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Effect of a New Imidazolium-based Silver Nanoparticle Irrigant on
the Bond Strength of Epoxy Resin Sealer to Root Canal Dentine
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Introduction: The aim of this study was to evaluate the effect of a new imidazolium-based
silver nanoparticle (ImSNP) root canal irrigant on the bond strength of AH-Plus sealer to root
canal dentine. Methods and Materials: Forty single-rooted extracted human teeth were used
in this study. The crowns were resected and according to the irrigation solutions used during
root canal preparation, the roots were divided into 5 groups (n=8): Group 1: normal saline
(control group), Group 2: 2.5% Sodium Hypochlorite (NaOCl), Group 3: 2.5% NaOCl+17%
ethylene diamin tetracetic acid (EDTA), Group 4: silver nanoparticles (AgNPs), Group 5:
AgNPs +17% EDTA. After root canal instrumentation, the canals were filled with AH-Plus.
Then, after 7 days, 2 or 3 dentine disks were obtained from the mid-root of each sample. Bond
strength was measured by the push-out test. Additionally, failure patterns were classified as
adhesive, cohesive and mixed. Data were statistically analyzed by one-way ANOVA and
Tamhane post hoc tests. The level of significance was set at 0.05. Results: There was no
statistically significant differences between groups (P>0.05). Groups 4 (AgNPs), 3 (2.5%
NaOCl+17% EDTA) and 2 (2.5% NaOCI) showed statistically higher bond strength compared
to group 1 (control group) (P<0.05). Also, Group 4 showed a significant difference with group
5 (AgNPs+17% EDTA) (P=0.017). The failure patterns were mainly cohesive. Conclusion: This
in vitro study showed that, when used without EDTA, AgNPs improved the bond strength of
AH-Plus to radicular dentine.
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Introduction

tissues [2]. On the other hand, NaOCI has some disadvantages
including toxicity, odour, discolouration, and corrosion of dental

omplete removal of debris from root canal walls is not only
Cachieved by mechanical debridement. In fact, using root
canal irrigants has become an integral part of root canal
preparation [1, 2]. In addition to debris flushing out, irrigation
solutions provide lubrication, destruction of microorganisms
and dissolution of tissues [3].

Different chemicals have been suggested as efficient irrigant
solutions for root canal disinfection. Amongst them, sodium
hypochlorite (NaOCI) is the most widely used solution in
NaOCI has shown to have effective
antimicrobial activity and also, the ability to dissolve organic

endodontic treatments.

equipment [4]. Furthermore, the use of NaOCI could affect the
polymerization and penetration of the resin-based sealers into
dentine. Additionally, this solution is a proteolytic agent and thus,
can degenerate dentine by collagen dissolution [5]. NaOCI has
also been shown to be associated with higher incidence of defects
on root canal walls [6]. Therefore, studies are continually
attempting to investigate and find other efficient disinfectants for
root canal treatments.

In recent years, silver nanoparticles (AgNPs) have been
suggested as potential endodontic irrigants. They have shown to
have a broad spectrum of antibacterial activity [7-9] and high level
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of biocompatibility [10, 11]. The exact antibacterial mechanism of
AgNPs is not known. However, it has been speculated that AgNPs
can attach themselves to the cell wall of microorganisms and cause
dysfunction in cellular permeability. Moreover, they may enter
bacteria and interact with their DNA and enzymes, causing cell
extermination [12, 13].

Recently, a new positively-charged silver nanoparticle (SNP)
irrigant coated with imidazole (ImSNP) has been introduced in
literature [14, 15]. This novel endodontic irrigant has shown a
promising antibacterial activity against Enterococcus faecalis (E.
faecalis) and exhibited a high level of cytocompatibility to 1929 cells
[14]. Furthermore, it has been reported that similar to 2.5% NaOCl,
ImSNP was able to eliminate E. faecalis biofilm effectively [15].

Chemical irrigants applied for root canal preparation may
alter the chemical composition of radicular dentine surface and
affect its interaction with materials used for root canal obturation
[16]. Studies showed that irrigation protocols affected the
adhesion of materials to dentine [17-19]. A recent study has
shown that this novel irrigant increases dentine roughness and
therefore may affect adhesion of dental materials to root canal
dentinal walls [16]. Moreover, in some studies, the application of
a chelating agent, following root canal irrigation with NaOClI,
resulted in higher adhesion values of sealers to dentine [20-22].

To the best of our knowledge, there has been no published
study regarding the effect of AgNPs on the bond strength of resin-
based sealers to root canal dentine. Therefore, this study was
designed and conducted to evaluate the bond strength of a resin-
based sealer (AH-Plus, Dentsply, Tulsa Dental, Tulsa, OK, USA)
to root canal dentine, irrigated with InSNP compared to NaOCl
with and without the application of ethylene diamin tetracetic acid
(EDTA) for smear layer removal.

Materials and Methods

For this in vitro study, forty extracted human single-rooted teeth
were collected and soaked in 5.25% NaOCI (Golrang, Tehran,
Iran) for 1 h to disinfect, and then, stored in normal saline. Teeth
with a curved root, any sign of internal root resorption or
calcification, or previous root canal therapy were excluded from

Table 1. Mean push-out bond strength value (MPa), and standard
deviation (SD) of samples for each group

Experimented groups Mean (SD)
G1: Saline 1.85(1.7) «
G2: NaOCl 5.69 (3.03) ®
G3: NaOCI+EDTA 6.38 (3.98) ®
G4: AgNPs 8.03 (4.83) b

G5: AgNPs+EDTA 3.25(2.03) “
Different letters indicate statistically significant difference.
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the study. The teeth were decoronated 2mm coronal to the
cementoenamel junction using a diamond disk and water spray.
In the next step, a size 15 K-file (Mani, Tochigi, Japan) was
introduced into the canals until it was visible at the apical
foramen. The working length was determined at Imm shorter
than the apical foramen.

To prepare AgNPs solution, laboratory glassware was put in
1:3 of HCI/HNO3 solution, and rinsed three times by triply
distilled water. Subsequently, a total of 1mL of 0.01M AgNO3
aqueous solution was added to 20mL of 6.2mM 1-dodecyl-3-
methylimidazolium chloride ([C12mim][Cl]) aqueous solution.
After stirring the resultant solution, the prepared 0.4M NaBH4
aqueous solution was added dropwise until the colour of the
solution turned into golden. In order to remove the excess amount
of ionic liquids, the colloidal solution was centrifuged for 20min.
The prepared suspension was then stored at room temperature.
The suspension concentration was 5.7x10® Mol/L [14].

The samples, according to the irrigation regimen, were
randomly assigned to 5 groups (n=8): G1-The canals were
irrigated with 1.5mL of saline before the insertion of each
instrument; G2 and G3- The canals were irrigated as described in
G, but the irrigants were NaOCIl 2.5% and AgNPs, respectively;
G4 and G5- The canals were irrigated similar to G2 and G3,
respectively, but then filled with 1mL of 17% EDTA (Aria Dent,
Tehran, Iran) for 5 min.

In all groups, after enlarging the coronal part of each canal
with #2 and #3 Gates Glidden drills (Mani, Tochigi, Japan), the
root canals were shaped by means of ProTaper nickel-titanium
rotary system (Dentsply Maillefer, Ballaigues, Switzerland) up to
F4 instrument. In the last step of canal preparation, Gates Glidden
burs #4 and #5 were used Imm short of the working length to
eliminate its taper and achieve unified and round canals [17]. All
groups received a final flush with 10mL of distilled water and were
then dried with absorbent paper points.

In the next step, all specimens were filled with AH-Plus sealer
(De Trey-Dentsply, Konstanz, Germany). The sealer was
prepared according to the manufacturer’s instructions and
introduced into the root canals using a lentulo spiral. The
specimens were kept in an incubator at 37°C and 100% humidity

Table 1. Different types of bond failure in experimented groups

Experimented groups  Adhesive =~ Cohesive =~ Mixed
G1:Normal saline 35% 65% 0

G2: NaOCl 29% 70% 0

G3: NaOCI+EDTA 13% 73% 0

G4: AgNPs 12% 75% 12%
G5: AgNPs+EDTA 35% 57% 7%



Properties of silver nanoparticles as an irrigation solution

: - -
Figure 1. Different types of bond failure A) Adhesive, B) Cohesive
and C) Mixed

in vertical position. After 7 days, the roots were sectioned
transversally into 1.5+0.2mm thick slices using a water- cooled
precision saw (Persi-T180, France). The slices were then examined
under a light microscope (Dino-light, Hsinchu, Taiwan) at 20x
magnification for the roundness of the lumens and presence of
voids in the sealer mass or in the sealer-dentine interface. Finally, 16
slices in each group were selected and subjected to push-out test.

A universal testing machine (Z020; ZwickRoell, Ulm,
Germany) was used to measure the push-out bond strength of the
samples. The slices were placed on a metal slab with a central hole
to allow free motion of the plunger. A downward load was applied
on the surface of the sealer using a 0.7mm diameter cylindrical
stainless steel plunger at a speed of Imm/min. The maximum load
at the time of sealer dislodgement was registered in newtons (N)
by a computer connected to the universal testing machine.

To express the bond strength in mega Pascals (MPa), the
following formula was used: MPa=N/2nrh, where N is the
maximum load for each sample, 7 is the constant 3.14, r is the root
canal radius in mm, and h is the thickness of each slice in mm.

The modes of bond failure were evaluated under the light
microscope (Dino-light; Hsinchu, Taiwan) under 40X
magnification. Each sample was classified into one of the three
failure modes as adhesive failure at the sealer and dentine
interface, cohesive failure within the sealer, and mixed failure.

Statistical analysis
The data were analyzed using one-way ANOVA and Tamhane
post hoc tests (P<0.05).

Results

Table 1 presents the mean and standard deviation of the bond
strength of each group. The highest and lowest bond strength was
observed in AgNPs and saline groups, respectively. While no
significant  differences were detected amongst AgNPs,
NaOCI+EDTA, and NaOCl groups (P>0.05), they showed
significantly higher bond strength compared with saline (P<0.05).
Also, AgNPs showed a significantly higher bond strength
compared with AgNPs+EDTA (P=0.017).

Microscopic evaluation of the samples revealed that the

mode of bond failure was predominantly cohesive for all groups
(Figure 1) .Table 2 shows bond failures in experimented groups.

Discussion

In the present study, the highest bond strength was detected in
AgNPs group, which was not significantly different from those of
NaOCl and NaOCI/EDTA groups. As dentine surface roughness
might affect the adhesion of restorative material to root canal walls
[23], our findings may be attributed to the effect of AgNPs on the
dentine surface . In a recent study, the same AgNPs used in our
research, significantly increased the surface roughness of dentine
samples which were similar to those treated with 5.25% NaOCl
and 17% EDTA [16].

On the other hand, when EDTA was used following AgNPs,
the bond strength decreased significantly. Although the reason is
unknown, one possible explanation is that EDTA may cause a
collapse of the dentine matrix structure; which impedes sealer
infiltration, and limits strong bonding to the dentine surface [24].
Nevertheless, the effect of EDTA following AgNPs on dentine
surface should be more investigated in future.

The results of the current study also showed that the
application of EDTA following the irrigation of canals with
NaOCl to remove smear layer has no effect on the bond strength
of AH-Plus sealer to dentine. There is strong controversy
regarding the effect of the smear-layer removal on the bond
strength of endodontic sealers. While some studies reported
higher bond strength following the removal of smear layer [25,
26], others showed no significant difference or even higher bond
strength when the smear layer was present [18, 27]. The
discrepancy between the results of different studies has been
attributed to the different smear layer removing protocols and
various techniques used for evaluating the bond strength [28].

In the current study, we did not use any core materials and the
canals were filled only with the sealer. In this method, only one
interface (sealer and dentine) was present, which made it possible
to solely evaluate the bond strength between the sealer and the
dentine [29]. One of the limitations of the current study was that
only one sealer was used. It has been reported that the effect of
different irrigation protocols on adhesion differed amongst
different types of sealers. Therefore, the results of our present
study may not be extrapolated to the other sealers.

Conclusion
Under the limitations of this in vitro study, it seemed that
irrigation of the root canal system with AgNPs had a promising

effect on the bond strength of AH-Plus to dentine. However, using
EDTA following AgNPs decreased the bond strength.

I f] Iranian Endodontic Journal 2019;14(2): 122-125

124



125

Adl et al.

Acknowledgement

Authors thank vice-chancellery of Shiraz University of Medical
Sciences for supporting this research (grant#9925). This
manuscript is based on thesis by Fatemeh Parvizi.

Conflict of Interest: ‘None declared’.

References

10.

11.

12.

13.

14.

15.

Regan J, Fleury A. Irrigants in non-surgical endodontic treatment. J
Ir Dent Assoc. 2006;52(2):84-92.

Zehnder M. Root canal irrigants. ] Endod. 2006;32(5):389-98.
Haapasalo M, Shen Y, Qian W, Gao Y. Irrigation in endodontics.
Dent Clin North Am. 2010;54(2):291-312.

Weber CD, McClanahan SB, Miller GA, Diener-West M, Johnson JD.
The effect of passive ultrasonic activation of 2% chlorhexidine or
5.25% sodium hypochlorite irrigant on residual antimicrobial activity
in root canals. ] Endod. 2003;29(9):562-4.

Rocha AW, de Andrade CD, Leitune VCB, Collares FM, Samuel
SMW, Grecca FS, de Figueiredo JAP, dos Santos RB. Influence of
endodontic irrigants on resin sealer bond strength to radicular
dentin. Bull Tokyo Dent Coll. 2012;53(1):1-7.

Adl A, Sedigh-Shams M, Majd M. The effect of using RC prep during
root canal preparation on the incidence of dentinal defects. ] Endod.
2015;41(3):376-9.

Guzman M, Dille ], Godet S. Synthesis and antibacterial activity of
silver nanoparticles against gram-positive and gram-negative
bacteria. Nanomedicine. 2012;8(1):37-45.

Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri JB, Ramirez
JT, Yacaman M]J. The bactericidal effect of silver nanoparticles.
Nanotechnology. 2005;16(10):2346.

Wu D, Fan W, Kishen A, Gutmann JL, Fan B. Evaluation of the
antibacterial efficacy of silver nanoparticles against Enterococcus
faecalis biofilm. ] Endod. 2014;40(2):285-90.

Gomes-Filho JE, Silva FO, Watanabe S, Cintra LTA, Tendoro KV,
Dalto LG, Pacanaro SV, Lodi CS, de Melo FFF. Tissue reaction to
silver nanoparticles dispersion as an alternative irrigating solution. J
Endod. 2010;36(10):1698-702.

Nabavizadeh M, Ghahramani Y, Abbaszadegan A, Jamshidzadeh A,
Jenabi P, Makarempour A. In Vivo Biocompatibility of an Ionic
Liquid-protected Silver Nanoparticle Solution as Root Canal Irrigant.
Iran Endod J. 2018;13(3):293.

Rai M, Deshmukh S, Ingle A, Gade A. Silver nanoparticles: the
powerful nanoweapon against multidrug-resistant bacteria. ] Appl
Microbiol. 2012;112(5):841-52.

Xiu Z-m, Zhang Q-b, Puppala HL, Colvin VL, Alvarez PJ. Negligible
particle-specific antibacterial activity of silver nanoparticles. Nano
letters. 2012;12(8):4271-5.

Abbaszadegan A, Nabavizadeh M, Gholami A, Aleyasin Z, Dorostkar
S, Saliminasab M, Ghasemi Y, Hemmateenejad B, Sharghi H.
Positively charged imidazolium-based ionic liquid-protected silver
nanoparticles: a promising disinfectant in root canal treatment. Int
Endod J. 2015;48(8):790-800.

Jie L, Zhang H, ZhangJ, Jin J, Liu H, Xie Y. Characterization of Four

If] Iranian Endodontic Journal 2019;14(2): 122-125

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Novel Plasmids from Lactobacillus plantarumBM4. Jundishapur |
Microbiol. 2017(In Press).

Farshad M, Abbaszadegan A, Ghahramani Y, Jamshidzadeh A. Effect
of Imidazolium-Based Silver Nanoparticles on Root Dentin
Roughness in Comparison with Three Common Root Canal
Irrigants. Iran Endod J. 2017;12(1):83.

Prado M, Simdo RA, Gomes BP. Effect of different irrigation
protocols on resin sealer bond strength to dentin. J Endod.
2013;39(5):689-92.

Wachlarowicz AJ, Joyce AP, Roberts S, Pashley DH. Effect of
endodontic irrigants on the shear bond strength of epiphany sealer to
dentin. ] Endod. 2007;33(2):152-5.

Sahebi S, Sobhnamayan F, Naghizade S. The effects of various
endodontic irrigants on the push-out bond strength of calcium-
enriched mixture cement and mineral trioxide aggregate. Iran Endod
J. 2016;11(4):280.

Neelakantan P, Sharma S, Shemesh H, Wesselink PR. Influence of
irrigation sequence on the adhesion of root canal sealers to dentin: a
fourier transform infrared spectroscopy and push-out bond strength
analysis. ] Endod. 2015;41(7):1108-11.

Reyhani MF, Ghasemi N, Rahimi S, Milani AS, Mokhtari H, Shakouie
S, Safarvand H. Push-out bond strength of Dorifill, Epiphany and
MTA-Fillapex sealers to root canal dentin with and without smear
layer. Iran Endod J. 2014;9(4):246.

Vilanova W, Carvalho-Junior J, Alfredo E, Sousa-Neto M, Silva-
Sousa Y. Effect of intracanal irrigants on the bond strength of epoxy
resin-based and methacrylate resin-based sealers to root canal walls.
Int Endod J. 2012;45(1):42-8.

Rosales J, Marshall G, Marshall S, Watanabe L, Toledano M,
Cabrerizo M, Osorio R. Acid-etching and hydration influence on
dentin roughness and wettability. ] Den Res. 1999;78(9):1554-9.
Garcia-Godoy F, Loushine R], Itthagarun A, Weller RN, Murray PE,
Feilzer AJ, Pashley DH, Tay FR. Application of biologically-oriented
dentin bonding principles to the use of endodontic irrigants. Am ]
Dent. 2005;18(4):281-90.

De-Deus G, Namen F, Galan Jr ], Zehnder M. Soft chelating irrigation
protocol optimizes bonding quality of Resilon/Epiphany root fillings.
J Endod. 2008;34(6):703-5.

Gongalves L, Silva-Sousa YTC, Raucci Neto W, Teixeira CS, Sousa-
Neto MD, Alfredo E. Effect of different irrigation protocols on the
radicular dentin interface and bond strength with a metacrylate-
based endodontic sealer. Microsc Res Tech. 2014;77(6):446-52.
Garcia-Godoy F, Loushine RJ, Itthagarun A, Weller RN, Murray PE,
Feilzer AJ, Pashley DH, Tay FR. Application of biologically-oriented
dentin bonding principles to the use of endodontic irrigants. Am |
Dent. 2005;18(4):281-90.

Adl A, Sobhnamayan F, Ghanbaran S, Ahzan S. Effect of Smear Layer
Removal on Bond Strength of Two Different Resin-Based Sealers; an
In Vitro Study. ] Dent Biomater. 2017;4(3):444-8.

Jainaen A, Palamara ], Messer H. Push-out bond strengths of the
dentine-sealer interface with and without a main cone. Int Endod J.
2007;40(11):882-90.

Please cite this paper as: Adl A, Abbaszadegan A, Gholami A, Parvizi F,
Ghahramani Y. Effect of a New Imidazolium-based Silver Nanoparticle
Irrigant on the Bond Strength of Epoxy Resin Sealer to Root Canal Dentin.
Iran Endod J. 2019;14(2): 122-5. Doi: 10.22037/iej.v14i2.22589.




