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Introduction

The root canal system is complex and accessory structures, such 
as fins, cul de sacs, and inter canal communications, are colonized 
by microorganisms once the tooth becomes infected [1, 2]. The 
microorganisms associated with endodontic infections comprises 
of  a complex mixture of  bacterial species. It has been reported 
that the root canal microbiota recovered from asymptomatic teeth 
is different from that isolated from clinically symptomatic teeth 
[3]. Both aerobic and anaerobic microorganisms as well as faculta-
tive microorganisms can be found in the root canal. Endodontic 
disease is one, which is caused and facilitated by microbial action. 
The management of  such disease is primarily through removal of  

necrotic pulp tissue and disinfection of  microbes. This is done by 
the endodontic treatment via mechanical instrumentation and ir-
rigation of  the canal system. Irrigation is presently the best meth-
od for lubrication, destruction of  microbes, the removal of  tissue 
remnants, and dentin debris during instrumentation. The simple 
act of  irrigation allows the flushes away loose, necrotic, contami-
nated materials before that they are involuntarily pushed deeper 
into the canal and apical tissues, compromising the periapical tis-
sue. The success of  endodontic treatment is mainly dependent 
on biomechanical cleaning, shaping and disinfection of  the root 
canal system. Although, the mechanical instrumentation is an es-
sential step in the success of  root canal therapy, the generation 
of  the smear layer is an inevitable consequence of  instrumenta-
tion regardless of  the type of  instruments and techniques used. 

Abstract

Objective: The main objective of  the study is to analyse the effect of  Etidronic acid and 17% EDTA on loss of  root dentin using 
Scanning electron microscope.
Background: Etidronic acid and 17% EDTA are few chelating agents, which act on the inorganic matter for complete smear layer 
removal.The aim of  the study is to evaluate the Etidronic acid and 17% EDTA onroot canal dentin using SEM analysis.
Materials and Methods: Single rooted extracted human tooth was taken and disinfected.The samples were decoronated using 
diamond disc. The samples were divided into three groups and three different irrigants (EDTA,Etidronic acid and saline) were 
used to irrigate the three groups separately. Root canals were enlarged till 80size K file and GG drill no 4 .The teeth were split into 
two equal longitudinal halves using chisel and mallet and then immersed in the respective irrigant for 30 mins and then viewed 
under Scanning Electron Microscope and scoring were given accordingly.
Results: All irrigants tested, removed smear layer effectively there was no significant difference between 17% EDTA and 9% 
Etidronic acid (p value=0.965). 9% Etidronic acid is as effective as smear layer removal as 17% EDTA.
Conclusion: 17% EDTA and 9% Etidronic acid showed almost the same score therefore 9% Etidronic acid can be used as a bet-
ter alternate for 17% EDTA as desmearing agent.
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McComb and Smith [4] were first to find the smear layer on the 
surface of  the instrumented root canal wall. Lester and Boyde [5] 
described the smear layer as “organic matter trapped within trans-
located inorganic dentin.” Smear layer contains both organic and 
inorganic components. The smear layer has been recommended 
to be removed as it may be having mixture of  bacteria and their 
by-products [6, 7]. Since smear layer create a space between the 
inner wall of  the root canal and the obturating materials it may 
block the penetration of  irrigants and intracanal medicaments 
into the dentinal tubules and prevent the close adaptation and 
adherence of  sealer cement onto canal walls [8-10]. Smear lay-
er removal facilitates opening of  dentinal tubules for intracanal 
medication action and allow better adhesion of  the root canal 
filling material. Therefore, endodontic treatment should not be 
limited to the removal of  pulp remnants and the widening of  the 
root canal, but also focus on removal of  smear layer [11]. Ultra-
sonic instruments, lasers, and irrigants have been used for chemi-
cal and mechanical debridement during root canal treatment for 
the smear layer removal. Irrigants are stable complexes formed 
because of  the bond between metal ions and chelator itself  (li-
gand) having more than one pair of  free electrons. They induce 
changes in calcium and phosphorus ion concentration in the root 
canal dentin [12]. The demineralizing effect of  irrigants acts si-
multaneously on the smear layer and the root canal dentin, result-
ing in collagen exposure and reduction of  dentin micro hardness. 
Reduction in micro hardness of  the most superficial layer of  root 
canal dentin is more advantageous (50 µm per canal wall). It can 
help in negotiation and facilitation of  endodontic instrumenta-
tion in fine calcified canals and smear layer removal increases the 
penetration into the dentinal tubules to permit disinfection [13].
The continuous irrigation protocol optimizes the bond strength 
of  a sealer to dentine [14].

Ideal Requirement of  Root Canal Irrigants. It appears evident that 
root canal irrigants ideally should [15].

i. have a broad antimicrobial spectrum and high efficacy against 
anaerobic and facultative microorganisms organized in biofilms,
ii. ability to completely dissolve necrotic pulp tissue remnants, 
iii. ability to inactivate endotoxin,
iv. ability to prevent the formation of  a smear layer during instru-
mentation or dissolve the latter once it has formed,
v. be systemically nontoxic when they come in contact with the 
vital tissues,
vi. be non-caustic to periodontal tissues,
vii. be little or no potential to cause an anaphylactic reaction.

A large number of  substances have been used as root canal ir-
rigants, including acids (citric and phosphoric), chelating agent 
(ethylene diaminetetraacetic acid-EDTA, HEBP), proteolytic en-
zymes, alkaline solutions (sodium hypochlorite, sodium hydrox-
ide, urea, and potassium hydroxide), oxidative agents (hydrogen 
peroxide and Gly-Oxide), local anaesthetic solutions, Chlorhex-
idine Gluconate and normal saline [16]. The most widely used en-
dodontic irrigant is 0.5% to 6.0% sodium hypochlorite (NaOCl), 
because of  its bactericidal activity and ability to dissolve vital and 
necrotic organic tissue [17, 18]. However, NaOCl solutions ex-
ert no effects on inorganic components of  smear layer. In recent 
times Chelant and acid solutions have been recommended for re-
moving the smear layer from instrumented root canals, including 
ethylene diaminetetraacetic acid (EDTA), citric acid, and phos-
phoric acid [19, 20] however most of  themwere found to reduce 

the hardness of  dentin and weakenit.

Ethylene diaminetetraacetic acid

Ethylenediaminetetraacetic acid (EDTA) is the most frequently 
used chelator in endodontics [21]. Several studies have shown that 
the use of  a combination of  sodium hypochlorite (2.5-5%) and 
EDTA (10-17%) is particularly effective in the removal of  organic 
and inorganic debris. EDTA is a Ca chelating agent, and therefore 
capable of  removing smear layer. It has been found that a final 
flush of  EDTA can open up the dentinal tubules, and thus it in-
creases the number of  lateral canals to be filled [22-24].

Etidronic acid

Etidronic acid (also known as 1-hydroxyethylidene-1,1-bisphos-
phonate or HEBP) is a biocompatible chelator that can be used 
in combination with sodium hypochlorite and have adequate 
calcium chelating capacity [25]. Etidronic acid (1-hydroxyethyl-
idene-1,1 bisphosphonate or HEBP) has been investigated as a 
potential alternative. HEBP is nontoxic and has been systemati-
cally used to treat bone diseases [26]. Like EDTA, it has chelating 
property and is commonly used as an adjunct in personal care and 
household products such as soaps.

Saline

Normal Saline Normal saline is isotonic to the body fluids. It is 
universally accepted as the most common irrigating solution in all 
endodontic and surgical procedures. It is also found to have no 
side effects, even if  pushed into the periapical tissues [28]. How-
ever, saline should not be the only solution to be used as an irri-
gant, it is preferably used in combination with or used in between 
irrigations with other solutions like sodium hypochlorite [29].

The present study evaluates and compares the effect of  17% 
EDTA, 9% Etidronic acid, and saline in their ability to remove 
smear layer following root canal instrumentation on human ex-
tracted tooth using scanning electron microscope (SEM).

Materials and Methods

Solution preparation

17% EDTA was prepared by adding 17g of  disodium salt of  
EDTA powder into 100 ml of  distilled water. 9% of  Etidronic 
acid was prepared by adding 9 gm of  Etidronic powder into 100 
ml of  distilled water. Saline was bought from the local dental deal-
er. All solutions were stored at room temperature in airtight dark 
containers between experiments.

Teeth selection and Preparation

Ethical clearance was taken before starting the study. Fifteen 
freshly extracted single rooted human upper anteriors were col-
lected. They were caries free and had single canal and mature 
apex. Teeth with cracks or fracture lines were eliminated after ex-
amining using loupes. Teeth with complete root formation, patent 
canals and without anatomic variations. Teeth having curved root, 
root resorption, and calcified canal were not included in the study. 
Buccal and proximal radiographs were taken to ensure that the 
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teeth had only single canal. The teeth were cleaned of  debris and 
soft tissue remnants and were stored in saline solution.

Teeth were randomly divided into three groups with 5 teeth in 
each group according to the final irrigation protocol. Prepared 
Samples were divided in to experimental groups:

Group 1: 17% EDTA is used during instrumentation 
Group 2: 9% Etidronic acid is used during instrumentation
Group 3: Saline is used during instrumentation 

Each tooth was decorated from the Cemento-enamel junction 
(CEJ) by using a slow speed, water-cooled diamond disc bur to 
obtain uniform working length. Standard access cavities were 
prepared. The working length was checked with a size 10 K-file 
(Dentsply Maillefer, Ballaigues, Switzerland) introduced into the 
root canal of  each tooth up to the point until it became visible at 
the apex and then pulled back 1 mm. The initial coronal prepara-
tion was done with Gates-Glidden drills (Dentsply Maillefer, Bal-
laigues, Switzerland) up to number 4 size. All the samples were 
instrumented using standardized crown down technique with 
sequentially sized K files (Dentsply-Maillefer, Ballaigues, Switzer-
land) is used up to size 80. Throughout instrumentation, canals 
were irrigated using 2 ml of  17% EDTA, saline and 9% Etidronic 
acid between each file. (Figure -1)

Final irrigation was done with 5ml of  distilled water for each 
sample; all root canals were dried with absorbent paper points 
(Dentsply). Two parallel longitudinal grooves were prepared on 
the buccal and lingual surfaces of  each root using a diamond disc 
withoutcutting through the root canal. Roots were then split into 
two halves with a chisel and mallet. For each root, the half  con-
taining the most visible part up of  the apex was conserved and 
coded. Then the tooth was immersed into the respective irrigant 
for 30 minutes. The coded specimens were then mounted on me-
tallic stubs, gold sputtered, air dried and placed in a vacuum cham-
ber and observed. The dentinal surfaces were observed at apical 
thirds under SEM for the presence or absence of  smear layer with 
a magnification of  x2,000 and x3000 and visualization of  the en-
trance to dentinal tubule After that photomicrographs were taken 
at x2000 and x3000 magnification at apical third (2 mm to apex) 
of  each specimen (Figure 2 and 3).

Scoring Criteria

A teaching faculty, who was blind to the irrigation regimens em-
ployed for each group by using scores as follows, evaluated the 
removal of  smear layer.

Score 1: Root surface without smear layer with the dentinal tu-

Figure 1. Prepared Specimens - Decoronated Tooth.

Figure 2. The Dentinal Surfaces were observed at Apical Thirds under SEM for the Presence or Absence of  Smear Layer 
with a Magnification of  X2,000.
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bules completely open without evidence of  smear layer in the 
dentinal tubules. 
Score 2: Root surface without smear layer with the dentinal tu-
bules completely open, but with some evidence of  smear layer in 
the dentinal tubules entrance.
Score 3: Root surface without smear layer with the dentinal tu-
bules partially open. 
Score 4: Root surface covered by a uniform smear layer, with evi-
dence of  dentinal tubules opening. 
Score 5: Root surface covered by a uniform smear layer without 
evidence of  dentinal tubules opening. 
Score 6: Root surface covered by an irregular smear layer, with the 
presence of  grooves and/or scattered debris.

Statistical methods

Statistical Package for Social Sciences (SPSS) version 16 was used 

for analysis:

1. Kruskal-Wallis analysis of  variance (ANOVA) was used for 
comparisons 
2. Mann-Whitney U test was used for comparisons.

Results and Discussions

All irrigants tested, removed smear layer effectively form the api-
cal third. 17% EDTA (Group 1) and 9% Etidronic Acid (Group 
2) showed almost the same results. Saline (Group 2) showed the 
poor result (table 1 and table 2) and (Figure 4 and 5). There was 
no significant difference between 17% EDTA and 9% Etidronic 
acid (p value – 0.965) and there was significant difference between 
saline and Etidronic acid (p value – 0.011) (Table-3).

The purpose of  irrigating a root canal is twofold, firstly to re-

Figure 3. The Dentinal Surfaces were observed at Apical Thirds under SEM for the Presence or Absence of  Smear Layer 
with a Magnification of  X2,000.

Table 1. Kruskal-Wallis Test.

GROUP N Mean Rank

CONSE

17% EDTA 5 7.9
9% HEBP 5 8.4
SALINE 5 21.7

Total 15

Table 2. Mann-Whitney Test.

GROUP N Mean Rank Sum of  Ranks

CONSE

17% EDTA 5 3.2 16
SALINE 5 7.8 39

9% HEBP 5 3.3 16.5
Total 15

Figure 4. Kruskal Wallis Test.
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move the organic component, the debris originating from pulp 
tissue and microorganisms, and secondly in removing the inor-
ganic component & the smear layer. Smear layer is composed of  
a superficial layer that is firmly adhered to the dentine surface, 
and a deep layer that is formed by smaller particles that are com-
pacted into the dentinal tubules, making the deep layer difficult 
to remove. The first researchers to describe the smear layer on 
the surface of  instrumented root canals were McComb & Smith. 
They suggested that the smear layer consisted not only of  dentine 
as in the coronal smear layer, but also the remnants of  odonto-
blastic processes, pulp tissue and bacteria. It has been demon-
strated that the smear layer itself  may be infected and may protect 
the bacteria within the dentinal tubules; it may be prudent to re-
move the smear layer in teeth with infected root canals and allow 
disinfection of  the entire root canal system. The generation of  a 
smear layer is almost inevitable during root canal instrumentation. 
While a non-instrumentation technique has been described for 
canal preparation without smear formation, efforts rather focus 
on methods for its removal, such as chemical means and methods 
such as ultrasound and hydrodynamic disinfection for its disrup-
tion. Root canal preparation without the creation of  a smear layer 
may be possible. A non-instrumental hydrodynamic technique 
may have future potential and sonically driven polymer instru-
ments with tips of  variable diameter are reported to disrupt the 
smear layer in a technique called hydrodynamic disinfection Cur-
rent methods of  smear layer removal include chemical, ultrasonic 
and laser techniques, none of  which are totally effective or have 
received universal acceptance. Chemical debridement is especially 
needed for teeth with complex internal anatomy such as fins or 
other irregularities that might be missed by instrumentation [29].
Irrigating solutions used in endodontics clean the dentin surface, 
and may interfere with the chemical structure of  dentin, changing 
the calcium/ phosphorus (Ca/P) ratio of  the surface. The irriga-
tion solutions might influence the physicochemical properties of  
human root canal dentin, including micro-hardness, permeability, 
solubility, wettability and roughness. In our study, 17% EDTA, 
9% Etidronic acid, and Saline were used as irrigating solutions.

In our study straight single-rooted and single canal, maxillary 
anteriors were selected with root length of  approximately 20-22 
mm and curvature less than 5 degrees according to Schneider in 
order to avoid anatomic variation and to maintain standardiza-
tion, which was confirmed using radiograph as suggested by Wu 
et al., [30]. 17% EDTA, 9% Etidronic acid, and Saline were used 

for the removal of  smear layer. All the three irrigants removed 
smear layer. Nevertheless, compared to saline 17% EDTA and 
Etidronic acid showed better results than saline (no significant 
difference between 17% EDTA and 9% Etidronic acid). Moreo-
ver, the mean rank between 17% EDTA and 9% Etidronic acid 
were almost same according to Kruskal-Wallis Test and Mann-
Whitney test showing that 9% Etidronic acid can be used as better 
alternate for 17% EDTA. This is in agreement with the previous 
study that have reported that both 17% EDTA and 9% Etidronic 
acid were equally effective in the apical third without any much 
statistical difference in removing smear layer [31].

Studies were done on the efficacy of  removal of  smear layer using 
18% Etidronic acid and was found to be effective than 9% but 
18% Etidronic acid caused erosive dental changes [23]. However, 
7-9% Etidronic acid can be used to prevent erosive dental chang-
es [32]. Hence 9% Etidronic acid was used in our study.

Moreover, it was reported that Saline showed irregular smear 
layer formation along the root surface [33]. Furthermore, much 
research had been carried out in this regard [34-48].

Conclusion

According to the results of  the present study there is no signifi-
cant difference between 17% EDTA, 9% Etidronic Acid in the 
ability to remove smear layer. Therefore, 9% Etidronic Acid may 
be an appropriate alternative for EDTA as desmearing agent. All 
irrigation solutions have their limits and the search for an ideal 
root canal irrigant continues.
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