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Abstract 

Objective: The aim of this in vitro study is to evaluate and compare the effects of different disinfection 

methods (NaOCl irrigation, CHX irrigation, laser, PDT) on the bond strength of different root canal sealers 

(AH Plus sealer, MTA Fillapex, EndoSequence BC Sealer ). 

Methods: In this study, one hundred and twenty extracted human mandibular premolar teeth were used. The 

teeth were randomly divided into 3 experimental groups and 12 subgroups using the website (3 different 

sealers and 4 different disinfection methods). Two slices were obtained from apical part, middle part and 

coronal part of each root. The push-out test was performed on each slice with a universal test machine. The 

maximum load applied to the filling material before failure was recorded in Newtons (N) and converted to 

megapascals (MPa). Data were subject to Kruskal- Wallis test. Mann- Whitney U test was used for pairwise 

comparison with bonferroni correction. Significance level was set at a = 0.05 

Results: Kruskal Wallis test indicated that there were significant differences among the sealer groups for 

apical (p =0 ,000) and middle sections (P = 0,001), and coronal sections (P = 0,000).  

Conclusion: Under the study limitation; the bonding strength of root canal sealers is influenced by 

disinfection methods. 
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Introduction  

The success of root canal treatment depends on 

preparation, disinfection, and obturation stages. 

Various disinfection methods are used in 

endodontics. NaOCl irrigation is the commonly used 

method for disinfection of root canal system. It has 

capability of biofilm eradication, elimination of 

microorganisms and organic tissue dissolution 

(Haapasalo et al. 2014). However, it has some 

disadvantages such as tissue necrosis, ecchymosis, 

and paraesthesia or even life-threatening accidents 

(Zhu et al. 2013). The other irrigation solution is 

Chlorhexidine gluconate (CHX). It has several 

properties such as wide range of antimicrobial 
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activity, less toxic effect than NaOCl, and reasonable 

clinical performance (Gomes et al. 2013). 

Nonetheless, both of these irrigation solutions are not 

able to disinfect the root canal system completely. So, 

scientists suggested new methods. The first one is 

Photodynamic therapy (PDT). It uses the light with a 

specific wavelength to activate a photosensitizing dye 

(metilen blue, toluidine blue, and photosensitizer) in 

the presence of oxygen. Recently studies have 

confirmed that PDT has bactericidal potential against 

to Enterococcus Faecalis. The second method is laser 

root canal irradiation. This method eradicates 

microorganism from accessory side canals, isthmus, 

and unprepared area (Plotino et al. 2019).  

Various obturation materials have been defined in 

endodontics. AH Plus sealer (Dentsply Maillefer, 

Ballaigues, Switzerland) is an epoxy resin-based 

sealer and has some properties such as low solubility, 

sufficient viscosity, dimensional stability, and longer 

setting time (Versiani et al. 2006; Souza et al. 2009). 

MTA Fillapex (Angelus Industria de Produtos 

Odontologicos S/A, Londrina, Brazil) with properties 

of good sealing ability, low solubility, 

biocompatibility, bactericidal effect, and low setting 

expansion, has been introduced based on calcium 

silicate in endodontics (Gurgel-Filho et al. 2014; 

Mestieri et al. 2015). It is presented in the form of two 

pastes. Recently, EndoSequence BC Sealer 

(Brasseler USA, Savannah, GA), a bioceramic sealer 

based on calcium silicate composition, has been 

presented in endodontics. It has properties such as 

dimensional stability, good flow ability, premixed, 

and injectable paste containing water-free thickening 

vehicles (Jafari and Jafari 2017; Lee et al. 2017). 

The effects of different irrigation solutions on the 

bond strength of root canal sealers were evaluated in 

several studies. However, there are not enough 

sources in the literature for validating this data. The 

effects of PDT and laser disinfection methods on the 

push-out bond strength value of the epoxy resin and 

calcium silicate-based sealers are unknown. Thus, the 

aim of this in vitro study was to evaluate and compare 

the effects of different disinfection methods (NaOCl 

irrigation, CHX irrigation, laser, PDT) on the bond 

strength of different root canal sealers (AH Plus 

sealer, MTA Fillapex, EndoSequence BC Sealer). 

 

Methods  

In this study, one hundred and twenty extracted 

human mandibular premolar teeth, extraction reasons 

not related to this study, were used. Sample size 

calculated based on previous study (Cakici et al. 

2016) After the external root surfaces of the teeth 

were cleaned with periodontal curettes, they were 

kept in distilled water until used. Access cavities were 

performed by diamond burs (Dimei Royal, Dimei 

Dental, Anyang, Henan, China) under water cooling 

then radiographies in bucco-lingully and mesio 

distally directions were taken. Exclusion criteria were 

multiple root and canals, calcified canals, internal and 

external resorptions, extensive root caries, having 

root canal treatments, root curvature more than 100 

according to Schneider 1971 method, and apical 

diameter more than 10 K file.  

 Also, root surfaces were inspected with 2,5 

magnification dental loop and roots having fractures 

and cracks were excluded from this study. Working 

lengths were determined as 1 mm beyond the apex by 

the aid of 10 K file (VDW, Munich, Germany). K3XF 

(SybronEndo, Orange, CA USA) rotary file system 

was used 3 Ncm and 400 Rpm in packing motions to 

prepare the root canals at full working length with a 

torque- control motor (X-Smart Plus, Dentsply 

Maillefer). The instrument sequence of the K3XF 

system was 10/25 (1/3 working length), 08/25, 04/40, 

04/35, 04/30 (encountered resistance) then 04/25 was 

used for final apical shaping. The root canals were 

irrigated with 2 mL sterile saline solution after each 

instrument. Each instrument was used for 3 times. 

The teeth were randomly divided into 3 experimental 

groups and 12 subgroups using the website 

(http://www.random.org) (figure1) 

 

 
Figure 1. Design of the study 
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NaOCl irrigation gruops 

3 ml 17% EDTA 1 minute, 3 ml NaOCl 1 minute, 

and 5 ml distilled water 1 minute was used for final 

irrigation procedure. Root canals were dried with 

absorbent paper points and obturated with the single 

cone technique using AH Plus sealer, MTA Fillapex, 

EndoSequence BC Sealers. 

 

CHX irrigation groups  

3 ml 17% EDTA 1 minute, 6 ml 2% CHX 1 

minute, and 5 ml distilled water 1 minute was used 

for final irrigation procedure. Root canals were dried 

with absorbent paper points and obturated with the 

single cone technique using AH Plus sealer, MTA 

Fillapex, EndoSequence BC Sealer  

 

Laser gruops 

3 ml 17% EDTA 1 minute, 3 ml NaOCl 1 minute, 

and 5 ml distilled water 1 minute was used for 

irrigation procedure. The Methylene blue solution 

was injected into the root canals using a sterile side 

port needle, and the Methylene blue was agitated 

using 04/25 K3XF file. Then Methylene blue had 

been activated with Nd:YAG laser(Deka smart file, 

DEKA, Italy) 200 µ tip (1064 nm wave length 1,5 w 

15hz 100 mj ) for 1 minute. Finally, root canals had 

been cleaned 5 ml distilled water for 1 minute. Root 

canals were dried with absorbent paper points and 

obturated with the single cone technique using AH 

Plus sealer, MTA Fillapex, EndoSequence BC Sealer. 

 

PDT groups 

3 ml 17% EDTA 1 minute, 3 ml NaOCl 1 minute, 

and 5 ml distilled water 1 minute was used for 

irrigation procedure. Nd:YAG laser 200 µ tip (1064 

nmwave length 1,5 w 15hz 100 mj ) had been applied 

into the root canals for 1 minute. Root canals were 

dried with absorbent paper points and obturated with 

the single cone technique AH Plus sealer, MTA 

Fillapex, EndoSequence BC Sealer. 

Remained gutta-percha and sealer were cleaned. 

The teeth were restorated with glass ionomer cement. 

All the samples had been stored at 37 0C and 100% 

humidity for 2 weeks. Each root was sectioned 

perpendicularly to its long axis using a precision saw 

(Megatome t180 presi, Eybens, France) at a slow 

speed under water cooling. 1 mm from apical part of 

root was removed. Then two slices were obtained 

from each part of root apical, middle, and coronal. 

The push-out test was performed on each root with a 

universal test machine (AGS-X, Shimadzu 

Corporation, Tokyo, Japan) at a crosshead speed of 1 

mm per minute. The maximum load applied to the 

filling material before failure was recorded in 

Newtons (N) and converted to megapascals (MPa). N 

and converted to MPa according to the following 

formula: 

Push-out bond strength (MPa) = maximum load 

(N)/adhesion area of root filling (A) (mm2). 

 

Statistical Analysis 

The descriptive analyses for the groups were 

calculated. The normality of the variation of the data 

was verified by the shapiro-wilk test (P<0,05). Data 

were subject to Kruskal- Wallis test. Mann- Whitney 

U test was used for pairwise comparison with 

bonferroni correction. The data were analyzed using 

IBM Statistical Package for the Social Sciences 

(SPSS Inc., Chicago, IL, USA) for Windows, version 

20. Significance level was set at P = 0,05. 

 

Results 

Kruskal Wallis test indicated that there were 

significant differences among the sealer groups for 

apical (P =0 ,000) and middle sections (P = 0,001), 

and coronal sections statistically (P = 0,000).  

For apical part of the root; there was statistically 

significant relationship between AH plus +laser 

disinfection group and MTA Fillapex + PDT 

disinfection group (P=0,000), EndoSequence BC 

Sealer +laser disinfection group (P=0,000), AH plus+ 

PDT disinfection group (P=0,000), MTA Fillapex 

+laser disinfection group (P=0,006), MTA Fillapex 

+CHX disinfection group (P=0,025), EndoSequence 

BC Sealer CHX disinfection group (P=0,036). Also 

there was statistically significant relationship 

between EndoSequence BC Sealer + PDT 

disinfection group and MTA Fillapex + PDT 

disinfection group (P=0,007), EndoSequence BC 

Sealer +laser disinfection group (P=0,048), AH plus+ 

PDT disinfection group (P=0,045) (Table 1)(Figure 

2). 
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Table 1. Median and standard deviation values of apical part of the root of the groups. Same letters indicate a statistical 

difference (P=0,05) 

 

 

NaOCl irrigation Laser  

disinfection 

CHX 

 Irrigation 

PDT  

disinfection 

AH plus  4,63±1,89 7,69±2,40a,b,c,d,e,f 5,52±3,06 2,21±2,85c,h 

MTA Fillapex 5,05±5,03 3,52±3,36d 3,97±2,13e 3,03±2,04a,g 

EndoSequence BC 

Sealer 

4,29±2,71 2,78±2,32b,h 3,89±2,54f 5,61±1,70g 

 

 
Figure 2. Mean rank value of groups for apical part of root 

 

Table 2. median and standard deviation values of middle part of the root of the groups. Same letters indicate a statistical 

difference (P=0,05) 

 NaOCl irrigation Laser  

disinfection 

CHX  

Irrigation 

PDT  

Disinfection 

AH plus  7,01 ±3,23 7,24 ±2,83a 6,42 ±2,02 5,53 ±3,14 

MTA Fillapex 4,65±3,70a 3,55 ±2,64a 6,03 ±1,75 3,37 ±1,64a 

EndoSequence BC 

Sealer 

5,22 ±2,52 5,88 ±3,33 4,41 ±3,08 6,26 ±1,73 

 

 
Figure 3. Mean rank value of groups for middle part of root 

 

 



Disinfection Systems on Bond Strength of Sealers  

 

96           MBSJHS; 6(1), 2020 

 

Table 3. Median and standard deviation values of coronal part of the root of the groups. Same letters indicate a statistical 

difference (P=0,05). 

 NaOCl irrigation Laser  

disinfection 

CHX  

Irrigation 

PDT  

Disinfection 

AH plus  4,88 ±4,80a 8,38±4,63 6,93±3,58 11,00±4,42a 

MTA Fillapex 4,05 ±2,61 5,61 ±6,61 5,65 ±5,81a 4,43 ±2,88a 

EndoSequence BC 

Sealer 

6,80 ±8,68 7,32 ±4,52 5,41 ±4,04 8,68 ±5,56 

 

 
Figure 4. Mean rank value of groups for coronal part of root  

 

For middle part of the root; there was statistically 

significant relationship between AH plus+ laser 

disinfection group, MTA Fillapex +PDT disinfection 

group (P=0,014), MTA Fillapex + NaOCl 

disinfection group (P=0,024), MTA + laser 

disinfection group (P=0,037) (Table 2) (Figure 3). 

For coronal part of the root; there was statistically 

significant relationship between Ah plus+ PDT 

disinfection group and MTA Fillapex + PDT 

disinfection group (P=0,004), disinfection group and 

MTA Fillapex + CHX disinfection group (P=0,011), 

disinfection group and MTA Fillapex + NaOCl 

disinfection group (P=0,015) (Table 3)(Figure 4). 

 

Discussion  

One of the important stages of endodontic treatment 

is elimination of microorganisms and their products 

from root canal system. For this purpose, 

conventional disinfection methods like irrigation with 

NaOCl and CHX, are used. However, these 

irrigations may inadequate because of 

microorganisms and their products in lateral canals, 

isthmus, apical branches, and depth of dentinal 

tubules (Haapasalo et al. 2010; Haapasalo et al. 

2014). PDT and laser systems can support to 

overcome this challenge (Plotino et al. 2019; Saydjari 

et al. 2016). Mentioned systems change the 

permeability, chemical and structural composition of 

root canal dentin, and this may affect the sealing 

ability of the root canal sealers (Ok et al. 2013, 2014). 

 Root canal shaping procedures produce a layer made 

of inorganic and organic tissue known as smear layer. 

It includes necrotic pulp remnants, microorganisms 

and their products. Smear layer can cause pathway for 

microbial micro-leakage, sheltering bacteria, 

reservoir of irritants, prevent the penetration of root 

canal sealers. Therefore, it should remove before 

filling the root canal (El-Ma'aita et al. 2013). Because 

of this reason, smear layer was removed to evaluate 

the sealing ability of the root canal sealers to the 

dentin in the present study. 

 Sagsen et al. 2011 compared push out bound strength 

values of ah plus, I root sp, mta fillapex in the root 

canals filled with lateral compaction technique after 

2,5 % NaOCl and 17 % EDTA irrigation. They found 

that there wasn’t significant difference in coronal 

parts of the roots. However, push out bound strength 

value of mta fillapex was lower than ah plus and I root 

sp in the middle and apical sections of the roots. Ok 

et al. 2014 filled root canals with lateral compaction 

technique after 5,25% NaOCl and 17% EDTA 

irrigation then compared push out bound strength 

values of AH plus and MTA fillapex in their study. 

They reported that there wasn’t significant difference 

between the push out bond strength values of AHplus 

and mta fillapex. Additionaly, Shokouhinejad et al. 

2013 reported that the bond strength value of 

EndoSequence BC Sealer was compared to AH Plus 

in case of presence and absence of smear layer. They 

found that dislocation resistance of EndoSequence 

BC Sealer was equal to AH Plus and no significant 
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effect of the smear layer. Similarly, in our study 

presented that there weren’t significant differences 

among the AH plus, MTA fillapex, and 

EndoSequence BC Sealers in NaOCl irrigation 

groups.  

 Ok et al. 2013 filled root canals with AH plus after 

5,25% NaOCl irrigation, 2% CHX gluconate 

irrigation, and PAD disinfection systems in their 

study. They reported that there wasn’t significant 

difference among the push out bond strength values 

of AH plus according to disinfection systems. The 

results of this study are parallel to our study results. 

 Ok et al. 2014 presented that PAD disinfection 

method affects adversely the push out bond strength 

of MTA Fillapex endodontic sealer. In our study 

found it as the lowest bond strength value of MTa 

fillapex + PDT groups. But this result wasn’t 

statistically significant. The difference between the 

results of the studies can be caused by tip of laser and 

photo sensitizer.  

 According to the best of our knowledge, there aren’t 

studies about the effect of PDT on bond strength of 

EndoSequence BC Sealer in literature. Therefore, we 

couldn’t compare. 

 According to current literature, laser application 

increases penetration and bond strength values of 

sealers (Das et al. 2013; Ayrancı and Koseoğlu 2014). 

A few studies presented that bond strength of sealers 

using with Nd:YAG laser better than diod laser 

(Araujo et al. 2018)(Das et al. 2013). Özkaçak and 

Sonat 2015 reported that laser application increased 

bond strength of resin and bioceramic root canal 

sealers also the resin root canal sealers had higher 

push-out bond strength than the bioceramic sealer. 

The results of this study are parallel to our study 

results.  

 Razmi et al. 2016 compared the effect of NaOCl and 

CHX as final irrigation solution. They found that the 

bond strength of AH-Plus was not affected the 

irrigant type; however, CHX reduced the bond 

strength of Endosequence BC sealer. Conversely, 

Shokouhinejad et al. 2013 reported that using NaOCl 

and CHX as the final irrigation solution has similar 

effect on bond strength of EndoSequence BC Sealer 

to dentinal walls. Another study presented that bond 

strength of AH plus was negatively affected NaOCl 

as the final irrigation solution in contrast to CHX. In 

our study the effects of NaOCl and CHX on bond 

strength of sealers were similar. To change a single 

parameter ın studies on bond strength can change all 

results. Therefore, in order to get better results, more 

review and meta-analysis are needed. 

 

 

Conclusion 

Under this study limitation, the bonding strength 

of root canal sealers is influenced by disinfection 

methods. 
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