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ABSTRACT 

Introduction: Obturation of the root canal system is an integral part of endodontic treatment. 

The main objective of obturation is to three dimensionally fill the root canal, to provide adequate 

seal and prevent leakage from periapical tissues. For root canal sealers to achieve these objectives, 

they must exhibit adequate physical properties Aim:  the present study evaluated the effect of 

adding different percentages of calcium hydroxide nano particles (CHNPs) to a calcium 

hydroxide-based sealer (Sealapex) on its physical properties and comparing it to the unmodified 

formula of the sealer. Materials and methods: Calcium hydroxide nanoparticles were added to 

(Sealapex) root canal sealer in concentrations of 3% and 8% by weight respectively. Samples were 

divided into three main groups: Group I (Sealapex+3%CHNP), Group II (Sealapex+8%CHNP), 

and Group III (Sealapex) in the conventional formula. Setting time and flow were assessed 

according to ISO standardization 6878:2012 specification. Wettability was assessed using Contact 

angle goniometer. Data showed parametric distribution and were analyzed using one-way 

ANOVA followed by Tukey’s post hoc test for intergroup comparisons and repeated measures 

ANOVA followed by Bonferroni post hoc test for intragroup comparisons. Results: There was a 

significant increase in setting time for Group I (Sealapex+3%CHNP), on the other hand, Group II 

(sealapex+8%CHNP) showed significant decrease in setting time. Regarding the flow of sealers, 

there was a significant increase in flow for both Group I (Sealapex+3%CHNP) and Group II 

(Sealapex+8%CHNP) in comparison to the conventional formula. Conclusion: Addition of 

calcium hydroxide nanoparticles (CHNP) enhanced physical properties of root canal sealer 

Sealapex. 

Keywords: Calcium hydroxide, Nano- calcium hydroxide, Endodontic sealers. 

INTRODUCTION 

Root canal sealers have an important role 

in root canal obturation. Although they are 

employed in obturation as additional 

materials, research has shown that they have 
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an impact on the success of root canal 

therapy.1 They are used to overcome the 

physical limitation of the rigid core, seal 

inaccessible accessory canals and 

ramifications, fill voids between the core 

material and dentinal walls, and act as 

lubricant to facilitate the placement of core 

material into the canal.1 

 Grossman (1982) outlined the properties 

of an ideal root canal sealer. When set, a 

sealer should form and maintain a hermetic 

seal, have adequate working and setting time, 

have appropriate adherence to canal walls, 

produce no tooth discoloration, be 

radiopaque, hydrophobic to tissue fluids but 

dissolve in solvents during retreatments, 

bacteriostatic, and biocompatible. None of 

the commercially available sealers has met all 

these requirements yet.2 

One of the first commercially available 

endodontic sealers containing calcium 

hydroxide was Sealapex. Since the early 

1980s, Sealapex has been used as a calcium 

hydroxide type sealer. It is a polymeric 

calcium oxide-based sealer that forms 

calcium hydroxide when it comes in contact 

with tissue fluid through hydration. It is also 

known for its biocompatibility and ability to 

induce the deposition of mineralized tissue, 

resulting in apical seal following endodontic 

treatment.3,4 

  It was reported in the literature that 

Sealapex has a prolonged setting time.5,6,7 It 

takes up to 3 weeks in 100% relative 

humidity and will not set in a dry 

environment.8,9 Slow or incomplete setting 

time can cause tissue irritation and higher 

solubility, which can contribute to sealing 

failures. Setting time in particular is clinically 

important for endodontic treatment, as 

depending on how fast or slow a sealer sets, 

the capability of proper penetration of root 

canal morphology is determined.10 

The flow is a key property of endodontic 

sealers as it allows for deeper penetration into 

the irregularities of the root canal system, 

which contributes to the interlocking between 

sealer and dentine, which is one of the crucial 

physical features to a proper obturation.11 

Particle size, temperature, film thickness, 

shear rate, and the internal diameter of the 

canal are all factors that influence the sealer's 

flow rate. 

Another important feature of endodontic 

sealers is having a proper wetting ability, as 

sealers with hydrophilic surface may have a 

facilitated penetration in root canal system 

irregularities and ramifications, which may 

indirectly enhance the elimination of residual 

bacteria in such areas and may impact the 

overall success rate of endodontic treatment. 

If the contact angle is smaller than 90 
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degrees, the material is considered 

hydrophilic, while if the contact angle is 

larger than 90 degrees, the material is 

considered hydrophobic.12,13 

Nanosizing a material affects its 

chemical reactivity; a material may show 

different properties than its larger in scale 

counterparts as stated by Roduner.14 In the 

recent years, there has been modifications of 

root canal sealers to enhance their 

physicochemical properties and enhance the 

overall drawbacks of sealers through using 

different nanoparticles and herbal extracts, 

either added to endodontic sealers or even 

used to create new sealers.15 Wong et al. 

stated that compared to their traditional 

counterparts, calcium hydroxide 

nanoparticles may have better penetration 

depth, a larger surface area to interact with 

pathogens, higher anti-microbial activity, and 

superior properties in general.16 The goal of 

the current study is to evaluate the effect of 

adding different percentages of nano calcium 

hydroxide particles (3% and 8%) on the 

setting time, flow, and wettability of calcium 

hydroxide-based sealer Sealapex and 

compared it to the conventional formula.  

MATERIALS AND METHODS 

I-Preparation and identification of 

calcium hydroxide nanoparticles (CHNP): 

a. CHNPs were prepared following 

Daniele’s method using aqueous solutions of 

CaCl2 and NaOH with added surfactant 

Triton X-100. The particle size identification 

was done using dynamic laser 

scattering.17,18,19  

b. Calcium hydroxide content 

determination of the sealer’s base paste was 

done using inductively coupled plasma 

optical emission spectrometer (ICP-OES), 

for accurate modification of the original 

formula with CHNPs with the assigned 

percentages of (3% and 8%) by weight. 

II-Manipulation of the sealers: 

The amounts of CHNPs added to the 

sealer is based on how much calcium 

hydroxide there is in the base paste, which is 

known through the analysis of the base paste 

sample by (ICP-OES). The concentration was 

found to be 30% which the following 

calculations are based on: 

a. The percentage of CHNPs to be added 

to the base paste is calculated using the 

following formulas: 

▪ 12 x0.3 x0.03= 0.1080 g which is the 

amount for the 3% addition of CHNP. 

(Figure 1, a) 

Total weight of the base paste tube x concentration 

percentage of calcium hydroxide in the base paste 

x   percentage of CHNP to be added 
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▪ 12 x0.3x 0.08= 0.2880g which is the 

amount for the 8% addition of CHNP. 

(Figure 1, b) 

 b. CHNPs powder is weighed using 

analytical balance and added to the sealer 

Sealapex™ (Sybron-Kerr, Romulus, MI, 

USA) Base paste(12g) and mixed until 

homogenous. The final product is then mixed 

with the catalyst paste(18g).20 

III-Sample Grouping: 

Samples were divided into three main 

groups according to the material: 

Group I (Sealapex+3%CHNP): 

Calcium hydroxide-based sealer modified 

with the addition of 3% by weight of Nano 

calcium hydroxide particles. 

Group II (Sealapex+8%CHNP): 

Calcium hydroxide-based sealer modified 

with the addition of 8% by weight of Nano 

calcium hydroxide particles. 

Group III (conventional formula): 

Calcium hydroxide-based sealer in the 

conventional formula. 

IV-Methods of Evaluation: 

A. Evaluation of setting time: 

 For setting time Teflon molds with 

internal diameter of 10 mm and height of 2 

mm were fabricated following ISO 

standardization 6876/201221 (Figure 2). 

Figure (1): Using analytical balance for weighing (a) 3% of CHNPs. (b) 8% of CHNPs. 

Figure (2): Teflon mold for setting time 

measurement, fabricated according to ISO 

standardization 6876:2012. 
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 For each group of sealer six samples 

were prepared. After mixing, sealers are 

packed in Teflon molds, then stored in 95% 

relative humidity and temperature of 37°C,  

after 24 hours from the time the mixing 

procedure began, setting time is determined 

using Gillmor type indenter with a mass of 

(100 ± 0.5) g and a flat end of (1,5 ± 0.1) in 

diameter. Indenter is lowered vertically on 

the horizontal surface of the sealer, needle tip 

is raised, cleaned and operation is repeated 

until indentations cease to be visible. The 

setting time is recorded from ending of the 

mixing time.22,23 

B. Evaluation of flow   

Following the recommendation of ISO 

standardization 6876/2012921 using a 

graduated disposable 1ml syringe, 0.05ml of 

mixed sealers is placed on a glass slab 

(40x40x5mm and a mass of approximately 

20g±3g), six samples for each sealer group 

were prepared at (180 ± 5s) from beginning 

of mixing. A second glass slab is applied 

centrally on the material and an additional 

mass to total 120g. Ten minutes from the 

beginning of mixing the load are removed, 

maximum and minimum diameter of the 

compressed plates is measured using a digital 

caliper and the mean of the two readings is 

recorded. This procedure is repeated 6 times 

for each sealer. If the difference is more than 

1 mm, the experiment is repeated.24 

C. Evaluation of wettability:  

For each sealer group, five samples were 

prepared. On a glass slides, sealers are spread 

evenly, and until setting, they are kept in 

100% relative humidity at 37°C, on each 

surface of the set samples pumping not less 

than 10 droplets (4μL) of ultrapure water then 

sessile drop contact angle is measured, 

determined using contact angel 

measurement.12-23 

V-Statistical analysis: 

Numerical data were presented as mean 

and standard deviation (SD) values. They 

were explored for normality by checking the 

data distribution, and using Shapiro-Wilk 

test. Data showed parametric distribution and 

were analyzed using one-way ANOVA, 

followed by Tukey’s post hoc test for 

intergroup comparisons and repeated 

measures ANOVA, followed by Bonferroni 

post hoc test for intragroup comparisons. The 

significance level was set at p ≤ 0.05. 

Statistical analysis was performed with R 

statistical analysis software version 4.1.3 for 

Windows. 

RESULTS 

I- Evaluation of setting time:  
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Impact of addition of CHNP on the 

setting time of all groups presented in 

Table (1) and Figure (3).  

There was a statistically significant 

difference between different groups 

(p<0.001). The highest value was found in 

Group I (Sealapex+3% CHNP), followed by 

Group III (conventional Formula), while the 

lowest value was found in Group II 

(Sealapex+8% CHNP).  

II-Evaluation of flow presented in Table 

(2) and Figure (4).  

There was a statistically significant 

difference between different groups 

(p<0.001). Group III (conventional formula) 

had a significantly lower flow value than both 

Group I (Sealapex+3%CHNP) and Group II 

(Sealapex+8%CHNP). 

III-Evaluation of wettability (contact 

angle) presented in Table (3) and Figures 

(5,6).  

There was no statistically significant 

difference between all groups (p=0.120). The 

highest contact angle value was found in  

Time Setting time (mean±SD) p-value 

Group I 

(Sealapex+3% CHNP) 

Group II 

(Sealapex+8% CHNP) 

Group III 

(Conventional sealer) 

Hours 194.05±0.85A 162.00±0.46C 168.09±0.03B <0.001* 

Table (1): Mean and standard deviation (SD) values of setting time for different Groups. 

*; significant (p ≤ 0.05).  
Different superscript letters indicate a statistically significant difference within the same row.  

Figure (3):  Bar chart showing average setting time (hours) for different Groups. Error bars 

denotes standard deviation. Different letters on top of the bar denote statistically significant 

differences between groups (P < 0.05).  
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Group I (sealapex+3%CHNP) followed by 

Group III (conventional formula), while the  

lowest contact angle value was found in 

Group II (sealapex+8%CHNP).  

Flow (mm) (mean±SD) p-value 

Group I      

(Sealapex+3% CHNP) 

Group II 

(Sealapex+8% CHNP) 

Group III 

(Conventional sealer) 

22.79±1.16A 22.90±0.64A 19.86±0.70B <0.001* 

Contact angle (°) (mean±SD) p-value 

Group I (Sealapex+3% CHNP) Group II (Sealapex+8% 

CHNP) 

Group III (Conventional 

Formula) 

89±9.8 
 77.3±7.3 

 80.3±8.4 
 0.120 ns 

Table (2): Mean and standard deviation (SD) values of flow (mm) for different Groups. 

*; significant (p ≤ 0.05).  
Different superscript letters indicate a statistically significant difference within the same row.  

Figure (4):  Bar chart representing average flow (mm) of different Groups. Error bars denotes 

standard deviation. Different letters on top of the bar denote statistically significant differences 

between groups (p ≤ 0.05).  

Table (3): Mean and standard deviation (SD) values of contact angle (°) for different Groups. 

- significant (p ≤ 0.05). 
- ns; non-significant (p>0.05). 
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DISCUSSION 

There are a variety of root canal sealers 

commercially available with various 

formulations and components. One of the 

most important aspects influencing the 

choice of root canal sealer material is its  

physical and chemical qualities. Up till now 

no ideal sealer exists, fulfilling all 

requirements. 

Calcium hydroxide-based sealers are one 

of the available sealers that are 

biocompatible3, promote healing due to their 

high alkalinity, have the capability of 

mineralized tissue formation25,26 and possess 

an antibacterial effect.27,28 For these sealers to 

exert their therapeutic effect on the 

surrounding tissues dissociation of hydroxyl 

ions is essential. Sealapex (Sybron Endo, CA, 

Figure (5):  Bar chart showing average contact angle (°) for different Groups. Error bars denotes 

standard deviation. similar letters on top of the bar indicates no statistically significant differences 

between groups(p>0.05). 

  

Figure (6): Picture representing Contact angle 

measurement of different sealers. a) Group 

I(Sealapex+3%CHNP), b) Group II 

(Sealapex+8%CHNP), c) Group III (Sealapex 

in conventional Formula). 
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USA) is one of several calcium hydroxide-

based root canal filling products that shows 

biocompatibility.3 It contains calcium 

hydroxide in a polymeric matrix29 and 

induces apical sealing following root canal 

therapy by stimulating the deposition of 

calcified material.4 However, due to its 

extended setting time,5,6,7 this sealer presents 

high degree of solubility,30 leading to non-

homogeneous setting reaction and poorly 

formed matrix.31-32 

Recently, there has been modification of 

root canal sealers to enhance their 

physicochemical properties,15 bioactivity,33 

increase their antibacterial efficiency and fix 

the overall drawbacks of sealers,22,34-35 

through using different nanoparticles and 

herbal extracts either added to endodontic 

sealers or even used to create new sealers. 

The aim is to improve some properties of the 

calcium hydroxide-based sealer Sealapex. 

Methodology used and specimen molds 

created for assessment of setting time 

followed ISO Standardization 6878/2012 

recommendation. The time required for 

setting stated by the ISO standardization is 

from 30 min to 72 hours.21 

The setting time of sealer depends on the 

experimental method used. In root canal 

specimen, it takes longer than in molds or on 

glass slabs,36,37 where in molds a larger 

surface area of the sealer is exposed to air and 

humidity. In the current study sealers are 

placed in molds and the degree of surface set 

is tested at different time intervals with a pre-

weighted needle of a Gilmore needle 

apparatus. The needles are approximated 

towards the sealer surface if it causes 

indentation in the material, it considered 

unset and vice versa if it leaves no 

indentation, it indicates a set material.  

 This experimental model cannot be 

correlated to the clinical situation  as there are 

a lot of factors not taken into consideration, 

such as the amount of  moisture present 

naturally in root canals from dentinal tubules 

which could affect the setting reaction by 

speeding or retarding it 36,37,38. Also, the 

presence of smear plugs, or tubular sclerosis 

may affect setting time.39 
Most of root canal 

sealers produce some degree of toxicity until 

completely set 40 and a longer setting time 

could be related to increased solubility.41 

 In the present study, the sealer did not 

meet the time required for the sealer to set for 

the ISO specification, nor as recommended 

by the manufacturer which is 24 hours for 

final setting in 100% relative humidity. 

Group III which is the conventional formula 

took 168 hours to set, while group I 

(Sealapex+3% CHNP) took the longest time 

to set of 194 hours,11 for Group II 
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(Sealapex+8% CHNP) there was a decrease 

in setting time at 162 hours.   

Group II showing the least setting time 

recorded is probably due to the decrease in 

particle size, which increased the reactivity of 

the materials allowing the material to set in a 

shorter period of time.14-15 

Caicedo and von Fraunhofer (1988)6 

stated that sealapex presented prolonged 

setting time which maybe attributed to the 

continuous reaction during setting in high 

humidity, it was accompanied by expansion 

and caused the material to be fragile.   

On the other hand, Marín-Bauza et al. 

(2012),7 Allan et al. (2001),36 silva et al. 

(2021),37 Vapiana et al. (2014),42 and 

Andolfatto et al. (2017)43 revealed that 

Sealapex did not set at all whether in vivo or 

in vitro testing conditions and that it did not 

set in dry environment as moisture is a 

requirement for Sealapex setting reaction. 

There are conflicting results in the 

literature regarding setting time which may 

be attributed to the subjectivity of 

interpretation of the results as it depends on 

visual inspection only.6,7,42 Also, variation of 

temperature and humidity of experimental 

setting, different devices and types of molds 

used.36 

 Flow is a key quality that permits the 

sealer to access difficult to reach areas in the 

root canal system including dentin 

abnormalities, isthmuses, accessory canals, 

and fill voids between canal wall and gutta 

percha.44 Particle size, temperature, film 

thickness, shear rate, and the internal 

diameter of the canal are all factors that 

influence the sealer's flow rate. In the present 

study, group I (sealapex+3%) and group II 

(sealapex+8%) showed significant increase 

in flow rate in comparison to group III the 

original sealer formulation 

The size of the sealer particles has an 

impact on the flowability of the sealer. A 

sealer can flow more readily when the 

particles are smaller. Root canal sealer should 

have a moderate flow rate. Excessive flow 

rate increases the likelihood of extravasation 

and inadequate flow reduces penetration to 

accessory canals. 

In accordance with ISO 6876/2012,  the 

recommended  flow value of a root canal 

sealer should be at least 17 mm.21 In the 

present study, addition of CHNP enhanced 

the flow of Sealapex specially in group II 

(sealapex+8%CHNP) with the highest flow 

rate followed by Group I of 

(sealapex+3%CHNP) in comparison to the 

conventional formula, all groups coincide 

with ISO standardization.21 Siqueira et al., 

(2000)45 Stated that sealers with superior 

flow characteristics and antibacterial 
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qualities could, in theory, aid in the demise of 

microorganisms in confined areas of the root 

canal. 

Teixeira et al., (2017)46 tested 

incorporations of different percentages of 

nanostructured silver vendate particles to 

Sealapex and they concluded that it did not 

affect the flow, but it still was within the 

acceptable range. 

The contact angle is a useful indicator of 

wettability or spread ability. This angle is 

formed at the intersection of liquid, gas and 

solid. If the contact angle is smaller than 90° 

degrees, the material is considered 

hydrophilic as it is more likely to spread as 

the contact angle decreases, and if the contact 

angle is larger than 90° degrees, the material 

is considered hydrophobic.12-47 

In the clinical situation, wettability 

influences the adaptability to root canal 

dentin, and it is affected by multiple factors 

such as presence or absence of smear layer, 

the irrigants used during preparation of root 

canal treatment, which in return affects the 

surface energy of dentin and finally the 

surface tension of the sealer itself. 48,49 

The present study followed previous 

method by Barros et al. (2014)23using contact 

angle measurement for determination of 

Sealer wettability. All sealers showed a 

hydrophilic behavior the lowest contact angle 

value was presented by Group II 

(sealapex+8%) which indicates that the 

addition of 8%CHNP to Sealapex enhanced 

the wettability of sealer. 

Barros et al. (2014)23 stated that the 

addition of quaternary ammonium 

polyethylenimine nanoparticles to different 

root canal sealers enhanced their wetting 

ability which may indirectly enhance the 

effectiveness of the antibacterial properties of 

the sealer. 

CONCLUSION 

Within the limitation of this study, it 

could be concluded that: 

(1)  Addition of 3% CHNP to Sealapex 

enhanced the flow and wettability of the 

sealer but had a negative effect on setting 

time. 

(2)  Addition of 8% CHNP to Sealapex 

root canal sealer enhanced setting time, flow, 

and wettability. 

(3)  Conventional formula had superior 

physical properties in comparison to the 3% 

CHNP group but when compared to the 8% 

CHNP group, the latter showed superior 

physical properties. 

(4)  Based on findings of this study the 

null hypothesis was rejected. 

FUNDING RESOURCE 

Non-Funded Research. 

CONFLICT OF INTEREST 



JFCR Vol.2, No.2                                                                                                         Rana A. Shafei, et al. 

 152 

The authors deny any conflict of interest 

related to this study. 

REFERENCES 

1- Chang SW, Lee YK, Zhu Q, Shon WJ, 

Lee WC, et al. Comparison of the 

rheological properties of four root canal 

sealers. Int J Oral Sci. 2015 Mar 

23;7(1):56-61.  

2- Grossman L.1981. Endodontic Practice. 

10th ed. Philadelphia: Lea And Febiger, 

p.297. 

3- Monea M, Bereșescu G, Stoica A, 

Ștefănescu T. Biocompatibility of 

calcium Hydroxide - based root canal 

sealers: A histological study. KEM. 

2016;695:243-6.  

4- Bueno CR, Valentim D, Marques VA, 

Gomes-Filho JE, Cintra LT, Jacinto RC, 

Dezan-Junior E. et al. Biocompatibility 

and biomineralization assessment of 

bioceramic, epoxy, and calcium 

hydroxide-based sealers. Braz Oral Res. 

2016 Jun 14;30(1):S1806-

83242016000100267. 

5- Briseño BM, Willershausen B. Root 

canal sealer cytotoxicity with human 

gingival Fibroblasts. III. Calcium 

hydroxide-based sealers. J Endod. 

1992;18(3):110-3. 

6- Caicedo R, von Fraunhofer JA. The 

properties of endodontic sealer cements. 

J Endod. 1988 Nov; 14(11),527–34. 

7- Marín-Bauza GA, Silva-Sousa YT, da 

Cunha SA, Rached-Junior FJ, Bonetti-

Filho I, Sousa-Neto MD, Miranda CE. 

Physicochemical properties of 

endodontic sealers of different bases. J 

Appl Oral Sci. 2012 ;20(4):455-61.  

8- Zaki DY, Zaazou MH, Khallaf ME, 

Hamdy TM. In vivo comparative 

evaluation of periapical healing in 

response to a calcium silicate and calcium 

hydroxide based endodontic sealers. 

Maced J Med Sci. 2018;15;6(8):1475-9. 

9- Silva LA, Leonardo MR, Faccioli LH, 

Figueiredo F. Inflammatory response to 

calcium hydroxide-based root canal 

sealers. J Endod. 1997;23:86-90.  

10- Candeiro GT, Correia FC, Duarte MA, 

Ribeiro-Siqueira DC, Gavini 

G.Evaluation of radiopacity, pH, release 

of calcium ions, and flow of a bioceramic 

root canal sealer. J Endod. 2012;38:842–

5. 

11- Ratih Dn, Enggardipta Ra, Kusumo Anh, 

Hadriyanto W. setting time, flowability, 

and solubility of epoxy resin-based sealer 

mixed with chitosan nanoparticles. Int J  

 

 



JFCR Vol.2, No.2                                                                                                         Rana A. Shafei, et al. 

 153 

App Pharm. 2021;13(2):122-6. 

12- Giridhar G, Manepalli RKNR, Apparao 

G. Contact Angle Measurement 

Techniques for Nanomaterials. In: 

Thomas S, Thomas R, Zachariah AK, 

Mishra RKBT-T and RMT for NC, 

editors. Thermal and Rheological 

Measurement Techniques for 

Nanomaterials Characterization.1st ed. 

Elsevier; 2017. PP. 173–195. 

13- Anusavice KJ. Structure of matterand 

principles of adhesion. In: AnusaviceKJ, 

editor. Philip's science of dental 

materials. 11th ed. St. Louis: Saunders; 

2003. pp. 21-40. 

14- Roduner E. Size matters: Why 

nanomaterials are different. Chem Soc 

Rev. 2006;35(7):583-92.  

15- Versiani MA, Abi Rached-Junior FJ, 

Kishen A, Pécora JD, Silva-Sousa YT, de 

Sousa-Neto MD. Zinc oxide 

nanoparticles enhance physicochemical 

characteristics of grossman sealer. J 

Endod. 2016;42(12):1804–10.   

16- Wong J, Zou T, Lee AHC, Zhang C. The 

potential translational applications of 

nanoparticles in endodontics. Int J 

Nanomedicine. 2021;16:2087-106.  

17- Daniele, V. and Taglieri, G. Synthesis of 

Ca (OH)2 nanoparticles with the addition 

of Triton X-100. Protective treatments on 

natural stones: Preliminary results. J Cult 

Herit. 2012;13(1):40-6. 

18- Boyd, R., Pichaimuthu, S. and Cuenat, A. 

New approach to inter-technique 

comparisons for nanoparticle size 

measurements; using atomic force 

microscopy, nanoparticle tracking 

analysis and dynamic light 

scattering. Colloids Surf. A 

Physicochem. Eng. Asp. 2011;387(1-

3):35-42. 

19- Falke, S., and Betzel, C. Dynamic Light 

Scattering (DLS). In: Pereira, A., 

Tavares, P., Limão-Vieira, P, editors. 

Principles, perspectives, applications to 

biological samples. radiation in 

bioanalysis: Spectroscopic Techniques 

and Theoretical Methods. Springer 

Cham. 2019 Jan;8, PP. 173–193. 

20- Yasaei, M., Zamanian, A., Moztarzadeh, 

F., Ghaffari, M. and Mozafari, M. 

Characteristics improvement of calcium 

hydroxide dental cement by 

hydroxyapatite nanoparticles. Part 1: 

Formulation and 

microstructure. Biotechnol. Appl. 

Biochem .2013;60(5):502-9. 

21- International Organization for 

Standardization. ISO 2012-6876: Dental 

Root Canal Sealing Materials. 

https://www.iso.org/standard/45117.html 

https://www.iso.org/standard/45117.html


JFCR Vol.2, No.2                                                                                                         Rana A. Shafei, et al. 

 154 

22- Bernardi, A., Bortoluzzi, E., Felippe, W., 

Felippe, M., Wan, W. and Teixeira, C. 

Effects of the addition of nanoparticulate 

calcium carbonate on setting time, 

dimensional change, compressive 

strength, solubility, and pH of MTA. Int 

Endod J, 2016;50(1):97-105. 

23- Barros J, Silva MG, Rodrigues MA, 

Alves FR, Lopes MA, Pina-Vaz I, 

Siqueira JF Jr. Antibacterial, 

physicochemical, and mechanical 

properties of endodontic sealers 

containing quaternary ammonium 

polyethylenimine nanoparticles. Int 

Endod J.2013;47(8):725-34.  

24- Torres, f. F., guerreiro-tanomaru, j. M., 

pinto, j. C., bonetti-filho, i., & tanomaru-

filho, m. Evaluation of flow and filling of 

root canal sealers using different 

methodologies. Rev Oedontol UNESP. 

2019 Jan;48:1-7.  

25- Siqueira JF Jr, Rôças IN, Lopes HP, de 

Uzeda M. Coronal leakage of two root 

canal sealers containing calcium 

hydroxide after exposure to human saliva. 

J Endod. 1999;25(1):14-6.  

26- Holland R. and Souza V. Ability of a new 

calcium hydroxide root canal filling 

material to induce hard tissue formation. 

J Endod. 1985;11(12):535–43.  

27- Sipert C., Hussne R., Nishiyama C. and 

Torres S. In vitro antimicrobial activity of 

Fill Canal, Sealapex, Mineral Trioxide 

Aggregate, Portland cement and 

EndoRez. Int Endod J. 2005;38(8):539-

43. 

28- Zhang, H., Shen, Y., Ruse, N. and 

Haapasalo, M. Antibacterial activity of 

endodontic sealers by modified direct 

contact test against Enterococcus 

faecalis. J Endod. 2009;35(7):1051-5. 

29- Hoshino R., Silva G., Delfino M., 

Guerreiro-Tanomaru J., Tanomaru-Filho 

M., Sasso-Cerri E., Bonetti Filho I. and 

Cerri P. Physical Properties, 

Antimicrobial activity and in vivo tissue 

response to Apexit plus. Materials. 

2020;13(5):1171. 

30- Orstavik D. Materials used for root canal 

obturation: technical, biological, and 

clinical testing. Endodontic Topics. 

2005;12(1):25–38.  

31- Wrbas KT, Kielbassa AM, Hellwig E. 

Hydratation and dehy- dratation 

behaviour of different root canal sealers. 

Deutsche Zahnarztliche Zeitschrift 1998; 

53:146-51.  

32- Desai S, Chandler N. Calcium 

hydroxide–based root canal sealers. A 

Review. J Endod. 2009;35(4):475-80.  



JFCR Vol.2, No.2                                                                                                         Rana A. Shafei, et al. 

 155 

33- Sun X, Sun A, Jia X, Jin S, Zhang D, Xiao 

K, Wang Q. In vitro bioactivity of AH 

plus with the addition of nano-

magnesium hydroxide. Ann Transl Med. 

2020;8(6):313. 

34- Gjorgievska ES, Nicholson JW, Coleman 

NJ, Booth S, Dimkov A, Hurt A. 

Component release and mechanical 

properties of endodontic sealers 

following incorporation of antimicrobial 

agents. Biomed Res Int. 2017;2017 

May:1-6. 

35- Nair N, James B, Devadathan A, Johny 

MK, Mathew J, Jacob J. Comparative 

evaluation of antibiofilm efficacy of 

chitosan nanoparticle- and zinc oxide 

nanoparticle-incorporated calcium 

hydroxide-based sealer: An In 

vitro Study. Contemp Clin Dent. 

2018;9(3):434-9. 

36- Allan N, Williams M, Schaeffer M. 

Setting times for endodontic sealers 

under clinical usage and in vitro 

condition. J  Endod. 2001;27(6):421–3. 

37- Silva EJNL, Ehrhardt IC, Sampaio GC, 

Cardoso ML, Oliveira D da S, Uzeda MJ, 

et al. Determining the setting of root canal 

sealers using an in vivo animal 

experimental model. Clin Oral Investig. 

2021;25(4):1899–906.  

38- Duarte MAH, de Oliveira Demarchi 

ACC, Giaxa MH, Kuga MC, de Campos 

Fraga S, de Souza LCD. Evaluation of pH 

and Calcium Ion release of three root 

canal sealers. J Endod. 2000;26(7):389–

90. 
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