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ABSTRACT

Purpose: To evaluate the alterations on the surface 
of gutta-percha cones (GPCs) on exposure to the 
different irrigation solutions and their possible 
antibacterial effect against Enterococcus faecalis. 
(E. faecalis) 
Materials and Methods: Disinfection ability of 
different solutions (5.25% sodium hypochlorite, 2% 
chlorhexidine, 1% peracetic acid, and QMix) were 
tested with 96 GPCs and the time of exposure to 
each solution was 5 and 10 minutes, respectively. 
GPCs used in this study were contaminated with 
E.faecalis. After disinfection, GPCs were placed 
in tubes containing the medium and incubated at 
37˚C for 7 days. All tubes were visually checked for 
turbidity at 24-hour intervals. About 92 new GPCs 
were analyzed by means of SEM/EDS to assess the 
topography and chemical elements present on their 
surface. The data generated was analyzed using 
Pearson chi-square test, p<0.05.
Results: There were no significant statistical 
differences in disinfection quality between the 
irrigation solutions used on GPCs contaminated with 
E. faecalis (p>0.05). SEM/EDS analyses showed no 
alteration in the superficial features of GPCs after 
treating with various irrigation solutions.
Conclusion: QMix was found to be an effective 
agent for rapid disinfection of GPCs as well-known 
irrigation solutions. Irrigation solutions were found to 
have sterilized the GPCs after both 5 and 10 minutes 
of exposure. 
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ÖZ

Amaç : Farklı kök kanal yıkama solüsyonlarının 
Enterococcus faecalis (E. faecalis) ile kontamine olan 
gütaperka konları (GPK) üzerindeki antibakteriyel ve 
yapısal etkilerinin incelenmesidir.
Gereç ve Yöntem: Antimikrobiyal etkinliğin tespitinde 
96 adet GPK kullanılmıştır. GPK, E.faecalis ile 
kontamine edildikten sonra, % 5.25’lik sodyum 
hipoklorit,% 2’lik klorheksidin,% 1’lik perasetik asit 
ve QMix solüsyonlarında 5 ve 10 dakika boyunca 
bekletilmişlerdir. Bu sürenin sonunda GPK besi 
ortamı içeren tüplere konularak 7 gün süreyle 37°C’de 
inkübe edilmiştir. Tüpler 24 saat arayla bulanıklık 
açısından kontrol edilerek bulgular kaydedilmiştir. 
Solüsyonların GPK üzerinde oluşturdukları yapısal 
ve kimyasal değişiklikler ilk çalışmada kullanılan 
konlardan bağımsız 92 adet konun SEM/EDS 
aracılığıyla incelenmesiyle tespit edilmiştir. Veriler 
Pearson ki-kare testi ile %95 güven aralığında 
karşılaştırılmıştır. 
Bulgular: Solüsyonlar arasında bulanıklık varlığı 
değerlendirmesi sonucu elde edilen antimikrobiyal 
etkinlik ve SEM/EDS ile ulaşılan yapısal değişiklik 
açısından anlamlı bir farklılık bulunamamıştır 
(p> 0.05).
Sonuç: Yeni bir yıkama solüsyonu olan Qmix de 
GPKın dezenfeksiyonunda etkin bir ajan olarak 
bulunmuştur. Yıkama solüsyonları tüm ölçüm 
zamanlarında GPKnı sterilize etmişlerdir.

Anahtar kelimeler: Antimikrobiyal ajanlar, enerji 
dağılımlı x-ışını spektroskopisi, gütaperka 
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Introduction

The success of endodontic therapy lies in thorough 
disinfection and the use of aseptic techniques. Care 
must be taken during obturation to avoid root canal 
cross-contamination by the instruments or filling 
materials. Even though gutta-percha cones (GPCs) 
are manufactured under aseptic conditions, they can 
get contaminated during the storage process, (1, 2) 
while handling, by aerosols, and physical sources etc. 
Therefore, before inserting GPCs into the root canal, 
disinfection is required. Because of their thermoplastic 
properties, the conventional heating method cannot 
be used to sterilize them (3). Chemical agents such 
as sodium hypochlorite (NaOCl), chlorhexidine 
(CHX), peracetic acid (PAA) etc. are used for rapid 
disinfection of the cones (4-6). The most appropriate 
disinfectant should provide rapid disinfection without 
modifying the structure of the cone. 

NaOCl is the most widely used disinfecting agent 
in the endodontic therapy for irrigation and cone 
disinfection. It is an effective antimicrobial agent, 
but its effectiveness depends upon its concentration 
and the time of exposure (4). 1-minute immersion 
of the gutta-percha cone in a 5.25% NaOCl solution 
has been shown to be quite effective against a variety 
of gram-positive, gram-negative, and spore-forming 
microorganisms (2,5).

CHX is used as an irrigation solution because 
of its antimicrobial efficiency and substantivity. A 
study observed that 2% CHX solution was effective 
in decontaminating gutta-percha after 10 minutes of 
exposure (7). The physical changes that occur in the 
GPCs after chemical sterilization have been reported. 
The efficacy of a disinfectant depends on sufficient 
length of treatment time and an effective concentration 
of the disinfectant. As a strong oxidizing agent, 
5.25% NaOCl is able to cause extreme topographic 
alterations in the cones, which results in aggressive 
deterioration (8). However, 2% CHX did not change 
gutta-percha cone properties following exposure for 
up to 30 minutes, suggesting that this substance is 
less detrimental to the structure of gutta-percha (8).

Peracetic acid (PAA), since its introduction in the 
market, has been indicated for high-level disinfection 
and sterilization of the hospital equipment and 
devices. It has also been studied in the disinfection 
of acrylic based resins in dentistry. PAA is peroxide 
and acts rapidly against all microorganisms even at 
low concentrations (6, 9). A recent study observed 
that 1% PAA was effective in decontaminating the 

gutta-percha (6). However, there are no recent studies 
being done regarding the surface changes in gutta-
percha after disinfection with PAA.

QMixTM 2in1 (DENTSPLY Tulsa Dental 
Specialties, Tulsa, OK, USA), a novel irrigating 
solution, has been introduced to do both i.e. remove 
smear layer and kill the bacteria. QMix is a clear 
solution, ready to use with no chair-side mixing. It 
contains EDTA, CHX, a detergent and water (10). 
It has been found to be effective against bacterial 
biofilms (11). The literature shows no studies 
regarding the disinfection and the surface changes 
in gutta-percha after being immersed in QMix.

Therefore, the objective of this study was to 
compare the effectiveness of QMix, 5.25% NaOCl, 
2% CHX, and 1% PAA solutions to disinfect the 
GPCs contaminated by Enterococcus faecalis, 
after the immersing in these solutions for 5 and 10 
minutes. Surface changes and the alterations in the 
chemical compositions of GPCs after disinfection 
were determined by scanning electron microscopy 
(SEM) and energy dispersive spectroscopy (EDS).

Materials and Methods

Ninety-six GPCs ISO size 80 GP (Dia Dent) 
were used to test the disinfection efficacy of different 
irrigation solutions (5.25% NaOCl, 2% CHX, and 
QMix and 1% PAA) and the time of exposure to 
each solution was 5 and 10 minutes, respectively. 
E. faecalis ATCC 29212 as a microbial suspension 
containing approximately 108 CFU/mL in trypticase 
soy broth was used to contaminate the surface of 
GPCs. Sample packets were opened under aseptic 
conditions. About 80 samples of gutta-percha were 
selected and contaminated by immersing each pellet 
for 30 minutes in the bacterial suspension. After 
immersion, the cones were transferred to a sterile 
filter paper and allowed to dry in a dry heat sterilizer 
for 10 minutes at 37°C. Then, for each group, 10 
contaminated cones were immersed in separate tubes 
that contained 2 mL of the chemical agents for 5 or 10 
minutes. Experimental groups were, Group 1: treated 
with 5.25% NaOCl; Group 2: treated with 2% CHX; 
Group 3: treated with QMix; Group 4: treated with 
1% PAA. Positive controls consisting of 8 GPCs, were 
contaminated with E. faecalis, and then immersed 
in sterile water. Negative controls consisting of 8 
uncontaminated GPCs were also immersed in the 
respective disinfectant solutions.

The cones were then rinsed with 10 mL of sterile 
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distilled water to neutralize any residual effects of the 
test agents. Subsequently, the cones were individually 
transferred to the test tubes containing 10 mL Mueller-
Hinton broth and incubated at 37˚C for 7 days. All 
test tubes were observed at 24-hour intervals and 
visually checked for turbidity, signifying microbial 
growth, by holding samples to light. Samples from each 
experimental and control group were randomly chosen, 
plated, incubated at 37°C, and checked for growth at 3rd 
and 7th day. If growth was present, colony morphology 
and Gram staining confirmed the bacteria. The data 
obtained was evaluated using the Pearson chi-square 
test with a P value set at < 0.05.

SEM Findings for GPCs

Separately, ninety-two extra GPCs were selected 
and subjected to the same disinfecting protocol. Then 
treated and untreated GPCs were used for SEM and 
EDS analysis. The cones were mounted individually 
on aluminum stubs, and the surfaces were analyzed 
by SEM (QuantaTM 450 FEG, FEI, Oregon, USA) 
and EDS respectively for the topography and the 
chemical elements present. Three photographs (x1.500 

magnification) of each sample were taken, and an area 
was randomly chosen to be evaluated using EDS.

Results 

Heavy turbidity occurred in all positive controls, and 
no growth was detected in negative controls. E. faecalis 
growth was confirmed by culturing and Gram staining. 
The statistics revealed that there was no statistically 
significant difference between irrigation solutions in the 
disinfection of samples contaminated with E. faecalis 
for both 5 and 10 minutes (Table 1). All irrigation 
solutions were found to sterilize the GPCs at all tested 
specified time points. 

Figure 1, 2 and 3 illustrates SEM images and EDS 
spectrum. SEM analyses showed no alteration in the 
superficial features of the cones after the immersion 
in 5.25% NaOCl, 2% CHX, QMix and 1% PAA for 
both 5 and 10 minutes (Figure 1 and 2). EDS analyses 
showed no changes in the composition of the cones after 
exposure to the respective agents, except PAA group. 
According to EDS analyses the ratio of the component 
carbon (C) of gutta-percha increased after disinfected 
with PAA for 5 and 10 minutes

Table 1. Comparison of disinfection of gutta-percha cones with various disinfectants at different time 
points: the percentage of samples showing turbidity positive (TP) and turbidity negative (TN) samples.

Group    Disinfectants  N           Time   
                                                                   5min                           10min
       TN TP TN   TP 

1                              5.25% NaOCl  10  70% 30% 80% 20% 

2                    2% CHX   10  80% 20% 100% 0% 

3      QMix   10  60% 40% 70% 30% 

4   1% PAA   10  30% 70% 80% 20% 

Figure 1. Scanning Electron Microscopy (SEM) images and Energy Dispersive Spectroscopy (EDS) spectrum of untreated 
gutta-percha cones
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Figure 2. Scanning Electron Microscopy (SEM) images and Energy Dispersive Spectroscopy (EDS) spectrum of gutta-percha cones 
immersed in (a) 5.25% NaOCl (b) 2% CHX (c) QMix and (d) 1% PAA for 5 min.

Figure 3. Scanning Electron Microscopy (SEM) images and Energy Dispersive Spectroscopy (EDS) spectrum of gutta-percha cones immersed in (a) 5.25% 
NaOCl (b) 2% CHX (c) QMix and (d) 1% PAA for 10 min.
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Discussion

There is a risk of contamination of GPCs due to 
handling, by aerosols and physical sources during 
the storage process. GPCs cannot be sterilized by 
heat. Therefore, a chemical agent should be used in 
the routine endodontic practice to sterilize the GPCs.

Sterilization procedures with contact between 
the gutta-percha and the chemical agents can cause 
extreme surface alterations in the cones. GPCs present 
irregular regions on their surfaces and root canal 
sealers are known to fill these irregularities. However, 
these gap areas could create a large interface with 
root canal walls, resulting in the leakage of molecules 
that will serve as nutrients for the microorganisms 
present in the root canal system (12). Even though 
atomic force microscope has been introduced as 
a tool for evaluating topographic and quantitative 
data (8, 12), SEM has, for long been the standard 
tool for investigation of the surface characteristics 
of the GPCs (13, 14). The present study evaluated 
the changes in the surface of cones after disinfection 
procedures by means of SEM.

E. faecalis, are facultative gram-positive cocci 
shaped bacteria that were chosen as the test bacterial 
contaminant because it has been shown to be a 
predominant bacterial species in persistent apical 
periodontitis (15) and it is the most common bacteria 
associated with the post-treatment infection of the root 
canal system (16, 17). NaOCl and CHX are the two 
common endodontic irrigants and have been used in 
some studies with varying concentrations for chemical 
disinfection of root canal filling materials (4, 5, 18). 
Previous studies have shown that the antimicrobial 
activity of NaOCl is related to its concentration, 
and higher concentrations have been shown to take 
less time to inhibit bacterial growth than lower 
concentrations (1, 19). A 5.25% NaOCl solution has 
been routinely used as an effective chemical agent for 
rapid decontamination of GPCs before clinical use, as 
it kills microorganisms in only 1-minute of exposure 
(20). Gomes et al. (4) reported that 1% NaOCl 
eliminated E. faecalis and C. albicans in 20 minutes, 
but 5.25% eliminated these microbes in 45 seconds. 
However, no general agreement exists regarding the 
optimal time of action for the decontamination of 
gutta-percha by 2% CHX, which usually ranges from 
1 minute to more than 10 minutes (20). In the present 
study, the effects of irrigation solutions on the GPCs 
structure were investigated at exposure times of 5 
and 10 minutes, respectively. The findings of the 
present study revealed that 5.25% NaOCl and 2% 
CHX have similar antimicrobial performance against 

E. faecalis for both 5 and 10 minutes. SEM analyses 
showed no topographic change on the surface of the 
GPCs for NaOCI and CHX. Additionally, there was 
no difference in element ratios between the different 
GPC exposure time points in both solutions. However, 
Valois et al. (8) and Isci et al.(21) detected surface 
alterations after short periods of exposure to 5.25% 
NaOCl and 2% CHX. Such difference in the findings 
is possibly due to the different techniques used, while 
Valois et al. (8) and Isci et al. (21) used atomic force 
microscopic analysis, SEM was used for this study. 

QMixTM 2in1 a novel endodontic irrigant for 
smear layer removal with added antimicrobial 
agents. It contains EDTA, CHX and a detergent. 
In previous studies, it was observed that QMix 
proved to be an effective irrigant against E. faecalis 
(10, 22). In this study it was found that QMix was 
equally effective as 5.25% NaOCl, 2% CHX, and 
1% PAA against E. faecalis due to the substantial 
antimicrobial efficiency of CHX. According to SEM 
analyses no topographic change on the surface of 
GPCs were found and EDS analyses showed no 
significant changes in the composition of the cones 
after immersion in QMix.

The results of our study revealed that 1% PAA 
was effective against E. faecalis for both 5 and 10 
minutes. This result is in line with a previous study 
(6). Subha et al. (6) demonstrated that PAA can be 
used in the rapid disinfection of GPCs, 1-5 minutes 
immersion was adequate to disinfect them. However, 
the literature lacks data regarding the action of PAA 
on the topography of GPCs. According to the results 
of the present study no topographic changes on the 
surface of GPCs were found after PAA disinfection. 
However, EDS analyses showed that the ratio of the 
component Carbon (C) was increased after immersion 
in 1% PAA at both time points. PAA is produced by 
a reaction between hydrogen peroxide and acetic 
acid. When PAA dissolves in water, it disintegrates 
into hydrogen peroxide and acetic acid, which further 
breakdown into water, oxygen and carbon dioxide 
(23). Thus, it can be concluded that due to this reason, 
the ratio of C of GPCs might increase after being 
disinfected with PAA. Further studies should evaluate 
the effect of PAA on changes in the physical properties 
of the gutta-percha for clinical relevance.

Source of funding
None declared

Conflict of interest
None declared



Antimicrobial Activity of Irrigation Solutions.

32

References

1. da Motta PG, de Figueiredo CB, Maltos S, Nicoli 
JR, Ribeiro Sobrinho AP, Maltos KL, Carvalhais 
HP. Efficacy of chemical sterilization and stora-
ge conditions of gutta-percha cones. Int Endod J 
2001;34(6):435-439. 

2. Valois CR, Silva LP, Azevedo RB. Structural effects 
of sodium hypochlorite solutions on gutta-percha 
cones: atomic force microscopy study. J Endod 
2005;31(10):749-751. 

3. Siqueira JF, Jr., Rocas IN, Valois CR. Apical sea-
ling ability of five endodontic sealers. Aust Endod J 
2001;27(1):33-35. 

4. Gomes BP, Vianna ME, Matsumoto CU, Rossi Vde 
P, Zaia AA, Ferraz CC, Souza Filho FJ. Disinfection 
of gutta-percha cones with chlorhexidine and sodium 
hypochlorite. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 2005;100(4):512-517. 

5. Royal MJ, Williamson AE, Drake DR. Compari-
son of 5.25% sodium hypochlorite, MTAD, and 2% 
chlorhexidine in the rapid disinfection of polycap-
rolactone-based root canal filling material. J Endod 
2007;33(1):42-44. 

6. Subha N, Prabhakar V, Koshy M, Abinaya K, Prabu 
M, Thangavelu L. Efficacy of peracetic acid in rapid 
disinfection of Resilon and gutta-percha cones com-
pared with sodium hypochlorite, chlorhexidine, and 
povidone-iodine. J Endod 2013;39(10):1261-1264. 

7. Gomes BP, Ferraz CC, Vianna ME, Berber VB, Teixe-
ira FB, Souza-Filho FJ. In vitro antimicrobial activity 
of several concentrations of sodium hypochlorite and 
chlorhexidine gluconate in the elimination of Ente-
rococcus faecalis. Int Endod J 2001;34(6):424-428. 

8. Valois CR, Silva LP, Azevedo RB. Effects of 2% 
chlorhexidine and 5.25% sodium hypochlorite on 
gutta-percha cones studied by atomic force micros-
copy. Int Endod J 2005;38(7):425-429.

9. Chassot AL, Poisl MI, Samuel SM. In vivo and in 
vitro evaluation of the efficacy of a peracetic acid-
based disinfectant for decontamination of acrylic 
resins. Braz Dent J 2006;17(2):117-121. 

10. Stojicic S, Shen Y, Qian W, Johnson B, Haapasalo M. 
Antibacterial and smear layer removal ability of a no-
vel irrigant, QMiX. Int Endod J 2012;45(4):363-371. 

11. Dai L, Khechen K, Khan S, Gillen B, Loushine BA, 
Wimmer CE, Gutmann JL, Pashley D, Tay FR. The 
effect of QMix, an experimental antibacterial root 
canal irrigant, on removal of canal wall smear layer 
and debris. J Endod 2011;37(1): 80-84. 

12. Valois CR, Silva LP, Azevedo RB, Costa ED Jr. Ato-
mic force microscopy study of gutta-percha cone 
topography. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod 2004;98(2):250-255.
13. Goldberg F, Gurfinkel J, Spielberg C. Microsco-

pic study of standardized gutta-percha points. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 
1979;47(3):275-276. 

14. Short RD, Dorn SO, Kuttler S.The crystallization of 
sodium hypochlorite on gutta-percha cones after the 
rapid-sterilization technique: an SEM study. J Endod 
2003;29(10):670-673. 

15. Molander A, Reit C, Dahlen G, Kvist T. Microbiologi-
cal status of root-filled teeth with apical periodontitis. 
Int Endod J 1998; 31(1):1-7. 

16. Rocas IN, Siqueira JF, Jr., Santos KR. Association 
of Enterococcus faecalis with different forms of pe-
riradicular diseases. J Endod 2004;30(5):315-320. 

17. Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. 
Enterococcus faecalis: its role in root canal treatment 
failure and current concepts in retreatment. J Endod 
2006:32(2):93-98. 

18. Vianna ME, Gomes BP, Berber VB, Zaia AA, Ferraz 
CC, de Souza-Filho FJ. In vitro evaluation of the 
antimicrobial activity of chlorhexidine and sodium 
hypochlorite. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 2004;97(1):79-84. 

19. Stabholz A, Stabholz A, Friedman S, Heling I, Sela 
MN. Efficiency of different chemical agents in de-
contamination of gutta-percha cones. Int Endod J 
1987;20(5):211-216. 

20. Siqueira JF, Jr., da Silva CH, Cerqueira MdD, Lo-
pes HP, de Uzeda M. Effectiveness of four che-
mical solutions in eliminating Bacillus subtilis 
spores on gutta-percha cones. Endod Dent Traumatol 
1998;14(3):124-126. 

21. Isci S, Yoldas O, Dumani A. Effects of sodium 
hypochlorite and chlorhexidine solutions on Resilon 
(synthetic polymer based root canal filling material) 
cones: an atomic force microscopy study. J Endod 
2006;32(10):967-969. 

22. Morgental RD, Singh A, Sappal H, Kopper PM, 
Vier-Pelisser FV, Peters OA. Dentin inhibits the an-
tibacterial effect of new and conventional endodontic 
irrigants. J Endod 2013;39(3):406-410. 

23. http://www.lenntech.com/processes/disinfection/
chemical/disinfectants-peracetic-acid.htm access 
date: 10/08/2104.

Corresponding Author:
Emel UZUNOGLU
Department of Endodontics 
Faculty of Dentistry Hacettepe University
06100. Sıhhiye, Ankara/Turkey
Phone: +903123052260
e-mail: emel_dt@hotmail.com 


