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INTRODUCTION 
Root canal therapy is aimed to eliminate microbes completely and to 

acquire  three dimensionally seal of the root canal system. The important step 

to eliminate microorganisms from the rootcanal during endodontic therapy is  

chemomechanical preparation of the root canal. It may be neccessary to create 

the cleanest dentinal surface possible and removal of smear layer is an 

essential step during the process for successful root canal treatment there by 

preventing destruction with in the dentinal tubules by the bacteria
1
.  

             The root canal instrumentation either with hand or rotary files  

produce a smear layer which is an amorphous layer composed of organic and 

inorganic material. McComb & Smith (1975) were the first to mention about 

the smear layer in instrumented root canals through the scanning electron 

microscopy (2). It is a 1–2 μm amorphous, irregular, and granular layer which 

can penetrate into the dentinal tubules upto 40 μm 
3,4

. Smear layer consists of 

two parts: a superficial layer that covers the dentin surface and a smear plug 

that occludes the dentinal tubules 
5,6

.  

The penetration into the dentinal tubules is the result of capillary action 

and adhesive forces between  the smear layer and the dentinal tubules 
7
.
 
The 

texture of the smear material in the tubules is granular or particulate typically
8
.
 

Haapasalo et al suggest that the penetrartion of intracanal medicaments to 

dentinal tubules in infected root canals more readily occurs by the removal of 

the smear layer and hence cause an effective disinfection 
9
. It also has been 
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proposed that smear layer reduces the adaptability of sealing materials which 

causes the prevention of complete adherence of root canal filling materials 

into the dentinal tubules 
10

. It results in poor quality obturation.  

Removal of smear layer causes destruction of microorganisms present 

in the dentinal tubules . Mechanical instrumentation must be supplemented by 

irrigation to keep the canal wall lubricated, to dissolve pulp remnants and 

infected predentin and to kill microbes from root canals 
11

. The major 

influence on removal of smear layer is irrigation. The primary purpose of 

irrigation is to remove organic and inorganic material and to flush out loose 

debris 
12

. The successful root canal therapy with a suitable irrigant remains a 

challenge when  root canal shaping can be efficiently performed with 

instrumentation. 

Various endodontic irrigants have been used in smear layer removal 

and in disinfection. Root canal irrigants should be non-toxic and possess a 

broad antimicrobial spectrum, and should be capable of dissolving necrotic 

pulp tissue and  prevents the formation of a smear layer to leave the dentinal 

tubules patent 
13

.  

            Sodium hypochlorite has antimicrobial  activity and hence  been 

widely used in endodontic irrigation 
14

. Its action is mainly through 

hypochlorous acid (pH 4-7) and hypochlorite ion (pH >9). The organic tissue 

dissolving capability is known to increase with rising temperature
15,16

. Sodium 

hypochlorite is effective in removing smear layer from instrumented root canal 

wall. NaOCl is also cytotoxic to the vital tissues 
17

. It is known to causes 
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cellular destruction in all tissues, inflammation and pain  when extrusion 

occurs through the apices of teeth
.
. Due to  the side effects caused by chemical 

irrigants, there is the need for an alternative disinfecting measure. 

Chlorinedioxide has been considered as a root canal irrigant  because 

of its wide spectrum antimicrobial activity . It has been reported to be  

bactericidal,virucidal, and fungicidal 
18

. Chlorine dioxide is less cytotoxic 

when compared to Sodium hypochlorite
19

. Chlorine dioxide may be a better 

dental disinfectant than NaOCl produces little or no trihalomethanes  which 

are carcinogenic
20

.The safe level of chlorinedioxide is up to 4-6 ppm, above to 

this safe level will be caustic in nature .Most of the root canal irrigants used as 

inorganic agents has adverse effects for the cellular components 
21

.There is not 

much studies in literature with reference to  smear layer removal efficacy of 

chlorindioxide. 

Terminalia chebula is a herbal plant which is known as kadukka.  

Terminalia chebula is one of the main formulation in Triphala which has 

antiviral and antibacterial effect and its fruits are rich in citric acid that may 

aid in smear layer removal
22

.   It contains hydrolysable tannins constituting 

gallic acid, chebulic acid, chebulagic acid and corilagin , thus it is used for 

treating  oral diseases
23

. Tannic acid can be adsorbed to hydroxyapatite of 

tooth  which are attached to the surface of bacterial cells that  results in protein 

denaturation and ultimately causes bacterial cell lysis
24

.
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Glycyrrhiza glabra  is also known as liquorice or mulathi. It belongs to 

pea family. It is a sweet, moist, soothing herb which is widely used in foods 

and medicine. The roots of liquorice contain  high concentration of triterpene 

saponin glycyrrhizin
25

. The diglucoronide of glycyrrhetinic acid is responsible 

for positive properties and also has anti-inflammatory, antiviral, 

anticarcinogenic  properties.  Sedighinia et al stated that various oral diseases 

like endodontic, periodontal, dental caries infection can be treated with that  

glycyrrhiza glabra 
24.

Liquorice  has limited supporting evidence for its use in 

root canal therapy. Badr et al evaluated the antibiotic and cytotoxic effect of 

liquorice
26

. However there is no ample literature about the usage of  herbal 

agents like terminalia chebula and liquorice which are known to contain 

anticarcinogenic agents and their effect on the removal of smear layer and role 

as rootcanal irrigant has to be investigated. 

When compared to contemporary irrigants like NaOCl, any material 

with potential application as irrigants must be biocompatible to the oral tissues 

and show marked advantages as a rootcanal disinfectant in terms of its 

efficacy. There is a hike in the usage of herbal products in dental  procedures  

due to its non toxicity, cost affordability ,easy availability and 

biocompatibility. Conventionally used irrigants have detrimental effect on root 

dentin, so herbal alternatives can  be a better option for the removal of smear 

layer 
27

. 
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At present many  irrigation techniques and devices are being used for 

disinfection of root canal system.  There is good control of needle depth and 

volume of irrigant delivered by the conventional endodontic irrigation syringe 

and needle hence it is the most widely used technique. Some studies have 

drawn the interference that the most advisable technique in clinical use is to 

supplement conventional syringe irrigation in the initial phase of canal 

preparation with a final phase of intermittent passive ultrasonic irrigation after 

adequate preparation of the root canal. The combination of conventional 

irrigation and ultrasonic irrigation brings improvement in  the elimination of 

the smear layer and bacteria in the canal system where as it  contributes to 

higher success rates in endodontic therapy
28

. One of the major criteria to 

remark the cleanliness of the root canal after instrumentation is to evaluate the 

smear layer. SEM was used in this study to evaluate the amount of  smear 

layer on  the surface of dentinal tubules
29

.      

Hence the purpose of this invitro study was to compare the efficacy of  

2.5% sodium hypiochlorite (NaOCl),  0.5% chlorinedioxide  (ClO2), and two  

herbal irrigants- Terminalia chebula and  Glycyrrhiza glabra (Liquorice) on 

removing the smear layer from prepared root canal wall using scanning 

electron microscopy(SEM) at three different levels-cervical third, middle 

third, apical third. 
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AIM: 

              To evaluate and  compare  the  efficacy  of two herbal irrigants on 

smear layer removal against 2.5 %  sodium hypochlorite and  0.5% 

chlorinedioxide  using scanning electron microscope. 

 

 

OBJECTIVES: 

1. To determine the efficacy of 2.5%  sodium hypochlorite in smear layer 

removal at coronal, middle and apical third of root canal. 

2. To determine the smear layer removing efficacy of  0.5% chlorinedioxide at 

coronal, middle and apical third of root canal. 

3. To determine the smear layer removal efficacy of Terminalia Chebula at  

coronal, middle and apical third of root canal . 

4. To determine the smear layer removal efficacy of liquorice (glycyrrhiza 

glabra) at coronal, middle and apical third of root canal. 
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REVIEW OF LITERATURE 

          Baker et al (1975)30 investigated the efficacy of various irrigating 

solutions: physiologic saline solution, hydrogen peroxide, sodium hypochlorite, 

hydrogen peroxide and sodium hypochlorite, Glyoxide, Glyoxide and sodium 

hypochlorite, RC Prep, RC Prep and sodium hypochlorite, 

ethylenediaminetetraacetic acid (EDTA), and EDTA and sodium hypochlorite. 

The teeth were then prepared for examination with a scanning electron 

microscope. The effectiveness of the irrigation solutions in removing debris and 

microbes was assessed. There seemed to be no apparent difference in the 

effectiveness of any of the tested solutions in removing root canal debris. 

Significantly less debris was removed when no irrigant was used. 

          Dorothy McComb et al (1975)2 investigated endodontically treated root 

canals under scanning electron microscopy. Three separate in vitro studies were 

conducted to demonstrate the effects of different instrumentation techniques, 

different irrigating solutions, and various chemical treatments used after 

instrumentation. The results indicated that most standard instrumentation 

techniques produced a canal wall that was smeared and often packed with debris. 

Some of the irrigants commonly used in endodontic practice were no more 

effective than water in removing debris. These included the combination 
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irrigating procedure using sodium hypochlorite and hydrogen peroxide. The use 

of a commercial liquid ethylenediaminetetraacetic acid (EDTA.) preparation 

(REDTA) as an irrigant or as a chemical treatment. produced the cleanest canal 

walls. The most effective cleaning procedure was the use of REDTA sealed in the 

canal for 24 hours. Canals treated in this way were free of a smeared layer and 

superficial debris. 

           Yamada et al (1983)5 evaluated a scanning electron microscopic 

comparison high volume final flush with several irrigating solutions. This study 

tested the efficacy of instrumenting the root canal with 1 ml of 5.25% NaOCI 

solution between each instrument and final flushing with 20 ml of various 

solutions or combinations of solutions. The scanning electron microscope showed 

that a final flush with 10 ml of 17% EDTA buffered to pH 7.7 followed by 10 ml 

of 5.25% NaOCI solution was the most effective. 

            Pashley et al (1985)17 evaluated cytotoxic effects of NaOCl on vital 

tissue. Although the use of 5% NaOCI for biomechanical preparation of root 

canals is a clinically acceptable and highly effective procedure, it must be used 

judiciously and with great caution to prevent it from reaching the periapex where 

it can elicit severe inflammatory reactions. 

              Haapasalo et al (1987)9 evaluated In 

vitro infection and disinfection of dentinal tubules.  The tubules were opened by 



Review of Literature 

 
 
 
 

9 
 

four-minute treatments with 17% EDTA and 5.25% NaOCl before being infected 

with Enterococcus faecalis. Camphorated paramonochlorophenol (CMCP) and a 

calcium hydroxide compound, Calasept, were tested for their disinfecting efficacy 

toward E. faecalis-infected dentin. Liquid CMCP rapidly and completely 

disinfected the dentinal tubules, whereas CMCP in gaseous form 

disinfected tubules less rapidly. Calasept failed to eliminate, even superficially, E. 

faecalis in the tubules. 

           Cengiz et al (1990)7 investigated the effect of dentinal tubule orientation 

on the removal of smear layer by root canal irrigants under scanning electron 

microscope. Fifteen anterior teeth and 15 artificial canals obtained from five 

molar teeth were used in this study. The artificial and natural canals were 

instrumented with K-files and then divided into three groups. The first group was 

irrigated with 20 ml saline. the second with 20 ml EDTA, and the third with 10 mi 

EDTA followed by 10 ml NaOCl solution. Following this experimental 

procedure, all canals were split and examined in a scanning electron microscope. 

The results showed that the smear layers in both artificial and natural canals were 

similar in appearance and responded similarly to all irrigation solutions. In 

addition, in the artificial canals, it was observed that the dentinal tubule 

orientation had no detectable effect on formation and removal of smear layers. 



Review of Literature 

 
 
 
 

10 
 

           Czonstkowsky et al (1990)3 investigated smear layer in endodontics. 

Although pulpally infected teeth have been successfully treated for generations in 

the presence of the smear layer, it has become accepted practice now in 

endodontics to remove the smear layer. Different quantities and qualities of smear 

layer can be produced by various techniques of instrumentation. However, they 

all present a barrier to intimate contact between obturating materials and the canal 

wall. Various types of solvents will produce different results in smear layer 

removal. One ideal endodontic irrigant follows the use of the antimicrobial 5.25 

per cent sodium hypochlorite solution with the equally antimicrobial 6 per cent 

citric acid solution or 17 per cent EDTA. Chelating agents are effective in that 

they remove the smear layer, open the dentinal tubules, and produce a clean 

surface for closer obturation. Removal of the smear layer encourages the creation 

of a good apical plug to prevent over filling, post-filling sensitivity, and possible 

microleakage. The use of glass ionomer cements and unfilled resin as a cementing 

medium following smear layer removal shows promising results in both strength 

of cementation and the possibility of reducing post lengths. 

             Torabinejad et al (2002)4 evaluated the clinical implications of smear 

layer in endodontics. It has been recognized for many years that root canal 

instrumentation produces a smear layer that covers the surfaces of prepared canal 

walls. This layer contains inorganic and organic substances such as fragments of 
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odontoblastic processes and necrotic debris. There is a lack of agreement 

regarding the effect of the smear layer on the quality of instrumentation and 

obturation, but the smear layer itself may be infected and may protect the bacteria 

within the dentinal tubules. Various methods have been used to remove the smear 

layer. Conflicting results have been obtained from numerous in vitro studies 

regarding the significance of the presence or the removal of the smear layer. 

              Barnhart et al ( 2005)19 an in vitro evaluation of the cytotoxicity of 

various endodontic irrigants on human gingival fibroblasts. The purpose of this 

study was to measure the cytotoxicity of six endodontic irrigants on cultured 

gingival fibroblasts using the CyQuant assay. Human gingival fibroblasts were 

grown in Dulbecco's Modified Eagle Medium (DMEM) containing 10% fetal 

bovine serum at 37 degrees C and 5% CO(2). At confluence, cells were split, 

plated in 96-well plates and incubated for 24-h to allow attachment. The 

following irrigants were tested at various concentrations: Sodium hypochlorite 

(NaOCl); iodine potassium-iodide (IKI); Betadine scrub (BS); calcium hydroxide 

[Ca(OH)2]; chlorine dioxide (SCD) and DMEM (positive control). Experimental 

groups were compared by the logarithmic difference between the clinical and 

LD50 concentrations of a particular irrigant. The results showed that IKI and 

Ca(OH)2 were significantly less cytotoxic than SCD, NaOCl, and BS. In 

conclusion, IKI and Ca(OH)2 are well tolerated by human gingival fibroblasts 
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            Zehnder et al (2006)13 reviewed root canal irrigants, the specifics of the 

pulpal microenvironment and the resulting requirements for irrigating solutions 

were spelled out. Sodium hypochlorite solutions are recommended as the main 

irrigants. This is because of their broad antimicrobial spectrum as well as their 

unique capacity to dissolve necrotic tissue remnants. Chemical and toxicological 

concerns related to their use are discussed, including different approaches to 

enhance local efficacy without increasing the caustic potential. In addition, 

chelating solutions are recommended as adjunct irrigants to prevent the formation 

of a smear layer and/or remove it before filling the root canal system. Based on 

the actions and interactions of currently available solutions, a clinical irrigating 

regimen is proposed. Furthermore, some technical aspects of irrigating the root 

canal system are discussed, and recent trends are critically inspected. 

           Fukuzaki et al (2006)16 investigated the mechanisms of actions of sodium 

hypochlorite in cleaning and disinfection processes. Sodium hypochlorite fulfills 

many requirements as the ideal disinfectant and furthermore it has an excellent 

cleaning action. The effectiveness of sodium hypochlorite in the cleaning and 

disinfection processes depends on the concentration of available chlorine and the 

pH of the solution. Hypochlorous acid (HOCl) is a weak acid and dissociates to 

the hypochlorite ion (-OCl) and proton (H+) depending on the solution pH. It is 

generally believed that HOCl is the active species in the germicidal action, 
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whereas the concentration of -OCl is a key factor determining the cleaning 

efficiency. This implies that the optimal pH region of the germicidal activity of 

sodium hypochlorite differs from that of its cleaning activity. 

           Nishikiori et al (2008)21 investigated the influence of chlorine dioxide on 

cell death and cell cycle of human gingival fibroblasts. The inhibition of HGF cell 

growth was evaluated using a Cell Counting Kit-8. All three dental disinfectants 

induced G0/G1 cell cycle arrest. H2O2 induced apoptosis at concentrations of 

0.05 and 0.1 mM, while NaOCl and ClO2 did not induce significant apoptosis at 

any concentration examined. It was concluded that these results suggest that ClO2 

is sufficient for use as a dental disinfectant compared with H2O2 or NaOCl. 

          Mohammadi et al (2008)14 reviewed sodium hypochlorite in endodontics. 

The major objective in root canal treatment is to disinfect the entire root canal 

system. This requires that the pulpal contents be eliminated as sources of 

infection. This goal may be accomplished using mechanical instrumentation and 

chemical irrigation, in conjunction with medication of the root canal between 

treatment sessions. Microorganisms and their by-products are considered to be the 

major cause of pulpal and periradicular pathosis. In order to reduce or eliminate 

bacteria and pulpal tissue remnants, various irrigation solutions have been 

suggested to be used during treatment. Sodium hypochlorite, an excellent non-

specific proteolytic and antimicrobial agent, is the most common irrigation 
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solution used during root canal therapy. The purpose of this paper was to review 

different aspects of sodium hypochlorite use in endodontics. 

           Kannan et al (2009)31 investigated the antibacterial activity of Terminalia 

chebula fruit extract against clinically important standard reference bacterial 

strains. The antimicrobial susceptibility was screened using the disc diffusion 

method and the minimum inhibitory concentration (MIC) was determined using 

the broth microdilution method. The results showed that it was active against both 

gram-positive and gram negative bacteria. The T. chebula fruit extract was highly 

effective against Salmonella typhi SSFP 4S, Staphylococcus epidermidis MTCC 

3615, Staphylococcus aureus ATCC 25923, Bacillus subtilis MTCC 441 and 

Pseudomonas aeruginosa ATCC 27853. The MIC was determined as 1 mg/ml for 

S. typhi. These results indicate that the T. chebula dry fruit possesses a potential 

broad spectrum of antimicrobial activity and a search for the active compound is 

needed. 

            Cobankara et al (2010)19 compared the dissolution capacities of sodium 

hypochlorite and chlorine dioxide. The aim of this in vitro study was to compare 

organic tissue dissolution capacity of NaOCl and ClO2.No statistically significant 

difference was found between the tissue-dissolving properties of 5.25% NaOCl 

and those of 13.8% ClO2 . Within the limitations of this in vitro study, it was 



Review of Literature 

 
 
 
 

15 
 

concluded that ClO2 and NaOCl are equally efficient for dissolving organic 

tissue. 

          Violich et al (2010)32 reviewed the smear layer in endodontics. Root canal 

instrumentation produces a layer of organic and inorganic material called the 

smear layer that may also contain bacteria and their by-products. It can prevent 

the penetration of intracanal medicaments into dentinal tubules and influence the 

adaptation of filling materials to canal walls. Current methods of smear removal 

include chemical, ultrasonic and laser techniques – none of which are totally 

effective throughout the length of all canals or are universally accepted. If smear 

is to be removed, the method of choice seems to be the alternate use of 

ethylenediaminetetraacetic acid and sodium hypochlorite solutions. Conflict 

remains regarding the removal of the smear layer before filling root canals, with 

investigations required to determine the role of the smear layer in the outcomes of 

root canal treatment. 

          Zand V et al (2010)33 investigated comparative scanning electron 

microscopic investigation of the smear layer after the use of sodium hypochlorite 

gel and solution forms as root canal irrigants. The effect of sodium hypochlorite 

(NaOCl) gel along with EDTA on the removal of the smear layer has not been 

studied; therefore, the aim of the present study was to compare the efficacy of gel 

and solution forms of NaOCl in removal of the smear layer from root canal walls. 
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There were no significant differences between NaOCl gel and solution forms in 

the coronal, middle, and apical thirds of root canals. There were significant 

differences between NaOCl solution and saline groups in the three parts of root 

canal walls and between NaOCl gel and saline in the coronal, middle, and apical 

thirds.The use of NaOCl gel can be as effective as NaOCl solution along with 

EDTA in smear layer removal in the three parts of root canal walls. 

         Badr AE et al (2011)26 evaluated the antibacterial and cytotoxic effects of 

Liquorice as a root canal medicament and to compare its action to the commonly 

used root canal medicament calcium hydroxide Ca(OH)2. The antibacterial effect 

of Liquorice and Ca(OH)2 either separately or in combination was investigated 

against Enterococcus faecalis. Agar-well diffusion methods, broth microdilution 

tests and biofilm susceptibility assays were used to determine the antibacterial 

activity. The use of Liquorice extract followed by Liquorice/Ca(OH)2 mixture 

retained significantly more viable periodontal ligament cells than Ca(OH)2 , 

which had a strong lethal effect on the cells. It was concluded that liquorice 

extract either separately or as Liquorice/Ca(OH)2 mixture had a potent 

bactericidal effect against Enterococcus faecalis and retained compatibility with 

fibroblasts in tissue culture compared to the commonly used root canal 

medicament Ca(OH)(2). 
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           Capt Sandeep Singh et al (2012)34 investigated the effect of chlorine 

dioxide and sodium hypochlorite on the dissolution of human pulp tissue. 2% 

Sodium hypochlorite, 5% Chlorine dioxide and isotonic saline solution (control) 

were used. Thirty human pulp tissue specimens were exposed to three test 

solutions (n ¼ 10) for 30 min following which the loss of weight was compared 

from the original weight by using a digital analytical balance.The result showed 

that sodium hypochlorite was more efficient in dissolving human pulp tissue 

when compared to Chlorine dioxide. Isotonic saline solution failed to dissolve any 

of the specimens. He concluded that 5% Chlorine dioxide is capable of dissolving 

human pulp tissue but sodium hypochlorite was more effective. 

        Palazzi  et al (2012)35 compared the surface tension of 5.25% sodium 

hypochlorite solution with three new sodium hypochlorite-based endodontic 

irrigants. The new 5.25% sodium hypochlorite solutions modified with 

surfactants, Hypoclean A and Hypoclean B, had surface tension values that were 

significantly lower  than Chlor-Xtra and 5.25% NaOCl. Because of their low 

surface tension and increased contact with dentinal walls, these new irrigants have 

the potential to penetrate more readily into uninstrumented areas of root canal 

system as well as allow a more rapid exchange with fresh solution, enabling 

greater antimicrobial effectiveness and enhanced pulp tissue dissolution ability 
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           Manjunatha et al (2013)36 did smear layer evaluation on root canal 

preparation with manual and rotary techniques using edta as an irrigant. The 

manually filed canals had less debris and smear layer than those using a rotary 

technique. It was concluded from this study that none of the instrumentation 

techniques employed, produced the canal walls which were free of surface debris 

and smear layer. The manual instrumentation technique was better in cleaning the 

canals compared to the ProFile rotary Ni-Ti instruments despite the step-back 

technique used for manual instrumentation. 

           Sandeep Singh et al (2013)21 compared the efficacy of smear layer 

removal by 5% chlorine dioxide and 15% Ethylenediamine Tetra-Acetic Acid 

plus Cetavlon (EDTAC) from the human root canal dentin. SEM (×2000).At the 

coronal thirds, no statistically significant difference was found between 15% 

EDTAC and 5% Chlorine dioxide in removing smear layer. In the middle and 

apical third region 15% EDTAC showed better smear layer removal ability than 

5% Chlorine dioxide. It was concluded that the final irrigation with 15% EDTAC 

is superior to 5% chlorine dioxide in removing smear layer in the middle and 

apical third of radicular dentin. 

             Sheela N V et al (2013)37 investigated the antimicrobial efficacy of 

chlorine dioxide as a root canal irrigant. Result revealed that all the 10 samples in 

the control group showed growth, while only 4 and 5 samples showed growth in 
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Gp II and Gp III respectively. The growth of micro-organisms was found to be 

significantly less in NaOCl (40% vs 100%) and in ClO 2 (50% vs 100%) when 

compared to the control (p=0.011 and 0.033 respectively). The growth pattern of 

micro-organisms is statistically similar in both NaOCl and ClO 2 (p>0.05).She 

concluded that the antimicrobial efficacy of 10% ClO2 is as good as that of the 

routinely used 3% NaOCl though it is highly corrosive, highly combustible and 

needs to be freshly prepared. 

          Taneja et al (2014)38 compared the human pulp tissue dissolution by 

different concentrations of chlorine dioxide, calcium hypochlorite and sodium 

hypochlorite.Results showed 5.25% NaOCl to be most effective at both time 

intervals followed by 2.5% NaOCl at 60 minutes, 10%Ca(OCl)2 and 13% ClO2 at 

60 minutes. Least amount of tissue dissolving ability was demonstrated by 5% 

Ca(OCl)2 and 5% ClO2 at 30 minutes. Distilled water showed no pulp tissue 

dissolution.It was concluded that within the limitations of the study, NaOCl most 

efficiently dissolved the pulp tissue at both concentrations and at both time 

intervals. Mean tissue dissolution by Ca(OCl)2 and ClO2 gradually increased 

with time and with their increase in concentration. 

          Ahir B et al (2014)39 evaluated Smear layer removal efficacy of different 

irrigating solutions: a comparative scanning electron microscope evaluation. 

There was no significant statistical difference in the efficacy of smear layer 
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removal when 2.5% NaOCl was compared with 17% EDTA with 2.5% NaOCl, 

10% citric acid with 2.5% NaOCl and 1% tetracycline HCl with 2.5% NaOCl in 

apical third of root canals.The present study suggests that irrigating agents, citric 

acid and tetracycline HCl can be used as an alternative to EDTA for the removal 

of smear layer in endodontics. 

             Ajagannanavar et al (2014)25 compared the efficacy of aqueous and 

alcoholic licorice root extract against Streptococcus mutans and Lactobacillus 

acidophilus in comparison to chlorhexidine. Mean zone of inhibition of the 

aqueous and alcoholic licorice extracts against S. mutans at 48 h were 22.8 mm 

and 26.7 mm, respectively. Mean zone of inhibition of the aqueous and alcoholic 

licorice extracts against L. acidophilus at 48 h were 14.4 mm and 15.1 mm, 

respectively. Mean zone of inhibition of the CHX against S. mutans and L. 

acidophilus at 48 h was 20.5 and 13.2, respectively. It was concluded that the 

inhibitory effect shown by alcoholic licorice root extract against S. mutans and L. 

acidophilus was superior when compared with that of aqueous form and CHX. 

        Shakouie et al (2014)40 did in vitro comparison of the antibacterial efficacy 

of triphala with different concentrations of sodium hypochlorite. The mean 

diameter of inhibition zones in Triphala group was significantly higher compared 

to 0.5 and 1% NaOCl .In this study, Triphala exhibited better antimicrobial 

activity against E. faecalis compared to 0.5 and 1% NaOCl . 
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          Karan et al (2015)41 compared the efficacy of 3 Anti-Oxidants versus 

NaOCl and EDTA: used for root canal irrigation in smear layer removal by SEM 

analysis. Root canal treatment was performed on 100 single rooted teeth and the 

smear layer removing abilities of Neem, Triphala, Amla EDTA and Saline were 

checked by using them as the last irrigant. EDTA and Amla showed the best 

smear layer removing ability followed by Neem and Triphala. He concluded that 

Neem, Triphala and Amla showed the potential to remove the smear layer. EDTA 

showed the maximum efficacy in removing the smear layer 

          Andrea Vaz Braga Pintor et al (2016)42 made a review to determine 

whether the smear layer  removal procedure influences the outcome of root canal 

treatment.. One study revealed a low risk of bias and a high success rate for the 

SL removal group compared to the non SL removal group ,while the other study 

had a high risk of bias and found no difference between the SL removal and non 

SL removal groups .She concluded that the SL removal for root canal treatment of 

primary teeth with initial clinical signs and symptoms or pulpal necrotic status, 

could benefit the outcome, although further RCT should be performed to achieve 

evidence. 

             Hilmi Egemen Guldas et al (2016)43 investigated the antimicrobial 

efficacy of NaOCl, cetrimide, and Glycyrrhiza glabra L. extract against 

Enterococcus faecalis biofilms on dentine discs. Broth microdilution method was 
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used to determine minimal bactericidal concentrations (MBCs) of the agents. A 

biofilm susceptibility assay was performed using E. faecalis biofilms grown on 

dentine discs. Minimal bactericidal concentrations (MBCs) of NaOCl (0.5%), 

cetrimide (0.015%), and G. glabra L. extract (0.25%) were applied for 1, 3, and 5 

min, and the mean viable cell counts were recorded and statistically analyzed. 

There was no significant difference between cetrimide and NaOCl at 1 min . 

NaOCl was the most effective agent at 3 and 5 min  while G. glabra L. extract 

was the least. The MBCs of NaOCl, cetrimide, and G. glabra that eliminated the 

planktonic E. faecalis did not eradicate the biofilms grown on dentin discs. 

             Rajendra et al (2016)44 investigated the role of herbs in endodontics. 

India is known for its rich stock of medicinal plants. Among many, some herbs 

are rich in phytochemical content. These phytochemicals are useful in generating 

phytomedicines which have effects on the human body. In the field of 

endodontics, phytomedicines are a boon. They have been popularly used as 

analgesic, anti-inflammatory, sedatives, and antibiotics. They are most 

significantly used as endodontic irrigants. Phytotherapy has been a grand entrant 

in the drug market. The reason why herbal extracts have the potential to be highly 

popular is due to the side effects of synthetic medicines which alter microbiota. 

           Angelo Jose da Silva Beraldo  et al (2017)29 did  scanning electron 

microscopic evaluation of smear layer removal using isolated or interweaving 

https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20Beraldo%20%26%23x000c2%3BJ%5BAuthor%5D&cauthor=true&cauthor_uid=28179925
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edta with sodium hypochlorite. The aim of this study was to verify the effect of 

alternating 2.5% sodium hypochlorite (NaOCl) and 17% 

ethylenediaminetetraacetic acid (EDTA) on the smear layer removal from root 

canal surfaces. It was observed that there was a greater discrepancy between 

groups with respect to the apical third. In the other areas there was a greater 

similarity between the scores attributed to the groups. There was a statistically 

significant difference between the groups only in the apical third, when group 1 

presented the higher median .The alternating use of EDTA during instrumentation 

with NaOCl was the most effective irrigation method to remove the apical smear 

layer. Both forms of irrigation were effective on removal of the smear layer in the 

coronal and middle thirds of the canals 

          Poletto et al (2017)45 investigated  smear layer removal by different 

chemical solutions used with or without ultrasonic activation after post 

preparation.  saline solution , 2.5% sodium hypochlorite, 2% chlorhexidine 

(CHX,11.5% polyacrylic acid ,17% ethylenediaminetetraacetic acid (EDTA) were 

used. EDTA achieved the best performance compared with the other solutions 

evaluated regardless of the irrigation method. Ultrasonic activation did not 

significantly influence smear layer removal. 

           Sebatni et al (2017)46 evaluated the smear layer removal efficacy of 

various herbal extracts, namely, green tea extract, orange oil, and neem leaf 
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extract using the scanning electron microscopic analysis..The canals treated with 

neem leaf extract exhibited significant smear layer removal when compared to 

those treated with orange oil, sodium hypochlorite, and green tea extract. It was 

concluded that the highest amount of smear layer removal efficacy was seen in 

the canals treated by neem leaf extract. 

            J. Sowjanyaa et al (2017)47 investigated the efficacy of smear layer 

removal by ethylenediaminetetraacetic acid, Triphala, and German chamomile as 

irrigants.Result showed that there was a moderate smear layer in specimens 

treated with Triphala, especially in the middle and coronal sections. In the apical 

section, there was heavy smear layer. G.chamomile had substantial smear layer in 

all sections. No smear layer was noted on the surface of the samples irrigated with 

EDTA. She concluded that Triphala showed good cleaning efficacy than G. 

chamomile used in this study.The most effective removal of smear layer occurred 

with the use 17% EDTA as a final rinse followed by the use of Triphala. G. 

chamomile did not produce satisfactory results. 

           Saxena et al (2017)48 determined the effect of Triphala, T. chebula, T. 

bellirica and E. officinalis aqueous extract rinses separately on Streptococcus 

mutans count at various time intervals . E. officinalis showed least reduction of 

mean CFUs when compared to other three groups.It can be concluded that all four 
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rinses were effective in reducing S. mutans CFUs, but 10% Triphala has greater 

efficacy than its other constituents. 

           Ekta Choudary et al (2018)49 explored the role of Morinda 

citrifolia and Triphala juice in root canal irrigation: An ex vivo study. There was a 

significant decrease in microbial counts of both microbes in all groups at S1, but 

only CHX could demonstrate further decrease in the microbial count of both 

microorganisms at level of S2. The overall antimicrobial effects of different 

irrigants were maximum for CHX, whereas MCJ and Triphala juice also showed 

significant reductions. 

           Sidhu et al (2018)50 investigated the therapeutic benefits of liquorice in 

dentistry.. Liquorice extracts and liquorice bioactive ingredients such as glabridin, 

licoricidin, licorisoflavan A, licochalcone A, and glycyrrhizin have shown 

beneficial effects in preventing and treating oral diseases. Clinical trials, case 

reports and review of literature evaluating the effect of liquorice on oral 

microorganisms and oral diseases are included. Literature pertaining to the effects 

of liquorice on systemic diseases have been excluded from this review of 

literature. 

         Neha Bhadoria et al (2019)51 studied the antiadhesive property of herbal 

extracts which was evaluated using Glycyrrhiza glabra (GG) and Terminalia 

chebula (TC) herbal extracts on Streptococcus mutans.. The antiadherence 
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property of the herbal extract was evaluated using glass surface adherence test. 

Results showed that both herbal extracts have significant antiadhesive and 

antimicrobial activity against S. mutans, however, high antiadherence property 

was seen with TC than GG. She Concluded that both the plant extracts exhibit 

inhibitory activity against S. mutans. However, TC had more clinically significant 

results than GG, but it was found statistically insignificant. 

          Suparna Ganguly Saha et al (2019)27 investigated the efficacy of smear 

layer removal by two Ayurvedic herbal irrigants, using continuous vs. syringe and 

needle irrigation.Result revealed the most effective smear layer removal in the 

coronal part was observed with SAF‑EDTA and SAF‑GCE, followed by 

WO‑EDTA. In the middle part, SAF‑GCE was equivalent to that of SAF‑EDTA, 

followed by WO‑EDTA and WO‑GCE. In the apical third, the most efficient 

smear layer removal was observed with SAF‑EDTA, followed by some removal 

of smear layer by WO‑EDTA and SAF‑GCE. GCE was as effective as EDTA in 

removal of smear layer in the coronal and mid‑root regions, when used with 

continuous irrigation. 

             Gokul Gunasekaran et al (2019)52 evaluated the effect of Glycyrrhiza 

glabra as root canal disinfectant. Liquorice is the root of G. glabra from which a 

sweet flavor can be extracted. A number of pharmaceutical effects of liquorice are 

known anti-inflammatory, antiviral, and anticarcinogenic. Glycyrrhizin, a 
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triterpenoid compound, accounts for the sweet taste of liquorice root. Liquorice 

has also shown greater biocompatibility with fibroblasts cells compared to 

calcium hydroxide, which was severely toxic to the cells. In-vitro studies were 

conducted using freshly extracted single-rooted premolars. Using a Gates Glidden 

drill, root canal was enlarged. Enterococcus faecalis was used as the culture 

suspension against which the activity of the extract was tested. He concluded that 

Liquorice (G. glabra) shows effective bactericidal activity against E. faecalis and 

can be used as an effective root canal disinfectant. 

           Abraham Chris Susan et al (2019)53 aimed to compare smear layer 

removal ability of different solutions of Triphala (TA) when used in specific 

irrigant protocols in curved canals. Results showed that among the experimental 

groups, Group V presented the least amounts of smear and debris in all thirds of 

the root canal with mean values of 1.6 ± 0.63 and 1.6 ± 0.62, respectively, and on 

comparison with Group II the results were comparable, and no significant 

difference was found statistically.Group V presented with the highest amount of 

erosion with loss of peritubular and intertubular dentin at all levels with mean 

values of 1.60 ± 0.51. She concluded that the use of TA as a final rinse solution 

during biomechanical preparation seems promising. 

          Ruaa A. Alamoudi et al (2019)54 reviewed the role of smear layer in 

endodontic. During mechanical preparation, the use of hand or rotary instruments 
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results in the production of considerable amount of smear layer. The smear layer 

consists of two parts: a superficial layer that covers the dentinal wall and a smear 

plug which occludes that dentinal tubules. There are three main methods to 

remove smear layer: chemically, mechanically (ultrasonically), laser, or 

combinations. No one single irrigant has the ability to kill microorganisms, 

dissolve organic tissues, and demineralize smear layer. Thus, alternating between 

organic and inorganic solvents and the use of different methods and techniques 

have been recommended. Indeed, there is little relevance attributed to the 

influence of smear layer on the clinical treatment outcomes. Moreover, there is 

critical lack of clinical studies to determine the role of smear layer since all 

previous studies were carried out on laboratory based. 

           Rohit Chadha et al (2019)55 compared and evaluated the cleaning efficacy 

of a 2.5% Sodium hypochlorite, 0.2% Chitosan and 17% EDTA solution with the 

three solutions either applied alternatively or mixed together for smear layer 

removal after the use of K-Flexo file system in different root thirds under 

Scanning Electron Microscope. He concluded that the irrigation with only 2.5% 

NaOCl during all instrumentation and combination of EDTA and Chitosan for 3 

minutes as the final irrigant showed the best smear layer removal from the canal 

walls, when compared with all the irrigants i.e. 2.5% NaOCl, 17%EDTA and 
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0.2% Chitosan mixed together and irrigants 2.5% NaOCl, 17% EDTA and 0.2% 

Chitosan used alternately. 

           Sheetal et al (2019)56 evaluated the possible antibacterial efficacy of T. 

chebula fruit extracts (aqueous and ethanolic) against E. feacalis and its 

comparison to that of 2% chlorhexidine. For this purpose both aqueous and 

ethanolic extracts of the fruit were used against the bacteria using the Agar well 

diffusion method and the zones of inhibition surrounding the wells indicating the 

antibacterial activity were recorded.In the present study the results were found 

promising as the fruit extracts tested exhibited zones of inhibition against the 

tested bacteria. Higher activity was shown by ethanolic extract than an aqueous 

extract of the fruit. However both the extracts exhibited less activity as compared 

to 2% chlorhexidine. The results were statistically analysed. It was concluded that 

within the limitations of the study the promising findings suggest the presence of 

antibacterial activity in the tested plant material against E.feacalis. The findings 

are suggestive of potential which further needs extensive research. 
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MATERIALS AND METHOD 

ARMAMENTARIUM: 

• High speed air turbine hand piece (NSK PanaAir, Japan) 

• Slow speed air motor hand piece (NSK Japan) 

• K-files (DENTSPLY) 

• Gates-Glidden drills (Dentsply) 

• Sterile paper points (Meta biomed) 

• 30 gauge disposable syringe and needle  (Unolock) 

• Modelling wax 

• Diamond disc 

• Ion sputtering unit 

• Scanning electron microscope  (SEM- S -3400N -HITACHI) 

 

IRRIGANTS USED FOR THE STUDY: 

• 2.5%  Sodium hypochlorite (Prime dental products, India) 

• 0.5% Chlorinedioxide    (Chemzest ) 

• Terminalia chebula        (Kesco Organic)     

• Liquorice / Glycyrrhiza glabra     (Kesco Organic)     

• Distilled water 

 

 



Materials and Methods 

 

31 

 

 

METHODOLOGY: 

In this experimental invitro study, 40 single-rooted (FIGURE 1)  human 

mandibular premolar  teeth were selected. The teeth had been recently 

extracted from patients because of periodontal diseases and therapeutic 

extractions. The teeth were randomly divided into four experimental groups of 

10 teeth each (n=10). Each tooth  was radiographed to ensure that it had a 

single canal. After cleaning each selected  teeth were immersed in isotonic 

saline solution. The teeth were decoronated with diamond disc and all roots 

were reduced to a length of about 15mm .The apical end of all the roots were 

coated with nail polish to prevent extrusion of  the irrigant. 

 

The root canals were accessed and the coronal preparation was done initially 

with Gates-Glidden drills (Dentsply Maillefer, Ballaigues, Switzerland) up to 

number size 3. The rootcanal were mechanically prepared  with K-type files 

using a step back technique . The apical stop was prepared to a size of 25. 

Saline irrigation was done  in between for all tooth . 
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IRRIGANT APPLICATION: 

 

Teeth were randomly divided into four groups according to the final irrigation 

solutions.  

Group A:  2.5% Sodium hypochlorite 

Group B:  0.5% Chlorinedioxide    

Group C:Terminalia chebula in 10%  Dimethylsulfoxide (DMSO )solvent 

Group D: Glycyrrhiza glabra / liquorice in 99% ethanol 

The samples in each group were irrigated with 5 ml of each irrigant for 1 min. 

All the  irrigants were freshly prepared and standardized. 

 

IRRIGANTS PREPARATION: 

 In group A, Sodium hypochlorite (FIGURE 4)  was available as 2.5% 

solution  and was used directly. In group B, Chlorinedioxide (FIGURE 5) 

available as powder was mixed with water, to a concentration of 0.5% and 

used. 

In group C, Terminalia chebula preparation: Dimethylsulfoxide (DMSO) 

(FIGURE 9)  was used as a solvent for Terminalia chebula (FIGURE 6) . 

DMSO is a clean, safer, highly polar, aprotic  solvent that helps in bringing 

out the pure properties of all the components of the herb being dissolved. A 
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weighed quantity of powdered  herb was macerated with 500ml of  10% 

DMSO and filtered using whatman filter paper (FIGURE 8)  for use as the 

herbal irrigant. 

 

In group D, Liquorice (FIGURE 7)  solution preparation:  The powder was 

subjected to soxhlet extraction (FIGURE 11) with 10% ethanol (FIGURE 10)  

for  24 hours cycle. The resultant 10% extract was then concentrated and 

solvent was completely removed over a water bath. Then the obtained extract 

was redissolved in 99% ethanol for the herbal solution 

 

The irrigants were delivered with a syringe and irrigating needle  until the 

working length into the root canal manually . Final irrigation was done with 

distilled water and the canals were dried using absorbent paper points after 

instrumentation. Each dried specimen was split longitudinally into two halves 

(FIGURE 2) along the prepared groove on the buccal and lingual aspect. The 

split halves were prepared for scanning electron microscopic (SEM) 

examination (FIGURE 12). 

The split halves were stored in a 2.5% glutaraldehyde solution. Each specimen 

was mounted on an aluminum stub and sputter coated (FIGURE 14)  with 

approximately 20 nm layer of gold, for yielding a conductive surface. The 

specimens were examined using a SEM at a magnification of 2000X. Analysis 

of the SEM images was accomplished and  scored the presence of smear layer 
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on the surface of the different levels of  root canal in the coronal, middle, and 

apical portion of each canal.  

  

Scoring system of evaluation of smear layer removal: 

 

SCORES AMOUNT OF SMEAR LAYER IN THE ROOT CANAL 

1 No smear layer, more than 80% of the dentinal tubules open and 

free 

2 Minor smear layer, less than 50% of  tubules open 

3 Heavy smear layer , less than 30% of tubules open 

4 Maximum obliterartion of tubules 

  

 

STATISTICAL ANALYSIS: 

According to scoring criteria, the scores were tabulated and appropriately 

analyzed by nonparametric statistical analysis techniques. In order to find out 

any significant difference between the four groups; that is, Group A, Group B, 

Group C, and Group D, Kruskal-Wallis test was carried out. In order to find 

out significant difference among pair of groups, Mann-Whitney test was 

carried out. In both the above statistical tools, the probability value 0.05  is 

considered as significant level. 
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Sectioned and viewed under SEM 

N=40 single rooted mandibular premolar decoronated and 

reduced to 15mm root length and BMP  done. 

 

N=10 teeth irrigated 

with NaOCl 

 

N=10 teeth 

irrigated with 

Liquorice 

 

N=10 teeth 

irrigated with 

Terminalia chebula 

 

N=10 teeth 

irrigated with 

ClO2 
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FIGURE 1: TEETH  SPECIMENS 

 

 

FIGURE 2: LONGITUDINALLY SECTIONED SAMPLES FOR SEM 
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                                                       FIGURE 3: IRRIGANTS USED 

 

 

 

                                                      FIGURE 4: SODIUM HYPOCHLORITE 
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                                                             FIGURE 5: CHLORINE DIOXIDE 

 

 

 

 

                                                            FIGURE 6: TERMINALIA CHEBULA 
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FIGURE 7: LIQUORICE 

 

 

 

  

FIGURE 8: FILTRATION OF IRRIGANTS 
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FIGURE 9: DIMETHYL SULFOXIDE 

 

 

FIGURE 10: ETHANOL 
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                                        FIGURE 11:  SOXHLET EXTRACTION APPARATUS 

 

 

 

FIGURE 12: SCANNING ELECTRON MICROSCOPE 
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FIGURE  13: SAMPLE MOUNTED ON STUB 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 14: GOLD SPLUTTERING UNIT 
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FIGURE 15: SEM IMAGES – SODIUM HYPOCHLORITE 

 

                                  

         

                                                                    

                                                  

                                                          

 

                                                             

FIG 15 (B): SEM image of 

NaOCl at middle third of root 

section. 

FIG 15 (A) :SEM IMAGE OF 

NaOCl at coronal third of root 

section. 

FIG 15 (C): SEM image of 

NaOCl at apical third of root 

section. 
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FIGURE 16: SEM IMAGES – CHLORINEDIOXIDE 

 

                                                              

 

     

 

                                                          

 

 

 

FIG 16 (A): SEM image of ClO2 

at coronal third of root section. 

FIG  16 (B): SEM image of 

ClO2 at middle third of root 

section. 

FIG 16 (C): SEM image of ClO2 

at apical third of root section. 



  Figures 

 

 
 

FIGURE 17: SEM IMAGES –TERMINALIA CHEBULA 

                                                                        

       

 

 

                                                      

 

 

 

FIG 17 (B): SEM image of TC 

at middle third of root 

section. 

FIG 17 (A): SEM image of TC 

at coronal third of root section. 

FIG 17 (C): SEM image of TC 

at apical third of root section. 
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FIGURE 18: SEM IMAGES –LIQUORICE 

                                                       

 

 

                                                             

 

FIG 18 (B): SEM image of 

Liquorice at middle  third of 

root section. 

FIG 18 (A): SEM image of 

Liquorice at coronal third of 

root section. 

FIG 18 (C): SEM image of 

Liquorice at apical third of 

root section. 
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Data was entered into Microsoft Excel data sheet and was analyzed with 

IBM.SPSS statistics software 23.0 Version. The mean and standard deviation 

of the scores of each of the groups at the coronal, middle and apical region 

were taken. To find the significant difference in the multivariate analysis the 

Kruskal Wallis test followed by the Mann-Whitney U test was used. 

Intergroup Comparison of smear layer removal from each area was done. 

Within each group, comparison of smear layer removal from coronal, middle 

and apical third was also done. Graphical representation of data were used to 

obtain various types of graphs such as bar diagram. P value (Probability that 

the result is true) of <0.005 was considered as statistically significant.  

Representative SEM images regarding to different groups are presented in 

Figures 15,16,17,18. 

 

The invitro study has been carried out to compare the efficacy of smear layer 

removal of sodium hypochlorite, chlorinedioxide and two herbal irrigants 

through scanning electron microscope image analysis.  

Efficacy of irrigants at the coronal third: 

The mean value recorded in this descriptive study (Table 3) for sodium 

hypochlorite (group A) was  1.60,  mean value for chlorinedioxide (group B) 

was 1.20,  Terminalia chebula (group C) was 1.60  and Liquorice (group D) 

was 3.60. Removal of smear layer from the coronal area was more in 



Results 

 

37 

 

chlorinedioxide when compared to other groups with significant difference. 

No significant difference seen between sodium hypochlorite and Terminalia 

chebula.The amount of smear layer removal was less with liquorice. 

Efficacy of irrigants at the middle third: 

The mean value recorded in this descriptive study (Table 5) for  sodium 

hypochlorite (group A)  was  2.40, chlorinedioxide (group B) was 1.30,  

Terminalia chebula (group C) was 2.10  and Liquorice (group D) was 3.70. 

Significant difference was seen between chlorinedioxide  comparing with 

other groups. Chlorinedioxide  was more effective in testing of middle third. 

Terminalia  chebula showed slightly better smear layer removal efficacy in 

middle third compared with sodium hypochlorite. 

Efficacy of irrigants at the apical  third: 

The mean value recorded in this descriptive study (Table 7) for  sodium 

hypochlorite (group A) was  3.70, chlorinedioxide  (group B) was 2.10,  

Terminalia chebula (group C)  was 3.50  and Liquorice (group D)  was 3.90. 

Significant difference was seen in chlorinedioxide when compared with other 

groups. No significant difference among sodium hypochlorite, terminalia 

chebula and liquorice but terminalia chebula showed slightly better smear 

layer removal efficacy in apical third compared with sodium hypochlorite 
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Comparison of smear layer removal at different areas of each group: 

Removal of smear layer was prominent in coronal portion of the tooth 

followed by middle and apical portions respectively among the samples 

(Graph 4). 

From the study conducted, following results are obtained: 

In Group A  and Group B, where 2.5% NaOCl & chlorinedioxide  respectively 

were used as an irrigant the dentinal tubules were opened and the removal of  

smear layer under SEM which could be seen on root canal wall in coronal 

third region. In middle region, half of the tubules were opened and half of 

them are covered with smear layer in both group A and B .  A moderate to thin 

smear layer was seen in samples treated with NaOCl (group A),especially in 

the middle and coronal sections but in the apical section there was more smear 

layer(moderate to heavy). No smear layer was noted on the surface of the 

samples irrigated with chlorinedioxide  (group B)  in coronal and middle 

section while mild smear layer was seen in the apical portion of rootcanal .But 

chlorinedioxide  group showed more smear layer removal efficacy compared 

with sodium hypochlorite.  Most of the dentinal tubules were completely 

covered by the smear layer  could be seen on root canal wall in apical third 

region  of  NaOCl group while chlorinedioxide showed better result for smear 

layer removal in apical region . In Group C (terminalia chebula ) and in group 

D (Liquorice)  herbal irrigants were tested  to check the smear layer removal 

efficacy. The samples irrigated with Terminalia chebula (group C) had 
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moderate to thin smear layer in coronal and middle sections but in apical 

section dentinal tubules were covered with smear layer .The results obtained in 

this Group C (Terminalia chebula) were somewhat similar to the results 

obtained in Group A (2.5% NaOCl). . It was found that there was incomplete 

removal of smear layer in all the three aspects of root canal  under SEM for 

group D. There was a significant difference among the data of groups (P < 

0.005).   

 Chlorinedioxide was found to be significantly more effective at smear layer 

removal than NaOCl and other two herbal irrigants. (P < 0.005).Statistical 

analysis revealed that sodium hypochlorite and Terminalia chebula  were not 

effective in removing the smear layer in apical portion and the difference 

between them was not statistically significant. There was a significant 

difference between liquorice and all other groups at coronal  and middle levels 

of the root (P < 0.0005) 

 

COMPARISON OF CORONAL THIRD OF ALL GROUP 

In Graph 1, when comparing the smear layer removal scores in coronal 

section of Group A,  60% of the samples  showed complete removal of smear 

layer,20% showed minor smear layer, 20 % showed heavy smear layer.In 

Group B, approximately  80% specimens showed complete removal of the 

smear layer, 20% showed minor smear layer  in coronal section.In Group C, 

60% of the samples  showed complete removal of smear layer,20%showed 
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minor smear layer, 20 % showed heavy smear layer. In Group D ,60% showed 

severe smear layer and 40% showed moderate smear layer. 

 

COMPARISON OF MIDDLE THIRD OF ALL GROUPS 

In Graph 2, when comparing the smear layer removal scores in middle section 

of Group A, 50% showed minor smear layer, 50% showed moderate smear 

layer. In Group B, 70% specimens showed complete removal of the smear 

layer, 30% showed minor smear layer. In Group C, 50% showed minor smear 

layer, 50% showed moderate smear layer.In Group D,70% showed severe 

smear layer and 30% showed moderate smear layer. 

 

COMPARISON OF APICAL THIRD OF ALL GROUPS 

In Graph 3,when comparing the smear layer removal scores in apical section 

of Group A, approximately  30% specimens showed severe smear layer, 70% 

showed moderate smear layer .In Group B, 30% showed complete removal of 

smear layer,40% with minor smear layer,30% moderate smear layer.In Group 

C, 50% specimens showed severe smear layer, 50% showed moderate smear 

layer .In Group D,80% showed the presence of severe smear layer with 

obliterated dentinal tubules and 20% showed moderate smear layer. 
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In Table 11, No smear layer was noted on the coronal surface of the samples 

irrigated with  Group B (chlorinedioxide). A mild smear layer was seen in 

middle and apical surface of samples irrigated with Group B.  

A moderate smear layer was seen in coronal and middle surface of specimens 

treated with Group A (NaOCl) and Group C  (Terminalia chebula). In the 

apical section, there was heavy smear layer in both Group A and C. 

Group D (Liquorice) had substantial smear layer in all the three sections of 

rootcanal . 
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TABLE 1: SMEAR LAYER SCORES FOR EACH SAMPLE  

Specimen Coron Mid Apic Coron Mid Apic Coron Mid Apic Coron Mid Apic 

1 1 1 3 1 1 1 1 2 3 3 3 4 

2 1 2 3 1 1 2 1 1 3 4 4 4 

3 1 2 3 1 2 2 2 3 4 4 4 4 

4 3 3 4 2 1 4 3 3 4 4 4 4 

5 2 3 3 1 2 3 2 2 3 3 3 4 

6 2 3 3 1 1 1 1 2 4 4 3 4 

7 1 3 4 1 1 1 1 1 4 3 4 3 

8 1 2 3 1 1 2 1 2 3 3 4 4 

9 3 2 3 2 2 3 1 3 3 4 4 4 

10 1 3 4 1 1 2 3 2 4 4 4 4 

 
Total 

16 24 33 12 13 21 16 21 35 36 37 39 

 

 

TABLE 2: MEAN AND SD VALUES OF SMEAR LAYER SCORES FOR 

IRRIGATION MATERIALS AT DIFFERENT PORTIONS OF TOOTH 

PORTION NaOCl ClO2 TERMINALIA LIQUORICE 

Coronal 1.6±0.72 1.2±0.44 1.6±0.72 3.6±0.42 

Middle 2.4±0.64 1.3±0.46 2.1±0.60 3.7± 0.76 

Apical 3.3±0.42 2.1±0.65 3.5±0.48 3.9± 0.46 
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TABLE 3: MULTIVARIATE COMPARISON OF EACH GROUP AT CORONAL  BY 

KRUSKAL WALLI'S TEST 

Multivariate comparison by Kruskal Walli's test 

Coronal 

Sodiumhypochl

orite 
10 1.60 .843 

23.76 
0.0005 

** 

Chlorinedioxide 10 1.20 .422 

Terminaliacheb

ula 
10 1.60 .843 

Liquorice 10 3.60 .516 

** Highly Singificant at P < 0.01 level 

 

 

 

 

TABLE 4: BIVARIATE COMPARISON OF EACH GROUP AT CORONAL  BY MANN-

WHITNEY U TEST 

       

Bivariate compariosn by Mann-Whitney U test 
   

Groups N 
Z-

value 

P-

value 

   

Coronal 

Sodiumhypochlorite 
1

0 
1.13 0.393 # 

   

Chlorinedioxide 
1

0 

   

Coronal 

Sodiumhypochlorite 
1

0 
0.00 1.000 # 

   

Terminaliachebula 
1

0 
   

Coronal 

Sodiumhypochlorite 
1

0 
3.63 

0.0005 

** 

   

Liquorice 
1

0 

   

Coronal 

Chlorinedioxide 
1

0 
1.13 0.393 # 

   

Terminaliachebula 
1

0 
   

Coronal 

Chlorinedioxide 
1

0 
3.98 

0.0005 

** 

   

Liquorice 
1

0 
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Coronal 

Terminaliachebula 
1

0 
3.63 

0.0005 

** 

   

Liquorice 
1

0 

   

** Highly Sig P < 0.1 & # No Sig P > 0.05 
   

 

 

GRAPH 1: COMPARISON OF CORONAL THIRD OF ALL GROUPS 

 

 

 

 

TABLE 5: MULTIVARIATE COMPARISON OF EACH GROUP AT MIDDLE  BY 

KRUSKAL WALLI'S TEST 

Multivariate comparison by Kruskal Walli's test 

  N Mean S.D 
Kruskal 

Wallis ꭓ 2 
P-value 

Middle 

Sodiumhypochl

orite 
10 2.40 .699 

26.331 
0.0005 

** 

Chlorinedioxide 10 1.30 .483 

Terminaliacheb

ula 
10 2.10 .738 

Liquorice 10 3.70 .483 

** Highly Singificant at P < 0.01 level 
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TABLE 6: BIVARIATE COMPARISON OF EACH GROUP AT MIDDLE    BY MANN-

WHITNEY U TEST 

Bivariate compariosn by Mann-Whitney U test 

Groups N 
Z-

value 
P-value 

Middle 

Sodiumhypochl

orite 
10 

3.02 
0.003 

** 
Chlorinedioxide 10 

Middle 

Sodiumhypochl

orite 
10 

0.946 0.393 # 
Terminaliacheb

ula 
10 

Middle 

Sodiumhypochl

orite 
10 

3.41 
0.0005 

** 
Liquorice 10 

Middle 

Chlorinedioxide 10 

2.43 0.023 * Terminaliacheb

ula 
10 

Middle 
Chlorinedioxide 10 

3.96 
0.0005 

** Liquorice 10 

Middle 

Terminaliacheb

ula 
10 

3.59 
0.0005 

** 
Liquorice 10 

** Highly Sig P < 0.1,* Sig P < 0.5 & # No Sig P > 

0.05 
 

GRAPH 2: COMPARISON OF MIDDLE THIRD OF ALL GROUP 
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TABLE 7: MULTIVARIATE COMPARISON OF EACH GROUP AT APICAL  BY 

KRUSKAL WALLI'S TEST 

       

Multivariate comparison by Kruskal Walli's test 

  N Mean S.D 
Kruskal 

Wallis ꭓ 2 

P-

value 

Apical 

Sodiumhypochl

orite 
10 3.30 .483 

19.565 
0.0005 

** 

Chlorinedioxid

e 
10 2.10 .994 

Terminaliacheb

ula 
10 3.50 .527 

Liquorice 10 3.90 .316 

** Highly Singificant at P < 0.01 level 

 

 

 

TABLE 8: BIVARIATE COMPARISON OF EACH GROUP AT APICAL  BY MANN-

WHITNEY U TEST 

 

Bivariate compariosn by Mann-Whitney U test 

Groups N 
Z-

value 
P-value 

Apical 

Sodiumhypochl

orite 
10 

2.76 
0.007 

** 
Chlorinedioxide 10 

Apical 

Sodiumhypochl

orite 
10 

0.89 0.481 # 
Terminaliacheb

ula 
10 

Apical 

Sodiumhypochl

orite 
10 

2.67 0.023 * 

Liquorice 10 

Apical 

Chlorinedioxide 10 

2.95 
0.003 

** 
Terminaliacheb

ula 
10 

Apical 
Chlorinedioxide 10 

3.54 
0.0005 

** Liquorice 10 

Apical 

Terminaliacheb

ula 
10 

1.90 0.143 # 

Liquorice 10 

** Highly Sig P < 0.1,* Sig P < 0.5 & # No Sig P > 

0.05 
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GRAPH3: COMPARISON OF APICAL THIRD OF ALL GROUPS 

 

 

TABLE 9: MULTIVARIATE COMPARISON OF OVER ALL GROUPS BY KRUSKAL 

WALLI'S TEST 

Multivariate comparison by Kruskal Walli's test 

  N Mean S.D 
Kruskal 

Wallis ꭓ 2 
P-value 

Over

all 

Sodiumhypochl

orite 
10 2.43 0.50 

36.159 
0.0005 

** 

Chlorinedioxide 10 1.53 0.53 

Terminaliacheb

ula 
10 2.40 0.54 

Liquorice 10 3.73 0.31 

** Highly Singificant at P < 0.01 level 
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TABLE 10: BIVARIATE COMPARIOSN OF OVER ALL GROUPS BY MANN-WHITNEY U 

TEST 

     

Bivariate compariosn by Mann-Whitney U test 

Groups N 
Z-

value 

P-

value 

Overall 

Sodiumhypoch

lorite 
10 

2.993 
0.002 

** Chlorinedioxid

e 
10 

Overall 

Sodiumhypoch

lorite 
10 

0.194 
0.853 

# Terminaliacheb

ula 
10 

Overall 

Sodiumhypoch

lorite 
10 

3.744 
0.0005 

** 
Liquorice 10 

Overall 

Chlorinedioxid

e 
10 

2.763 
0.005 

** Terminaliacheb

ula 
10 

Overall 

Chlorinedioxid

e 
10 

3.829 
0.0005 

** 
Liquorice 10 

Overall 

Terminaliacheb

ula 
10 

3.723 
0.0005 

** 
Liquorice 10 

** Highly Sig P < 0.1,* Sig P < 0.5 & # No Sig P > 

0.05 
 

 

 

 

 

 

 

 

 

 



Tables and Graphs 

 

 
GRAPH 4: OVER ALL COMPARISON OF  GROUPS 

 

 

 

 

TABLE 11:GROUP COMPARISON AT EACH LEVELS 

   

Coronal 

Sodiumhypoc

hlorite 
1.60 

 

Chlorinedioxi

de 
1.20 

 

Terminaliache

bula 
1.60 

 

Liquorice 3.60  

Middle 

Sodiumhypoc

hlorite 
2.40 

 

Chlorinedioxi

de 
1.30 

 

Terminaliache

bula 
2.10 

 

Liquorice 3.70  

Apical 

Sodiumhypoc

hlorite 
3.30 

 

Chlorinedioxi

de 
2.10 

 

Terminaliache

bula 
3.50 

 

Liquorice 3.90  

 

 

 

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00

M
e
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TABLE 12: BIVARIATE COMPARISON OF OVERALL GROUP BY MANN-

WHITNEY U TEST 

Bivariate compariosn by Mann-Whitney U test 

Groups N 
Z-

value 
P-value 

Coronal 

Sodiumhypochl

orite 
10 

1.13 0.393 # 

Chlorinedioxide 10 

Coronal 

Sodiumhypochl

orite 
10 

0.00 1.000 # 
Terminaliacheb

ula 
10 

Coronal 

Sodiumhypochl

orite 
10 

3.63 
0.0005 

** 
Liquorice 10 

Coronal 

Chlorinedioxide 10 

1.13 0.393 # Terminaliacheb

ula 
10 

Coronal 
Chlorinedioxide 10 

3.98 
0.0005 

** Liquorice 10 

Coronal 

Terminaliacheb

ula 
10 

3.63 
0.0005 

** 
Liquorice 10 

Middle 

Sodiumhypochl

orite 
10 

3.02 
0.003 

** 
Chlorinedioxide 10 

Middle 

Sodiumhypochl

orite 
10 

0.946 0.393 # 
Terminaliacheb

ula 
10 

Middle 

Sodiumhypochl

orite 
10 

3.41 
0.0005 

** 
Liquorice 10 

Middle 

Chlorinedioxide 10 

2.43 0.023 * Terminaliacheb

ula 
10 

Middle 
Chlorinedioxide 10 

3.96 
0.0005 

** Liquorice 10 

Middle 

Terminaliacheb

ula 
10 

3.59 
0.0005 

** 
Liquorice 10 

Apical 

Sodiumhypochl

orite 
10 

2.76 
0.007 

** 
Chlorinedioxide 10 

Apical 
Sodiumhypochl

orite 
10 0.89 0.481 # 
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Terminaliacheb

ula 
10 

Apical 

Sodiumhypochl

orite 
10 

2.67 0.023 * 

Liquorice 10 

Apical 

Chlorinedioxide 10 

2.95 
0.003 

** 
Terminaliacheb

ula 
10 

Apical 
Chlorinedioxide 10 

3.54 
0.0005 

** Liquorice 10 

Apical 

Terminaliacheb

ula 
10 

1.90 0.143 # 

Liquorice 10 

** Highly Sig P < 0.1,* Sig P < 0.5 & # No Sig P > 

0.05 
 

 

GRAPH 5: COMPARISON OF SMEAR LAYER REMOVAL AT DIFFERENT AREAS OF 

EACH GROUP: 
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DISCUSSION 

Irrigation is the most important determinant in root canal therapy and results in 

the healing of the periapical tissues. Instrumentation after root canal alone 

does not allow contribute to healing, however irrigation helps cleaning the 

cavity better. Irrigation helps in killing microorganisms, flushing debris, and 

removing the smear layer from the root canal system. A smear layer which is 

composed of dentine, remnants of pulp tissue and bacteria formed on the root 

canal walls is produced on mechanical instrumentation of root canal. Smear 

layer prevents the penetration of intracanal medicaments into dentinal tubules 

and influences the adaptation of filling materials to canal walls. Under 

scanning electron microscope it appears amorphous, granular and irregular. 

The importance of maintaining the smear layer after canal preparation was 

advocated by some authors and these studies provide strong evidence to prove 

that smear layer acts as a seal to the dentinal tubules and minimizes bacteria 

and its toxin from invading the dentinal tubules by altering the permeability
54

. 

Pashley reported that the presence of a smear layer may limit bacteria present 

in the infected canal to enter the dentinal tubules in case of inadequate canal 

disinfection or  prevent recontamination of the canal between treatment 

sessions
57

.
 

Conversely, other investigators advocated the significance of removing the 

smear layer since it contains necrotic tissue, bacteria, and its by-products
2,57. 
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This content can act as a reservoir for further microbial irritants. The smear 

layer may serve as a substrate for microorganisms to survive, multiply,
 
and 

then proliferate deeply inside the dentinal tubules
32

. It was noticed that the 

smear layer can minimize the ability of disinfecting agents and intracanal 

medicaments to penetrate the dentinal tubules. Furthermore, Okşan et al stated 

that smear layer reduces the sealer penetration into  the dentinal tubules
10

.
 
The 

presence of smear layer may compromise the satisfactory seal between the 

canal wall and root filling materials as it may act as a barrier
54,3

. A recent 

review and a meta-analysis of microleakage studies reported that the removal 

of the smear layer intensifies the fluid-tight seal of the root canal system
58

. To 

attain a successful endodontic outcome, the irrigant ingredients should be 

capable of disinfecting the dentin, removing the smear layer and smear plug 

and there by opening the dentinal tubules and allowing the antibacterial agents 

to penetrate the entire root canal system 
42. 

An ideal root canal irrigant should follow broad antimicrobial spectrum, have 

high efficacy against anaerobic and facultative microorganisms organized in 

biofilms, ability to dissolve necrotic pulp tissue remnants, inactivate  

endotoxin, prevent the formation of smear layer during instrumentation or to 

dissolve the latter once it is formed, systematically nontoxic when they come  

in contact with vital tissues, non-caustic to periodontal tissues and with little 

potential to cause an anaphylactic reaction
13

. Irrigants used for endodontic 

therapies provides a basic support for proper cleaning and shaping procedure. 
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Irrigants flushes out the debris, pulpal remnants and remove smear layer 

formed after endodontic instrumentation.
 
Chemical debridement is especially 

needed for areas or other irregularities that might be missed by 

instrumentation
30

.
 

Based on their mechanism of action, they are classified into nonbactericidal 

and bactericidal irrigants
59

. Nonbactericidal irrigants are saline, local 

anesthetics and distilled water. Bactericidal irrigants are Sodium hypochlorite 

(0.5%, 1%, 1.5%, 2.5%, 5.25%, and 6% concentrations), Chlorhexidine, 

Iodine, Hydrogen peroxide. Chelating solutions are recommended as adjunct 

irrigants to prevent the formation of a smear layer before filling the root canal 

system. Chelator solutions are Ethylene diamine tetra acetic acid (EDTA, 

17%), Citric acid (10-50%),  Mixture of tetracycline, acid and detergent 

(MTAD), Tetraclean,  Maleic acid. 

Several studies have indicated that cleaning ability of manual root-canal 

instrumentation is found to be superior to automated devices. The rotary 

instruments may pack debris further into the dentinal tubules thus making it 

more difficult to remove with irrigation. The manually filed canals had less 

debris and smear layer than those using a rotary technique
36

. Thus here manual 

files had been used in the study .Needle size is one of the main criteria in 

endodontic irrigation. Irrigating needle reaching 1mm short of apex will result 

in effective irrigation. Sedgley et al in his study used 28-gauge needle which 
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was placed loosely to working length and concluded that irrigation would be 

most effective in large canals using narrow gauge needles, as better results 

could be produced
60

. Hence 30 gauge needle was used in the present  study for 

proper flushing and back flow of irrigant for better efficacy. Root canal 

irrigation can be best performed by placing the needle depth 1mm short of the 

apex for proper flow of irrigant into the apical third. So depth of needle 

placement in the present study was standardized  to a depth  of 1mm short of 

the apex. To avoid any bias in the final results, the irrigants used  were neither 

activated nor agitated.
 

Sodium hypochlorite solution has been used  as the main irrigant because of 

its broad antimicrobial spectrum and its peculiar capacity to dissolve necrotic 

tissue. Though it remove the organic portion of the smear layer it is ineffective 

against smear layer
41

. NaOCl has organic tissue dissolving properties which 

helps in the breakdown of fatty acids into fatty acid salts and glycerol which 

will help to reduce the surface tension of the remaining solution
61

. Its 

association with surfactants like cetrimide which are capable of decreasing the 

surface tension of liquids, increasing their wettability has been improved the 

penetration of NaOCl solutions into dentinal tubules
35

. According to Moorer 

& Wesselink ,the active principle of NaOCl solution is the amount of 

undissociated HOCl molecules, which are consumed in the interaction with 

organic matter. However, its action does not affect inorganic material 
15

. 
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Though NaOCl is considered as  the standard irrigant, when extruded into 

periapical tissues at high concentrations, it is irritating and has a pronounced 

negative effect  on periapical tissues
46

. The usage of  safer materials as 

irrigating solutions during endodontic procedures is a necessity. As an 

alternative to the undesirable effects of NaOCl, two herbal alternatives which 

might disinfect the root canal system with less toxicity were selected for the 

study. 

Chlorine dioxide (ClO2) is similar to chlorine or hypochlorite chemically. An 

in vitro study evaluated organic tissue dissolution capacity of NaOCl and 

ClO2. It was concluded that ClO2 and NaOCl are equally effective for organic 

tissue dissolution
62

. ClO2 is used as a disinfectant at a concentration of 0.1-

15mM 
38

. Chlorinedioxide above 1% seems to be unstable and caustic in 

nature.ClO2 has bactericidal activity on plaque bacteria such as Streptococcus 

, Fusobacterium nucleatum and is toxic to both enveloped and non-enveloped 

viruses . Halogenated disinfectant by-products  are formed when chlorinating 

agents, such as ClO2 and NaOCl, are used as disinfectants  and react with 

natural organic matter. Trihalomethanes and haloacetic acids are two most 

prevalent groups of disinfectant by-products formed. Levesque et al. have 

shown that trihalomethane is an animal carcinogen and a suspected human 

carcinogen
37

. However, trihalomethanes produced by chlorinedioxide is 

negligible in comparison to sodium hypochlorite 
21

 . ClO2 is far less toxic and 
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less irritating when applied to the human body at a  concentration of 1%  or 

less
38

.So in the present study 0.5% ClO2 was used.
 

There is a requirement for  the usage of safe materials as irrigating solutions 

during endodontic procedures.. The pathogens are becoming impervious with 

changes in lifestyle and treatment modalities. The significance of  herbal drugs 

comes to play a role in these circumstances as they have a benefit of being 

safe, biocompatible, and nontoxic. Many herbal medicines have a potential use 

in endodontics. The synergistic effect of polyherbal drugs have  played a role 

in revitalizing the immune system
 53

.
 

The enormous list of adverse effects of synthetic chemical endodontic 

irrigating solutions have led the researchers to explore various natural 

substitutes
63

. Extracts of Azadirachta indica, Ocimum sanctum, Syzygium 

aromaticum, Cinnamomum zeylanicum ,Citrus aurantifolia, Arctium lappa, 

Orange oil , Jieeryin solution have been investigated as a possible endodontic 

irrigating solution . Extracts of Teatree oil, green tea, German chamomile, 

Triphala, morinda citrifolia, have been used in smear layer removal in root 

canal system
44

. 

Terminalia chebula is one of the formulation in triphala. Triphala is an Indian 

ayurvedic herbal formulation consisting of dried and powdered fruits of three 

medicinal plants Terminalia bellerica,Terminalia chebula and Emblica 

officinalis. Terminalia chebula Retz. belongs to the family “Combretaceae”, 
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commonly known as black myrobalan. It  showed a wide spectrum of 

antibacterial activity against both gram-positive and gram-negative bacteria. 

This was supported by an earlier study on an alcoholic extract that revealed 

greater activity than the aqueous and hexane extracts against bacteria, with no 

cellular toxicity . According to Phadke SA et al , the broad spectrum of 

antibacterial activity was reported for Terminalia chebula
64

.  It has been 

reviewed as an effective antiviral, antifungal, antibacterial, antioxidant, 

antiplasmodial, antiamoebic, antimutagenic and anticarcinogenic agent
31

. The 

usage of Terminalia chebula has also been evaluated for its efficacy against 

dental caries pathogens (Streptococcus species) in a study, because of  its 

phytochemical constituents and has been found to be associated with the plant 

extract that includes the different types of chebulic acid, gallic acid, ellagic 

acid, tannins, amino acids and flavinoids. These compounds were found to be 

responsible for many pharmacological activities
56

.
 

Tannic acid, gallic acid and chebulic acid are the prime constituents of 

Terminalia chebula. The concentration of tannic acid in TC  is 13%. Tannic 

acid is bacteriostatic or bactericidal to some Gram-positive and Gram-negative 

pathogens
23

.It can be well adsorbed into the hydroxyapatite crystals of the 

tooth or to the salivary mucins and   can bound to the anionic groups on the 

surface of bacterial cells  resulting in protein denaturation which leads to 

bacterial cell death. The active ingredients present  in terminalia chebula  can 

be accounted for the scavenging of free radicals
51

 . Chebulinic acid hinders 
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vascular endothelial growth factor (VEGF) by suppressing VEGF receptor-2 

phosphorylation. It can be used effectively as it is nontoxic and cost-effective. 

It prevents the sucrose-induced adherence and glucan-induced aggregation that  

helps in colonization of microbes on surface of the teeth thus preventing 

formation of dental plaque. Terminalia chebula solution in 10% dimethyl 

sulfoxide has good antibacterial effectivity and can also be employed as a root 

canal irrigant in permanent teeth
53

. 

Liquorice is a sweet, moist, soothing herb that belongs to the glycyrrhiza 

species.  Liquorice is rich in secondary metabolites which have been 

associated with various health benefits. Secondary metabolites of liquorice 

roots have shown to have a beneficial effect in the treatment of various 

diseases such as cancer, tuberculosis, atherosclerosis, gastric ulcers, 

immunodeficiency, hepatitis and bacterial infections
50

. Recently the benefits 

of liquorice in oral diseases has been of great interest. Clinical trials have been 

conducted world wide to evaluate the effects of liquorice. 

      Antimicrobial activity of Glycyrrhiza glabra (liquorice) extract is        

associated with its content Glycyrrhizin which is a tripertenic saponin and 

comprises the major component of Glycyrrhiza glabra
50

. It  interact with cell 

membrane lipids causing membrane disruption and extravasation   of 

intracellular organelles. Flavonoids are  another component of  G. glabra 

extract and  are also responsible for the antimicrobial activity by inhibiting the 

cell membrane electron transport chain and  as well as by lowering the surface 
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tension
43

. Glycyrrhiza glabra extract containing 7–7.5% glycyrrhizin was 

found advantageous in terms of cytotoxicity because 87% of periodontal 

ligament fibroblasts were alive after 48 h.  Glabridine which  is an important 

substances in GG  is found to be active against Gram-positive strains than 

Gram-negative strains. In addition, the presence of glycyrrhizin, glycyrrhetinic 

acid, flavonoids, asparagine, isoflavonoids and chalcones in GG further 

improves its antiadhesive and antimicrobial properties
 24

. 

Wittschier et al. in his study found that liquorice has strong antiadhesive 

effects against Porphyromonas gingivalis and prevents production of matrix 

metalloproteinase by host cells and is equivalent to  antibiotic like 

doxycycline
51.

 Badr et al. evaluated the antibacterial and cytotoxic effects of 

liquorice as a root canal medicament and compared its action to the commonly 

used root canal medicament calcium hydroxide Ca(OH)2. It was shown  that 

liquorice extract alone or in combination with Ca(OH)2 had a significant 

inhibitory effect against E. faecalis compared to Ca(OH)2 alone
26

. The use of 

Liquorice extract followed by Liquorice/Ca(OH)2 mixture retained 

significantly more viable periodontal ligament cells than Ca(OH)2, which had 

a strong lethal effect on the cells.  Liquorice showed less antimicrobial 

efficacy than NaOCl in a study conducted by Ajagannanavar et al. and he also 

found that  liquorice was non toxic to PDL fibroblast compared to sodium 

hypochlorite 
25. 
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Smear layer removal can be assessed as one of the test to check the cleansing 

ability of irrigants. Scanning electron microscope (SEM) was used in this 

study to evaluate the amount of  smear layer removed / present on the surface 

of dentinal tubules. SEM reveals the surface characterstics of root canal wall 

following irrigation. SEM is a superior alternative to digital image analysis 

which prevents evaluator bias 
21

. Different magnifications can be used for the 

analysis of smear layer and debris in SEM evaluation. Large amounts of debris 

can be observed easily at low magnification. However higher magnification is 

required for the identification of dentinal tubules and observation of the 

remnants of the smear layer. The effectiveness of the different irrigants used 

was studied based on the amount of smear layer left over on the surface of the 

prepared canal wall and was observed  at a magnification of 2000x using 

scanning electron microscope
29

. Most of the previous studies have used the 

magnification of 500x-2000x . Hence in the present study 2000x was used , as 

higher magnification is required for identification of dentinal tubules and for 

the observation of remnants of the smear layer. 

Mandibular premolars were selected in this study because mandibular 

premolars usually present with single root and single canal with less variations 

in canal anatomy .The wider surface of the canal walls shows more dentinal 

tubules under all magnification  at all levels. Majority of the studies done 

earlier shows smear layer removal efficacy in all levels.  Dexton Johns et al 

evaluated the smear layer removal efficacy of the three experimental irrigants 
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from different tooth levels (coronal, middle, and apical). The dentinal tubules 

are wider in coronal third compared to apical third ,where as in  the middle 

third there is an average distribution in the  number  and size of  dentinal 

tubules as compared to the coronal and apical third . The amount of smear 

layer formation is dependent both on size and number of dentinal tubules and 

on the level at which the specimen is prepared. 

The unpredictable thickness and volume of smear layer is due to the presence 

of water as its major portion, though it contains bacteria and their by products. 

The smearlayer acts as a substrate for the proliferation of  bacteria into the 

dentinal tubules  and acts as a pool of microbial irritants
32

.This supports for 

the removal of smear layer from the dentinal tubules for a satisfactory 

endodontic therapy. 

In the current study, irrespective of the irrigants used, the coronal thirds of the 

root canal showed more cleanliness when compared to the middle and apical 

third of the canals. In all the groups, the apical thirds of canals were observed 

to have less cleanliness when compared to the middle and coronal third parts. 

Here the  effectiveness of irrigation was assessed by using a scoring criteria 

based on the amount of smear layer removal and the percentage of opening of 

dentinal tubules. So scoring criteria was used as followed .Score of 1 denoted 

that more than 80% of dentinal tubules present in that area were opened and 

free with hardly any smear layer. Score of 2 denoted that less than 50% of the 

dentinal tubles present in that area were opened with minor smear layer. Score 
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of  3 denoted that less than 30% of dentinal tubules were opened and covered 

with heavy smear layer. Score of 4 denoted obliteration of dentinal tubules by 

large amount of smear layer and debris. 

In group A (2.5% Sodium hypochlorite) ,showed scoring rate of 1.6(±0.72) in 

the coronal third and scoring rate of 2.4(±0.64)in the middle third and 

3.3(±0.42) in the apical third.  This means that 2.5% NaOCl  was effective in 

the removal of smear layer more in the coronal third in comparison to the 

middle and apical third. This may be because of dentin in the apical third is 

much more sclerosed and sodium hypochlorite is unable to penetrate the 

sclerosed dentin and so 2.5% sodium hypochlorite is able to remove the smear 

layer and open the dentinal tubules only in the coronal third. NaOCl splits into 

HOCl
−
 (Hypochlorous acid) or OCl

−
 (hypochlorite ions) which are the two 

effective components. When they come in contact with negatively charged 

bacterial cell wall get repelled ,  leading to less penetration and absorption of 

the disinfectant into the bacterial cell  membranes resulting in incomplete 

removal of smear layer
16.

 

In group B (ClO2), showed scoring rate of 1.2 (±0.4) in the coronal third,, 

1.3(±0.46) in the middle third and 2.1(±0.65) in the apical third. From the 

above scoring criteria, it could be seen that chlorinedioxide is capable of 

removing smear layer both in the coronal and middle third to a greater extend 

than at the apical third. Even in the apical third, it showed the best efficacy in 

removing the smear layer among the irrigants studied. The capacity of smear 
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layer removal of chlorine dioxide could be due to  its low pH. . According to 

Cruzz Filho et al, pH of an irrigant is indirectly proportional to the amount of 

demineralization of root canal dentin 
34.

 Chlorine dioxide irrigant, exists as gas 

in water , allows it to spread through bacterial cell membranes and bring about 

its destruction at a wide range of pH from 3 to 9 
21

. In the present study ,an 

experimental concentration of 0.5% of  chlorine dioxide was used, as  there 

are no previous studies  recommending the ideal concentration of chlorine 

dioxide to be used in the root canals and also on  its safety . 

In group C, the irrigation with terminalia chebula  showed the following 

results. In the coronal third the scoring rate was 1.6 (±0.72), in the middle 

third was 2.1(±0.16) and in the apical third was 3.5 (±0.48).  Better results 

were observed with Terminalia chebula (group C) at the coronal thirds of the 

root canal in comparison with middle  and apical third ,as terminalia chebula 

has  the ability to remove smear layer .The larger canal diameter  of the 

dentinal tubules in the coronal and middle thirds exposes the dentin to a higher 

volume of irrigants, allowing a better flow of the solution and further 

improves the efficiency of smear layer removal. Discoloration of the tooth was 

observed when commercial preparations of herbal irrigants were used in 

endodontics. This may be due to added coloring agent in the commercial 

products or due to natural color pigments in Triphala juice and needs to be 

further investigated. These herbal irrigants also produced discoloration of 

gloves and were slightly viscous and sticky
53

.
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In  Liquorice (Group D ), the scoring rate in coronal third was 3.6(±0.42), in 

middle third was 3.7(±0.76) and in the apical third was 3.9(±0.46). Liquorice 

showed the highest values which means it was least effective on the removal 

of smear layer in all the portions of root canal. On SEM evaluation, the entire 

wall of the root canal was covered with heavy smear layer (90%) due to the 

debris and microorganisms. No patent dentinal tubules were visible. The mode 

of action of liquorice extract is probably due to the presence of saponins 

(Glycyrrhizin) which has membranolytic properties when used as an intracanal 

medicament, whereas as an irrigant it does not  alter the surface tension on the 

smear layer, due to less contact time. Since the contact time of  the irrigant  

was less than two minutes with the dentinal wall ,the surface of the canal wall 

retained the smear layer. Liquorice exhibits high bactericidal properties and 

low cytotoxic action on connective tissue cells thus suggesting liquorice can 

be used as a root canal disinfectant 
52

.Currently studies supporting the use of 

liquorice as an irrigant in root canal therapy for smear layer removal is limited. 

However it has been suggested to be used as an intracanal medicament 
26. 

On inter group comparison of Group A  and  Group B, where 2.5% NaOCl & 

0.5% chlorinedioxide  respectively were used as an irrigants, group B showed 

the better result . In coronal third region, most of the dentinal tubules were 

opened in both the groups and the removal of  smear layer could be seen on 

root canal wall of group B (chlorinedioxide) while mild smear layer was seen 

in  group A (NaOCl)  . In middle region, group B (chlorinedioxide) presented 
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with minor smear layer and most of the dentinal tubules were opened  while  

moderate smear layer was seen in group A (NaOCl). In the apical section there 

was moderate to heavy smear  layer in group A (NaOCl)  while mild smear 

layer was seen in the apical portion of root canal treated with group B 

(chlorinedioxide) .Thus (chlorinedioxide)  group B  showed more smear layer 

removal efficacy compared with (sodium hypochlorite) group A. This is 

probably because chlorinedioxide has low pH  ,which could have contributed 

to more demineralization of the root canal dentinal wall, there by removing 

most of the debris along with the smear layer and opening the dentinal tubules. 

Comparing group A and C in the coronal sections, the samples irrigated with 

Terminalia chebula (group C) and (NaOCl) group A  had similar result with 

thin smear layer .In middle third, group C (Terminalia) showed better smear 

layer removal efficacy than group A (NaOCl) but in apical section most of the 

dentinal tubules were covered with moderate to heavy smear layer in group C 

(Terminalia) while  group A shows only moderate smear layer .Thus group A 

(NaOCl) shows better smear layer removal efficacy in apical portion 

compared with group C (Terminalia). The results of the present study were 

similar to the study done by Prabakar et al,where triphala was used as the 

irrigant which contains terminalia chebula
65

.Since terminalia chebula is 

viscous and sticky with high surface tension, it probably did not penetrate 

deep in the apical third there by leaving debris along with some smear layer in 

comparison to 2.5% sodium hypochlorite which has low surface tension The 
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use of an acid like 17% EDTA as a final rinse with 2.5% sodium hypochlorite 

has been found to be very effective in removing the smear layer completely in 

the apical third and this is considered as a gold standard in irrigation 

protocol
65

. 

Comparing group A with group D, it was found that there was minimal 

removal of smear layer in all the three levels of root canal  for group D 

(Liquorice) while group A (NaOCl) showed mild to moderate smear layer at 

all three levels .Thus  group A (NaOCl) showed the best smear layer removal 

efficacy than group D (Liquorice).This is probably because liquorice contains 

saponins which do not alter the surface tension of the smear layer. Liquorice 

has been tried as an intracanal medicament by Badr et al and found it to be 

efficient as a medicament, where as its use as an irrigant is yet to be proved. 

The ethanolic extract of liquorice was used in the present study as it was found 

to be effective against lot of bacterial species
52

. However the result of the 

present study revealed that liquorice is not efficient in removing the bacterial 

debris ,there by leaving  a thick smear layer. 

Comparing group B with group C, in coronal portion most of the  dentinal 

tubules were opened and the removal of  smear layer could be seen in group B 

(chlorinedioxide) while mild smear layer can be seen in group C (Terminalia). 

In middle third, group B (chlorinedioxide) presented with  most of the smear 

layer removal while group C (Terminalia) showed moderate smear layer. In 

apical portion, most of the dentinal tubules were covered with heavy smear 
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layer in group C while in group B (chlorinedioxide) showed mild smear 

layer.Thus group B (chlorinedioxide) showed better smear layer removal than 

group C (Terminalia). 

Comparing group B with  D, group B (chlorinedioxide) showed better smear 

layer removal in all the three sections while in group D (Liquorice)  there was 

incomplete cleaning  resulting in the dentinal wall covered with heavy smear 

layer at all levels  of the root canal wall. 

Comparing both the herbal irrigants group C and D, in coronal and middle 

sections of group C  (terminalia ) showed moderate smear layer while  most of 

the dentinal tubules were covered with heavy smear layer in group D 

(liquorice). In apical portion there was heavy smear layer in both group C and 

D. Thus group C (Terminalia) showed better smear layer removal efficacy 

compared with group D   (Liquorice) in the coronal and middle third levels . 

The  high surface tension of both these irrigants would have probably caused 

the smear layer to remain intact in the apical third. Since liquorice has been 

advocated to be used as an intracanal medicament because of its highly 

viscous nature
26

, its use as an irrigant is questionable. 

On comparison of all the four groups at three different levels; 0.5% 

chlorinedioxide showed the best result at all three levels of the root canal.2.5% 

sodium hypochlorite and terminalia chebula showed similar results at the the 

coronal third, sodium hypochlorite showed marginally better cleaning as 

compared with terminalia chebula in apical third but sodium hypochlorite was 
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better than terminalia chebula in the middle third. The ethanol extract of 

liquorice showed the least cleansing effect among the irrigants tested due to 

the presence of large amounts of debris and smear layer. 

From the above results, it can be seen that chlorine dioxide when used as 0.5% 

solution produced the best results at all levels in the root canal by removing 

debris and smear layer completely. Among the herbal extracts tested, 

terminalia chebula was found to be effective as a root canal irrigant. 

The main purpose in doing endodontic treatment is to eliminate microbial 

infection completely from the root canal system and achieve a three 

dimensional obturation. Treatment failure mostly is attributed to persistence of 

microorganisms with in the root canal space due to incomplete cleaning. To 

achieve a greater success, various irrigating solutions have been used 

effectively along with biomechanical preparation of the rootcanals. Hence the 

treatment done during primary endodontic treatment is to optimize root canal 

disinfection there by preventing reinfection. 

Whenever the mineralized tissue dentin is cut, it produces large quantity of 

debris irrespective of using hand or rotary instruments .It is  formed as  a layer 

over the dentinal surface and is made up of small amounts of mineralized 

collagen matrix and is termed as smear layer. A study by Eick et al showed 

that smear layer consists of particles varying in size from less than 0.5- 15 um. 

Brannstorm et al in 1974  using SEM demonstrated the smear layer to be                    
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2-5 um thick, containing grinding debris and extending a few micrometers into 

the dentinal tubules.  

Mc comb and Smith in 1975 were the first researchers to describe the smear 

layer formation on the surface of prepared root canals.They suggested that the 

smear layer consisted not only of dentin but also has remnants of odontoblastic 

processes, pulp tissue and bacteria in the coronal third. Goldman et al agreed 

with Lester and Boyde in 1977 that smear layer is organic matter trapped with 

in translocated inorganic dentin and presented as long  micrometer thickness 

layer
32

. Mader et al quoted the thickness of smear layer was mostly 1-

2um.Cameron et al in 1983 divided the smear layer into two parts: superficial 

smear layer  and deeper layer where the smear material is packed into  dentinal 

tubules(40um).   

Brannstorm et al and Mader et al concluded that biomechanical preparation of 

the root canal led to the tubular packing phenomenon.The components of the 

smear layer can penetrate into the dential tubules varying distances and form a 

smear plug. This can also occur due to capillary action of the dentinal tubules. 

Use of surface active agents could increase the penetration upto 110um 
32

. The 

thickness of smear layer may also depend on the sharpness of the cutting 

instrument, the condition of dentin whether it is dry or wet during cutting, 

centrifugal forces especially from rotary instruments, the closeness of the 

instrument to the dentin wall. The amount of smear layer formed depends 
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whether the canal preparation is done by hand filing or motorized preparation 

which produces greater volume
32

.  

Root canal instrumentation with current methods produce smear layer  

containing bacteria and its by products. It hinders the penetration of intracanal 

medicaments  into dentinal tubules by covering the instrumented wall  with 

smear layer .This layer interferes with the close adaptation of root filling 

materials to canal walls. The disinfection of root canal to remove the smear 

layer causes better adaptation of materials to canal wall . The contemporary 

methods of smear layer removal includes chemical, ultrasonic and laser 

technique. 

A study by Russell et al showed that 5.25% sodium hypochlorite  alone 

produces a superficially clean canal but fails to remove the smeared layer 

completely. Spratt et al found that  sodium hypochlorite as the most effective 

in comparison to chlorhexidine and iodine on biofilms of root canal isolates
65

 

.Goldman et al. evaluated  various combinations of NaOCI during and after 

instrumentation and  found the most effective solution during instrumentation 

to be 5.25% NaOCI.  According to Guerisoli et al, irrigation with  1% sodium 

hypochlorite alone did not remove smear layer where as 1% sodium 

hypochlorite associated with EDTAC removed the smear layer from root canal 

walls  under ultrasonic agitation . According to Turkun and Cengiz et 

al,(1997), it was found that  5% sodium hypochlorite being the most potent
66

. 
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A study by Zand Vet al (2009) showed that 2.5% sodium hypochlorite was 

effective in smear layer removal in the three parts of root canal wall
33

. Ahir et 

al stated that sodium hypochlorite at 2.5% concentration itself  is effective as 

an irrigant in the  smear layer removal in the apical third of root canal 

wall
39

.Based on these studies, 2.5% sodium hypochlorite was used in the 

present study and it was found to be effective in cleaning  the root canal wall 

by removing the smear layer most efficiently in the coronal third and was 

found to be efficient  both in the middle and apical third of the root canal, with 

the apical third showing better cleansing effect. 

A study by Ballal et al found that 13% chlorinedioxide reduced the 

microhardness and surface roughness of root canal dentin
67

. According to 

Nishikiori et al, chlorinedioxide is efficient to be a dental disinfectant 

compared with H2O2 or NaOCl 
20

.  Cobankara et al stated that 

chlorinedioxide and sodium hypochlorite are equally effective in organic 

tissue dissolution
18

. Agoston et al stated that high purity chlorinedioxide 

solution intensely eliminated E.Faecalis infection from root canal system 

during retreatment .Literature is limited regarding the smear layer removal 

capacity of chlorinedioxide. The results of the present study revealed that 

0.5% chlorinedioxide  produced the most cleanest surface  among the irrigants 

tested. SEM images showed clean dentinal surface almost devoid of  smear 

layer , exposing the surface topography of the opened dentinal tubules and 

intertubular dentin. 
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A study by Shakouie et al showed that triphala exhibited better antimicrobial 

activity than 0.5% and 1% sodium hypochlorite
40

.  According to study by 

Karan et al,  triphala  showed less antimicrobial efficacy than 3% sodium 

hypochlorite
41

.  A study by Chris et al showed the use of triphala as a final 

rinse solution is effective in curved canals
53

. As per Choudhary et al triphala 

showed significant reduction in microbial content
49

. Pujar et al stated that 

triphala showed  antibacterial activity but  lesser than sodium hypochlorite 

against enterococcus faecalis  during retreatment
68

. Smariti Saxena et al 

quoted terminalia chebula an ingredient present in triphala is called king of 

medicines in Tibet and is used against various diseases including bacterial, 

viral and fungal. Their study  showed a significant reduction  in S.Mutans 

colony count when terminalia chebula was used as a mouth rinse 

individually
48

 . Even though the studies showed the antibacterial efficacy of 

terminalia chebula, there are no studies in literature so far reporting the smear 

layer removal efficacy of terminalia chebula. Hence it was decided to use it 

separately as an irrigant in the present study. 

 Results of the present study revealed that terminalia chebula showed  similar 

results with sodium hypochlorite in removing the smear layer and opening the 

dentinal tubules in the coronal third of the root canal. However because of its 

viscous and sticky nature, its efficiency  was  less in the apical third .In the 

middle third, it showed marginally better cleansing effect than sodium 
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hypochlorite. Hence  further studies should be done to test the efficacy of 

terminalia chebula as a root canal irrigant. 

Liquorice showed bactericidal activity in a study done by Badr et al and was 

advocated  as an  intracanal medicament .In the present study, liquorice was 

selected to check its efficacy as an intra canal irrigant .Since it has high 

surface tension and viscosity, the results revealed that it was not effective to 

remove the debris and smear layer .Hence it cannot be considered to be used 

as an irrigant. However further studies needs to be done on its bactericidal 

activity and its use during endodontic therapy. 

On over all comparison of the irrigants used in the present study, 0.5% 

chlorinedioxide showed the best result  by the removal of smear layer and 

opening of dentinal tubules. 2.5%sodium hypochlorite and terminalia chebula 

when used individually showed similar results with each other. Nevertheless 

studies have revealed that the method of choice in removing the smear layer 

may be the  alternate use of EDTA and sodium hypochlorite. The removal of 

smear layer before filling root canal is still a dispute. Further investigations are 

required to determine the role of smear layer in the treatment outcome as there 

are many recent advances in sealers and core materials which depend on the 

partial or complete removal of smear layer. 
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SUMMARY 

One of the prerequisites of successful endodontic therapy is  efficient  removal 

of smear layer from the dentinal walls.There is a requirement for  the usage of 

safe materials as irrigating solutions during endodontic procedures. The aim of 

the present study was to evaluate and compare the  efficacy  of two herbal 

irrigants on smear layer removal against 2.5 %  sodium hypochlorite and  

0.5% chlorinedioxide  using scanning electron microscope.  Forty single-

rooted human mandibular premolar teeth were selected and decoronated. All 

roots were reduced to a length of about 15mm .Working lenth was established. 

Biomechanical preparation was done. Teeth were randomly divided into four 

groups of 10 specimen  each  according to the final irrigation solution. Group 

A- 2.5% sodium hypochlorite, Group B- 0.5% chlorinedioxide, Group                       

C-Terminalia  chebula, Group D- Liquorice. The samples in each group were 

irrigated with 5 ml of each irrigant. Each specimen was split longitudinally 

into two halves along the prepared groove on the buccal and lingual aspect. 

For each split half  sample, smear layer removal was evaluated at three 

different levels namely coronal , middle and apical thirds by scoring the 

amount of smear layer retained and the opening of dentinal tubules under 

SEM. The values were tabulated and statistically analysed. 
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CONCLUSION 

 

 2.5% sodium hypochlorite, 0.5% chlorinedioxide were compared with 

two herbal agents as irrigants during primary endodontic therapy in 

extracted mandibular premolars. 

 The amount of smear layer removed by the action of the four irrigants 

was tested by SEM. SEM seems to be an effective method in assessing 

the amount of smear layer retained following irrigation with the four 

individual irrigants used in the study  at the coronal, middle, apical 

third of the root canal in extracted mandibular premolar teeth. 

 2.5% sodium hypochlorite was effective in removing the smear layer 

more than 90% in the coronal third, there by opening a majority of 

dentinal tubules. In the middle third showed more than 50% removal of 

smear layer and in the apical third about 30% of removal. 

 0.5% chlorinedioxide showed more than 90% of the smear layer 

removal with opening of majority of the dentinal tubules in all three 

levels viz coronal, middle and apical thirds. 

 Terminalia chebula showed more than 90% of smear layer removal in 

the coronal third, above 70 % in the middle third, less than 20% in the 

apical third. A lot of debris was found to be remaining in the apical 

third closing the dentinal tubules. 
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 Liquorice irrigation showed that root canal wall was completely 

covered with debris and smear layer in all the three levels of the root 

canal walls. 

 In the three levels compared, the maximum smear layer removal with 

opening of dentinal tubules was seen in the coronal third followed by 

the middle third and then the apical third with the use of  0.5% ClO2  > 

2.5% NaOCl > Terminalia chebula.  Liquorice  did not remove the 

smear layer at all levels. 

 In the coronal third, with three irrigants 0.5% chlorinedioxide, 2.5% 

sodium hypochlorite and terminalia chebula behaved similarily in 

removing the smear layer efficiently. At the middle third level, 

chlorinedioxide performed the best followed by Terminalia chebula 

then sodium hypochlorite. In the apical third , chlorinedioxide showed 

the best result followed by sodium hypochlorite which was then 

followed by terminalia chebula. 0.5% chlorinedioxide showed 

maximum efficiency due to its pH and on its ability to release oxygen 

molecules. 

 Sodium hypochlorite when used in 2.5% concentration was found to be 

effective in removing the smear layer because of its chemical nature 

there by removing more organic tissue and demineralization of 

inorganic structure. 

 Terminalia chebula was effective in removing smear layer in coronal 

third followed by middle and then in apical third because of the 
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presence of tannic acid showing acidic pH and due to protein 

denaturation of bacterial cell wall .It was found to be as effective as 

2.5% sodium hypochlorite. 

 Liquorice showed the least cleansing effect and the entire dentinal  

wall was covered with thick smear layer. This is due to its inability to 

alter the surface tension of smear layer. 

 Within the limitations of the study, it can be concluded that; 

among the irrigants tested, 0.5% chlorinedioxide (ClO2) showed 

maximum cleansing effect followed by 2.5% sodium hypochlorite 

(NaOCl) and the herbal irrigant terminalia chebula. The herbal agent 

liquorice is ineffective as root canal irrigant. 
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