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Assessment of Root Canal Smear Layer Removal Efficacy
of Ethylenediaminetetraacetic acid, Etidronic Acid, and
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ABSTRACT

Background: The smear layer is an amorphous film, i.e., always
formed by the action of endodontic instruments inside the root
canal during chemomechanical preparation. Different solutions
have been used and tested for its removal. For the removal
of smear layer, demineralization, and softening of root dentin,
chelating agents have been preferred.

Aim: The current study aims to evaluate the root canal smear
layer removal efficiency of different irrigating solutions with the
use of a scanning electron microscope (SEM).

Materials and methods: A total of 75 freshly extracted single-
rooted mandibular first premolars were taken for the study. A
random distribution of samples was done among group 1 with
17% ethylenediaminetetraacetic acid (EDTA) irrigation, group I
with 18% etidronic acid irrigation, and group Il with 2%
chlorhexidine irrigation. After instrumentation and irrigation,
the samples were observed under SEM at coronal, middle,
and apical levels.

Results: Using the methods in the present study, it was
analyzed that the majority of the smear layer removal was
observed with 17% EDTA at coronal (2.38 + 0.40), middle
(2.48 £ 0.44), and apical (2.54 + 0.41) followed by 18% etidronic
acid. The least smear layer removal was observed with 2%
chlorhexidine at all the three levels. A statistically significant
difference between 17% EDTA and 18% etidronic acid, 17%
EDTA, and 2% chlorhexidine at coronal, middle, and apical
levels was found.
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Conclusion: The present study shows that 17% EDTA efficiently
removes the smear layer from root canal walls.
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INTRODUCTION

The critical factors for a successful endodontic therapy
are root canal cleaning and disinfection. Hence, chemical
auxiliary agents are required for the inaccessible areas of
the root canal system for periapical tissue repair.’

The smear layer is an amorphous film, i.e., always
formed by the action of endodontic instruments inside
the root canal during chemomechanical preparation. Dif-
ferent methods and solutions have been used and tested
for the removal as the residual layer, which can intervene
with the root canal filling quality. For removal of the
smear layer, demineralization and softening with root
dentin chelating agents have been preferred. However,
demineralization might have a negative influence on the
chemical and structural composition of dentin.?

During root canal treatment, for removal of the smear
layer, many materials have been used (ultrasonic instru-
ments, lasers, and chelating agents) for chemical and
mechanical debridement. Among chelating agents, EDTA
is the most commonly used chelator in endodontics.
Several studies have shown that the use of a combina-
tion of sodium hypochlorite (2.5-5%) and EDTA with the
concentration between 10 and 17% is very effective in the
removal of organic and inorganic debris. The 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 increases
the number of lateral canals to be filled.? Etidronic acid
(also known as 1-hydroxyethylidene-1,1-bisphosphonate
or HEBP) can be used with the combination of sodium
hypochlorite as it is a good biocompatible chelator.
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Recently, 2% chlorhexidine solution has been con-
sidered as an effective root canal irrigant. It also has the
antimicrobial activity similar to sodium hypochlorite
as it is of a broad spectrum, along with a substantive
antimicrobial activity. Chlorhexidine has been studied
for its various properties with the objective of being an
alternative to sodium hypochlorite.’

Hence, the present study was undertaken to assess
the root canal smear layer removal efficacy of irrigating
solutions by using SEM.

MATERIALS AND METHODS

Single-rooted 75 freshly extracted mandibular first premo-
lars were included in the study. The samples were collected
from the Department of Oral and Maxillofacial Surgery.
The samples were distributed in each group as follows.

Group I: 25 premolars with 17% EDTA irrigation

Group II: 25 premolars with 18% etidronic acid
irrigation

Group 1II: 25 premolars with 2% chlorhexidine
irrigation

Premolars with calcifications or accentuated curva-
tures, carried or fractured teeth, and teeth with open
apices, with resorption, or craze line were not selected
for the study.

Endo-Access Bur was used to access coronally. K files
were used with a stepback technique for chemomechani-
cal preparation of root canals. The International Organiza-
tion for Standardization size number 40 was introduced
into the canals to enlarge apically. A Gates Glidden drill
number 2—-4 was used to enlarge the coronal third of the
root canal. About 2 mL of 2.5% sodium hypochlorite
solution irrigation was done between each instrument
change. After instrumentation, 25 premolars were allot-
ted to each group and different irrigation protocols were
used in each group.

Group I: 17% EDTA Irrigation

The canals were irrigated with 3 mL of 17% EDTA irriga-
tion for 1 minute followed by 5 mL of distilled water. The
EDTA was allowed to remain in the canal for 1 minute only.

Group lI: 18% Etidronic Acid Irrigation

The canals were irrigated with 3 mL of 18% etidronic
acid irrigation for 1 minute followed by 5 mL of distilled
water. An 18% etidronic acid was allowed to remain in
the canal for 1 minute only.

Group lll: 2% Chlorhexidine Irrigation

The canals were irrigated with 3 mL of 2% chlorhexidine
for 1 minute followed by 5 mL of distilled water. A 2%

chlorhexidine was allowed to remain in the canal for
1 minute only.

The canals were dried with absorbent paper points
and the entrance to each of the canals was protected with a
cotton pellet. The teeth were stored in a plastic bag placed
in a humidor. Longitudinal grooves were prepared on
buccal and lingual surfaces of each root using a diamond
disk at a slow speed without penetrating the canal. The
roots were then split into two halves using a chisel, and
then the samples were observed under a SEM at coronal,
middle, and apical levels.

Scoring Criteria

Score 1: No smear layer (no smear layer on the surface of
the root canals with all tubules clean and open)®

Score 2: Moderate smear layer (no smear layer on the
surface of root canals but tubules contain debris)

Score 3: Heavy smear layer (smear layer covers the root
canal surface and the tubules)

Statistical Methods

The statistical analysis was done by using Statistical
Package for the Social Sciences software 20. Compar-
ing the smear layer removal between the three different
groups was done by Kruskal-Wallis analysis of vari-
ance followed by Mann-Whitney U test for individual
comparisons. A p-value less than 0.05 was considered
statistically significant.

RESULTS

Table 1 reveals the mean smear layer removal by dif-
ferent irrigants at coronal, middle, and apical levels.
Majority of the smear layer removal was observed with
17% EDTA at coronal (2.38 + 0.40), middle (2.48 + 0.44),
and apical (2.54 + 0.41) levels, followed by 18% etidronic
acid. The least smear layer removal was observed with 2%
chlorhexidine at all the three levels. A highly statistically
significant difference was present between the root canal
irrigants at all the three levels.

Table 2 reveals the intergroup comparisons of differ-
ent root canal irrigants at the coronal third. There was

Table 1: Different irrigating solutions used at coronal, middle,
and apical levels

Irrigating solutions Coronal Middle Apical
17% EDTA Mean 2.38 2.48 2.54

SD 0.40 0.44 0.41
18% etidronic Mean 1.26 1.30 1.30
acid SD 052 0.52 0.53
2% chlorhexidine Mean 1.10 1.13 1.13

SD 0.34 0.42 0.42
p-value p<0.001** p<0.001** p<0.001**

p<0.05; **Highly significant; SD: Standard deviation
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Table 2: Intergroup comparison at coronal third

Table 3: Intergroup comparison at middle third level

Comparison Mann-Whitney Mann-Whitney

between Mean rank U test p-value Comparison between Mean rank U test p-value
17% EDTAvs 18%  18.60-9.30 33.40 0.001** 17% EDTA vs 18% 20.27-10.22 28.50 0.0001**
etidronic acid etidronic acid

17% EDTA vs 2% 19.80-10.20 16.00 0.0001** 17% EDTA vs 2% 22.43-10.45 21.10 0.0001**
chlorhexidine chlorhexidine

18% etidronic acid 15.62-12.42 87.90 0.346 NS 18% etidronic acid vs 16.27-16.42 90.00 0.481 NS

vs 2% chlorhexidine

2% chlorhexidine

p<0.05; **Highly significant; NS: Nonsignificant

Table 4: Intergroup comparison at apical third level

Mann—Whitney

Comparison between Mean rank U test p-value
17% EDTAvs 18%  22.10-10.13 24.10 0.0001**
etidronic acid

17% EDTA vs 2% 23.44-8.00 18.00 0.0001**
chlorhexidine

18% etidronic acid vs 15.54-15.64 101.42 0.452 NS

2% chlorhexidine
p<0.05; **Significant; NS: Nonsignificant

statistically significant difference between 17% EDTA and
18% etidronic acid, 17% EDTA and 2% chlorhexidine, but
there was no statistical difference between 18% etidronic
acid and 2% chlorhexidine.

Ahighly statistically significant difference was found
for the comparison of different root canal irrigants at
middle third and apical third (between 17% EDTA and
18% etidronic acid, 17% EDTA and 2% chlorhexidine), but
a statistical significant difference was not found between
18% etidronic acid and 2% chlorhexidine (Tables 3 and 4).

DISCUSSION

Smear layer formation is a microscopic layer appearing
from the scoured dentin due to the use of files (rotary
instruments and endodontic) during root canal treatment.
Under SEM, the smear layer is viewed as a uniform, dense
layer of an amorphous structure that completely obliter-
ates the entrance to the dentin tubules and drastically
reduces the permeability of the dentin.”

The presence of smear layer on permanent root canal
walls was first reported by McComb and Smith. The
smear layer is an amorphous structure composed of an
organic portion, which is coagulated proteins, necrotic
and normal pulpal tissue, saliva, microorganisms, etc.,
and an inorganic portion consisting minerals from the
dentinal structure.®

The present study shows that 17% EDTA is more effec-
tive than 18% etidronic acid and 2% chlorhexidine. The
studies have shown that 17% EDTA efficiently removes
the smear layer from root canal walls.”'® Similar results
were noted from the present study. The EDTA reacts with
the calcium ions in dentin and forms soluble calcium

p<0.05; **Highly significant; NS: Nonsignificant

chelates. It is known that the efficiency of a chelating agent
depends on several factors including application time, pH,
concentration, and amount of the solution. In addition, the
relationship between the concentration of the chelating
agent and the application time seems to be important since
it was found that highly concentrated solutions applied for
a long period cause roughness of dentin surface."

In the current study, etidronic acid is less effective
compared with 17% EDTA. However, it is better than the
2% chlorhexidine. Etidronic acid was found to have smear
layer removal efficacy in coronal and middle third. But, it
showed less smear layer removal in the apical third when
compared with EDTA. This might be because of the lesser
chelating action of etidronic acid than EDTA. The lower
efficacy of etidronic acid on sclerosed dentin can also be
an attributing factor.'?

Chlorhexidine has been used in various concentra-
tions (0.002-2%) with different periods of contact time
between the disinfectant and various microorganisms.
According to these results, 2% chlorhexidine solution
was far more efficient in the shortest period of time than
were all other concentrations tested. Chlorhexidine is
a potent antiseptic, which is widely used for chemical
plaque control in the oral cavity. Aqueous solutions of
0.1 and 0.2% are recommended for this purpose, whereas
2% is the concentration for root canal irrigating solu-
tion usually found in endodontic literature.'® Only a
few in vivo studies have investigated the antimicrobial
efficacy of chlorhexidine as an irrigant.'* Moreover, 2%
chlorhexidine used for subgingival irrigation is nontoxic
to periodontal tissue at this concentration, a fact that also
justifies its use as an irrigating solution in the root canal
system in terms of biocompatibility.'®

CONCLUSION

The present study shows that 17% EDTA efficiently
removes the smear layer from root canal walls. Curved
canals are more challenging and make effective clean-
ing of the root canal system more difficult. As deeper
penetration of the needle takes place in the single-rooted
premolar tooth because of wider canals, the results may
vary in posterior teeth with narrow canals.
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