
178178

Dental Journal
(Majalah Kedokteran Gigi)
2024 September; 57(3): 178–183

Original article

Effect of 17% ethylenediaminetetraacetic acid and silver citrate 
on sealer resin penetration in the apical third

Iceu Estu Kurmaena1, Cut Nurliza1, Basri A. Gani2
1Department of Conservative Dentistry, Faculty of Dentistry, Universitas Sumatera Utara, Medan, Indonesia
2Department of Oral Biology, Faculty of Dentistry, Universitas Syiah Kuala, Banda Aceh, Indonesia

ABSTRACT
Background: Endodontic sealers limit bacteria growth and clean the smear layer of the root canal. Biocompatible irrigants silver 
citrate and ethylenediaminetetraacetic acid (EDTA) have a chelating agent that increases sealer penetration in dentinal tubules. 
Purpose: This study aims to investigate the final irrigation difference in epoxy resin and bioceramic sealer penetration into dentinal 
tubules at the apical third. Methods: A total of 30 extracted mandibular premolars were split into six groups; three received epoxy 
resin sealer and three received bioceramic resin with aquadest, silver citrate (BioAKT) or EDTA 17% irrigation. A confocal laser 
scanning microscope estimated sealer penetration in dentinal tubules. For quantitative data analysis, Olympus Fluoview ver.4.2a was 
used. Results: Silver citrate final irrigation with bioceramic resin sealer had the highest dentinal tubular penetration (24%; 1,431 
µm), followed by EDTA 17% (20%; 1,202 µm), aquadest (16.3%; 969 µm), EDTA 17% with epoxy resin (15.8%; 938 µm, 14%; 803 
µm), and distilled water (10%; 584 µm). Significant differences existed in all groups (p = 0.001). Epoxy resin sealer penetration into 
dentinal tubules was similar between final irrigants (p = 0.257) and bioceramic resin groups (p = 0.658). Conclusion: Silver citrate 
(BioAKT), a bioceramic resin sealer-based final irrigation solution, penetrates dentinal tubules better for endodontic therapy.
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INTRODUCTION

Root canal treatment aims to prevent bacterial invasion and 
infection of the pulp and root canals. Root canal treatment 
is done through chemomechanical preparation procedures 
on the root canal, including the endodontic triad (Access, 
Clean and Shape, Obturation), cleaning, and shaping.1 
The use of irrigation materials plays a role in supporting 
the success of root canal treatment, including disinfecting 
the root canal, removing instrument debris, and dissolving 
organic and inorganic components from the smear layer 
to clean the dentin surface so the root canal can be 
obturated.2 Nevertheless, forming the smear layer during 
the instrumentation process acts as an interface that hinders 
the bonding mechanism of the filling substance.3

The root canal smear layer comprises organic and 
inorganic components containing necrotic tissue and 
microorganisms. Its presence favors the adhesion and 

colonization of microorganisms and inhibits the disinfectant 
and action of medicaments on the root canals of teeth.4 
Also, the smear layer prevents the adaptation of sealers 
(cement lining the walls of the root canals) and root 
canal filling materials to the dentin layer in the root canal 
walls.5 Irrigating agents are required to rinse debris, 
kill microorganisms, and clean organic and inorganic 
components of the smear layer contained in all parts of the 
root canal and parts not reached by instrumentation.6

The requirements for an ideal irrigation material are that 
it is capable of dissolving vital tissues, eliminating bacteria, 
not irritating extra-radicular tissues, and being non-toxic, 
non-antigenic, and non-carcinogenic.7 In addition, an ideal 
irrigation material has a long-term effect, does not harm 
the physical properties of dentin, does not affect the sealer 
bond, can deactivate bacterial endotoxins, does not give 
color to the tooth structure, acts as a lubricant, removes 
the smear layer, and is easy to use/store.8
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Endodontics often uses 17% ethylenediaminetetraacetic 
acid (EDTA) for root canal therapy. As a chelating agent, 
it helps remove inorganic smear layer elements from the 
root canal system. This improves system permeability 
and disinfection. Silver citrate’s antibacterial properties 
have been studied for their potential to aid root canal 
disinfection.9 Epoxy-based and bioceramic resin sealers fill 
and seal the root canal space after cleaning and shaping. 
For a long time, endodontics has used epoxy resin sealers, 
which seal well but are technique-sensitive. Recent years 
have seen bioceramic sealers become popular. The benefits 
include their biocompatibility, capacity to connect with 
dentin and gutta-percha, and ability to speed healing.10

The dental root’s apical third is the portion nearest the 
terminal point. Endodontic therapies depend on the apical 
third to seal and prevent bacteria re-entry.11 Root canal 
therapy works best when this area is meticulously cleaned, 
contoured, and sealed. Sealers and disinfectants must be 
tested for efficacy to ensure therapeutic success, especially 
in the apical third.12

Silver citrate (BioAkt) is a new irrigation liquid 
containing silver citrate dihydrate particles dispersed 
in an aqueous solution, with strong biocidal properties 
upon contact with many microorganisms.13 Tonini et al.14 
reported that administering final irrigation using silver 
citrate (BioAkt) for 1 minute removed the smear layer in 
the apical third more effectively than final irrigation with 
EDTA 17%. Based on theory and facts, previous research 
explains that silver citrate (BioAKT) as a bioceramic sealer 
has improved sealer penetration in endodontic therapy.15 
This study has evaluated the use of silver citrate (BioAkt) 
as a final irrigant to increase sealer penetration into dentinal 
tubules.

MATERIALS AND METHODS

This research has passed ethical clearance No: 12/KEPK/
USU/2022 from the Faculty of Medicine, Universitas 
Sumatera Utara, Medan, Indonesia. Thirty single-rooted 
caries-free premolars were extracted by the Department 
of Oral Surgery, Dentistry Faculty, Universitas Sumatera 
Utara, Medan, Indonesia. EDTA 17%, Sodium hypochlorite 
(NaOCl) 2.5%, silver citrate, and gutta-percha were used 
by Sigma Aldric products (Merck KGaA, Darmstadt, 
Germany) as well as confocal laser scanning microscopy 
(CLSM) (Nikon, Natori, Miyagi Prefecture, Japan).

The 30 teeth were divided into six treatment groups: 
Group A (EDTA 17% irrigation with epoxy resin), 
Group B (EDTA 17% with bioceramic), Group C (silver 
citrate with epoxy resin), Group D (silver citrate with 
bioceramics), Group E (aquadest with epoxy resin), and 
Group F (aquadest with bioceramics). The dental sample 
was cleaned of external debris and remaining soft tissue 
and then immersed in saline before treatment. The crowns 
were cut transversely 2.0 mm occlusal beyond the buccal 
cementoenamel junction by diamond disks, and the 

residual roots with an average length of 15.0 ± 1.0 mm 
were retained.16

In the first stage, irrigation was carried out with 3 mL of 
NaOCl 2.5% for 1 minute using an irrigation needle (one-
side-vented 30 G) and then measured with K-file #10.17 
Reciprocating files painstakingly constructed root canals. 
Initially, high-speed dental burs provided direct access to 
the canal orifice, ensuring sufficient visualization. A #10 
or #15 K-file was gently inserted into the canal to check its 
patency. The working length was measured from a coronal 
reference point to the canal preparation and filling stop. 
Electronic apex locators and/or periapical radiography 
with a file in situ were used for this. This measure made 
access more accessible and helped carry equipment. Using 
stainless steel K- and H-files in the step-back technique was 
the standard canal instrumentation method. Occasionally, 
reamers were rotated to extend canals. Finally, canal 
preparation used NiTi systems like WaveOne Gold and 
Reciproc, which reciprocate instead of rotate. Next, the 
needle was bent and inserted loosely into the root canal. 
The hand was moved up and down continuously during 
root canal irrigation to produce agitation. Agitation was 
achieved with ultrasonic for 3 × 1 minute with 2 mL of 
NaOCl 2.5%, then rinsed with aquadest.

The root canals were then irrigated with 5 ml of EDTA 
17% solution, left for 1 minute (according to the sample 
group), then rinsed with 2 mL of distilled water. The root 
canals were dried using paper points, based on a sample 
group, using a single cone technique. The root canals 
were then filled with gutta-percha cone and sealer (epoxy 
resin and bioceramic). The gutta-percha was then smeared 
with a sealer mixed with fluorescent rhodamine B to a 
concentration of 0.1%. Once inserted into the root canal, 
the excess sealer was removed, and the gutta-percha was 
cut with a hot instrument. After the root canal filling was 
completed, the samples were stored in a container lined with 
aluminum foil and incubated at 37°C with 100% humidity 
for seven days.18 Then, the examination was conducted 
with CLSM.

The 30 incubated teeth were cut horizontally at a 
distance of 4 mm from the apex with a thickness of 2 mm 
using a disk bur under cold water to prevent heat from 
friction. The surface was polished using sandpaper under 
running water to remove dentin debris generated during 
cutting. Analysis of the CLSM image began by placing a 
tooth sample on a coverslip measuring 24 × 60 mm, which 
was then examined using CLSM with a magnification of 
100× and a wavelength of 543 nm. The image was focused 
on the target area, rhodamine dye was selected from the 
dye list in the CLSM software, the scanning process was 
carried out, and the image acquisition control was adjusted 
to obtain the relevant image. To see the brightness in the 
image, the HV setting was changed, similarly with the 
offset to set the background to black. The resulting image 
appeared on the computer monitor screen, which was then 
analyzed using the Olympus Fluoview ver.4.2a software. 
At the initial stage, the image was circled with the existing 
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Figure 1. Representative CLSM depiction of sealer penetration into the dentinal tubules (blue arrow) and the boundary of the dentinal 
surface with the sealer (green arrow). (A) Final irrigation of 17% EDTA with epoxy resin sealer; (B) final irrigation of 17% 
EDTA with bioceramic sealer; (C) final irrigation of silver citrate (BioAKT) with epoxy resin sealer; (D) final irrigation of 
silver citrate (BioAKT) with a bioceramic resin sealer; (E) aquadest final irrigation with an epoxy resin sealer; (F) aquadest 
final irrigation with a bioceramic sealer (magnification 400×).

 Figure 2. Graph visualization of dentin tubule intensity with CLSM. (A) Final irrigation of EDTA 17% with epoxy resin sealer; (B)
final irrigation of EDTA 17% with bioceramic sealer; (C) final irrigation of silver citrate (BioAKT) with epoxy resin sealer; 
(D) final irrigation of silver citrate (BioAKT) with a bioceramic resin sealer; (E) aquadest final irrigation with an epoxy 
resin sealer; (F) aquadest final irrigation with a bioceramic sealer (magnification 400×).
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tools in the software, and a measurement was chosen to 
see the intensity of expression of the sealer labeled with 
rhodamine. The analysis results were then generated 
automatically, giving the average value, standard deviation, 
and intensity profile graph.19

The data obtained were evaluated for normality with the 
Shapiro-Wilk and Levene tests to see the homogeneity of 
p ≥ 0.05. Furthermore, an analysis of variance (ANOVA) 
was carried out for quantitative data on sealer penetration 
in dentinal tubules, followed by the least significance 
difference test with significance (p < 0.05) and Pearson 
correlation (r = 1) for a strong relationship. Statistical 
analysis was completed using Statistical Package for Social 
Science (SPSS) version 23.0 (IBM, Illinois, Chicago, US).

RESULTS

Figure 1 shows the penetration of the bioceramic sealer 
and the epoxy resin in the dentinal tubules. Based on 
the confirmation of Figure 2, the graph of dentin tubule 
intensity, the best sealer penetration was in group (D) Final 
irrigation with silver citrate (BioAKT) with bioceramic 
resin sealer, followed by Group B (final irrigation with 
EDTA 17% with bioceramic sealer) and Group C (final 
irrigation with silver citrate (BioAKT) with an epoxy resin 
sealer).

In Figure 1 and Figure 2, Group A exhibits a uniformly 
red yet irregular pattern, indicating imperfect sealer 
penetration (Figure 1A). The intensity profile graph, 
shown in orange, is highlighted to represent the sealer’s 
penetration intensity, with orange indicating high intensity 
and yellow indicating a decrease in intensity (Figure 2A). 
In Group B, the red color distribution is uneven (Figure 
1B), and the intensity profile graph (Figure 2B) shows a 
slight orange coloration at the end of the line, reflecting a 
non-uniform sealer penetration with varying lengths. For 
Figure 1C, the red color spreads in one direction, leaving 
the opposite direction without any red. The intensity profile 
graph (Figure 2C) shows non-circular lines, with orange 
appearing on one side. In Group D, the sealer penetrated 
very well into the dentinal tubules, with a uniform red 
color around the tubules (Figure 1D). This picture is also 
visualized in its intensity profile graph (Figure 2D). For 
Group E, a one-sided red outline is more visible (Figure 
1E). The intensity profile graph analysis depicts an orange 
color at the end of the uneven line (Figure 2E). For Group 
F, the red image is uneven (Figure 1F), and the intensity 
graph shows only a few lines (Figure 2F).

Table 1 shows the quantitative results of the penetration 
of epoxy resin-based sealers and bioceramics. The 
bioceramic-based group generally had better penetration 
into the dentinal tubules than the epoxy resin-based group. 
One-way ANOVA showed significant differences between 

Table 1. Quantitative data on the penetration of epoxy resin and bioceramic sealers in dentinal tubules

Sealer Variable groups N Penetration (μm) S.Devt Frequency (%) Category *p-value

Epoxy resin-
based sealers

EDTA 17% (A) 5 803.54 162.12 14% High
0.257Silver citrate (BioAKT) (C) 5 938.74 275.14 15.8% High

Aquadest (E) 5 584.94 460.09 10% Medium

Bioceramic resin-
based sealers

EDTA 17% (B) 5 1201.95 905.76 20% Very high
0.658Silver citrate (BioAKT) (D) 5 1431.49 782.17 24% Very high

Aquadest (F) 5 969.41 641.81 16.3% High
*p-value 0.011

Table 2. Pearson correlation of epoxy and bioceramic resin sealers penetration in dentin tubules

Group Correlations Group B Group C Group D Group E Group F

Group A
Pearson correlation 0.401 -0.914 -0.644 -0.495 -0.080
Sig. (2-tailed) 0.599 0.086 0.356 0.505 0.920
N 4 4 4 4 4

Group B
Pearson correlation -0.697 -0.077 0.002 -0.396
Sig. (2-tailed) 0.303 0.923 0.998 0.604
N 4 4 4 4

Group C
Pearson correlation 0.380 0.218 0.386
Sig. (2-tailed) 0.620 0.782 0.614
N 4 4 4

Group D
Pearson correlation 0.984* -0.702
Sig. (2-tailed) 0.016 0.298
N 4 4

Group E
Pearson correlation -0.816
Sig. (2-tailed) 0.184
N 4

*. Correlation is significant at the 0.05 level (2-tailed).
Note: Group A (EDTA 17% final irrigation with epoxy resin). Group B (EDTA 17% final irrigation with bioceramics). Group C 
(silver citrate last irrigation with epoxy resin). Group D (silver citrate final irrigation with bioceramic resin. Group E (final irrigation 
of distilled water with epoxy resin). Group F (final irrigation of aquadest with bioceramic).
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the groups based on the epoxy resin (p < 0.05; p: 0.011). 
Meanwhile, there was no significant difference between the 
bioceramic resin-based groups (p > 0.05; p: 0.683) as well 
as in the epoxy resin group (p > 0.05; p: 0.257).

Table 2 shows that the bioceramic resin sealer with 
silver citrate final irrigation showed a strong relationship 
(r = 0.984) and that it was significantly different (p < 0.05; 
p: 0.016) from the epoxy resin sealer group with aquadest 
final irrigation. It is indicated that the use of the type of 
sealer and the final irrigation solution strongly influence 
the penetration of the sealer in the dentinal tubules. The 
final irrigation of silver citrate with epoxy resin sealer had a 
weak relationship with the group of final irrigation of silver 
citrate with bioceramic resin sealer (r = 0.380), the group 
of final irrigation of distilled water with epoxy resin sealer 
(r = 0.218), and the group of final irrigation with aquadest 
with a bioceramic sealer (r = 0.386). There is no significant 
difference between these three groups (p > 0.05).

DISCUSSION 

The main objective of this study was to compare silver 
citrate and EDTA 17% as a final irrigation solution in 
endodontic treatment in increasing the penetration of epoxy 
resin sealers and bioceramic resins. This study reported 
that silver citrate and EDTA 17% had a similar ability to 
increase sealer penetration into dentinal tubules, although 
silver citrate was better than EDTA 17%.14 However, 
irrigation materials are one factor influencing the tendency 
to fracture.20 Both are reported as final irrigants often 
used in root canal treatment. Both of these materials have 
antibacterial and chelating properties and can reduce the 
formation of a smear layer on the root canal wall.21

The results of Figure 1 align with the graph profile of the 
dentinal tubule intensity (Figure 2). Silver citrate (BioAKT) 
is reported as an agent for cleaning the smear layer.14 It 
improves sealer penetration, which is good at the apical part 
of the root canal system, and has significant antibacterial 
properties and low cytocompatibility.15 Silver citrate, 
marketed as BioAKT, possesses inherent antimicrobial 
properties, but its role in sealer penetration might be 
attributed to its unique interaction with dentinal tubules. 
The dentinal tubules, microscopic channels extending from 
the pulp to the periphery of the dentin, play a crucial role 
in sealer penetration.14 The sealer must penetrate these 
tubules for optimal adhesion and deep sealing ability.22 The 
bioceramic resin sealer itself might be incompatible with 
the modifications brought about by silver citrate. They are 
known for their bioactivity, biocompatibility, and ability 
to bond to dentin chemically, thus ensuring a tight seal.23 
When combined with the preparatory action of silver nitrate 
on dentinal tubules, a synergistic effect results in enhanced 
sealer penetration compared to the traditional use of 17% 
EDTA (Figure 1).

Jeong et al.24 reported that chelators such as EDTA or 
citric acid were required to remove inorganic constituents 

from the smear layer. The disadvantages of EDTA are that it 
is less sensitive to bacteria, and the elimination of the smear 
layer is limited in the root canal area.25 This is related to its 
ability to reduce properties that allow increased penetration 
of the resin sealer into the dentinal tubules.24 This occurs 
due to increased surface tension of the root canal walls.26 
In vitro studies have reported that the surface tension value 
of citric acid was lower than that of EDTA.27

The success of sealer penetration into the dentinal 
tubules is also influenced by the accumulation of the smear 
layer or possibly due to the root canal anatomy in the apical 
third, which is very complex and has fewer dentinal tubules 
than the coronal part.28 Utilization of silver ions (silver 
citrate) in aqueous solutions results in surface stability, 
reduces surface tension, enhances the antibacterial effect 
of the resolution, and reduces the biofilm’s mechanical 
stability by destabilizing its cohesive strength.15 It was 
reported that the surface tension of silver citrate was lower 
than that of EDTA 17%, so the flow into the dentinal tubules 
was more profound than that of EDTA 17%.29 This stability 
allows for faster and fuller penetration of the sealer in the 
dentinal tubules.14

Silver citrate irrigating solution removed more smear 
layer than EDTA 17% and had a deeper sealer penetration 
(Figure 2). The results showed that the penetration depth 
of the bioceramic sealer reached 24% of the six treatment 
groups. These results indicate that silver citrate can also 
reduce the smear layer. The more effective an irrigation 
solution removes the smear layer, the deeper the sealer 
penetration.30

In addition to irrigation materials, sealers also play 
an essential role in reasonable flow rates. They will be 
better able to enter difficult-to-access areas such as lateral 
channels, fins, and isthmus.31 The study used an epoxy 
resin sealer and a bioceramic sealer, where the epoxy 
resin sealer has good adhesion to dentin and low water 
solubility. Bioceramic sealers have good flow ability, and 
their ability to release Ca2+ ions is also better than other 
sealer materials.32

Al-Haddad et al.33 reported that bioceramic sealers 
contain calcium phosphate silicate with a particle size (<1 
m), chemical composition, and structure similar to hydroxy 
apatite in teeth, so it can help increase the sealer bond with 
the root canal wall. In addition, bioceramic sealers have 
better adaptation and higher sealer penetration into the 
dentinal tubules than AH Plus, especially in the apical third 
of the root canal.34 The utilization of silver citrate as final 
irrigation was associated with the depth of penetration of 
the sealer in the dentinal tubules (Table 1). These results 
indicate that the silver citrate with a bioceramic sealer has 
good adhesive properties. Both materials can maintain 
surface tension changes, thereby facilitating and protecting 
the changes in dentinal tubules when the sealer penetrates 
the dentinal tubules (Figures 1D and 2D). This research did 
not examine the release of calcium ions, which is a factor 
that influences sealer penetration in the dentin tubules. In 
addition, chemical elements from the surface of the root 
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canal walls after sealer penetration were not examined. 
In conclusion, silver citrate as a final irrigation solution 
has a better ability than EDTA 17% to help increase the 
penetration of bioceramic resin sealers in dentinal tubules 
in endodontic treatment.

REFERENCES

 1.  Johnson WT, Kulild JC. Obturation of the cleaned and shaped 
root canal system. In: Hargreaves KM, Cohen S, editors. Cohen’s 
pathways of the pulp. 10th ed. Elsevier; 2011. p. 349–88. 

 2.  Jaju S, Jaju PP. Newer root canal irrigants in horizon: a review. Int 
J Dent. 2011; 2011: 851359. 

 3.  Rahmatillah R, Erlita I, Maglenda B. Effect of different final 
irrigation solutions on push-out bond strength of root canal filling 
material. Dent J. 2020; 53(4): 181–6. 

 4.  Al Shehadat S. Smear layer in endodontics: role and management. 
J Clin Dent Oral Heal. 2017; 1(1): 1–2. 

 5.  Yoo Y-J, Baek S-H, Kum K-Y, Shon W-J, Woo K-M, Lee W. Dynamic 
intratubular biomineralization following root canal obturation with 
pozzolan-based mineral trioxide aggregate sealer cement. Scanning. 
2016; 38(1): 50–6. 

 6.  Carvalho NK, Prado MC, Senna PM, Neves AA, Souza EM, Fidel 
SR, Sassone LM, Silva EJNL. Do smear-layer removal agents affect 
the push-out bond strength of calcium silicate-based endodontic 
sealers? Int Endod J. 2017; 50(6): 612–9. 

 7.  Dioguardi M, Gioia G Di, Illuzzi G, Laneve E, Cocco A, Troiano 
G. Endodontic irrigants: Different methods to improve efficacy and 
related problems. Eur J Dent. 2018; 12(3): 459–66. 

 8.  Susila A, Minu J. Activated irrigation vs. conventional non-activated 
irrigation in endodontics - A systematic review. Eur Endod J. 2019; 
4(3): 96–110. 

 9.  Peeters HH, Judith ET, Suardita K, Mooduto L. Visualization of 
bubbles generation of electrical-driven EndoActivator tips during 
solutions activation in a root canal model and a modified extracted 
tooth: A pilot study. Dent J. 2022; 55(2): 71–5. 

10.  Mulyawati E, Marsetyawan HNES, Sunarintyas S, Handajani J. Sifat 
fisik hidroksiapatit sintesis kalsit sebagai bahan pengisi pada sealer 
saluran akar resin epoxy (Physical properties of calcite synthesized 
hydroxyapatite as the filler of epoxy-resin-based root canal sealer). 
Dent J. 2013; 46(4): 207–12. 

11.  Saed SM, Ashley MP, Darcey J. Root perforations: aetiology, 
management strategies and outcomes. The hole truth. Br Dent J. 
2016; 220(4): 171–80. 

12.  Gulabivala K, Ng YL. Factors that affect the outcomes of root canal 
treatment and retreatment—A reframing of the principles. Int Endod 
J. 2023; 56(S2): 82–115. 

13.  Razumova S, Brago A, Serebrov D, Barakat H, Kozlova Y, Howijieh 
A, Guryeva Z, Enina Y, Troitskiy V. The application of nano silver 
argitos as a final root canal irrigation for the treatment of pulpitis 
and apical oeriodontitis. In vitro study. Nanomaterials. 2022; 12(2): 
248. 

14.  Tonini R, Giovarruscio M, Gorni F, Ionescu A, Brambilla E, 
Mikhailovna IM, Luzi A, Maciel Pires P, Sauro S. In vitro evaluation 
of antibacterial properties and smear layer removal/sealer penetration 
of a novel silver-citrate root canal irrigant. Materials (Basel). 2020; 
13(1): 194. 

15.  Generali L, Bertoldi C, Bidossi A, Cassinelli C, Morra M, Del Fabbro 
M, Savadori P, Ballal NV, Giardino L. Evaluation of cytotoxicity 
and antibacterial activity of a new class of silver citrate-based 
compounds as endodontic irrigants. Materials (Basel). 2020; 13(21):                        
5019. 

16.  Meng Q, Chen Y, Ni K, Li Y, Li X, Meng J, Chen L, Mei ML. The 
effect of different ferrule heights and crown-to-root ratios on fracture 
resistance of endodontically-treated mandibular premolars restored 

with fiber post or cast metal post system: an in vitro study. BMC 
Oral Health. 2023; 23(1): 360. 

17.  Uzunoglu-Özyürek E, Karaaslan H, Türker SA, Özçelik B. Influence 
of size and insertion depth of irrigation needle on debris extrusion 
and sealer penetration. Restor Dent Endod. 2018; 43(1): e2. 

18.  Bao P, Shen Y, Lin J, Haapasalo M. In vitro efficacy of XP-endo 
finisher with 2 different protocols on biofilm removal from apical 
root canals. J Endod. 2017; 43(2): 321–5. 

19.  Uzunoglu-Özyürek E, Erdoğan Ö, Aktemur Türker S. Effect of 
calcium hydroxide dressing on the dentinal tubule penetration of 2 
different root canal sealers: A confocal laser scanning microscopic 
study. J Endod. 2018; 44(6): 1018–23. 

20.  Ernani E, Abidin TM, Indra I. Experimental comparative study 
and fracture resistance simulation with irrigation solution of 
0.2% chitosan, 2.5% NaOCl and 17% EDTA. Dent J. 2015; 48(3): 
154–8. 

21.  Jitumori RT, Bittencourt BF, Reis A, Gomes JC, Gomes GM. Effect 
of root canal irrigants on fiber post bonding using self-adhesive 
composite cements. J Adhes Dent. 2019; 21(6): 537–44. 

22.  Eid D, Medioni E, De-Deus G, Khalil I, Naaman A, Zogheib C. 
Impact of warm vertical compaction on the sealing ability of calcium 
silicate-based sealers: A confocal microscopic evaluation. Materials 
(Basel). 2021; 14(2): 372. 

23.  Chitra S, Chandran R, Ramadoss R, Durgalakshmi D, Subramanian 
B. Unravelling the effects of ibuprofen-acetaminophen infused 
copper-bioglass towards the creation of root canal sealant. Biomed 
Mater. 2022; 17(3): 035001. 

24.  Jeong JW, DeGraft-Johnson A, Dorn SO, Di Fiore PM. Dentinal 
tubule penetration of a calcium silicate–based root canal sealer with 
different obturation methods. J Endod. 2017; 43(4): 633–7. 

25.  Mohammadi Z, Shalavi S, Jafarzadeh H. Ethylenediaminetetraacetic 
acid in endodontics. Eur J Dent. 2013; 7(S1): S135–42. 

26.  Güzel C, Uzunoglu E, Dogan Buzoglu H. Effect of low–surface 
tension EDTA solutions on the bond strength of resin-based sealer 
to young and old root canal dentin. J Endod. 2018; 44(3): 485–8. 

27.  Giardino L, Andrade FB de, Beltrami R. Antimicrobial effect and 
surface tension of some chelating solutions with added surfactants. 
Braz Dent J. 2016; 27(5): 584–8. 

28.  Banci H, Strazzi-Sahyon H, Duarte M, Cintra L, Gomes-Filho J, 
Chalub L, Berton S, de Oliveira V, dos Santos P, Sivieri-Araujo G. 
Influence of photodynamic therapy on bond strength and adhesive 
interface morphology of MTA based root canal sealer to different 
thirds of intraradicular dentin. Photodiagnosis Photodyn Ther. 2020; 
32: 102031. 

29.  Christopher SR, Mathai V, Nair RS, Angelo JMC. The effect of three 
different antioxidants on the dentinal tubular penetration of Resilon 
and Real Seal SE on sodium hypochlorite-treated root canal dentin: 
An in vitro study. J Conserv Dent. 2016; 19(2): 161–5. 

30.  Sonu K, Girish T, Ponnappa K, Kishan K, Thameem P. “Comparative 
evaluation of dentinal penetration of three different endodontic 
sealers with and without smear layer removal” - Scanning electron 
microscopic study. Saudi Endod J. 2016; 6(1): 16. 

31.  Pereira TC, Boutsioukis C, Dijkstra RJB, Petridis X, Versluis M, 
de Andrade FB, van de Meer WJ, Sharma PK, van der Sluis LWM, 
So MVR. Biofilm removal from a simulated isthmus and lateral 
canal during syringe irrigation at various flow rates: a combined 
experimental and Computational Fluid Dynamics approach. Int 
Endod J. 2021; 54(3): 427–38. 

32.  Silva EJNL, Cardoso ML, Rodrigues JP, De-Deus G, Fidalgo TK da 
S. Solubility of bioceramic- and epoxy resin-based root canal sealers: 
A systematic review and meta-analysis. Aust Endod J. 2021; 47(3): 
690–702. 

33.  AL-Haddad A, Che Ab Aziz ZA. Bioceramic-based root canal 
sealers: A review. Int J Biomater. 2016; 2016: 9753210. 

34.  Asawaworarit W, Pinyosopon T, Kijsamanmith K. Comparison of 
apical sealing ability of bioceramic sealer and epoxy resin-based 
sealer using the fluid filtration technique and scanning electron 
microscopy. J Dent Sci. 2020; 15(2): 186–92. 

Copyright © 2024 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021. 
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index
DOI: 10.20473/j.djmkg.v57.i3.p178–183

https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v57.i3.p178-183

