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Effect of Various Root Canal Irrigants on Removal of Smear Layer

INTRODUCTION

Endodontic treatment success depends on the ac-
curate diagnosis, quality of instrumentation, irriga-
tion, disinfection and three dimensional obturation of
root canals.1

Smear layer in endodontically instrumented ca-
nals was initially reported by Mc comb and Smith.2,3 the
exact proportionate composition of endodontic smear
layer has not been determined. Scanning electron
microscope revealed that it has both organic and
inorganic components. Inorganic component comprises
of tooth structure and some non specific inorganic
contaminants. The organic component comprises heated
coagulated protein, necrotic or viable pulp tissue and
odontoblastic processes, saliva, blood cells and micro
organisms.4

The clinical implication of smear layer is not
clearly understood. Smear layer acts as a protective
barrier by plugging the orifice of dentinal tubule thus
reducing the dentin permeability. Bacteria and bacte-
rial products in the smear layer can provide a reservoir
of potential irritants which can prevent medicament

and filling material from contacting the dentin. Obtu-
rating the smear layer is considered as a weak union,
because smear layer can be torn away from the under-
lying matrix resulting in microleakage.

Numerous in vitro studies showed microbial and
apical leakage in teeth obturated with intact smear
layer than teeth obturated without smear layer.5, 6

Thus removal of smear layer is becoming unequivocal,
which can be achieved by root canal irrigation.4

A root canal irrigant should be able to debride the
root canals, remove smear layer and debris, dissolve
and provide antimicrobial property.7 To achieve these
properties various root canal irrigants are used either
singly or with combination.

Normal saline accomplishes gross debridement
and lubrication but do not possess antimicrobial prop-
erty.7

Sodium hypochlorite (2-25% - 5.25%) is a most
commonly used irrigant in endodontic therapy.8  It has
not shown to effectively remove the smear layer but
effectively dissolves organic tissue.7
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Ethylene di amino tetra acetic acid (17%) is an
inorganic solvent and chelating agent. EDTA is effec-
tive in removal of smear layer on the dentinal wall.8

To accomplish the ability of root canal irrigant to
remove smear layer and debris an alternate use of
NaOcl and EDTA has been tried. Recently a single
mixture of EDTA and ethylenediamine (5%) was found
to be effective in removal of smear layer in short period
of time.1 The advantage of this single mixture is that it
has chelating as well as organic solvent action. This
will prevent use of a large volume of combination
solution to remove the smear layer.2

Hence this study was under taken to evaluate and
compare the effectiveness of various root canal irrigants
when used singly or in combination to remove smear
layer and debris.

METHODOLOGY

50 freshly extracted intact maxillary central inci-
sors (Fig 1) were used in the study. Access cavities were
prepared on the lingual surface of teeth. Pulp was
extirpated and working length was established using 10
size K file (Maillefer). The teeth were divided into five
groups with each comprising of 10 teeth. During the
treatment the specimens were kept moist by holding
them in moist gauze. All the teeth were stored in
normal saline throughout the study. Each group was
irrigated with different solution in the following man-
ner:

Groups Irrigant used (Fig 2)

1 Normal saline (control)

2 Ethylene di amino tetra acetic acid
(EDTA) 17% - SQ laboratory reagent.

3 Sodium hypochlorite (NaOcl)-4% –
NICE Chemical Pvt Ltd

4 EDTA and NaOcl (alternatively)

5 EDTA+ ethylene diamine – S.D Fine
Chem Ltd (mixture)

All the teeth were sequentially instrumented along
with their respective irrigants. The canals were
enlarged to a size three times the initial binding file
and flare was accomplished using circumferential
filing.

In the first three groups the respective irrigating
solutions were used alone. In group 4 1 cc of EDTA and
1 cc of NaOcl were used as alternatively, where as in
group 5 1 cc of single mixture of EDTA and ED was used.
A final irrigation of 20 ml respective solution was
delivered in each root canal after instrumentation. In
group 4 and 5 the final irrigation was NaOcl and EDTA
+ ED mixture respectively.

     The crowns of the teeth were cut off and the roots
were sectioned longitudinally. The sectioned roots
were dehydrated in graded ethanol solution and gold
sputtered. The specimens were examined under  scan-
ning electron microscope (JEOL JSM 840 a) at ×  2000
magnification  for removal of smear layer  and debris at
coronal, middle  and apical third of root canal.

RESULTS

         The grading system used in this study was simi-
lar to that used by Rome et al.12

3 = no smear layer, dentinal tubules open and free
of debris

2 = smear layer present only in the aperture of the
dentinal tubules

1 = thin smear layer cover the surface outline of
dentinal tubules indiscenrible, tubular aper-
ture indicated by a crack.

0 = heavy smear layer, indiscernible tubular aper-
ture.

The smear layer removal was studied at three
different levels i.e. coronal, middle and apical third of
root canal.

Table 1 represents the mean grading and percent-
age of smear layer removal between different irrigants
at coronal third, middle and apical third of the root
canal.

The graphic bar (graph1) represents smear layer
removal grading at coronal, middle and apical third, as
well as over all mean grading for smear layer removal.
The irrigants which showed maximum mean grading
were efficient in removing the smear layer, whereas
the irrigants which showed minimum mean grading
failed to remove the smear layer completely, and
revealed following facts at the levels:
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Fig 3b: Middle Third

Fig 3a: Coronal Third

Fig 2: Materials used for the study

Fig 1: Specimens used for the study.

Fig 3c: Apical Third

Fig 4a: Coronal Third

Fig 4b: Middle Third

Fig 4c: Apical Third
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Fig 5a: Coronal Third

Fig 5b: Middle Third

Fig 5c: Apical Third

Fig 6a: Coronal Third

Fig 6 b: Middle Third

Fig 7a: Coronal Third

Fig 7b: Middle Third

Fig 6c: Apical Third

Fig 7c: Apical Third
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Specimens irrigated with a single mixture of
ethylenediaminotetraaceticacid (EDTA)-17% and
ethylenediamine(ed)-5% showed maximum removal of
smear layer and debris as compared to other specimens
(Fig 7 a, b, c) Grade-3.

Specimens irrigated with combination of EDTA
17% and NaOcl 4% alternatively showed more removal
of smear layer and debris (Fig 6 a, b, c) grade-3. as
compared to specimens irrigated with sodium hy-
pochlorite (NaOcl) (group 3) and saline (group 1).

Specimens irrigated with NaOcl 4% showed the
presence of significantly high amount of smear layer
but were well debrided (Fig 5 a, b, c). grade-1.

1. in specimens irrigated with edta 17% partial re-
moval of smear layer and complete removal of
debris was seen (fig4: a, b, c ).grade-2

2. in specimens irrigated with saline no smear layer
removal was observed (fig3: a, b, c) grade-0.

3. No statistical significant difference was seen on the
effect of smear layer removal with all the five
irrigants when compared at three different levels
of root canal.

DISCUSSION

The complexity of root canal system makes it
difficult to sterilize them. The reduction in microbial
content of root canal is sufficient to promote
periradicular healing, where as the healing can
be hampered due to alter less pathogenic residual
flora.9

The effective sterilization of root canal system is
achieved by chemo mechanical preparation, a combina-
tion of mechanical instrumentation with a microbicidal
agent. Added to this complexity, mechanical instru-
mentation of root canal produces smear layer having

both organic and inorganic components on root canal
walls.4

Instrumentation of root canal removes all necrotic
debris, predentin and any infected superficial dentin
and shapes the canal to receive a root canal filling.
During this procedure the mineralized matrix is de-
stroyed producing a considerable quantities of debris.
This result in smear layer composed of both organic
and inorganic component.13

This removal of infected tissue can best be achieved
by the combination action of mechanical and chemical
cleaning than either method alone, and allows a more
conservative preparation, as reliance on dentin re-
moval for decontamination is reduced.14

A number of studies showed that smear layer may
be removed to achieve successful union of obturant and
root canal walls.10 An ideal root canal irrigant should
have the property of dissolving both organic and inor-
ganic components of smear layer with a microbicidal
property.7

In this study very commonly used normal saline
(Fig 3) accomplishes gross debridement and lubrication
action. This helps to maintain patency of canals but
failed to destroy microbiologic matter and elimination
of mechanically inaccessible tissue. It is too mild to
clean the canal.7

EDTA 17% introduced by Nygarrd Ostyby is a non
toxic chelating agent and slightly irritant to periapical
tissues in weak solution. This solution softens the
dentin as determined by a knoop indentor and the
extent of demineralization is proportional to exposure
time and pH.8,15 The chelating action of EDTA results in
a wide opening of the dentinal tubules in the root canal
walls, sometimes also completely destroying the inter-
tubular dentin in the region.15 In this study the speci-
mens irrigated with EDTA alone showed (grade 2)

TABLE 1: OVER ALL MEAN GRADING AND PERCENTAGE OF SMEAR LAYER REMOVAL AT CORONAL,
MIDDLE, AND APICAL THIRD OF VARIOUS GROUPS

Groups Irrigants Mean grade value % of smear  removal

1 Normal saline 0.0 0.0
2 EDTA (17%) 2.37 79.0
3 NaOcl (4%) 0.60 20.0
4 EDTA (17%) +NaOcl (4%) alternatively 2.73 91.0
5 EDTA (17%) + ED (5%) mixture 2.73 91.0

Anova test
Studentized range test.
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partial removal of smear layer with occluding smear
plugs as it has the capacity to dissolve inorganic
components of smear layer only (Fig 4).

NaOcl is a reducing agent which is the most
commonly used root canal irrigant in concentration
from 1.0% to 5.25%.2 It has the ability to remove loose
superficial debris and dissolve organic debris by release
of hypochlorous acid which reacts with insoluble pro-
tein to form soluble peptides. But it failed to remove
the inorganic component of smear layer completely.11

NaOcl during or after instrumentation produces super-
ficially clean canal walls with the smear layer present.16

(Fig 5)

Ethylenediamine is an organic solvent when 3
parts of ethylenediamine were mixed with 2 parts of
EDTA. It combines the property of dissolution of both
organic and inorganic component of smear layer in a
single solution.2

In this study both group 4 and 5 effectively removed
the smear layer when compared with other groups.
When group 4 (Fig 6) was compared with other groups,
the NaOcl and EDTA combination showed the ability to
demineralize inorganic component of smear layer and
dissolve organic component. The solution also has the
capacity of preventing the smear layer from becoming
packed into the dentinal tubules.10,17 In group 5 (Fig 7)
the mixture of ethylenediamine and EDTA was capable
to remove smear layer completely. Compared to alter-
nate use of irrigant solution, use of single mixture
saves more time.2 The volume of irrigant used by
this mixture is far less than the volume used in
Group 4.

In group 2 (Fig  4) and 3 (Fig 5) when compared with
other groups, the EDTA 17% and NaOcl 4% both were
capable of removing inorganic and organic component
of smear layer. The chelating effect of EDTA deminer-
alized and removed the inorganic component of smear
layer produced during instrumentation and left behind
an organic fibrous component on canal wall whereas
NaOcl dissolved organic matter. Both the groups me-
chanically flush debris from the canal.14

CONCLUSION

The combination of EDTA and NaOcl used as
alternate irrigating solutions and EDTA+ED single
mixture were effective in removal of complete smear
layer and debris at all different levels. The mere use of

EDTA-17% or NaOcl 4% alone was capable of removing
inorganic and organic component of smear layer re-
spectively. Hence to remove the complete smear layer
either solution have to be used alternatively, or as a
mixture of ED+ EDTA which can save some precious
time, since the single mixture was less time consuming
than use of alternate solutions for irrigation.
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