
 

IEJ Iranian Endodontic Journal 2019;14(1): 56-62 

Effectiveness of Sodium Hypochlorite plus EDTA Compared with 
Peracetic Acid in Removing Smear Layer and Killing 

Enterococcus faecalis 

Caroline Pietroski Grando a , Elizabeth Ferreira Martinez a , Carlos Eduardo Fontana b , Daniel 
Guimarães Pedro Rocha a , Carolina Pessoa Stringheta a , Carlos Eduardo da Silveira Bueno a*  

a Department of Endodontics, São Leopoldo Mandic Dental Research Center, Campinas, SP, Brazil; b Department of Endodontics, Pontifícia Universidade Católica de 
Campinas, Campinas, SP, Brazil 

ARTICLE INFO  ABSTRACT 

Article Type: 
Original Article 

 Introduction: The aim of this study was to evaluate the effectiveness of 2.5% sodium hypochlorite 
associated with 17% Ethylenediaminetetraacetic acid (NaOCl-EDTA), versus that of 1% peracetic 
acid (PA), in removing the smear layer, as assessed by scanning electron microscopy (SEM), and in 
exerting bactericidal action against Enterococcus faecalis (E. faecalis), as assessed by the real-time 
polymerase chain reaction (real-time PCR). Methods and Materials: Fifty-five extracted 
mandibular single-rooted premolars were selected, and divided into two experimental groups 
(NaOCl-EDTA and PA; n=25) and one control group (0.9% saline; n=5). Pre- and post-
instrumentation samples were collected and assessed for the presence of E. faecalis using real-time 
PCR. The teeth were instrumented using hand files and the ProTaper Universal system (hybrid 
technique) for a standardized time of 7 min. A total of 20 mL of NaOCl followed by 5 mL of EDTA 
were applied during instrumentation in the NaOCl-EDTA group, whereas 20 mL of PA and 20 mL 
of saline were applied in the PA and control groups, respectively. An additional 5 mL of saline was 
applied in all the groups to neutralize the environment. A scoring system was used to conduct the 
SEM assessment. The results were submitted to the Kruskal-Wallis test, complemented by Dunn's 
test (SEM analysis) (P<0.05). Results: A significant microbial reduction was observed in both the 
PA and the NaOCl-EDTA groups (P<0.05). In the PA group, the presence of a smear layer in the 
apical third was significantly greater than in the cervical third (P<0.05); no significant differences 
were observed between the middle and cervical thirds, or between the middle and apical thirds 
(P>0.05). In the NaOCl-EDTA group, the smear layer scores were significantly higher in the apical 
third than in the cervical and middle thirds (P<0.05). Conclusion: This in vitro study showed that 
there was no significant difference between PA and NaOCl-EDTA irrigation regimens regarding 
either antimicrobial action against E. faecalis or removal of the smear layer, except for greater 
removal in the middle third by the NaOCl-EDTA group.  
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Introduction 

uring root canal instrumentation, organic and inorganic 
remnants of dentinal tissue are deposited on the canal walls 

[1, 2]. These remnants contribute to the formation of a smear layer 
[3]. They adhere to the instrument and are compacted against the 
canal walls, obliterating the dentinal tubule entrances [4]. It has 
been argued that the presence of a smear layer may lead to 

treatment failure. On the other hand, its removal increases 
dentinal permeability, thus enabling the penetration of 
microorganisms and their sub-products into the dentinal tubules, 
which, in turn, may jeopardize the treatment outcome [5, 6]. 
Other authors consider this increase in permeability as beneficial, 
in that it contributes to increasing the interface between the dentin 
and the materials applied inside the root canal during endodontic 
procedures [7]. Despite this controversy, it is widely accepted that 
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endodontic instrumentation should be combined with the 
application of an irrigation solution capable of cleaning and 
reducing the number of microorganisms effectively [8].  

Several irrigating substances have been tested to improve 
disinfection and removal of the smear layer in the root canal 
system, including propolis, chlorhexidine, Eucalyptus galbie, 
Myrtus communis L., and citric acid [9-12]. Furthermore, several 
methods have been developed with the aim of agitating these 
solutions to render their action more effective [2]. 

Sodium hypochlorite (NaOCl) solution is the endodontic 
irrigant most widely used in root canal cleansing, because of its 
ability to promote tissue dilution and to exert strong bactericidal 
action. Ethylenediaminetetraacetic acid (EDTA), is a chelating 
agent that promotes the removal of the inorganic components of 
the smear layer, acting as an adjunct to irrigation [13, 14]. 

Another irrigant that has been tested is peracetic acid (PA). 
According to Arias-Moliz et al. [15], it is not only able to remove 
the smear layer, but also contributes toward disinfecting the root 
canal system. The use of PA instead of EDTA may be clinically 
interesting, because of its potential to improve disinfection of root 
canals [16, 17]. Cord et al. [16] concluded that the bactericidal 
effect of irrigations performed with PA and with 17% EDTA 
associated to 2.5% sodium hypochlorite were equivalent. This 
equivalence could potentially allow a simplification of the 
irrigation procedure and save time, in that a single substance 
could provide the same disinfection effectiveness as that provided 
by a NaOCl+EDTA association. According to Teixeira et al. [18], 
another advantage of PA is its low cytotoxicity.  

Enterococcus faecalis (E. Faecalis) is a facultative anaerobic 
bacterium associated with persistent endodontic infections. It 
may cause endodontic treatment failure, particularly in cases 
where there is secondary infection [19]. An important feature of 
this bacterium is its ability to penetrate dentinal tubules [20]. 
Studies on the effectiveness of PA used for endodontic irrigation 
are scant in the literature. Thus, the aim of the present study was 
to compare the effectiveness of 2.5% NaOCl associated to 17% 
EDTA versus that of 1% PA, in terms of smear layer removal, as 
assessed by scanning electron microscopy (SEM); and bactericidal 
action against E. faecalis, as assessed by the real time polymerase 
chain reaction method (Real-time PCR). 

Materials and Methods 

This study was approved by the Research Ethics Committee of the 
São Leopoldo Mandic Dental Research Center (CAAE: 
41157115.2.0000.5374) and that of the Federal University of Rio 
Grande do Sul, a research partner in this study (CAAE: 
41157115.2.3001.5347). The sample size was calculated using the 
Cochran method [21].  

Fifty-five permanent human mandibular premolars obtained 
from the tooth bank of the São Leopoldo Mandic Dental Research 
Center were selected. The study groups were composed as follows: 
PA Group (n=25): irrigation performed with 1% PA; NaOCl-
EDTA Group (n=25): irrigation performed with 2.5% NaOCl 
associated to 17% EDTA; and S Group (n=5, control): irrigation 
performed with 0.9% saline solution.  

Selection and preparation of specimens 
After extraction, the teeth were cleaned with ultrasound and 
stored in 0.1% thymol until the time of the experiment. The roots 
were washed in running water for one h, and then dried with an 
air jet and gauze. The teeth were then selected based on 
radiographs performed in the buccolingual and mesiodistal 
directions. Inclusion criteria were teeth with straight, single fully 
formed roots, and with a single, oval-shaped canal (buccolingual 
length=twice the mesiodistal length) [22]. Teeth with fractures, 
calcifications, dilacerations, or previous endodontic treatment 
were excluded. 

The crowns of the teeth were sectioned at the cementoenamel 
junction to produce specimens with a standard length of 16 mm. 
The working length (WL) was determined by inserting a #10 K-
type file until it was visible at the apical foramen with an operatory 
microscope (MC-M12MF; DFVasconcellos, Valença, RJ, Brazil) 
under 12.5× magnification, and then subtracting 1 mm from the 
resulting length. Whenever canal patency could not be obtained 
or when a #10 K-type file did not fit perfectly, the root was 
replaced by another specimen [23]. Two longitudinal grooves 
were then made on the buccal and lingual surfaces of the roots 
with a diamond disc (KG Sorensen, Cotia, SP, Brazil) [16, 24], as 
a preparation step for the cleavage procedure to be performed 
prior to the SEM evaluation. Subsequently, the canal was enlarged 
to a diameter corresponding to a #20 Flexofile instrument 
(Dentsply-Maillefer, Ballaigues, Switzerland) to allow 
contamination by E. faecalis. 

Initially, two layers of an epoxy adhesive (Araldite; Brascola 
Ltda, Taboão da Serra, SP, Brazil) were applied to root apices, 
which were then covered with a pellet of #7 wax (Asfer Indústria 
Química, São Caetano do Sul, SP, Brazil). Next, the roots were 
inserted into polyvinychloride (PVC) tubes, and the space 
between the roots and the tubes was filled with condensation 
silicone. Finally, the roots were covered with a thin layer of ethyl-
cyanoacrylate (Super Bonder, Loctite-Henkel, Itapevi, SP, 
Brazil) to provide stability. The specimens were then randomly 
numbered from 1 to 55 (www.random.org), sterilized in 
ethylene oxide (ACECIL Comércio de Esterilização e Indústria 
Ltda, Campinas, SP, Brazil), and contaminated with E. faecalis 
after 14 days. The specimens were stored in an incubator during 
this time. 
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Contamination of specimens 
The microorganism targeted in the PCR test was E. faecalis 
(American Type Tissue Collection, USA, ATCC 29212), cultured 
and stored in brain-heart infusion (BHI) liquid medium with 20% 
glycerol. The inoculum was prepared by mixing 100 μL of E. 
faecalis stock in 2 mL of BHI, kept in an incubator at 37°C for a 
maximum of five days. After this period, the broth turbidity was 
compared to that of the MacFarland 1 scale (Nefelobac, Probac, 
Brazil), equivalent to a count of 3.0×108 bacteria/mL. Three teeth 
from each group were contaminated with E. faecalis and kept at 
37°C for 21 days. Every three days, more BHI was added when 
necessary, and the effectiveness of the contamination was 
observed. The root canal was rinsed with 1 mL of sterile 0.9% 
saline to remove unbound bacteria, and an initial collection of 
material from inside the canals was performed with a #20 sterile 
absorbent paper point for 1 min. The paper points were stored in 
polypropylene Eppendorf tubes containing 1 mL of sterile 
phosphate buffered saline (PBS) at pH 7.2. 

The teeth were instrumented using the ProTaper Universal 
rotary system (Dentsply Sirona, Ballaigues, Switzerland) and the 
X-Smart electric motor (Dentsply Sirona, Ballaigues, 
Switzerland). A hybrid instrumentation technique was applied for 
a standardized time of 7 min, as follows: Flexofile instruments #10 
and #15 up to the WL, S1 and SX files operated at a speed of 300 
rpm and torque of 3 N/cm and applied with a brushing motion; 
Flexofile instrument #15 up to the WL, S1 and S2 files to prepare 
the middle and apical thirds with a brushing motion; Flexofile 
instrument #25 applied with alternating clockwise/counter-
clockwise motion, F2 file at 300 rpm and 2 N/cm; Flexofile 
instrument #30 with alternating clockwise/counter-clockwise 
motion; and F3 file at 300 rpm and 3 N/cm with a brushing 
motion up to the WL.  

Irrigation was performed at each instrument change with a 
disposable 5-mL plastic syringe coupled to a Navitip 31-G needle, 
introduced to a level 2 mm short of the WL [25]. A total of 20 mL 
of 2.5% NaOCl followed by 5 mL of 17% EDTA were applied 
during instrumentation in the NaOCl-EDTA group, whereas 20 
mL of 1% PA and 20 mL of 0.9% saline were applied in the PA and 
control groups, respectively. The EDTA was agitated with a hand 
file for 3 min in the NaOCl-EDTA group, and an additional 5 mL 
of saline was applied in all the groups to neutralize the 
environment. 

After instrumentation, a second collection was performed 
with a #30 sterile paper point, held in position for 1 min. The point 
was then placed in an Eppendorf tube containing the transport 
medium plus 1 mL of sterile PBS. The tube was vortexed for 30 
sec, and the specimens were then kept at -20°C until DNA 
extraction.  

DNA extraction 
Samples were centrifuged and the supernatant, discarded. A lysis 
buffer (2% Triton X-100, 1% sodium dodecyl sulfate, 100 mM 
NaCl, 20 mM Tris-HCl, pH 7.5) was added, and the samples were 
kept at 65°C for 30 min. The samples were treated with a 25:24:1 
v/v phenol, chloroform and isoamyl alcohol solution (UltraPure™; 
Life Technologies, Carlsbad, CA, USA), centrifuged under 10000 
g for 5 min, and the aqueous phase was transferred and treated 
with isopropanol. After a new centrifugation, the supernatant was 
removed, and the pellet was washed with a 70% ethanol solution. 
Ethanol was then eliminated, and the DNA was purified in 25 μL 
of ultra-pure water. The concentration and quality of DNA were 
determined by a nano-spectrophotometer at 260 and 280 nm 
wavelengths. The standard curve was calculated in a previous pilot 
study, using a pure culture of E. faecalis. 

Real-time PCR 
Quantitative (q) PCR was performed using a 7500 Fast Real Time 
PCR System (Life Technologies, Carlsbad, CA, USA) with SYBR 
Green as the detection dye. Cycling conditions were 10 min at 
95°C followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min. 
The primer set for E. faecalis was F 5′-
CCAATCAAATGGCGGCTTCTACG -3′ and R 5′-
GCGATCAGGGAAATGATCGATTCC -3′. The quantification 
data were analyzed with SDS System Software (Life Technologies, 
Carlsbad, CA, USA), and the relative expression levels were 
calculated. 

Scanning electron microscopy (SEM) evaluation 
The instrumented teeth were cleaved, and both halves were taken 
to a desiccator containing silica, and subsequently metallized 
using a vacuum coating unit (Denton Vacuum Desk II; 
Moorestown, NJ, USA). Only the fragments free of cracks were 
selected for SEM analysis. Each root third was initially located under 
50× magnification, and the image of the canal wall surface was 
gradually enlarged up to 500×. The most representative image of 
each third was then selected using a visual criterion (subjective). A 
single operator selected the images and demarcated the root thirds 
with a ballpoint pen.  

Three examiners with a PhD in endodontics assessed the images 
using a scoring system modified from that proposed by Hülsmann 
[26]. Inter-examiner agreement was assessed using the Kappa test 
and was considered adequate (k=0.8). The 165 digital images 
obtained from the 55 specimens were numbered and displayed in a 
PowerPoint presentation (Microsoft Corp., Redmond, WA, USA). 
No identification of the experimental group or root third displayed 
was visible (blind test). Simultaneously, the examiners received a 
second presentation comprising four SEM images in descending 
order of cleanliness to serve as a reference for attributing scores of 0 
to 4 to the study images, as follows: Score 0, completely clean surface 



 

IEJ Iranian Endodontic Journal 2019;14(1): 56-62 

59 Grando et al. 

with all the dentinal tubules clean or with the rare presence of a 
smear layer; 100% clean walls; Score 1, Surface with less than 50% 
of dentinal tubules exposed; Score 2, Surface covered by a thin 
smear layer, with half of the dentinal tubules exposed; 50% clean 
walls; Score 3, Surface with more than 50% of the walls with dentinal 
tubules exposed; and Score 4, Surface completely covered by a thick 
smear layer, with no visible dentinal tubules; 100% dirty walls.  

Statistical analysis 
The results obtained in the real-time PCR test were converted into 
log10. In the SEM analysis, the coincident scores between the 3 
examiners were used. When the scores assigned to a specimen by 
the examiners did not coincide, the highest score was used. The 
results were analyzed using the Kruskal-Wallis test complemented 
by Dunn's test. BioEstat 4.0 software (BioEstat; Belém, PA, Brazil) 
was used in the analyses. The level of significance was set at 0.05.  

Results 

Bactericidal action 
The real-time PCR test revealed significant microbial reductions 
(P<0.05) in the PA and NaOCl-EDTA groups, contrasting with the 
S group. There was no significant difference between the PA and 
NaOCl-EDTA groups (P>0.05; Table 1).  

Smear layer removal  
In the intra-group analysis performed for the PA group, the scores in 
the apical third were significantly higher than in the cervical third 
(P<0.05); there was no significant difference between the middle and 
cervical thirds, nor between the middle and apical thirds(P>0.05). In 
the NaOCl-EDTA group, scores were significantly higher in the 
apical third than in the cervical and middle thirds (P<0.05) (Table 2). 

 

Table 1. Microbial counts (log10), obtained by the real-time PCR method, before and after irrigation with peracetic acid (PA), sodium 
hypochlorite associated to EDTA (NaOCl-EDTA), and saline solution (S) 

 
PA NaOCl-EDTA S 

B A B A B A 
Median 4.42A 2.07B 6.24A 3.13B 5.14A 2.82A 
Interquartile range 1.57 1.75 0.68 0.92 0.39 0.49 
Arithmetic mean 4.55 2.03 6.15 3.30 4.92 2.80 
Standard deviation 1.16 1.11 0.50 1.10 0.66 0.30 
P-value <0.0001 <0.0001 0.0679 
% reduction 98.22%A 97.99%A 71.58%B 

B: before instrumentation; A: after instrumentation; different letters represent significant differences (P<0.05; Kruskal-Wallis test complemented by Dunn’s test) 
 

Table 2. Intra-group comparison of the frequency distribution (n, %) and mean values for the smear layer scores assigned to each root canal third 
after irrigation with peracetic acid (PA) and sodium hypochlorite associated to EDTA (NaOCl-EDTA). 

 PA NaOCl-EDTA 
C M A C M A 

Score 0 5.20% 1.4% 1.4% 8.32% 2.8% 0.0% 
Score 1 6.24% 4.16% 2.8% 8.32% 7.28% 0.0% 
Score 2 8.32% 10.40% 7.28% 9.36% 11.44% 7.28% 
Score 3 6.24% 10.40% 15.60% 0.0% 5.20% 18.72% 
Arithmetic mean 1.6 A 2.16 AB 2.44 B 1.04 A 1.76 A 2.72 B 
P-value 0.01 0.00 

C: cervical third; M: middle third; A: apical third; different letters represent significant differences between thirds within the same group (P < 0.05; Kruskal-Wallis test 
complemented by Dunn's test) 

 

Table 3. Inter-group comparison of the frequency distribution (n, %) and mean values for the smear layer scores assigned to each root canal 
third after irrigation with peracetic acid (PA), sodium hypochlorite associated to EDTA (NaOCl-EDTA), and saline solution (S) 

 C M A 
PA NaOCl-EDTA S PA NaOCl-EDTA S PA NaOCl-EDTA S 

Score 0 5.20% 8.32% 0.0% 1.4% 2.8% 0.0% 1.4% 0.0% 0.0% 
Score 1 6.24% 8.32% 0.0% 4.16% 7.28% 0.0% 2.8% 0.0% 0.0% 
Score 2 8.32% 9.36% 0.0% 10.40% 11.44% 0.0% 7.28% 7.28% 0.0% 
Score 3 6.24% 0.0% 25.100% 10.40% 5.20% 25.100% 15.60% 18.72% 25.100% 
Arithmetic mean 1.6 A 1.04 A 3 B 2.16 AB 1.76 A 3 B 2.44 A 2.72 A 3 A 
P-value  0.0008 0.0067 0.1617 
C: cervical third; M: middle third; A: apical third; different letters represent significant differences between groups considering the same root third (P<0.05; Kruskal-

Wallis test complemented by Dunn's test) 
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The inter-group analysis revealed that, in the cervical third, the 
scores observed in the S Group were significantly higher than in the 
PA and NaOCl-EDTA groups (P<0.05). In the middle third, the 
highest scores occurred in the S Group, which were significantly 
higher than in the NaOCl-EDTA group (P<0.05). In the apical third, 
there was no significant difference between the groups (P>0.05), and 
the worst results were observed in this region (Table 3).  

Discussion 

The 1% PA solution performed as well as the 2.5% NaOCl+17% 
EDTA solution regarding bactericidal action; however, there were 
significant differences between these groups and the control group, 
leading to a partial rejection of the null hypothesis. Cord et al. [16] 
showed that the efficacy of 1% PA was similar to that of 17% 
EDTA+2.5% NaOCl in cleaning root canals contaminated with E. 
faecalis, while Arias-Moliz et al. [15] showed that the total biovolume 
decrease observed after irrigating with 2.5% NaOCl alone, 2.5% 
NaOCl + 1% etidronic acid, or 1% PA solutions was significantly 
greater than the decrease obtained after using chlorhexidine or a 
control solution [15]. These studies confirm the results found in the 
present study that showed that the effectiveness of 1% PA against E. 
Faecalis was similar to that of 2.5% NaOCL+EDTA.  

Significant microbial reductions were observed in all the 
experimental groups after instrumentation, with the exception of the 
control group. This finding confirms the results obtained by Baldasso 
et al. [27]. In none of the groups were the bacteria in the root canals 
totally eliminated, confirming the results obtained by Dornelles-
Morgental et al. [28], who stated that irrigating solutions may present 
antimicrobial activity, but cannot eradicate E. faecalis from the root 
canal system. According to Siqueira Junior and Rôças [29], the 
presence of detectable levels of persistent bacteria in a great number 
of cases indicates that the continuous search for more effective 
antimicrobial treatment strategies should be encouraged [29].  

PA could be advantageous compared to NaOCl, because it does not 
produce toxic residues when it decomposes. Teixeira et al. [18] found 
that 1% PA was less cytotoxic than 2.5% NaOCl and 17% EDTA 
[18]. PA can be used over a broad spectrum of temperatures (0°C to 
40°C), and no microbial resistance to it has been reported to date. 
However, it is yet unknown whether its effectiveness in destroying 
microorganisms on surfaces is similar to that of NaOCl [30].  

Over the past few years, more modern microbiological 
techniques, such as PCR, have allegedly allowed bacteria to be 
identified with greater precision, sensitivity and specificity 
than those using bacterial cultures [31]. Cogulu et al. [32], 
however, reported results indicating that both methods-PCR 
and bacterial culture-were equally sensitive in detecting E. 
Faecalis in root canals. 

In the present study, the smear layer buildup observed in 
the apical third was significantly higher than in the cervical and 
middle thirds in the NaOCl-EDTA group. A possible 
explanation for this could be related to the surface tension of 
these irrigants, which would hamper their action in the apical 
third. This interpretation could also explain the less effective 
removal of smear layer in the PA group, considering that PA 
has a greater surface tension than NaOCl and EDTA. There 
was no significant difference between root thirds in the saline 
group, confirming the results found by Mello et al. [33]. The 
greater presence of dentin mud in the apical third also 
confirms the findings of Yang et al. [34], Rocha et al. [35], 
Haapasolo et al. [36], Zarei et al. [37], and Baldasso et al. [27]. 
These authors stated that the apical third is the most critical, 
because irrigation solutions display poorer cleaning action in 
this area.  

According to Taneja et al. [38], PA was the irrigant that 
produced the highest level of calcium removal from the 
dentinal structure, thus lowering its microhardness. However, 
in their study, only samples from the cervical third of the root 
canal were analyzed, and the specimens were ground prior to 
their assessment, which may have interfered in the results.  

De-Deus et al. [39], concluded that, after 60 sec, removal of 
the smear layer promoted by 0.5% and 2.25% PA was 
significantly greater than that promoted by 17% EDTA. 
However, this study was carried out on dentin discs in an 
experimental condition far-removed from clinical reality. This 
is because horizontal application of the solutions to the test 
specimens precluded gravitational force from being exerted on 
the irrigants within the root canals. In addition, the dentin 
discs were obtained from the coronal portion of the tooth.  

This could explain the difference between these results and 
those of the present study, where similar results were obtained 
for both experimental groups in the apical and cervical thirds, 
and where NaOCl promoted even greater removal than PA in 
the middle third. Kuga et al. [40] concluded that both EDTA 
and PA associated to NaOCl failed to contribute significantly 
to increase the removal of dentin mud. Although that study 
also used immersed dentin discs, the considered areas were 
from the middle third of the root, therefore imparting greater 
reliability to the results, compared to those of De-Deus et al. 
[39]. On the other hand, the Kuga et al. [40] study was 
conducted on bovine teeth.  

Tartari et al. [41] investigated the effects of decalcifying 
agents alone and in combination with NaOCl on organic and 
inorganic components of dentin. These authors found that 
diphosphonic acid and EDTA-Na4 caused minor dentin 
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demineralization, whereas EDTA-HNa3 and PA caused greater 
dentin demineralization; both effects were time-and 
concentration-dependent. Combinations of NaOCl and 
decalcifying agents can be used to create dentin surfaces with 
different compositions aiming at different interactions with 
endodontic cements. Tartari et al. [41] also observed that PA 
is capable of promoting tissue dilution, but to a lesser degree 
than that promoted by sodium hypochlorite. In the present 
study, PA was used alone in order to establish its isolated 
antibacterial and smear layer removal capacity. Nevertheless, 
new studies are warranted to assess new PA associations as well 
as its tissue dilution power.  

Hartmann et al. [17] observed that passive ultrasonic 
irrigation contributed to a higher bactericidal efficiency of the 
irrigating solution. Thus, new protocols using sonic or 
ultrasonic agitation of PA in order to increase the tissue 
dissolving power of this solution should also be investigated. 

De-Deus et al. [39] reported in a literature review that one 
of the major problems involved in using traditional SEM is the 
lack of standardization of the site evaluated, and the variation 
between specimens in terms of anatomy, curvature and dentin 
characteristics. In the present study, we sought to compensate 
for the lack of standardization by selecting the region of 
interest in sequential steps, namely, by initially assessing the 
entire surface of the canal wall under 50× magnification, then 
delimiting the root third, then progressively magnifying up to 
500× , and, finally, selecting the most representative image of 
the root third considered.  

According to Shahravan et al. [7], removal of the smear 
layer improved endodontic sealing, whereas other factors such 
as obturation technique or cement type had no significant 
effect on sealing. Carvalho et al. [42] found that the use of 
different chelating agents did not influence the adhesion 
strength of endodontic sealers. Their study, however, was also 
performed on dentin discs from the middle root third of the 
extracted teeth. This may have interfered in the results, owing 
to its far-removal from clinical reality. Kuga et al. [40] agreed 
with Carvalho et al. [42] and conclude that the association of 
NaOCl to acid solutions does not increase the penetration 
depth of the solution in root dentin.  

Conclusion 

The irrigations performed with 1% peracetic acid and with 
2.5% NaOCl associated to 17% EDTA showed similar 
bactericidal action against E. faecalis. The two irrigation 
regimens yielded equivalent smear layer removal results, 
except regarding the middle third of the root canal, where the 

NaOCl plus EDTA association was superior to PA. New in 
vitro and mainly in vivo studies with PA are warranted to 
provide more robust scientific evidence to support new root 
canal irrigation and cleaning protocols. 

Acknowledgement 

All of the authors certify that they have no commercial 
association that might represent a conflict of interest in 
connection with the submitted manuscript. 

Conflict of Interest: ‘None declared’. 

References 

1. Saha SG, Sharma V, Bharadwaj A, Shrivastava P, Saha MK, Dubey S, 
Kala S, Gupta S. Effectiveness of Various Endodontic Irrigants on the 
Micro-Hardness of the Root Canal Dentin: An in vitro Study. J Clin 
Diagn Res. 2017;11(4):ZC01-ZC4. 

2. Karade P, Chopade R, Patil S, Hoshing U, Rao M, Rane N, Chopade 
A, Kulkarni A. Efficiency of Different Endodontic Irrigation and 
Activation Systems in Removal of the Smear Layer: A Scanning 
Electron Microscopy Study. Iran Endod J. 2017;12(4):414-8. 

3. Violich DR, Chandler NP. The smear layer in endodontics - a review. 
Int Endod J. 2010;43(1):2-15. 

4. Plotino G, Özyürek T, Grande NM, Gündoğar M. Influence of size 
and taper of basic root canal preparation on root canal cleanliness: a 
scanning electron microscopy study. Int Endod J. 2018. 

5. Kumar P, Prasad N, Darawade A, Bhagat SK, Narayana N, Darawade 
P. The Effect of Four Commonly used Root Canal Irrigants on the 
Removal of Smear Layer: An In-vitro Scanning Electron Microscope 
Study. J Int Oral Health. 2015;7(9):88-93. 

6. Vieira AR, Siqueira JF, Ricucci D, Lopes WS. Dentinal tubule 
infection as the cause of recurrent disease and late endodontic 
treatment failure: a case report. J Endod. 2012;38(2):250-4. 

7. Shahravan A, Haghdoost AA, Adl A, Rahimi H, Shadifar F. Effect of 
smear layer on sealing ability of canal obturation: a systematic review 
and meta-analysis. J Endod. 2007;33(2):96-105. 

8. Widjiastuti I, Rudyanto D, Yuanita T, Bramantoro T, Aries Widodo 
W. Cleaning Efficacy of Root Canal Irrigation with Positive and 
Negative Pressure System. Iran Endod J. 2018;13(3):398-402. 

9. Mirseifinejad R, Tabrizizade M, Davari A, Mehravar F. Efficacy of 
Different Root Canal Irrigants on Smear Layer Removal after Post 
Space Preparation: A Scanning Electron Microscopy Evaluation. Iran 
Endod J. 2017;12(2):185-90. 

10. Awawdeh L, Jamleh A, Al Beitawi M. The Antifungal Effect of 
Propolis Endodontic Irrigant with Three Other Irrigation Solutions 
in Presence and Absence of Smear Layer: An In Vitro Study. Iran 
Endod J. 2018;13(2):234-9. 

11. Scelza MZ, de Noronha F, da Silva LE, Mauricio M, Gallito MA, 
Scelza P. Effect of Citric Acid and Ethylenediaminetetraacetic Acid 
on the Surface Morphology of Young and Old Root Dentin. Iran 
Endod J. 2016;11(3):188-91. 

12. Nourzadeh M, Amini A, Fakoor F, Raoof M, Sharififar F. 
Comparative Antimicrobial Efficacy of. Iran Endod J. 
2017;12(2):205-10. 



 

IEJ Iranian Endodontic Journal 2019;14(1): 56-62 

62 Peracetic acid, the smear layer and E. faecalis 
 

13. da Silva Beraldo Â, Silva RV, da Gama Antunes AN, Silveira FF, 
Nunes E. Scanning Electron Microscopic Evaluation of Smear Layer 
Removal Using Isolated or Interweaving EDTA with Sodium 
Hypochlorite. Iran Endod J. 2017;12(1):55-9. 

14. Giardino L, Del Fabbro M, Cesario F, Fernandes FS, Andrade FB. 
Antimicrobial effectiveness of combinations of oxidant and chelating 
agents in infected dentine: an ex vivo confocal laser scanning 
microscopy study. Int Endod J. 2018;51(4):448-56. 

15. Arias-Moliz MT, Ordinola-Zapata R, Baca P, Ruiz-Linares M, García 
García E, Hungaro Duarte MA, Monteiro Bramante C, Ferrer-Luque 
CM. Antimicrobial activity of Chlorhexidine, Peracetic acid and 
Sodium hypochlorite/etidronate irrigant solutions against 
Enterococcus faecalis biofilms. Int Endod J. 2015;48(12):1188-93. 

16. Cord CB, Velasco RV, Ribeiro Melo Lima LF, Rocha DG, da Silveira 
Bueno CE, Pinheiro SL. Effective analysis of the use of peracetic acid 
after instrumentation of root canals contaminated with Enterococcus 
faecalis. J Endod. 2014;40(8):1145-8. 

17. Hartmann RC, Neuvald L, Barth V, Jr., de Figueiredo JAP, de Oliveira SD, 
Scarparo RK, Waltrick SB, Rossi-Fedele G. Antimicrobial efficacy of 0.5% 
peracetic acid and EDTA with passive ultrasonic or manual agitation in 
an Enterococcus faecalis biofilm model. Aust Endod J. 2018. 

18. Teixeira PA, Coelho MS, Kato AS, Fontana CE, Bueno CE, Pedro-
Rocha DG. Cytotoxicity assessment of 1% peracetic acid, 2.5% 
sodium hypochlorite and 17% EDTA on FG11 and FG15 human 
fibroblasts. Acta Odontol Latinoam. 2018;31(1):11-5. 

19. Pourhajibagher M, Ghorbanzadeh R, Parker S, Chiniforush N, 
Bahador A. The evaluation of cultivable microbiota profile in patients 
with secondary endodontic infection before and after photo-activated 
disinfection. Photodiagnosis Photodyn Ther. 2017;18:198-203. 

20. Al-Nazhan S, Al-Sulaiman A, Al-Rasheed F, Alnajjar F, Al-
Abdulwahab B, Al-Badah A. Microorganism penetration in dentinal 
tubules of instrumented and retreated root canal walls. In vitro SEM 
study. Restor Dent Endod. 2014;39(4):258-64. 

21. Cochran WG. Sampling Techniques. New York: John Wiley & Sons; 
1977. 448 pp. 

22. Zogheib LV, Saavedra GeS, Cardoso PE, Valera MC, Araújo MA. 
Resistance to compression of weakened roots subjected to different 
root reconstruction protocols. J Appl Oral Sci. 2011;19(6):648-54. 

23. Parente JM, Loushine RJ, Susin L, Gu L, Looney SW, Weller RN, 
Pashley DH, Tay FR. Root canal debridement using manual dynamic 
agitation or the EndoVac for final irrigation in a closed system and 
an open system. Int Endod J. 2010;43(11):1001-12. 

24. Vemuri S, Kolanu SK, Varri S, Pabbati RK, Penumaka R, Bolla N. 
Effect of different final irrigating solutions on smear layer removal in 
apical third of root canal: A scanning electron microscope study. J 
Conserv Dent. 2016;19(1):87-90. 

25. Camargo CH, Leal FM, Silva GO, de Oliveira TR, Madureira PG, 
Camargo SE. Efficacy of different techniques for removal of calcium 
hydroxide-chlorhexidine paste from root canals. Gen Dent. 
2016;64(2):e9-12. 

26. Hülsmann M, Rümmelin C, Schäfers F. Root canal cleanliness after 
preparation with different endodontic handpieces and hand 
instruments: a comparative SEM investigation. J Endod. 
1997;23(5):301-6. 

27. Baldasso FER, Roleto L, Silva VDD, Morgental RD, Kopper PMP. 
Effect of final irrigation protocols on microhardness reduction and 
erosion of root canal dentin. Braz Oral Res. 2017;31:e40. 

28. Dornelles-Morgental R, Guerreiro-Tanomaru JM, de Faria-Júnior 
NB, Hungaro-Duarte MA, Kuga MC, Tanomaru-Filho M. 

Antibacterial efficacy of endodontic irrigating solutions and their 
combinations in root canals contaminated with Enterococcus 
faecalis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2011;112(3):396-400. 

29. Siqueira JF, Rôças IN. Clinical implications and microbiology of 
bacterial persistence after treatment procedures. J Endod. 
2008;34(11):1291-301.e3. 

30. Leaper S. Influence of temperature on the synergistic sporicidal effect 
of peracetic acid plus hydrogen peroxide on Bacillus subtilis SA22 
(NCA 72-52). Food Microbiology. 1984;1(3):199-203. 

31. Preethee T, Kandaswamy D, Hannah R. Molecular identification of 
an Enterococcus faecalis endocarditis antigen efaA in root canals of 
therapy-resistant endodontic infections. J Conserv Dent. 
2012;15(4):319-22. 

32. Cogulu D, Uzel A, Oncag O, Aksoy SC, Eronat C. Detection of 
Enterococcus faecalis in Necrotic Teeth Root Canals by Culture and 
Polymerase Chain Reaction Methods. Eur J Dent. 2007;1(4):216-21. 

33. Mello I, Robazza CR, Antoniazzi JH, Coil J. Influence of different 
volumes of EDTA for final rinse on smear layer removal. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod. 2008;106(5):e40-3. 

34. Yang G, Wu H, Zheng Y, Zhang H, Li H, Zhou X. Scanning electron 
microscopic evaluation of debris and smear layer remaining 
following use of ProTaper and Hero Shaper instruments in 
combination with NaOCl and EDTA irrigation. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2008;106(4):e63-71. 

35. Rocha DGP, Alves VO, Martin AS, Fontana CE, Cunha RS, Bueno 
CES. Comparison of preparation time and ability to maintain canal 
morphology in curved canals: Pathfile + Protaper Universal versus 
Twisted Files. Rev Odontol UNESP. 2013;42(2):99-103. 

36. Haapasalo M, Shen Y, Wang Z, Gao Y. Irrigation in endodontics. Br 
Dent J. 2014;216(6):299-303. 

37. Zarei M, Javidi M, Afkhami F, Tanbakuchi B, Zadeh MM, 
Mohammadi MM. Influence of Root Canal Tapering on Smear Layer 
Removal. N Y State Dent J. 2016;82(3):35-8. 

38. Taneja S, Kumari M, Anand S. Effect of QMix, peracetic acid and 
ethylenediaminetetraacetic acid on calcium loss and microhardness 
of root dentine. J Conserv Dent. 2014;17(2):155-8. 

39. De-Deus G, Souza EM, Marins JR, Reis C, Paciornik S, Zehnder M. 
Smear layer dissolution by peracetic acid of low concentration. Int 
Endod J. 2011;44(6):485-90. 

40. Kuga MC, Gouveia-Jorge É, Tanomaru-Filho M, Guerreiro-
Tanomaru JM, Bonetti-Filho I, Faria G. Penetration into dentin of 
sodium hypochlorite associated with acid solutions. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2011;112(6):e155-9. 

41. Tartari T, Bachmann L, Zancan RF, Vivan RR, Duarte MAH, 
Bramante CM. Analysis of the effects of several decalcifying agents 
alone and in combination with sodium hypochlorite on the chemical 
composition of dentine. Int Endod J. 2018;51 Suppl 1:e42-e54. 

42. 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. 

 
 

Please cite this paper as: Pietroski Grando C, Ferreira Martinez E, 
Eduardo Fontana C, Pedro Rocha DG, Pessoa Stringheta C, da Silveira 
Bueno CE. Effectiveness of Sodium Hypochlorite plus EDTA Compared 
with Peracetic Acid in Removing Smear Layer and Killing Enterococcus 
faecalis. Iran Endod J. 2019;14(1): 56-62. Doi: 10.22037/iej.v14i1.22190. 

 


