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Introduction: The aim of this study was to evaluate dynamic viscosity, surface tension and
dentin wettability of a newly introduced imidazolium-based silver nanoparticle solution (Im
AgNP) in comparison with three common root canal irrigants. Methods and Materials: The
irrigants were Im AgNPs at 5.7x10® mol/L", 5.25% Sodium hypochlorite (NaOCl), 2%
Chlorhexidine (CHX) and 17% Ethylenediaminetetraacetic acid (EDTA) and distilled water
(control group). Dynamic viscosity was measured using rotational digital viscometer at 25, 37,
45 and 60°C. Surface tension was evaluated using dynamic contact angle analyzer at room
temperature (25°C). Wettability was assessed by contact angle measurement for five groups of
10 dentin samples after each group was treated in each irrigant for 10 min. One-way ANOVA,
and post hoc Tukey’s test were used for statistical analysis. Significance was set at P<0.05.
Results: Dynamic viscosity of all irrigants decreased as the temperature increased. 17% EDTA
was the most viscous solution in all examined temperatures (P<0.05). Viscosity of Im AgNP
solution at 25, 37 and 45C was significantly lower than that of 17% EDTA and 5.25% NaOCl
(P<0.05). Im AgNPs exhibited a higher surface tension than other irrigants except distilled
water. The wettability of dentin increased when it was in contact with 2% CHX and 5.25%
NaOCl while Im AgNPs decreased the wettability of dentin surfaces (P<0.05). Conclusion: Im
AgNP irrigant has the potential to reach apical portions of root canals due to its lower viscosity
compared to the other tested irrigants. However, it may not bring better penetration inside
dentinal tubules because of its higher surface tension. Furthermore, Im AgNPs can influence
physiochemical properties of dentin by decreasing its surface wettability.
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Introduction

is being reshaped by shear or tensile stresses; hence, less
viscosity allows the fluid to flow easier [2]. Surface tension is

fficient disinfection of root canal system is highly

dependent on the ability of irrigants to penetrate dentin
and its tubules [1]. The capability of irrigants to access apical
third of the root canal system as well as penetration to
dentinal tubules mainly depends on the irrigants’
characteristics such as dynamic viscosity and surface tension.
Dynamic viscosity is the resistance exhibited by a liquid as it

defined as the force amongst molecules which yields an
affinity for the surface area of a liquid to decline [3]. The
greater the surface tension is, the lesser the contact angle of a
liquid with a surface [4, 5].

Irrigation solutions can affect surface properties of dentin
such as wetting ability, which in turn can influence the adhesion
of bacteria and regulate the interaction between dentin and
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restorative materials [6]. Furthermore, wettability has an
essential role in developing a suitable contact time of an irrigant
with dentinal walls. This property is strongly relevant to
chemical composition, roughness, and hydration state of dentin
and can be influenced by tubule density [7]. Wettability
correlates with surface tension on ideal surfaces (chemically
homogeneous, flat, nonreactive, undeformable, and not swollen
by the wetting liquid) and consequently with the surface
properties of dentin [8].

To date, there is no endodontic irrigant with all desired
properties and therefore the need to search for new irrigants is
still ongoing. Sodium hypochlorite (NaOCl) is the most
common root canal irrigant with an outstanding antimicrobial
efficacy against microorganisms together with its potential to
remove organic components. Previous studies also revealed that
NaOCl increase dentin wettability [9-11]. However, due to its
high surface tension, it may fail to reach microorganisms in the
depth of tubules [3]. Furthermore, the ineffectiveness of NaOCI
and Ethylenediaminetetraacetic acid (EDTA) in dissolving
smear layer in the apical third of root canals can attribute to their
high dynamic viscosity [12].

In recent years, interest in the use of silver nanoparticles
(AgNPs) as root canal irrigants or medicaments has developed
in dentistry especially in endodontics [13-17]. These particles
appear to prevent the development of resistance by the
organisms because of their rapid reaction between the target
cells and them [18-20]. They are highly active against bacteria
while compatible to human cells [21-23]. In a recent research,
Abbaszadegan et al. [16] demonstrated that the positively
charged imidazolium-based silver nanoparticles (Im AgNPs) is
a favorable disinfectant for endodontic purposes due to their
high level of antibacterial activity against Enterococcus faecalis
(E. faecalis) and cytocompatibility against fibroblast cells.
Therefore, it is relevant to investigated more about other
properties of this newly introduced AgNP solution relative to
common endodontic irrigants [24]. As a result, this study was
designed to assess dynamic viscosity, surface tension and dentin
wetting ability of this solution compared to three commonly
used endodontic irrigants.

Materials and Methods

In this in vitro study, the tested irrigants were: 17% EDTA
(Cerkamed, Pawlowski, Poland), 2% Chlorhexidine (CHX)
(Cerkamed, Pawltowski, Poland), 5.25% NaOCI (Cerkamed,
Pawlowski, Poland) and Im AgNPs at 5.7x10 *® which were
synthesized according to the protocol previously suggested [16].
Distilled water was also used as control group.

To assess the surface wettability, roots of 25 human caries free
permanent anterior teeth were removed from cementoenamel
junction and then sectioned longitudinally under water to gain 50
dentin slices. To remove surface scratches dentin samples were
polished by 400-, 600-, 800 and 1200-gritt polishing papers and
finally ultrasonicated in deionized water.

Dynamic viscosity was determined using a rotational digital
viscometer (Brookfield LVDV-II PRO, Middleboro, USA). A
proper spindle for low viscosity liquids at 75 rpm was selected and
a fluid volume of 15 mL was used. The measurements were
repeated 10 times for each sample group at 25, 37, 45 and 60°C.
Measurements of surface tension were conducted using Cahn
DCA-322 dynamic contact angle analyzer (Gibertini Elettronica
s.r.l. 20026 Novate, Italy) following Wilhelmy plate technique at
25°C. In brief, a glass slide was immersed in 15 mL of the test
irrigants at the constant speed of 50 mic/sec until at least 2 cm of
the slide was immersed. The surface tension of each irrigant was
obtained through the ratio between the force at zero depth of
immersion and the sample perimeter. The surface tension was
calculated and reported by the instrument’s software. These
measurements were repeated 10 times for each sample.

For water contact angle assessment, 50 dentin samples were
randomly allocated into 5 groups of 10 samples and treated with
the test irrigants for 10 mins. Then, they were rinsed copiously by
the deionized and distilled water. Water contact angles (q) were
measured by sessile drop technique on dentin surfaces by using a
VCA Optima Surface Analysis System (AST Products, Billerica,
MA, USA). In brief, two drops (0.0002 mL/drop) of distilled water
were deposited on each dentin surface with a microsyringe and
images were captured subsequently by a micro video system. The
acquired images were evaluated for calculation of contact angles
using VCA-2500XE software (AST Products, Billerica, MA, USA).

Table 1. Means (SD) of dynamic viscosity of different irrigants at different temperatures. Read vertically, different letters in each column indicate a

statistically significant difference

Tt Temperature

25°C 37°C 45°C 60°C
NaOCl 273(0.32)*  1.85(043)* 0.80(0.02)*  0.67(0.05)*
CHX 1.00 (0.01)®%  0.75(0.02)®  0.60(0.03*  0.48 (0.03)*
AgNPs 0.90 (0.02)>  0.66(0.32)®  0.57(0.02)> 047 (0.03)*
EDTA 121(0.09) ¢ 899(0.03)¢  6.13(0.01)®  436(0.07)®
Distilled water ~ 0.89 (0.02)° 0.7 (0.03)® 0.56 (0.03)®  0.43(0.07)*
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Figurel. Mean values of surface tension for each solution. Different
letters in each column indicate a statistically significant difference

Statistical analysis

Dynamic viscosity, surface tension and water contact angle values
were statistically analyzed by one-way analysis of variance, followed
by a post hoc Tukey’s test for pair-wise comparison. Statistical
significance was set at 0.05.

Results

Table 1 shows the mean values of dynamic viscosity recorded
for different irrigants at different temperatures. At 25°C and
37°C, there were no significant differences in dynamic
viscosity of Im AgNPs, CHX and distilled water (P>0.05). At
45°C and 60°C, EDTA was significantly the most viscous
solution (P<0.05), while no differences were observed
amongst other irrigants.

Table 2 shows the water contact angle of each irrigant
developed on dentin surfaces treated with different solutions.
The contact angle on dentin surfaces treated with EDTA did
not change significantly (P>0.05), while Im AgNPs resulted
in significant increase in the angles (P<0.05). There was a
significant reduction in water contact angles on samples
treated with NaOCl and CHX (P<0.05).

Table 2. Means (SD) of water contact angles on dentin surfaces
treated with different solutions. Different letters indicate a statistically
significant difference

Irrigant Water contact angle (degrees)
NaOCl 20.60 (3.36) *
CHX 19.49 (3.42)*
Ag NPs 56.62 (2.90) ®
EDTA 51.15 (2.03) ©
Distilled water 51.30 (2.52)

Figure 1 demonstrates the surface tension observed for each irrigant
at room temperature (25°C). Im AgNPs had a high surface tension
comparable to distilled water. CHX yielded the lowest value.

Discussion

Dynamic viscosity and surface tension are two important
characteristic of the irrigants that determine their ability to
flow and penetrate into capillary tubules [2, 4, 5]. However,
there is insufficient data in endodontic literature to support the
clinical advantages of surface tension reduction [25].

To date, there is no report in literature on dynamic
viscosity and surface tension of AgNPs in endodontics. We
found that Im AgNPs had lowest level of dynamic viscosity
comparable to CHX 2% and distilled water at all temperatures
tested and this was similar to those achieved for 5.25% NaOCl
at 37°C and 60°C. Data concerning 5.25% NaOCl, 17% EDTA
and 2% CHX were consistent to the findings reported by
Gopikrishna et al. [26]. They also stated that ineffectiveness of
NaOCl and EDTA in removing debris from the apical third of
root canals might be a result of their high level of viscosity.

Many studies have revealed that heating can improve
antimicrobial efficacy [27-29], tissue solubility [27, 30, 31], and
flow characteristics [32] of NaOCI. Our study reached similar
results in terms of viscosity for NaOCl; however, we found that
heating had limited effect on flow property of Ag NPs.

In the present study, we demonstrated that AgNP irrigant has
high surface tension similar to distilled water. Our findings
concerning the surface tension of 5.25% NaOCl and 17% EDTA
and distilled water were in line with reports by Tasmen et al. [3,
32], and Giardino et al. [3, 32]. Furthermore, CHX surface tension
was observed to be 53.82 mJ/m?* which was similar to the report
determined by Tasmen et al. [3, 33] and Estrela et al. [3, 33]. The
high surface tension value determined for the AgNP irrigant
reflects the fact that it might not bring better dentinal tubule
penetration in comparison with the three common irrigants. This
finding was consistent with the findings of a recent study by
Rodrigues et al. [34]. They tested antimicrobial efficacy of aqueous
AgNPs relative to 2.5% NaOCl and 2% CHX against biofilm E.
faecalis and in infected dentinal tubules after 5, 15 and 30 min
using a confocal laser scanning microscope. They demonstrated
that after 5 min irrigation with AgNPs, more viable bacteria were
presented in biofilms than in the tubules but after 30 min
irrigations, the number of viable bacteria was greater in dentinal
tubules compared with the biofilm. These researchers concluded
that AgNPs was not able to penetrate dentinal tubules and remove
bacteria at all of the tested time intervals.
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Some studies have suggested that using irrigants with lower
surface tension could decrease the need for removing large
amounts of root canal dentin to gain a debris free root canal
[35]. However there is no evidence that root canal irrigation
with low surface tension irrigants can clinically reduce the
bacterial contamination of root canals [3]. Hence, role of
surface tension on antibacterial efficiency of irrigants is still in
doubt that needs to be investigated in future studies.

Wettability is one of the most important physicochemical
properties of an irrigant. Contact angle measurements
determine the wettability of a substratum. Low contact angles
are an indication of high surface free energy, whereas high
contact angles indicate low surface free energy [7]. Interfacial
surface free energy has been postulated as a driving force for
initial adhesion of microorganisms to a solid surface.

NaOCl is able to nonspecifically deproteinase the root canal
dentin during endodontic treatment. Recently, NaOCl was also
used to remove the collagen fibrils [36]. Attal et al. [37] and Hu
et al. [9] have found that NaOCI increases the wettability of
dentin surface. In contrast, Buzoglu et al. [38] have
demonstrated that NaOCI decreases the wettability of dentin
surface. Our study indicated that both 2% CHX and 5.25%
NaOCl significantly increased the wettability of dentin surfaces
while the AgNP irrigant significantly decreased the wettability
of dentin surfaces. An increase in wettability after NaOCI
treatment can be explained because deproteinzation leads to a
hydrophilic surface [37]. Hogt et al. [39, 40] and Ludwicka et
al. [39, 40] found that hydrophilic materials were more
resistant to bacterial adhesion than hydrophobic materials.
However, An et al. [41] found that hydrophobic UHMWPE
disks attracted much less Staphylococcus Epidermis compared
with the hydrophilic metal surface. Yilmaz et al. [42] reported
that the use of low-surface-tensioned EDTA compounds alone
or in combination with NaOCl increased the wettability of root
canal dentin.

Iwanami et al. [36] also reported that surfactant-added
EDTA solution increased the spreading ability of solution over
the dentin surface. At the present time, there is no report on the
evaluation of the action of 2% CHX on dentin wettability.
However, Ricci et al. [43] revealed that there was no increase in
surface wettability by using 0.2% CHX.

The increase in water contact angle of dentin samples treated
with AgNPs in this study resulted in significant decrease of
surface wettability and this might be attributed to the slightly
hydrophobic character of the twelve carbons present in alkyl
chain of imidazole molecules.
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Conclusion

Im AgNP solution has obvious impact on physiochemical
properties of dentin by decreasing its surface wettability.
Besides, due to the lower viscosity of this solution in comparison
with other irrigants, it has the potential to reach apical portions
of root canal. However, it may not bring better penetration
inside dentinal tubules due to its higher surface tension.

Acknowledgement

The authors thank the vice-chancellery of Shiraz University of
Medical Sciences for supporting this research (grant no: 93-01-
03-8628 B). This article is based on the thesis part II by Melika
Farshad. The authors also thank Dr. M. Vosoughi of the Dental
Research Center of the School of Dentistry for statistical
analysis. The authors also thank Professor Hemateenejad,
Professor Sharghi and Dr Dorostkar for synthesis of the silver
nanoparticles.

Conflict of Interest: ‘None declared’.

References

1. Torabinejad M, Handysides R, Khademi AA, Bakland LK.
Clinical implications of the smear layer in endodontics: a review.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2002;94(6):658-66.

2. Brekhovskikh L, Goncharov V. Introduction to the mechanics of
continuous media. Application to the Theory of Waves. 1982.

3. Tasman F, Cehreli ZC, Ogan C, Etikan I. Surface tension of root
canal irrigants. ] Endod. 2000;26(10):586-7.

4. Cameron JA. The effect of a fluorocarbon surfactant on the
surface tension of the endodontic irrigant, sodium hypochlorite.
Aust Dent J. 1986;31(5):364-8.

5. Glantz P, Hansson L. Wetting of dentine by some root canal
medicaments. Odontologisk revy. 1972;23(2):205.

6. Pringle JH, Fletcher M. Influence of substratum wettability on
attachment of freshwater bacteria to solid surfaces. Appl Environ
Microbiol. 1983;45(3):811-7.

7. Rosales J, Marshall G, Marshall S, Watanabe L, Toledano M,
Cabrerizo M, Osorio R. Acid-etching and hydration influence on
dentin roughness and wettability. ] Dent Res. 1999;78(9):1554-9.

8. Erickson R. Surface interactions of dentin adhesive materials.
Oper Dent. 1992(5):81-94.

9. Hu X, Ling J, Gao Y. Effects of irrigation solutions on dentin
wettability and roughness. ] Endod. 2010;36(6):1064-7.

10. Saleh A, Ettman W. Effect of endodontic irrigation solutions on
microhardness of root canal dentine. ] Dent. 1999;27(1):43-6.

11. Ari H, Erdemir A, Belli S. Evaluation of the effect of endodontic
irrigation solutions on the microhardness and the roughness of
root canal dentin. ] Endod. 2004;30(11):792-5.

12. Velayutham Gopikrishna PA, Kumar AP, Narayanan LL.
Influence of temperature and concentration on the dynamic



Properties of silver nanoparticles as an irrigation solution

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

viscosity of sodium hypochlorite in comparison with 17% EDTA
and 2% chlorhexidine gluconate: An in vitro study. J] Conserv
Dent. 2014;17(1):57.

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.

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.

Bruniera JFB, Silva-Sousa YTC, Lara MG, Pitondo-Silva A,
Marcaccini AM, Miranda CES. Development of Intracanal
Formulation Containing Silver Nanoparticles. Braz Dent J.
2014;25(4):302-6.

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.

Abbaszadegan A, Ghahramani Y, Gholami A, Hemmateenejad B,
Dorostkar S, Nabavizadeh M, Sharghi H. The effect of charge at
the surface of silver nanoparticles on antimicrobial activity
against gram-positive and gram-negative bacteria: a preliminary
study. ] Nanomater. 2015;2015:53.

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

Abbaszadegan A, Gholami A, Abbaszadegan S, Aleyasin ZS,
Ghahramani Y, Dorostkar S, Hemmateenejad B, Ghasemi Y,
Sharghi H. The Effects of Different Ionic Liquid Coatings and the
Length of Alkyl Chain on Antimicrobial and Cytotoxic Properties
of Silver Nanoparticles. Iran Endod J. 2017;12(4):481.
Ghahramani Y, Yaghoubi F, Motamedi R, Jamshidzade A,
Abbaszadegan A. Effect of Endodontic Irrigants and
Medicaments Mixed with Silver Nanoparticles against Biofilm
Formation of Enterococcus faecalis. Iran Endod J.
2018;13(4):559-64.

Slawson RM, Trevors JT, Lee H. Silver accumulation and
resistance in  Pseudomonas stutzeri. Arch  Microbiol.
1992;158(6):398-404.

Zhao G, Stevens Jr SE. Multiple parameters for the comprehensive
evaluation of the susceptibility of Escherichia coli to the silver ion.
Biometals. 1998;11(1):27-32.

Prabhu S, Poulose EK. Silver nanoparticles: mechanism of
antimicrobial action, synthesis, medical applications, and toxicity
effects. Int Nano Lett. 2012;2(1):1-10.

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.

Rossi-Fedele G, Prichard J, Steier L, De Figueiredo J. The effect of
surface tension reduction on the clinical performance of sodium
hypochlorite in endodontics. Int Endod J. 2013;46(6):492-8.
Velayutham Gopikrishna PA, Kumar AP, Narayanan LL.
Influence of temperature and concentration on the dynamic
viscosity of sodium hypochlorite in comparison with 17% EDTA
and 2% chlorhexidine gluconate: An in vitro study. ] Conserv
Dent. 2014;17(1):57.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Sirtes G, Waltimo T, Schaetzle M, Zehnder M. The effects of
temperature on sodium hypochlorite short-term stability, pulp
dissolution capacity, and antimicrobial efficacy. J Endod.
2005;31(9):669-71.

Cunningham WT, Balekjian AY. Effect of temperature on
collagen-dissolving ability of sodium hypochlorite endodontic
irrigant. Oral Surg Oral Med Oral Pathol. 1980;49(2):175-7.
Luddin N, Ahmed HMA. The antibacterial activity of sodium
hypochlorite and chlorhexidine against Enterococcus faecalis: A
review on agar diffusion and direct contact methods. ] Conserv
Dent. 2013;16(1):9.

Moorer W, Wesselink P. Factors promoting the tissue dissolving
capability of sodium hypochlorite. Int Endod J. 1982;15(4):187-96.
Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M. Tissue
dissolution by sodium hypochlorite: effect of concentration,
temperature, agitation, and surfactant. ] Endod. 2010;36(9):1558-62.
Giardino L, Ambu E, Becce C, Rimondini L, Morra M. Surface
tension comparison of four common root canal irrigants and two
new irrigants containing antibiotic. ] Endod. 2006;32(11):1091-3.
Estrela C, Estrela CRdA, Guimardes LF, Silva RS, Pécora JD.
Surface tension of calcium hydroxide associated with different
substances. ] Appl Oral Sci. 2005;13(2):152-6.

Rodrigues C, de Andrade F, de Vasconcelos L, Midena R, Pereira
T, Kuga M, Duarte M, Bernardineli N. Antibacterial properties of
silver nanoparticles as a root canal irrigant against Enterococcus
faecalis biofilm and infected dentinal tubules. Int Endod J. 2018.
Yang S-F, Rivera EM, Walton RE, Baumgardner KR. Canal
debridement: effectiveness of sodium hypochlorite and calcium
hydroxide as medicaments. ] Endod. 1996;22(10):521-5.

Iwanami M, Yoshioka T, Sunakawa M, Kobayashi C, Suda H.
Spreading of root canal irrigants on root dentine. Aust Endod J.
2007;33(2):66-72.

Attal J-P, Asmussen E, Degrange M. Effects of surface treatment on
the free surface energy of dentin. Dent Mater. 1994;10(4):259-64.
Dogan Buzoglu H, Calt S, Giimiisderelioglu M. Evaluation of the
surface free energy on root canal dentine walls treated with chelating
agents and NaOCI. Int Endod J. 2007;40(1):18-24.

Hogt A, Dankert J, De Vries ], Feijen J. Adhesion of coagulase-
negative  staphylococci  to  biomaterials. ~ Microbiology.
1983;129(9):2959-68.

Ludwicka A, Jansen B, Wadstrom T, Pulverer G. Attachment of
staphylococci to various synthetic polymers. Zentralbl Bakteriol
Mikrobiol Hyg A. 1984;256(4):479-89.

An YH, Bradley ], Powers DL, Friedman R]. The prevention of
prosthetic infection using a cross-linked albumin coating in a rabbit
model. ] Bone Joint Surg Br. 1997;79(5):816-9.

Yilmaz Z, Basbag B, Buzoglu HD, Giimiisderelioglu M. Effect of low-
surface-tension EDTA solutions on the wettability of root canal
dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2011;111(1):109-14.

Ricci H, Scheffel D, Souza Costa C, dos Santos F, Jafelicci M,
Hebling J. Wettability of chlorhexidine treated non-carious and
caries-affected dentine. Aust Dent J. 2014;59(1):37-42.

Please cite this paper as: Abbaszadegan A, Ghahramani Y, Farshad M,
Sedigh-Shams M, Gholami A, Jamshidzadeh A. In Vitro Evaluation of
Dynamic Viscosity, Surface Tension and Dentin Wettability of Silver
Nanoparticles as an Irrigation Solution. Iran Endod J. 2019;14(1): 23-7. Doi:
10.22037/iej.v14i1.21758.

IE] Iranian Endodontic Journal 2019;14(1): 23-27



