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Abstract: Introduction: The main objective of root canal treatment is the complete debridement of the root canal 

system from inflamed or necrotic pulp tissues, microrganisms. Root canal treatment aims to eliminate the infection by 

the concept of mechanical instrumentation, sterilization and obtaining three dimensional obturation of the root canal 

system. During the process of root canal therapy the irrigating solutions used can alter the physicochemical properties 

of the dentinal wall altering its microhardness which may affect the adhesion of the dental materials and its sealing 

ability. This is an invitro study conducted to determine the dentin micro hardness after using different irrigating 

solutions during root canal irrigation. The aim of this study is comparative evaluation of the effect of two chemical root 

canal irrigants and one herbal irrigant on dentin microhardness. Materials And Method: Forty extracted human 

maxillary central incisor teeth with a single root were used in this study. The crown of all the teeth were decoronated 

transversely at cemento enamel junction. The root canals were then instrumented up to master apical file (MAF) size 

45K- file (M-access Denstply) then stepback flaring done until reaching the size 60K-file and recapitulation was done 

with MAF. During instrumentation the root canals were irrigated with distilled water. The prepared 40 roots were 

sectioned longitudinally with a double face diamond disc. The 80 samples were then randomly divided into four groups 

and baseline values for microhardness for all the samples were recorded before treated with irrigating solutions. The 

samples treated with irrigating solutions with 20 samples each are Group I: 3% NaOCl, Group II: 17% EDTA, Group 

III: Neem extract, Group IV: Distilled water as a control group. 5ml of the corresponding irrigating solution was 

administered for a total of 5 minutes in each prepared sample. The Vickers micro - hardness tester was then used to 

assess the microhardness. The results were then analyzed statistically using Paired t test at 5% level of significance for 

paired comparison of baseline and post treatment of intra group and inter group comparisons was done using 

Independent Samples t test at 5% level of significance. Results: All tested irrigating solutions decreased the dentinal 

microhardness. Samples treated with control (distilled water) demonstrated the maximum microhardness of dentin in 

the present study. Conclusion: Within the limitations of this research it can be concluded that the herbal irrigant (Neem 

extract or Azadirachtaindica or Neem extract) did not significantly decrease the microhardness of dentin compared to 

the two chemical irrigants (3% NaOCL and 17% EDTA). 
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INTRODUCTION 

The main objective of conventional root canal treatment 

(RCT) is complete debridement of the root canal system 

from inflamed or necrotic pulp tissues, microorganisms 

[1], instrumentation, and obtaining three dimensional 

obturation of the root canal system [2, 3]. During 

instrumentation procedure, the root canals are irrigated 

with the root canal irrigating solution for disinfection 

purpose as well as removal of smear layer or debris 

produced during mechanical instrumentation. 

Therefore, irrigation of root canals by irrigating 

solutions is an essential part of the endodontic 

procedure because it facilitates the debridement and 

disinfection of regions inadequately cleaned by 
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endodontic instruments [4]. During the irrigation 

process, these endodontic irrigants stay in close contact 

with the dentin surface and can influence the chemical 

composition of dentin and its physical characteristic 

features.5 Microhardness analysis renders an arbitrary 

assessment of any alteration in the mineral composition 

of dental hard tissues. Microhardness studies are often 

applied to evaluate the physical characteristics of 

materials and to assess the hardness of teeth [6, 7]. The 

irrigating solution most frequently applied during 

cleaning and shaping is sodium hypochlorite (NaOCl). 

This chemical has exquisite antimicrobial effects along 

with solvent capacity on vital and necrotic organic 

tissue [8]. Though NaOCl is an excellent irrigating 

solution, it cannot dissolve inorganic dentin materials 

[9]. EDTA supplements the action of NaOCl by 

chelating calcium ions in dentin and making 

instrumentation of root canals easier, removes smear 

layer and thereby exposes the bacteria living in the 

dentinal tubules to be acted upon by the disinfecting 

irrigants which allows the endodontic sealer to 

penetrate more intimately into the dentinal tubules, 

leading to an enhanced sealing of the canal. The 

formation of sealer tags into the dentin provides good 

adaptation between the sealer cement and the dentin 

interface [10]. A wide variety of synthetic antimicrobial 

agents have been used over the years as endodontic 

irrigants. The undesirable effects of NaOCl include 

tissue toxicity, allergic potential, disagreeable taste and 

inability to remove the smear layer. EDTA does not 

have antimicrobial property. Chlorhexidine is an 

antimicrobial agent with wide spectrum of 

antimicrobial activity, biocompatibility and ability to 

disinfect the infected root canals but does not have 

tissue dissolving capabilities [11]. It also stains the teeth 

[12], may lead to dryness and burning sensation of the 

mouth [13].  

 

Hence, there is a need for alternative agents which are 

non-toxic and effective. It has been found that natural 

plant extracts could be used as effective endodontic 

irrigants [14]. In addition, the advantages of plant 

derived medications are easy access, low cost, long 

term sustaintivity, less toxicity and no induction of 

microbial resistance [15]. 

 

Neem has a medicinal properties like anti viral [16], anti 

fungal [17], anti bacterial [18] and anti carcinogenic 

[19] activities which makes it a potential agent for root 

canal irrigation.  

 

Neem extract was also found to be effective against 

both gram-positive and gram-negative microbes [20], 

alters bacterial adhesion and prevents microbial 

colonization [21]. Hence can be recommended as a root 

canal irrigant. 

 

Various studies have shown that different chemical root 

canal irrigating solutions can affect the microhardness 

of radicular dentin. There is limited study of herbal root 

canal irrigants which are less toxic than chemical 

irrigants and its effect on microhardness of radicular 

dentin. Effect of the microhardness of radicular dentin 

consequently affects the clinical performance of 

endodontically treated teeth [22]. Microhardness 

determination can provide indirect evidence for losing 

or gaining any mineral substance in the dental hard 

tissues [23]. 

 

Therefore assuming the importance of the effect of 

irrigants on microhardness of dentin the present study is 

aimed to compare the effect of two chemical root canal 

irrigants( 3% NaOCl and 17% EDTA) and one herbal 

root canal irrigant (Azadirachta indica or Neem extract) 

by using Vickers microhardness tester. 

 

MATERIALS AND METHOD 

Forty extracted single rooted maxillary central incisors 

with single straight intact root canal, fully formed 

apices are included in the studyand teeth with root 

caries,anatomical deformities,cracks or 

fractures,narrow, constricted, calcified or obliterated 

and curved canals,teeth with internal resorption, 

previously endodontically intervened teeth were kept 

out of this study. The teeth were disinfected using 10% 

formalin, washed under tap water and stored in saline 

solution at room temperature till used. 

 

Preparation of the root canal: The crown of all the 

teeth was decoronated transversely at cemento enamel 

junction with a microtome and the canals were then 

instrumented up to master apical file (MAF) size 45K- 

file (M-access Denstply) then stepback flaring done 

until reaching the size 60K-file. During instrumentation 

the root canals were irrigated with a standardized 

volume of 2ml distilled water with 27 gauge needle 

(Dispo van). 

 

Preparation of the samples for evaluation: The 

prepared 40 roots were embedded mesiodistally in a 

freshly mix acrylic resin and were sectioned 

longitudinally with a double face diamond disc having a 

size of 0.3mm of a microtome (BUEHLER Isomet4000 

linear pricision saw) at low speed (4000 rpm) with 

water. Thus a total of 80 samples were obtained. This 

samples were then examined under stereomicroscope 

(Nikon SMZ25) to eliminate the teeth with cracks. The 

80 samples were then randomly divided into four 

groups and baseline values for microhardness for all the 

samples were recorded before treated with irrigating 

solutions. The samples treated with the irrigating 

solutions are as follows:  

Group I : 20 samples immersed in 5ml of 3% 

NaOCl  

Group II : 20 samples immersed in 5ml of 17% 

EDTA  

Group III : 20 samples immersed in 5ml of 

Neem extract  

Group IV : 20 samples immersed in 5ml of 

distilled water as a control group  
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5ml of the corresponding irrigating solution was 

administered for a total of 5 minutes in each prepared 

sample. The samples were rinsed with distilled and the 

microhardness was measured using Vickers 

microhardness tester. 

 

RESULTS AND OBSERVATIONS 

There was no significant difference in baseline 

microhardness values among the groups. The baseline 

mean at cervical level is 55.88 ± 6.24, at middle level is 

49.09 ± 7.57 and apical level is 43.15 ±7.27. The results 

are depicted in tabular and graphical forms in Tables 1-

2 and Figures 1-2 

.

 

 

S- Difference in means is statistically significant, HS - Difference in means is statistically highly significant,NS - 

Difference in means is statistically not significant 

 

 
Figure. 1: Bar chart showing the comparison of mean microhardness of 3% Sodium Hypochloride, 17% EDTA 

and Neem Extract at cervical, middle and apical levels. 

 

TABLE 2: P VALUEs OF THE INDEPENDENT SAMPLES T TEST OF THE DIFFERENCE IN THE 

MEAN MICROHARDNESS OF 3%, SODIUM HYPOCHLORIDE, 17% EDTA AND NEEM 

EXTRACT WITH DISTILLED WATER AT 0.05 LEVEL OF SIGNIFICANCE 

 
Distilled Water 

Cervical Middle  Apical 

3%Sodium Hypochloride  0.17, S 0.04, S 0.18, S 

17% EDTA  p < 0.001, HS 0.002, S p < 0.001, HS 

Neem Extract 0.829, NS 0.868, NS 0.979, NS 

S- Difference in means is statistically significant , HS - Difference in means is statistically highly significant, NS - 

Difference in means is statistically not significant 

 

CERVICAL MIDDLE APICAL

3% Sodium Hypochloride 52.03 44.69 39.33

17% EDTA 48.92 41.62 35.93

Neem extract 56.22 49.77 43.40

52.03
44.69

39.33

48.92
41.62

35.93

56.22
49.77

43.40

TABLE 1: P VALUEs OF THE INDEPENDENT SAMPLES T TEST OF THE DIFFERENCE IN 

THE MEAN MICROHARDNESS OF 3% SODIUM HYPOCHLORIDE, 17 % EDTA AND NEEM 

EXTRACT At 0.05 LEVEL OF SIGNIFICANCE 

 
17% EDTA  Neem Extract 

Cervical Middle Apical Cervical Middle Apical 

3% Sodium 

Hypochloride  

Cervical 0.033, S - - 0.002, S  - - 

Middle - 0.045, S - - 0.008, S  - 

Apical - - 0.034, S - - 
0.066, 

S  

17% EDTA  

Cervical - - - 
P<0.001, 

HS 
- - 

Middle - - - - 
P<0.001, 

HS  
- 

Apical - - - - - 
0.003, 

S 
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Figure. 2: Bar chart showing the comparison of mean microhardness of 3%, Sodium Hypochloride 17% EDTA 

17% and Neem Extract with distilled water at cervical, middle and apical levels 

 

DISCUSSION 

The success of endodontic treatment lies on 

instrumentation techniques, irrigation protocol and 

three dimensional obturation of the root canal system. 

Irrigation is one of the important and critical steps 

during instrumentation and the use of irrigating 

solutions is mandated in order to improve chemo-

mechanical debridement of the root canal system and its 

anatomic complexity lying in the form of fins and 

accessory canals [24]. 

 

It is reported that the interaction of irrigants 

individually or in combination with root dentin is 

capable of causing alteration of the physicochemical 

properties of the dentin structure such as the 

microhardness, permeability and solubility of root canal 

dentin due to change in the original proportion of the 

inorganic and organic components of root canal dentin 

[25, 26]. 

 

Research on various herbal alternatives as root canal 

irrigants are recently being conducted due to their 

nontoxic effect on the periapical tissues as compared to 

their chemical counterparts. Previous studies have 

found that various chemical irrigating solutions can 

affect the microhardness of root canal dentin compared 

to herbal root canal irrigants which have less effect or 

no effect on microhardness of root canal dentin. 

 

So the present study was carried out to observe the 

effect of two chemical irrigants (3% NaOCl and 17% 

EDTA) and one herbal irrigant (Azadiractaindica or 

Neem extract) on dentin microhardness. 

 

Forty freshly extracted single rooted human maxillary 

incisors extracted due to periodontal reason with mature 

root apices, and single straight canal were selected for 

the study as they help in more ease of longitudinal 

separation of the tooth and also provide more 

standardized method for the evaluation of the study. 

After decoronation, the root canals were then 

instrumented using hand k-files up to master apical file 

(MAF) size 45k- file then stepback flaring was done 

until reaching the size 60k-file. The roots were splitted 

longitudinally to expose the root canal dentin for 

microhardness testing and it was done under water 

cooling to prevent dessication while sectioning. In the 

present study, longitudinal sectioning of the root was 

used rather than transverse sectioning. This was 

according to Cruz – filho et al. [27] where they 

observed that longitudinal sectioning can show accurate 

representations of clinical situation. 

 

In the current study, the measurement of microhardness 

was performed at baseline and after treatment with 

irrigation solutions for each sample to establish a 

rational evaluation for the effect of the irrigating 

solutions on the dentin surface. Microhardness of the 

radicular dentin vary considerably at different locations 

between teeth. Microhardness was measured at three 

points of the root canal dentin at cervical, middle and 

apical third using vickers hardness tester. Mean vicker 

hardness number (VHN) was calculated for each 

specimen. The microhardness of dentin depends on the 

tubular density which varies from one area to another 

on the radicular dentin surface. Pashley et al. [28] 

reported that here is an inverse correlationship between 

tubular density and microhardness values, as the tubular 

density increases dentin microhardness decreases. In the 

present study microhardness decreased from coronal to 

apical third of root canal dentin which is contradictory 

to studies done by Maussoud et al. [29] where it was 

found that microhardness increases from coronal to 

apical third of root canal dentin due to histological 

CERVICAL MIDDLE APICAL

3% Sodium Hypochloride 52.03 44.69 39.33

17% EDTA 48.92 41.62 35.93

Neem extract 56.22 49.77 43.40

Distilled water 56.57 50.21 43.47
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pattern of root canal dentin. This contradiction might be 

due to post - root canal preparation changes wherein 

more of inner dentinin the cervical and middle areas 

was removed as compared to the apical area. Findings 

of the present study are in accordance to the findings of 

Pashley et al. [28] which stated that the microhardness 

decreases from superficial region to deeper dentin 

region. Another possible reason could be due to the 

dentin in the apical third that may be very near to the 

CDJ. Fabiano Ribeiro Cirano, Giuseppe Alexandre 

Romito, José Hildebrando Todescan [30] reported that 

microhardness of root dentin in an intermediate region 

between dentin close to the CDJ and dentin next to the 

root canal is greater than root dentin microhardness 

close to root canal and CDJ.  

 

Distilled water was used as an irrigating solution during 

root canal preparation for microhardness specimens 

because it has no effect on dentin surface thus not 

considered as a variable whichmight affect the results 

[31]. 

 

The result of the present study showed that both the 

chemical irrigants; 17% EDTA and 3%NaOCl 

significantly decreased the microhardness of the dentin 

but the decrease in dentinhardness was more with 17% 

EDTA than with 3%NaOCl (cervical p=0.033, middle 

p=0.045, apical p=0.034.), herbal irrigant: neem extract 

(cervical p<0.001, middle p<0.001, apicalp=0.003) and 

also with the control group: distilled water (cervical 

p<0.001, middle p=0.002, apical p<0.001). EDTA 

showed more reduction in microhardness of dentin. 

This may be because of the chelating action of EDTA 

solution as it binds to calcified component of dentin 

through its chelation action which in turn causes 

demineralization and softening of dentin. The 

demineralizing effect of EDTA consequently decrease 

the microhardness of dentin [32]. A study done Abdul 

Karim Al-azzawiItab Nasser Hussein (2011) [33] 

showed that irrigation with EDTA and NaOCl decrease 

the microhardness of dentin. EDTA gave more 

reduction of dentin microhardness compared to NaOCl 

which is in accordance to our study. More studies on 

decrease of microhardness of dentin with EDTA when 

compared with sodiumhypochlorite was also reported 

by DiyarKhalid Bakr, SazanSherdilSaleem, Basam 

Kareem Amin (2016) [34] and Soha F. Massoud, Sybel 

M. Maussa, Seham A. Hanafy et al. (2017) [29]. 

 

Suparna Ganguli Saha et al. (2017) [35] compared the 

microhardness of dentin with 17% EDTA, 

3%NaOCl, 0.2% chitosan and 6% morindacitrifolia 

juice (herbal irrigants) and reported that 17%EDTA and 

0.2% chitosan decrease more dentin microhardness 

compared to 3% NaOCl and 6% morinda citrifolia juice 

which is comparable to the present study. 

 

Tenzin Rapgay et al. (2018) [36] did a comparative 

study on the effect of chemical irrigants; QMix and 

17% edta with herbal irrigants; tea tree oil, 

tamarindusindica, green tea extract on root dentin 

microhardness and they concluded that EDTA showed 

maximum reduction in microhardness of dentin 

whereas tea tree oil and green tea extract did not show 

significant reduction in microhardness. Findings of this 

study are comparable to the present study in respectto 

the herbal irrigant (neem extract). 

 

Somiya Gupta et al. (2025) [37] did a comparative 

evaluation of herbal irrigants, green tea, triphala, neem, 

tulsi on the microhardness of dentin where 2% 

chlorhexidine was used as the positive control and 

distilled water as negative control and concluded that 

herbal irrigants showed less effect on microhardness of 

dentin rather than chemical irrigants. 

 

The present study revealed that neem extract did not 

decrease the microhardness of dentin significantly and 

was similar to the control group (cervical p=0.829, 

middle p=0.0868, cervical0.979). 

 

Study conducted by Rajesh Poddar et al. (2015) [38] 

found that 6% MCJ, A. Indica, and 3% NaOCl showed 

a significant reduction in the mean CFU counts for 

aerobic andanaerobic bacteria between baseline and 3 

days and they concluded that there is no difference in 

the antimicrobial efficacy of 6% MCJ, neem extract and 

3% naocl as a root canal irrigants. Prashant Babaji et al. 

(2016) [39] compared herbal irrigants (M.citrofolia, 

A.indica extract, aloevera) with NaOCl for their 

antimicrobial effect against E. faecalis using agar 

diffusion method and reported that the highest 

inhibition zone was seen with NaOCl followed by 

M.citrofolia,A.indica extract, aloe vera and hence 

concluded that the tested herbal medicines can be used 

as a root canal irrigating solution. Based on the results 

obtained and taking into consideration, the limitations 

of this study, it can be concluded that among the tested 

root canal irrigants, herbal irrigant (neem extract) does 

not affect the microhardness of dentin so it can be 

considered superior to the two chemical irrigants(3% 

NaOCland17% EDTA) with regards to its harmless 

effect on the microhardness of dentin. 

 

Further studies with larger sample size as well as in-

vivo studies are recommended to evaluate the other 

properties of the irrigants like their effects on other 

dental material, their antibacterial properties etc, to rate 

the success of treatment outcome clinically. 
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