), while the lowest value was found 
in nano-silver (0.89±0.08). It has been shown by post hoc 
pairwise comparisons that different groups to own 
remarkably distinctive values from one another 
(p<0.001). 

• Apical: A remarkable difference between the 
experimental groups and control group (p<0.001) was 

evident. Control group (3.68±0.64) demonstrated the 
greatest value, succeeded by calcium hydroxide 
(0.69±0.17), while in nano-silver, the least value was 
evident (0.47±0.07). No statistically remarkable 
difference was evident between calcium and nano-silver 
groups. It has been shown by post hoc pairwise 
comparisons that control group possesses a remarkably 
greater value than rest of groups (p 0.001). 

 
Table (2): Mean, Standard deviation (SD) values of push-out bond 
strength (MPa) for different types of intracanal medications within 

each root section 
 

Root 
section 

Push-out bond strength (MPa), (Mean ± SD) P-Value Control Calcium Hydroxide Nano silver 
Coronal 6.13±1.70A 3.33±0.21B 2.87±0.30B <0.001* 
Middle 4.74±1.46A 2.30±0.64B 0.89±0.08C <0.001* 
Apical 3.68±0.64A 0.69±0.17B 0.47±0.07B <0.001* 

 
In the same horizontal row, a statistically significant 
difference was indicated by various superscript *; significant 
(p ≤ 0.05) ns; non-significant (p > 0.05).
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Fig 6: Bar chart displaying average push-out bond strength (MPa) for different types of intracanal medications within each root section 
 

Discussion 
Application of intracanal medication has been advised to 
ensure appropriate and satisfactory disinfection process of the 
root canal system and its dentinal tubules, ramifications, 
accessory canals, anastomoses, and apical delta [25]. Despite 
the importance of intracanal medicaments against bacterial 
biofilms and planktonic bacteria that are not eradicated after 
conventional root canal biomechanical preparation, their total 
removal from the root canal system is unachievable and this 
might affect the bond strength of the endodontic filling 
material [26]. 
The prevailing belief for a considerable period of time has 
been that Calcium hydroxide [Ca(OH)2] is the most accepted 
intracanal medication. This is due to its high pH value, 
significant potential for reducing inflammation, considerable 
antibacterial properties [8]. Calcium hydroxide also has a 
mineralizing effect because of its high pH [27]. 
Several disadvantages have been reported regarding Ca(OH)2, 
including limited efficacy against E. faecalis, facultative 
anaerobic bacteria, and yeasts [28]. One other obstacle is that 
Ca(OH)2 is frequently impossible to be eliminated from the 
root canal walls completely [25]. Consequently, other 
medications were used as alternatives to calcium hydroxide. 
One of these materials is Nano-silver gel (AgNPs gel). 
AgNPs have an oligodynamic activity, which is the 
mechanism by which heavy metals can be destructive to 
bacterial and viral cells at minute levels. It is possible that this 
impact is bacteriostatic (growth inhibition) or perhaps 
bactericidal (kills bacteria) [29]. AgNPs' antibacterial 
properties have been evaluated in several in vitro [30, 31] and in 
vivo research [32]. 
Ah Plus endodontic sealer was chosen as it remains the gold 
standard [33]. The relatively satisfactory adhesion of AH Plus 
sealer is thought to be due to the ability of an open oxide ring 
to form a covalent bond with the exposed amino groups 
present in the collagen network of dentin [34].  
This in-vitro study aimed to evaluate how the bond strength of 
AH Plus epoxy resin-based sealer to root canal dentin is 
affected by root canal medication using either calcium 
hydroxide paste or Nano-silver gel. 
In order to mimic the clinical situation, the intracanal 
medications were left in the prepared root canals for three 

weeks and the teeth were incubated at 37 ℃ and 100% 
humidity [35]. After the storage period, final irrigation was 
performed using passive ultrasonic stimulation of 5 mL 2.5% 
NaClO [36]. According to Harms et al., 2021 [25] and Sluis et 
al., 2007 [37], the use of passive ultrasonic stimulation of the 
irrigation effectively eliminated medication from the root 
canal. 
EDTA was used due to its ability to target the inorganic or 
mineral component of the smear layer and facilitate its 
elimination [38, 39]. As a result, sealers can infiltrate deeper into 
the dentinal tubules, thereby increasing the contact area 
between the filling material and dentin which subsequently 
leads to enhanced adhesion [40]. 
The longevity of dental root filling material is measured 
moderately by its adhesive strength. Adhesive strength can be 
measured by bond strength testing. The reason behind 
selecting the push-out test is that it evaluates the level of shear 
stress occurring at the interface between dentine and cement 
(sealer), which is like the stresses experienced in clinical 
situations. Additionally, the push-out test is an effective and 
replicable method that is less prone to minor variations in 
stress distribution across samples while applying the load. [41]. 
However, some aspects that should be considered during 
testing could alter the results and validity of push-out bond 
strength tests. Plunger sizes, root canal diameters, and 
specimens’ orientation are all factors to be considered. 
For these reasons, Pane et al., 2013 [19] concluded that when 
the diameter of the pin was 90% of the canal diameter, no 
influence on the punch diameter was seen. To minimize the 
impact of variables, this study employed plunger tips with 
varying diameters; 0.9 mm for the coronal thirds, 0.7 mm for 
the middle thirds, and 0.55 for the apical thirds. This further 
avoided excessive pressure or notching of the obturating 
material, as well as guaranteed that the stress delivered is 
restricted at the sealer dentin interface [42].  
Based on the results obtained, our investigation uncovered a 
notable difference between the control group and the 
experimental groups based on the results obtained (p<0.001). 
The control group recorded the highest value of (4.85±1.65), 
followed by calcium hydroxide with a value of (2.11±1.17), 
whereas Nano-silver had the lowest value of (1.41±1.08).  
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However, no significant difference was observed between the 
calcium hydroxide and nano-silver groups. 
Our findings are in accordance with Guiotti et al., 2014 [18]. 
Ghabraei et al., 2017 [26], Üstün, et al., 2013 [43] and Gupta et 
al., 2020 [44] who reported that application of calcium 
hydroxide intracanal dressing led to a decrease in the bond 
strength between the root canal sealer and dentin. Unlike 
others who found that the usage of calcium hydroxide 
intracanal dressing could not be able to improve the AH Plus 
sealer’s bonding strength but did not impair it either [24, 45, 46]. 
Carvalho et al., 2013 [47] findings were contrary to ours, as 
they reported a positive effect of calcium hydroxide intracanal 
dressing on the bond strength between dentin of the root and 
AH Plus sealer. 
In several studies, such as Rödig et al., 2010 [48] and 
Uzunoglu-Özyürek et al., 2018 [49], the use of calcium 
hydroxide was found to decrease dentinal permeability by 
physically plugging the tubules in the dentin. This could be a 
possible explanation for the observed decrease in push-out 
bond strength following the application of calcium hydroxide. 
The effects of Nano-silver gel intracanal medication on the 
bond strength of epoxy resin-based sealer to root dentin are 
limited in the literature. As a result, this study's findings can 
only be compared to research that used Nano-silver particles 
inside root canals but not as a medication. 
Our findings are in agreement with Nashaat et al., 2019 [34] 
and Gabal et al., 2018 [50]. Marginal adaption and bond 
strength were considerably reduced by increasing the 
proportion of Nano-silver particles in endodontic sealers, 
according to their findings [50]. Nashaat et al., 2019 [34] 
assessed the AH Plus sealer’s push-out bond strength 
following root canal irrigation using Sodium hypochlorite and 
a solution containing Nano-silver. Their results demonstrated 
that AH plus sealer had a lesser value of push-out bond 
strength in the Nano-silver group than in Sodium hypochlorite 
group, with statistically significant differences observed in 
both the coronal and apical thirds.  
Reduction in Push-out bond strength following the use of 
nano-silver gel may be due to their effect of blocking the 
dentinal tubules. This may be interpreted by the findings of 
Fan et al., 2014 [51] who used Field Emission Scanning 
Electron Microscope (FE-SEM) to capture images and detect 
the influence of nanoparticles on the dentinal tubules. 
As for the comparison between coronal, middle and apical 
segments in each group, results in all groups showed that the 
greatest bond strength was found in the coronal segments 
succeeded by middle segments and apical segments the least. 
A significant difference in our study between values measured 
at various sections (p<0.001) was evident. The measurement 
revealed that the coronal section possesses the greatest value 
(4.11±1.76), succeeded by the middle section (2.64±1.84), 
meanwhile the apical section had the lowest value 
(1.61±1.53). 
In the control group (no medication), our findings regarding 
the three segments are consistent with others Topçuoğlu et al., 
2014 [52]; Abada et al., 2015 [53]; Ozkocak and Sonat, 2015 [54]; 
and Kurup et al., 2021 [55]. The explanation of these results 
can be demonstrated by higher density of tubules within the 
coronal third compared to the middle as well as apical thirds 
[56]. Added to that, the impact of EDTA on the removal of 
smear layer declines while moving from coronal to apical [57]. 
This could be associated with increased number of opened 
dentinal tubules in the coronal third therefore more resin tags 
and higher AH plus bond [52, 54]. 
 

Irrigants may be prevented from penetrating due to the effect 
of the vapor lock in the apical region [52]. As a result, the 
chelating impact in the apical third may be reduced, leaving 
blocked dentinal tubules behind. 
However, some previous findings contrast with the findings 
of our study [58, 59]. Mannocci et al., 2004 [58]; found that low 
densities of dentinal tubules are related to the high values of 
dentin bond strength, and also, apical regions of root dentin 
own greater bond strength than coronal and middle regions. 
Mishra et al., 2017 [59]; suggested that in the apical third 
segment, better compaction of obturating material due to 
down packing might result in better sealer penetration into the 
dentinal tubules and this, in turn, reduces voids and achieves 
homogenous mass at the interface of dentin-sealer as well as 
the interface of sealer-cone that raises the push out bond 
strength. 
In Ca(OH)2 group, our findings regarding the three segments 
are in accordance with Üstün et al., 2013 [43]; and Gupta et al., 
2020 [44]. These findings may be interpreted by studies that 
have reported that, it is very challenging to remove the 
Ca(OH)2 medicament from the apical part of the root canal 
wall [60, 61]. A root canal with a conical morphology and a 
smaller diameter at the apical region may result in decreased 
irrigation effectiveness in this area, leaving behind on the 
canal walls residues of the medication used [62]. 
Nano-silver groups had the lowest values for push-out bond 
strength in our experiment. This might be related to the 
inability to remove nano-silver gel with a resinous sticky form 
from the root dentin walls, especially at the apical third which 
may be interpreted by the findings of Balvedi et al., 2010 [64], 
where the circulation volume of the solution of irrigation was 
lower than at the coronal and middle thirds. 
However, Camargo et al., 2016 [65] found that no statistically 
significant difference was evident in the efficiency of the 
removal of medicaments in the three portions of the root canal 
(apical, middle, and coronal third). 
This discrepancy between the studies might have caused by 
various methodological variations including duration of 
irrigation and the amount of irrigants used, various 
approaches of intracanal removal, period of storage, various 
thickness of the section of root, and size of plunger used 
during the push out bond test procedures. 
 
Conclusions 
Within the limits of this experiment, the following 
conclusions could be decided 
1. Application of intracanal medication decreased the 

average push-out bond strength. 
2. Push-out bond strength in case of using nano silver gel is 

less than that when using calcium hydroxide. 
3. The push-out bond strength values recorded at the 

various segments varied significantly, with the coronal 
segment recording the greatest value followed by the 
middle segment, and the apical section recording the 
lowest value. 

4. Regarding the effect of intracanal medication within each 
root section; results of coronal, middle, and apical 
sections showed significant difference. Control group 
demonstrated the highest push out bond strength, 
following that was the calcium hydroxide group, while 
nano-silver group revealed the lowest value. 

 
Recommendations 
• More research should be done to see how different 

intracanal drugs, as well as their removal techniques, 
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affect the bond strength and sealing capacity of several 
endodontic sealers. 

• Further research is needed to figure out what causes bond 
failure: adhesive (i.e., at the interface between the filling 
material and the dentine) or cohesive (i.e., within the 
filling material) 

• More research using digital photographs, 
stereomicroscopes, scanning electron microscopes 
(SEM), micro-computed tomographic imaging (Micro-
CT), and spiral computed tomographic imaging (Spiral-
CT) to assess the remnants of various intracanal 
medicaments on the walls of the root canal dentin and the 
efficacy of different irrigating solution and its activation 
technique. 

• To have enough proof of the therapeutic outcome of 
Nanosilver gel intracanal medication compared to the 
therapeutic outcome of Calcium hydroxide intracanal 
medication, randomized clinical trials are suggested. 
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