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Introduction

INTRODUCTION

The main objective of endodontic treatment is complete disinfection of root canal
system by thorough cleaning and shaping™. Irrigation of the root canal system plays a very
important role in the removal of pulpal remnants, necrotic debris and smear layer which
contains organic and inorganic portion?. Endodontic treatment success depends on
chemomechanical debridement which can be achieved by mechanical instrumentation of the
root canal and irrigating solutions. There is no single irrigant which can eliminate this
necrotic debris and smear layer. Combination of irrigants are needed for complete removal of
necrotic debris and smear layer®l. Irrigants can change the physical and chemical properties

of dentinel™,

Human dentine is composed of approximately 70% of inorganic material, 20% of
organic material and 10% of water. In that 20% of organic material, 90% is collagen, which
plays a major mechanical role in dentine®>4. Depletion of this organic phase, i.e collagen
after root canal irrigation may cause changes in the mechanical properties, including

microhardness, permeability and solubility of dentinel®].

The purpose of using root canal irrigating solutions while dealing with smear layer is

twofold i.e, to remove/ dissolve its organic and inorganic componentsf€,

As there is no single irrigating solution has the ability to do so, the sequential use of
organic and inorganic solvents has been recommended. 17% EDTA and 5.25% NaOCI
currently are the gold standard endodontic irrigants for effective removal of smear layer.
These endodontic irrigants proved dentine surface free from smear layer & provide a

decrease in bacterial count!®"],
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Sodium hypochlorite (NaOCI), because of its tissue-dissolving properties and
broadspectrum antimicrobial action, considered as the gold standard root canal irriganttl.
Sodium Hypochlorite (NaOCI) is a non specific proteolytic agent, which will effectively
remove the organic components of smear layerl®. For complete removal of smear layer,
NaOCI should be mixed with chelating agents that can remove the inorganic phase of smear

layer 1. Concentration of NaOCI ranging from 1% to 5.25% are used in endodontics(®.

@stby (1957) proposed the use of EDTA (ethylene diamine tetra acetic acid) solution
in Endodontics initially!®®, EDTA is polyaminocarboxylic acid, water soluble solid and
colorless. Its chelating properties are due to its ability to sequester metal ion such as Ca2+
and Fe3+. After being bound by EDTA, metal ions remain in solution, but exhibit diminished
reactivity. EDTA is produced as several salts, notably disodium EDTA and calcium disodium
EDTA. It has detrimental effect on periapical tissues***?l. On the other hand, it results in
excessive erosion of peritubular and intertubular dentine that decreases microhardness of root
dentine™.1t demineralizes the inorganic components of smear layer via calcium chelation.
EDTA reacts with calcium ions in hydroxyapatite crystals and removes them from the

dentine by forming stable water soluble complexes™!,

Chelating agents like EDTA, citric acid, maleic acid, MTAD (Mixture of
tetracycline, acid & detergent), chitosan, Tetracycline isomer and etidronate which is also
known as bisphosphonate, etidronic acid or HEBP (1-Hydroxyethylidene-1, 1-
Bisphosphonate) have the ability to remove the inorganic phase of smear layer. Among these
17% EDTA is generally accepted as the most common chelating agent with outstanding

lubricant properties and is commonly used in endodontic therapy™41.
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Chelating agents induce changes in the structure of dental tissues and alter the
calcium phosphorous ratio (Ca/P) which in turn changes the microhardness, permeability, and

solubility characteristics of dentinell,

The decalcifying efficacy of solutions such as EDTA, citric acid or phosphoric acid is

known to depend on the concentration, pH, and time of application®].

Loss of Calcium ions of the hydroxyapatite crystals results in micro-structural
changes of dentine by changing the Ca2+: PO4 3- ratio. This in turn, results in reduction of
the microhardness, changes the permeability and solubility of dentine which adversely

affecting the sealing ability of resin-based cements and sealers to root canal dentine*4l,

EDTA has erosive effect on dentine at various concentrations, application time and it

creates rough surfacel*?,

Irrigating solution should eliminate the smear layer completely with less erosive
effect on dentine. Panighi and G’Sell reported a positive correlation between hardness and the
mineral content of the tooth. It has been indicated that microhardness determination can

provide indirect evidence of mineral loss or gain in dental hard tissues!*°l.

Chitosan, a natural polysaccharide, derived from deacylation of chitin. It is bio-based
polymer. Chitin is obtained from shells of crabs and shrimp. They are biocompatible,
biodegradable, bioadhesive, non-toxic. Also has high bioactivity, selective permeability,
antimicrobial activity, adsorption capacity and chelation ability. Molecular weight of
polysaccharide ranges from 1000000 to 3000000. At its acidic pH, it has remarkable
chelation capacity to various metal ions. It is used in many sectors of industries. Chitin is

ecologically most abundantly available substance and its economically viablel*26],
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Chitosan is differed from chitin by the presence of amino groups. The amino group of
the D-glucosamine residues might be protonated and providing solubility in diluted acid ( pH
< 6) which opens prospects to wide range of application. Due to the amino groups, chitosan

efficiently complex various species!*’].

Applications of chitosan mainly seen in the areas of medicine and pharmaceuticals as
antibacterial and antitumour agent, drug carrier, wound healing accelerator, in biotechnology
as enzyme and cell carrier, chromatography resin, in environment as water treatment, in
agriculture as seed preparation, in cosmetics and in food products as iron and calcium

absorption accelerator, fibre sourcel*®l,

Application of chitosan in dentistry observed in different specialties as a modulator
of inflammation, assistant in the periodontal regeneration, in intraosseous defects, in
intracanal medication and as an antimicrobial agent associated with bonding agents and

composite resint*él,

Some authors evaluated the smear layer removing properties of chitosant® and its
time dependent effect on dentine® and it also has anti-bacterial and anti- fungal
property® But the calcium loss by chitosan as chelating agent and its correlation with
microhardness of root dentine was not yet evaluated. So, in this study different concentration
of 0.2% and 0.5% chitosan was used to analyse its effect on calcium loss and microhardness

of root dentine.

The aim of the study was to evaluate the effect of different concentration of chitosan

on calcium loss and its effect on microhardness of root dentine.
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Aim and objectives

Aim

To compare the effect of 17% EDTA, different concentration of chitosan (0.2% and

0.5%) on calcium loss and microhardness in root dentine.

Objectives

The main objectives was to

e Evaluate the effect of 17% EDTA, 0.2% and 0.5% chitosan on Calcium loss using
Integrated plasma mass spectrometry (ICP-MS).
e Evaluate the effect of 17% EDTA, 0.2% and 0.5% chitosan on Microhardness of root

dentine using Vickers Hardness Tester.
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REVIEW OF LITERATURE

DEMINERALIZATION

Brenna Magdalena Lima Nogueira et al (2018), Evaluated the effect of irrigating
solutions on mineral content and ultrastructure of root canal dentine. Thirty single
rooted teeth were taken and they were divided into different groups : G1, saline
solution (0.9% NaCl); G2, 2.5% NaOCI + 17% EDTA + 2.5% NaOCI; G3, 2.5%
NaOCI + 9% Etidronate (HEBP) + 2.5% NaOCI; G4, mixture of 5% NaOCI + 18%
HEBP; G5, 2.5% NaOCI + 17% EDTA + 0.9% NaCl, and G6, 2.5% NaOCI + 9%
HEBP + 0.9% NaOCI. The chemical composition like calcium, phosphorus,
magnesium and potassium and Ca/P ratio were determined after respective irrigation.
Ultrastructural changes of dentine was evaluated using scanning electron microscopy
and crystalline phase were analysed using X-ray diffraction and concluded that
irrigating solutions showed changes in the morphology, physical and chemical
composition of the dentine. Significant change in Ca/P ratio was seen in 2.5% NaOCI
+ 17% EDTA + 2.5% NaOCI and 2.5% NaOCI + 17% EDTA + 0.9% NaCl and
maximum volume of Ca and P was observed in 2.5% NaOCl + 9% Etidronate
(HEBP) + 2.5% NaOClI, 5% NaOCI + 18% HEBP, 2.5% NaOCI + 9% HEBP + 0.9%

NaCl. However, no significant differences were observed crystallographically?®l,

Pabla Caroline da Silva Mira et al (2017),evaluated the chelating effect of chitosan
solubilised in different acids. Cervical region of Maxillary central incisors were taken
in the study. Chitosan were solubilised in different acids like acetic acid, hydrochloric
acid, nitric acid and citric acid.GI — 0.2% chitosan solubilized in 1% acetic acid; GIl —

0.2% chitosan solubilized in 3.3% citric acid; GlIl — 0.2% chitosan solubilized in

6
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0.00145% hydrochloric acid; and GIV — 0.2% chitosan solubilized in 0.00112% nitric
acid. A control was made from the chelating properties of the following acids: GV —
3.3% citric acid, GVI — 0.00145% hydrochloric acid, GVII — 0.00112% nitric acid,
and GVIII — control (distilled water). After the preparation of solution, their chelating
property and volume needed for chelating calcium ions were evaluated using
colorimeter and they standardized the volume as 50puL and application time for 5mins
and concluded that chelating ability of chitosan solubilised in acetic acid was higher

when compared with other acids!*®l.

Reem Adel Abd-Elgawad et al (2017), Evaluated the Smear Layer Removal,
Calcium lon Loss and Dentine Microhardness after Different Final Irrigation
Solutions with 5.25% NaOCI, 17% EDTA, QMix 2inl and 0.2% Chitosan. The
specimens were longitudinally divided into two equal halves and one halves for smear
layer removal determination using SEM, another halves for calcium ion loss using
atomic absorption spectrometry and microhardness evaluated using vicker’s
microhardness tester. They concluded that NaOCI not able to remove the smear layer,
it has more microhardness reduction than other final rinse with irrigating solutions
like 17%EDTA, Chitosan and QMix. These irrigants significantly removed the smear

layer and they had more calcium ion loss compared to other irrigants(?l.

Hagar A. El Naby Bastawy et al (2016), assessed the impact of chitosan on
microhardness and mineral content of intraradicular dentine. 60 single rooted teeth
were taken in the study, longitudinally segemented into 120 segments. The specimens

were divided based on the irrigating solution used. G1: 0.2% chitosan, G2: 2%

7
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chitosan, G3: 17% EDTA and G4: saline (control group). 80 segments were analysed
for Vickers microhardness tester to determine the microhardness reduction. 40
segments were analysed for mineral content loss (calcium, phosphorus and
magnesium) using inductively coupled plasma atomic emission spectrometry (ICP-
AES). The results concluded that Chitosan 0.2% solution was equally effective to
17% EDTA in removing Ca2+ ions from root canal dentin without much altering its

microhardness!*3,

Gusiyska A et al (2016), evaluated the effect of chitosan- citrate solution on smear
layer removal. Single rooted human teeth were taken in the study and the teeth were
decoronated and instrumentation was done with Protaper universal upto F4 and
irrigation solutions used were, Group | (n=5) 3 ml 5.25% NaOCI, Group Il (n=5) 17%
EDTA, Group Il (n=5) 5.25% NaOCI and 17% EDTA, Group IV (n=5) 0.6 %
chitosan-citrate (0.6 mg of the chitosan powder were dissolved in 100 ml of 1% citric
acid) was used between the files. In a control Group V (n=1) distilled water was used
for irrigation and in a negative Group VI (n=1) the root was instrumented without
irrigation. Then the Specimens were bisected longitudinally into two halves and
subjected to scanning electron microscope to evaluate the smear layer removal and
concluded that smear layer removal of 0.6% chitosan-citrate was similar to that of
17% EDTA and 5.25% NaOCI and in combination. Chitosan citrate solution showed

less dentinal erosion whereas17%EDTA showed significant dentine erosion[*],
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HM Bayram et al (2016), evaluated the calcium ion release from different calcium
silicate-based endodontic materials like white MTA, bioaggregate (BA) and
biodentine after immersion with new irrigants like 0.2% chitosan, 10% propolis, 1%
acetic acid, 17% EDTA and distilled water.150 silicone tubes were prepared and
randomly divided into three groups based on calcium silicate-based endodontic
materials. Each groups was subdivided into five subgroups based on immersion in
new irrigants. The irrigation solutions were subjected to Atomic adsorption
photospectrometry. They concluded that calcium release was more in EDTA and less
in distilled water and no statistically significant difference between propolis, chitosan
and distilled water,and also between 17% EDTA and 1% acetic acid. Natural irrigants

like chitosan and propolis can be preferred when used with MTA, BA and Biodentine

[22]

Atul Jain et al (2016), Comparatively Evaluated the Calcium lon Loss and
Microhardness reduction using 5.25% sodium hypochlorite+ distilled water, 5.25%
sodium hypochlorite +18% Hydroxyethylidene bisphosphonate (HEBP), 5.25%
sodium hypochlorite+15% Citric acid. Calcium ion loss was determined using atomic
adsorption spectrophotometry and microhardness using Vickers microhardness test.
They concluded that all the specimens treated with irrigants results in calcium loss
during first 5Smins. While comparing all these irrigants 5.25% NaOCI had less calcium

loss, citric acid had more calcium loss[?3!,
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Keyur Pankaj Chande et al (2014), evaluated and compared the decalcifying effect
of 17% ethylenediaminetetraacetic acid (EDTA), 15% citric acid, 37% phosphoric
acid and 5.25% sodium hypochlorite on root canal dentine at 5, 10, and 15 minutes by
immersing in the 20 ml of repective solution for stipulated time period. The calcium
loss were evaluated using mass spectrometry and concluded that 17% EDTA and 15%
citric acid extracted significantly largest amount of calcium followed by 5%
phosphoric acid at each time period. 5.25% NaOCI solution extracted small amount of

calcium initially!?4l,

Sonali Taneja et al (2014), compared the effect of Q Mix, peracetic acid and 17%
ethylenediaminetetraacetic acid on calcium loss and its effect on microhardness of
root dentine. Lower premolars was taken and they were decoronated, transverse
section of 2mm were obtained from coronal third of root and divided into four parts,
each in one group. The samples were immersed in the following irrigating regimen.
Group 1 (Control): 5% Sodium hypochlorite (NaOCI) for 5 min + distilled water for 5
min; Group 2: 5% NaOCI for 5 min + 17% ethylenediaminetetraacetic acid (EDTA)
for 5 min; Group 3: 5% NaOCI for 5 min + 2.25% Peracetic acid (PAA) for 5 min and
Group 4: 5% NaOCI for 5 min + QMix for 5 min. Then the irrigating solutions were
subjected to atomic absorption spectrophotometer to evaluate the calcium loss and the
samples were subjected to Vickers microhardness for microhardness reduction. The
results concluded sodium hypochlorite + 2.25% peracetic acid had maximum calcium

loss and minimum microhardness reduction followed by 17% EDTA, QMiX[l,

10
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P. V. Silva et al (2013), evaluated the efficacy of smear layer removal and calcium
loss using chelating agents as final irrigating solutions like 15% EDTA, 0.2%
chitosan, 10% citric acid, 1% acetic acid after preparing the root canal with crown-
down technique and irrigated with 1% sodium hypochlorite. The irrigating solution
were collected and subjected to atomic adsorption photospectrometry to determine
the calcium loss and the specimens were split longitudinally and examined under
SEM to determine the smear layer removal. They concluded that 15% EDTA, 0.2%
chitosan and 10% citric acid similarly removed the smear layer and they were
significant from 1% acetic acid from middle and apical third. Root dentine
demineralization was high in 15% EDTA and 0.2% chitosan followed by 10% citric

acid and 1% acetic acid[8l.

Carmen-Maria Ferrer-Luque et al (2013), assessed the Decalcifying effects of
antimicrobial irrigating solutions on root canal dentine. The specimens were prepared
from 2mm thick slice of cervical root dentine and divided into four equal halves, each
halves in each group were distributed and evaluated for decalcifying efficacy of 7%
maleic acid (MA), 2% chlorhexidine (CHX), and combinations of 7% MA + 0.2%
cetrimide (CTR) and 2% CHX + 0.2% CTR, in 1min, 2mins, 3mins and 5mins time
periods. The irrigating solutions were collected and subjected to calcium loss
determination using atomic absorption spectrometry. They concluded that calcium
loss was more in 7% maleic acid followed by 7% MA + 0.2% cetrimide, 2% CHX
and 2% CHX + 0.2% cetrimide. Stastistically significant difference was seen in all

time period(*s],

11
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Polliana Vilaga Silva et al (2012), assessed the time dependent effect of chitosan on
Dentine. Maxillary canine were taken in the study, instrumented using nickel titanium
instruments four times greater than the apical diameter and the specimens were
subjected to different irrigating solution. G1: 0.1% chitosan for 3 min; G2: 0.2%
chitosan for 3 min; G3: 0.37% chitosan for 3 min; G4: 0.1% chitosan for 5 min; G5:
0.2% chitosan for 5 min; G6: 0.37% chitosan for 5 min. The specimens were bisected
longitudinally and evaluated in the scanning electron microscope and concluded that
G1 exhibited removal of the smear layer, but not the smear plugs. G2 showed visible
and open tubules with slight erosion of the peritubular dentine. Cleaning in G3 was
similar to that of G2, however, the erosive effect was greater. There was expansion of
the diameter of the tubules in G4, G5 and G6, with severe erosion and deterioration of
dentin surface. And clinically, 0.2% chitosan for 3 mins were efficient in smear layer

removal with little dentine erosion(!2],

Lora Mishra et al (2012), evaluated the Calcium loss from root canal dentine
following irrigation with distilled water, 2.5% NaOCI, 17% EDTA, 1% tetracycline
HCI, 17% EDTA + 2.5% NaoCl, 1% tetracycline HCI + 2.5% NaOCI and its effect on
microhardness. The specimens were longitudinally divided into two equal halves and
one halves was subjected to ICP-AES ( inductively coupled plasma- atomic emission
spectrometry) for determining calcium loss and other halves was subjected to vicker’s
microhardness tester for determining microhardness. They concluded that maximum
calcium loss was in 17% EDTA + 2.5% NaOCI followed by 17% EDTA, 1%
Tetracycline HCI + 2.5% NaOCI and 1% Tetracycline HCI. Negative correlation

between calcium loss and microhardness was observed in all the groups!?®.

12
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L. F. Machado-Silveiro et al (2004), evaluated the demineralization capability of 1%
and 10% citric acid, 10% sodium citrate, 17% EDTA and distilled water at 5, 10 and
15 min time interval on root canal dentine. The specimens were prepared by obtaining
3mm thick cross sectional cervical root dentine and divided into four halves. That four
halves are distributed as one in each group. After the irrigation, irrigating solutions
were collected and lanthanum oxide were added and the specimens were subjected to
spectrophotometry. They concluded that 10% citric acid had more decalcifying effect
than 1% citric acid, 17% EDTA and 10% sodium citrate. Citric acid at both
concentration had decreased effectiveness in calcium removal with time and EDTA
had decreased effectiveness in calcium removal with time and sodium citrate had

removed only less calcium and small significant increased effectiveness with time[26],
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MICROHARDNESS

Srinidhi surya raghavendra et al (2018), assessed the effect of different irrigating
solution on microhardness of root canal dentine. 47 single rooted teeth were taken,
decoronated, canals were prepared using protaper upto F3 size. Grooves were placed
on long axis of roots and cleaved with a chisel and a mallet. The specimens were
embedded in the dental stone. The specimens were divided based on the irrigating
solution used. Group I- Etidronic acid (n=15), Group Il- 17% EDTA (n=15), Group
11 — 0.2% chitosan solution. This was prepared by mixing Chitosan nanoparticles
with 1% acetic acid. (n=15). The specimens were subjected to Vickers microhardness
tester at 1000y, 1200 and 1400u from the canal lumen to determine microhardness
reduction. The result showed that 17% EDTA had maximum reduction in

microhardness than 0.2% chitosan and etridonatel?"].

Tenzin Rapgay et al (2018), evaluated and compared the microhardness of root
dentine using QMIix, Tea tree oil, Tamarindus indica, Green tea extract and 17%
EDTA. Sixty Single rooted premolar were taken and the roots were decoronated, the
root canals were enlarged till 40 K file and they were divided into two halves and
embedded in the acrylic resin. The specimens were divided into 6 groups based on
different irrigants, Group 1: Qmix for 5 minutes, Group 2: Tea tree oil for 5 minutes,
Group 3: 5% Tamarindus indica for 5 minutes, Group 4: 5% Green tea extract for 5
minutes, Group 5: 17% EDTA for 5 minutes, Group 6: Control group: Saline for 5
minutes. Then the specimens were subjected to Vickers microhardness test and

concluded that microhardness reduction was more in 17% EDTA group followed by

14
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Qmix and Tamarindus indica groups. No significant reduction in microhardness in

Tea tree oil group and Green tea group was observed!?®],

Suparna gangulysaha et al (2017), evaluated the effect of various endodontic
irrigants on the microhardness of root canal dentine. 80 single rooted mandibular
premolar were taken, decoronated and roots were longitudinally sectioned into two
equal halves. The specimens were embedded in the autopolymerizable resin, divided
based on the different irrigating solution. 3% Sodium Hypochlorite (3% NaOCl), 17%
Ethylene Diamine Tetra Acetic Acid (17% EDTA), 0.2% Chitosan and 6%
Morindacitrifolia Juice (MCJ) for 15 minutes each. The specimens were subjected to
Vickers microhardness tester to determine the microhardness reduction. The results
showed that 17% EDTA and 0.2% Chitosan, significantly decreased the
microhardness of root dentine whereas 6% MCJ and 3% NaOCI had no significant

effect on the microhardness(?®l.

Soha F. Massoud et al (2017), Compared the different irrigation protocols on the
microhardness of root canal dentine after irrigation with 2.5% NaOCI, 17% EDTA,
2% CHX. Forty single rooted lower premolar were taken in the study and stainless
steel K- files were used to instrument the canal and split longitudinally. The samples
were divided into four groups, Group I: 10 ml of 2.5% Sodium Hypochlorite
(NaOCl), Group Il: 10 ml of 17% ethylene diamine tetra-acetic acid (EDTA) followed
by 10 ml of 2.5% NaOCI, Group I1I: 10 ml of 2.5% NaOCI followed by 10 ml of 2%
chlorhexidine digluconate (CHX), Group 1V: 10 ml of 2.5% NaOCI followed by 10

ml of distilled water then they were immersed in 10ml of 2% CHX. The specimens
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were subjected to Vickers microhardness test to evaluate the microhardness reduction
and concluded that all the groups showed reduction in microhardness.17% EDTA
followed by 2.5% NaOCI had maximum reduction in microhardness. Coronal third
had maximum reduction in microhardness when compared with middle and apical

third in all the irrigation protocols!.

Vineeta Nikhil et al (2016), evaluated the effect of different irrigating solution on
the microhardness of the human radicular dentine. 30 dentine specimens were divided
into three groups of 10 specimens each according to the irrigant used. G1 — 1%
phytic acid, G2 — 17% EDTA, and G3 — 0.2% chitosan. Each chelating solution
was used for 3 min. The specimens were subjected to Vickers microhardness tester
before and after application of the irrigants at the cervical, middle, and apical levels.
The results showed that all chelating solutions reduced microhardness of the radicular
dentine layer at all the levels. However, reduction was least at the apical level. 17%
EDTA caused more reduction in dentin microhardness than chitosan while phytic acid

reduced the least%.

Flavia Emi Razera Baldasso et al (2016), Evaluated the effect of final irrigation
protocols with QMIX, 17% EDTA, 10% citric acid, 1% peracetic acid on root canal
dentin. All the groups were finally flushed with 2.5% NaOCI for 5 mins and rinsed
with 10 ml of distilled water. The specimens were subjected to knoop indenter before
and after irrigation at 200um and 500um from the lumen of root. After microhardness
evaluation, specimens were split longitudinally and dentin erosion were examined by

scanning electron microscope. The results showed that dentinal erosions were more in
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citric acid followed by 1% peracetic acid and 17% EDTA. QMIX doesn’t show
dentine erosion. Microhardness was reduced at greater depth in QMIX and 17%

EDTA than 10% CA and 1% PABY,

Bhavana Gandhi et al (2016), Evaluated the effect of CPP-ACP as remineralizing
agent in improving the microhardness after irrigation protocol and its influence on the
bond strength of self etch resin sealer. Maxillary incisors were taken and the samples
were divided based on the irrigation protocol. Group 1-normal saline, Group 2-17%
EDTA (Ethylene Diamine Tetraacetic Acid) + 5.25% NaOCI (Sodium Hypochlorite),
Group 3 - 17% EDTA + 5.25% NaOCIl + CPP-ACP. They were divided into two
groups for determining microhardness and push out bond strength . one group was
evaluated for microhardness using Vickers microhardness and another group was
obturated with Real seal SE and 6% gutta percha cones and subjected to universal
testing machine to evaluate the pushout bond strength and concluded that CPP-ACP
increases the microhardness of root dentine due to its remineralization property and

also it doesn’t effect the bond strength®2,

Vasundhara shivanna et al (2016), Compared the 15% EDTA solution, 15% EDTA
gel, 10% citric acid , 5% maleic acid and saline on microhardness reduction. The
specimens were subjected to Vickers microhardness to evaluate the microhardness
reduction and concluded that EDTA and citric acid showed greater reduction in
dentine microhardness but there was no significant difference. Maleic acid showed

less reduction in dentine microhardnesst®l.
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Anushree Das et al (2014), evaluated the Dentine microhardness changes following
Conventional irrigation regimen with 5 ml of 5% NaOCI for 5 minutes followed by 5
ml of 17% EDTA for 5 minutes and finally with 5 ml of 2% CHX for 5 minutes,
Morinda Citrifolia Juice (MCJ) regimen : 5 ml of 6% MCJ for 5 minutes followed by
rinsing with 5 ml of 17% EDTA for 5 minutes. Q Mix regimen: 5 ml of 5% NaOCI
for 5 minutes followed by 5 ml of Q Mix and Control : 5 ml of distilled water for total
5 minutes. The specimens were prepared from maxillary central incisors, roots were
longitudinally sectioned from cervical to apical region. After respective irrigation
regimen, the specimens were subjected to vicker’s microhardness tester to determine
the microhardness. They concluded that QMix had less reduction in microhardness

than other regimenst3,

Kamakshi G et al (2014), evaluated the Relation between Calcium Loss and
Microhardness of Root Canal Dentine Following Treatment With 17% Ethylene
Diamine Tetraacetic acid at Different Time Intervals. Single rooted premolar teeth
were taken and the teeth were decoronated, splited longitudinally and divided into
different groups. Group 1: 17% EDTA Solution for 1 min, Group 2: 17% EDTA
Solution for 3 min, Group 3: 17% EDTA Solution for 5 min, Group 4: 17% EDTA
Solution for 7 min, Group 5: 17% EDTA Solution for 10 min, Group 6: 17% EDTA
Solution for 12 min, Group 7: 17% EDTA Solution for 15 min, Group 8: 0.9% Saline
(control). Then the irrigating solutions were subjected to atomic absorption
spectrophotometer to evaluate the calcium loss and specimens were subjected to

Vickers microhardness for microhardness reduction. They concluded that calcium loss
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and reduction in microhardness was increased by increasing the immersion time with
17% EDTA,

Eda E. Aslantas et al (2014), evaluated the effect of EDTA, Sodium Hypochlorite,
and Chlorhexidine Gluconate with or without Surface Modifiers on Dentine
Microhardness . Root halves were prepared from distal root of mandibular third
molar. Irrigating solutions used in the study were 17% EDTA (Vista Dental, Racine,
WI), REDTA (17% EDTA containing 0.84 g cetrimide) (Sigma-Aldrich, Munich,
Germany), 6% NaOCI (ACE, Proctor & Gamble, Gebze, Turkey), 6% NaOCI with
surface modifiers (Chlor-XTRA) (Vista Dental), 2% CHX (Klorhex, Drogsan,
Turkey), or CHX-Plus (Vista Dental). The samples were irrigated with 5ml of
irrigating solutions for 5 minutes and the specimens were subjected to Vickers
microhardness tester to evaluate the microhardness reduction at the mid-root level.
The results showed that surface modifier had no effect in microhardness of root

dentine. EDTA had maximum reduction in microhardness of root dentinel®].

Alexandre Correa Ghisi et al (2014), assessed the effect of super-oxidized water,
NaOCl and 17% EDTA on microhardness of root dentine. Bovine incisors were taken
in the study. Irrigations were done using 2% sodium hypochlorite (NaOCI), 5%
sodium hypochlorite (NaOCI), super-oxidized water (400 ppm Sterilox - Sx) and 17%
EDTA. Cervical third of the root were cut from the specimen and they were subjected
to Vickers microhardness tester for the evaluation of microhardness 500um-1000um
from the root canal lumen (Distance 1) and 500um-1000um from the external root
surface (Distance 2) and concluded that statistically significant difference was seen
between distance 1 and distance 2 expect 5% sodium hypochlorite (NaOCI) and 5%

sodium hypochlorite (NaOCI) + 17% EDTA. No statistically significant difference
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was seen between all the groups at distance 1. At distance 2, statistically significant

difference was seen between 17% EDTA and Super-Oxidized water (Sx) only®!.

Hakan Arslan et al (2013), evaluated the effect of agitation of EDTA with 808-nm
diode laser on dentine microhardness. Maxillary anterior teeth were taken in the
study. The roots were sectioned longitudinally and subjected to different treatments.
Group 1: distilled water, Group 2: 17 % EDTA, Group 3: EDTA with 60 s ultrasonic
agitation, Group 4: EDTA with 10 s laser agitation, Group 5: EDTAwith 20 s laser
agitation, Group 6: EDTAwith 30 s laser agitation, and Group 7: EDTAwith 40 s laser
agitation. After that the specimens were irrigated with 5 % NaOCI and distilled water
except the distilled water group. The specimens were subjected to Vickers
microhardness tester to evaluate the microhardness before and after treatments and
concluded that all the treatments had reduced the microhardness but statistically
higher reduction in 17% EDTA with 40s agitation with diode laser. Ultrasonic

agitation had no reduction in microhardness reductiont41,

Marta Bardn et al (2013), assessed the Nanostructural changes in dentine caused by
endodontic irrigants. Mandibular premolar were taken in the study and dentine disk
were taken and divided into different groups. 5.25% NaOCI for 1 minute and 17%
EDTA for 1 minute. Nanoindentations was placed on peritubular(PD) and
intratubular(ID) dentine using NanoScope Illa version 5.30r2 atomic force
microscope. Stiffness and adhesion force before and after treatment were evaluated
using atomic force microscope and concluded that reduction in stiffness and adhesion

forces were maximum in 17% EDTA and in 5.25% NaOClI, stiffness reduced in ID,

20



Review of literature

increased in PD and adhesion force increased in both ID and PD. Further research

were needed on different concentration and application time[51,

Talita Tartari et al (2013), evaluated the effect of sodium hypochlorite (NaOClI),
ethylenediaminetetraacetic (EDTA), etidronic (HEBP), and citric acid (CA)
associated with different irrigation regimens. The samples were then randomly
distributed into groups as follows: G1 (n=9): saline solution (control) for 30 min; G2
(n=9): 5% NaOCI + 18% HEBP, mixed in equal parts for 30 min; and G3 (n = 27):
2.5% NaOCI for 30 min. After the microhardness measurements, the G3 samples
were divided to form G4, G5, and G6 (n=9), which received the following chelating
agents to remove the smear layer: 17% EDTA for 3 min, 10% CA for 3 min, and 9%
HEBP for 5 min, respectively. Following the new microhardness measurements, the
samples in Groups G4, G5, and G6 received a final flush with 2.5% NaOCI for 3 min
to remove the exposed collagen matrix by chelation, resulted in Groups G7, G8, and
G9 and they were subjected to knoop indenter and concluded that all the regimens
reduced the microhardness of dentine lumen. In initial microhardness, no statistically

significant difference between coronal, middle and apical third is seenf*l,

Chetan R Patil et al (2011), assessed the microhardness and surface roughness of
root canal dentine. Incisor teeth were taken in this study and they were decoronated.
The specimen were bisected longitudinally and divided into different groups. Group
1: 5 ml of 5.0% NaOCI for 15 min, Group 2: 5 ml of 2.5% NaOCI for 15 min, Group
3: 5 ml of 3% Hydrogen peroxide for 15 min, Group 4: 5 ml of 17% EDTA solution

for 15 min, Group 5: 5 ml of 0.2% Chlorhexidine gluconate for 15 min, Group 6: 5 ml
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of Distilled water for 15 min (control). The specimens were subjected to Vickers
microhardness tester to evaluate the microhardness reduction and surface roughness
tester to evaluate the surface roughness and concluded that all the irrigating solution
reduced the microhardness and 0.2% CHX showed no significant reduction in
microhardness. Significant increase in surface roughness in 2.5%, 5% NaOCI and
17% EDTA. No significant reduction in surface roughness in 3% Hydrogen peroxide

and 0.2% Chitosan[®"],

Deepa Natesan Thangaraj et al (2009), Determined the calcium loss and its effect
on microhardness of root canal dentine following treatment with 17%
ethylenediaminetetraacetic acid solution at different time intervals. Canine teeth were
taken in the study and splited longitudinally, divided into different groups. Group 1:
17% EDTA Solution for 1 min, Group 2: 17% EDTA Solution for 2 min, Group 3:
17% EDTA Solution for 3 min, Group 4: 17% EDTA Solution for 4 min, Group 5:
17% EDTA Solution for 5 min, Group 6: 17% EDTA Solution for 6 min, Group 7:
17% EDTA Solution for 7 min, Group 8: 0.9% Saline (control). The irrigating
solutions were subjected to atomic adsorption spectrophotometer to evaluate the
calcium loss and specimens were subjected to Vickers microhardness tester to
evaluate the microhardness and concluded that by increasing the time of immersion
results in increased in the calcium loss and reduction in microhardness of root canal

dentinel®8],
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Sandeep Singh et al (2009), Evaluated the effect of 17% EDTA, EDTAC, RC-Prep
for 1 minutes and BioPure MTAD for 2 and 5 minutes respectively on the
microhardness of coronal, middle and apical root canal dentine using Vicker’s
microhardness testing machine and concluded that no statistically significant
difference in the microhardness of root dentine in the coronal, middle and apical third
when treated with 17% EDTA, EDTAC, RC-Prep and BioPure MTAD. While
comparing the irrigating solution, Microhardness reduction was more in 17% EDTA

and microhardness reduction was less in biopure MTAD!,

Taner Cem Sayin et al (2007), evaluated the effect of EDTA, EGTA, EDTAC, and
tetracycline-HCI with and without subsequent NaOCI treatment on the microhardness
of root canal dentine. Single rooted teeth were taken in the study, bisected
longitudinally and they were divided into different groups. Group 1: 2.5% NaOClI,
Group 2: 17% EDTA; Group 3: 17% EGTA, Group 4: 15% EDTAC; Group 5: 1%
tetracycline-HCI; and group 6:distilled water (negative control). The specimens were
subjected to the Vickers microhardness tester and concluded that significant decrease
in Microhardness only for EDTA and EDTA+NaOCI in the coronal region and for

EDTAC and EDTAC+NaOCI in the apical and middle regions of the root canalf?l,

Luciane Dias Oliveira et al (2007), assessed the microhardness of root dentine after
irrigation with sodium hypochlorite and chlorhexidine. Single rooted teeth were taken
in the study, decoronated and divided into cervical, middle and apical segment and
mounted in the acrylic resin. The samples were divided into three groups based on

irrigating solutions. Group 1: control (saline solution); Group 2: 2% chlorhexidine
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gluconate solution and Group 3: 1% sodium hypochlorite (NaOCI). The specimens
were irrigated for 15 mins and subjected to Vickers microhardness tester at 500pum
and 1000pm from the root canal lumen. The results concluded that 2% chlorhexidine
gluconate solution and 1% sodium hypochlorite (NaOCI), significantly reduced the

microhardness at 1000pm and no significant difference at 500umt“l,

Charu Dayal et al (2007), evaluated the microhardness of root dentine prepared with
different file types like stainless steel k files and protaper nickel titanium rotary files
with 2.5% sodium hypochlorite. The specimens were prepared and microhardness
reduction was determined at the distance of 500 mm and 1000 mm from pulp dentine
interface by vicker’s microhardness tester and concluded that protaper nickel titanium
rotary with irrigation had significantly less reduction in microhardness when
compared with nickel titanium K-files and stainless steel K-files. The irrigation with
2.5% sodium hypochlorite had changed the biomechanical properties of root

dentinel®!,
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13.

14.

15.

ARMAMENTARIUM USED

0.5% Thymol solution
Diamond disc and mandrel
Straight handpiece

Self cure acrylic resin
5.25% sodium hypochlorite
17% EDTA

0.2% chitosan

0.5% chitosan

Distilled water

Pipette

Centrifuge tubes

Centrifuge machine

Polyprophylene tubes with lid

Integrated plasma mass spectrometry (ICP-MS)

Vickers microhardness tester
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INCLUSION CRITERIA

e Single rooted teeth with single root canal

EXCLUSION CRITERIA

e Teeth with multiple canals
e Teeth with root caries
e Teeth with anomalies like taurodontism

e Teeth with root resorption
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Thirty single rooted teeth were used for this study. Teeth were stored in 0.5% thymol
until the experimental procedure . The soft-tissue covering of the root surface was removed
with curettes. The teeth were decoronated at the cementoenamel junction using a high speed
carbide bur under copious water irrigation. Thick transverse sections of 2 mm with a
maximum and minimum width of 3 mm and 2 mm respectively were obtained from the
coronal third of each root using a low speed safe sided diamond disc. Each section was
further divided into 2 halves. The Specimens were horizontally embedded in auto
polymerizing resin so as to expose the canal part of the dentine. The specimens were ground
flat on a circular wet grinding machine with ascending grades of SiC abrasive papers (320,
600, 1000, 1200 and 1500 grit) under constant water irrigation using Leco grinder polisher. A
total of 60 samples were prepared, 15 specimens for each group, based on treatment groups

were divided. The samples were immersed in beaker with respective irrigants as follows.

TREATMENT GROUPS:

Group 1 (n=15) : 5% NaOCI for 5 mins & saline for 5 mins

Group 2 (n=15) : 5% NaOCI for 5mins &17% EDTA for 5mins

Group 3 (n=15) : 5% NaOCI for 5mins & 0.2% chitosan for 5mins

Group 4 (n=15) : 5%NaOClI for 5mins & 0.5%chitosan for 5mins
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Figure 2 : Micromotor and Straight handpiece
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CALCIUM LOSS DETERMINATION

All the specimens were immersed in 10 ml of the first test solution for 5 min. Then the
specimens were rinsed thoroughly with saline. They were then immersed in 10 ml of the
second test solution of the respective group for another 5 min. Each time after irrigation of
one specimen per group, the elutes were centrifuged at 4000 g for 10 min. The 20 ml of total
elute per specimen were collected in individual glass vials. Subsequently, 10 ml of the
supernatant was transferred to a polypropylene tube with a lid until further analysis. Once all
the elutes for all the samples had been collected, they were subjected to analyze calcium
content using Integrated plasma mass spectrometry (ICP-MS). Results were expressed as

ppb (parts per billion) Ca?* in the elute.
MICROHARDNESS MEASUREMENT

For each specimen after the combined treatment, surface hardness of the root dentine was
measured with a Vickers Hardness Tester ( High wood micro vicker’s hardness tester).
Hardness was measured under the load of 300 g with duration of 15 s. In each sample, three
indentations were made. The representative hardness value for each sample was obtained as

the average of the three indentation values.
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STATISTICAL ANALYSIS

Statistical analyses were performed using Statistical Package for the Social Sciences [SPSS,
ver. 18.0; SPSS Inc., Chicago, IL, USA]. According to Shapiro Wilks test of normality the
data was found to be in normal distribution. and P < 0.05 was considered as statistically
significant. Mean values were compared among study groups by using one — way ANOVA
followed by post hoc Tukey test. Pearson’s correlation was done to compare the relation

between calcium loss and microhardness of root dentine.
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Figure 3: Thirty single rooted teeth were taken

Figure 4: Teeth were decoronated

Figure 5: Coronal third of root were taken
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Figure 6: Coronal third of the roots were divided into two equal halves
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Figure 7: Sectioned specimens were embedded in the self cure acrylic resin
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Figure 9 : Immersing in the first test solution for 5 minutes
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Figure 10 : Rinsing after immersion in the first test solution with saline

Figure 11 : Immersing in the second test solution for 5 minutes
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Figure 12 : Centrifuge Machine
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Figure 13 : After centrifuging
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Figure 14 : Pipetting 10 ml of total elute after centrifuging irrigants

Figure 15 : Integrated coupled plasma- mass spectroscopy ( ICP-MS)
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Figure 16 : Vickers microhardness tester

Figure 17 : Indentation in the specimens

37



38

Materials and methods




RESULTS




Results

Calcium content evaluation by Inductively coupled plasma mass spectrometry

(ICP-M

Total sampl

S)
es: 60

Saline (GROUP 1)

Calcium content (ppb)

1 0.486
2 0.374
3 0.160
4 0.294
5 0.345
6 0.268
7 0.360
8 0.421
9 0.156
10 0.157
11 0.223
12 0.453
13 0.473
14 0.231
15 0.334

17% EDTA (GROUP I1)

Calcium content (ppb)

1 3.380
2 2.637
3 3.670
4 1.457
5 1.675
6 2.578
7 2.225
8 3.890
9 2.876
10 2.874
11 2.876
12 2.678
13 1.843
14 1.564
15 2.698
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0.2% chitosan (GROUP I111) Calcium content (ppb)
1 0.637
2 0.841
3 0.645
4 0.278
5} 0.447
6 0.548
7 0.378
8 0.798
9 0.476
10 0.378
11 0.467
12 0.267
13 0.478
14 0.470
15 0.567

0.5% chitosan (GROUP V)

Calcium content (ppb)

1 0.814
2 0.780
3 0.980
4 0.678
5 0.879
6 0.783
7 0.853
8 0.768
9 0.823
10 0.701
11 0.456
12 0.750
13 0.793
14 0.675
15 0.774
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Microhardness evaluation by Vickers microhardness test

Saline (GROUP ) Microhardness Mean
(VHN)

1 64.5, 64.3, 63.4 64.06

2 63.6,62.8,64.6 63.6

3 62.7,65.3,65.2 64.4

4 63.6,62.1, 62.4 62.7

5 64.3,63.2,61.4 62.96

6 63.5,63.4,63.6 63.5

7 64.5,64.6,64.0 64.36

8 65.7,65.4,64.9 65.33

9 61.4,62.0,61.9 61.76

10 62.4,61.7,60.9 61.66

11 64.3,65.6,63.2 64.36

12 65.7,65.5,64.2 65.13

13 65.9,64.8,63.7 64.8

14 63.5,62.6,61.9 62.66

15 63.4,62.6,60.2 62.06

17% EDTA (GROUP II) Microhardness | Mean
(VHN)

1 45.7,45.8,45.,5 | 45.66

2 48.6,48.8,48.9 | 48.76

3 40.5,40.8,40.7 | 40.66

4 415,417,416 |41.6

5 42.5,42.6,42.9 | 42.66

6 43.6,43.7,42.1 | 43.13

7 40.1,40.6,40.7 | 40.46

8 42.4,42.1,42.6 | 42.36

9 43.4,43.2,43.2 | 43.26

10 41.2,41.3,41.0 | 41.16

11 42.1,42.2,42.3 | 42.2

12 40.5,40.6,40.7 | 40.6

13 42.5,42.7,42.8 | 42.66

14 41.6,41.541.4 | 415

15 43.5,43.6,43.6 | 42.13

40




Results

0.2% chitosan (GROUP I1I)

Microhardness
(VHN)

Mean

56.7,57.6,58.7

57.66

57.4,58.7,60.4

58.83

57.8,59.8,59.2

58.93

58.5,58.5,58.4

58.46

57.4,56.9,58.8

S7.7

57.8,58.6,59.8
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57.76
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[EY
N

58.6,58.4,58.3

58.43
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w
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57.46

[EY
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57.5,57.8,57.4

57.56

0.5% chitosan (GROUP 1V)

Microhardness
(VHN)

Mean

55.6,55.7,55.4

55.56

54.6,54.4,54.5

54.5

56.4,56.3,56.2

56.3

55.1,55.3,55.5

55.3

54.8,54.9,54.0

54.56

53.5,53.6,53.2

53.43

52.5,52.6,52.7

52.6
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Results

95% Confidence Interval for

Mean
Mean | Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum [P value
Calcium loss Grp | 15 .32 115 .030 25 .38 0 0
Grp Il 15 2.59 737 190 2.19 3.00 1 4 0.000%
Grp 1l 15 51 167 .043 42 .60 0 1
Grp IV 15 77 116 .030 70 83 0 1
Total 60 1.05 .990 128 .79 1.30 0 4

One-way ANOVA * shows (P <0.05 considered as significant).

Table 1:One-Way ANOVA for the Comparison of different irrigation on calcium loss
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95% Confidence Interval

Dependent Mean
Variable (1) grps (J) grps|Difference (I-J)| Std. Error | p value | Lower Bound | Upper Bound
Calcium loss Grpl Grpll -2.279" 141 .000 -2.65 -1.91
Grp 11 -.196 141 512 -.57 18
Grp IV -.451" 141 012 -.83 -.08
2 1 2.279" 141 .000 1.91 2.65
3 2.083" 141 .000 1.71 2.46
4 1.828" 141 .000 1.45 2.20
3 1 .196 141 512 -.18 .57
2 -2.083" 141 .000 -2.46 -1.71
4 -.255 141 .280 -.63 12
4 1 451" 141 012 .08 .83
2 -1.828" 141 .000 -2.20 -1.45
3 .255 141 .280 -.12 .63

Post-hoc Tukey test

at the 0.05 level.

*. The mean difference is significant

Table 1a : Post-hoc Tukey test for the Intergroup comparison for calcium loss
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95% Confidence Interval for

Mean
Mean | Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum [P value
microhardness  Grp | 15 63.56 1.207 312 62.89 64.22 62 65
Grp Il 15 42.59 2.156 557 41.39 43.78 40 49 0.000*
Grp Il 15 57.99 867 224 57.51 58.47 56 59
Grp IV 15 53.97 1.384 357 53.21 54.74 52 56
Total 60 54.53 7.886 1.018 52.49 56.56 40 65

One-way ANOVA * shows (P <0.05 considered as significant).

Table 2: One-way ANOVA for the Comparison of different irrigation on the micro-hardness of the root dentine.

44




Results

Dependent Mean 95% Confidence Interval
Variable (1) grps (J) grps|Difference (I-J)| Std. Error | p value | Lower Bound | Upper Bound
Microhardness  Grpl Grp Il 20.969" 541 .000 19.54 22.40
Grp 11 5.565" 541 .000 4.13 7.00
Grp IV 9.584" 541 .000 8.15 11.02
2 1 -20.969" 541 .000 -22.40 -19.54
3 -15.405" 541 .000 -16.84 -13.97
4 -11.385" 541 .000 -12.82 -9.95
3 1 -5.565" 541 .000 -7.00 -4.13
2 15.405" 541 .000 13.97 16.84
4 4.019" 541 .000 2.59 5.45
4 1 -9.584" 541 .000 -11.02 -8.15
2 11.385" 541 .000 9.95 12.82
3 -4.019" 541 .000 -5.45 -2.99|

Post-hoc Tukey test

the 0.05 level

Table 2a: Post-hoc Tukey test for the Intergroup comparison for

*. The mean difference is significant at

45

microhardness



Results

Calcium
content microhardness
calcium_content Pearson Correlation 1 -.861"
Sig. (2-tailed) .000
N 60 60]
microhardness  Pearson Correlation -.861" 1
Sig. (2-tailed) .000
N 60 60

**_Correlation is significant at the 0.01 level (2-tailed).

A strong negative correlation existed between the calcium loss and reduction in the microhardness of root dentin (r = -0.861) which was found to
be highly
significant (p < 0.001)

Table 3: Pearson correlation between calcium loss and microhardness
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Results

Comparsion of different irrigation on calcium loss was done by one way ANOVA as shown
in Table 1 & Graph 1. (P <0.05 considered as significant). Statistically significant difference

was seen between all the groups.

Intergroup comparison for calcium loss was done by Post-hoc Tukey test as shown in Table

l1a. (The mean difference is significant at the 0.05 level).

While comparing the groups,

1. Group I (control), with group II, IlI, IVV/ Experimental groups (17% EDTA, 0.2%
chitosan and 0.5% chitosan), the results showed stastistically significant difference
between group Il and 1V (17% EDTA and 0.5% chitosan) but not stastistically
significant difference was seen in group 111 (0.2% chitosan).

2. Group Il (17% EDTA) with group I, Ill, 1V (control, 0.2% chitosan and 0.5%
chitosan), stastistically significant difference was seen between group I, I, IV (17%
EDTA, 0.2% chitosan and 0.5% chitosan).

3. Group Il (0.2% chitosan) with remaining groups (control, 17% EDTA and 0.5%
chitosan), stastistically significant difference with 17% EDTA and control group but
not stastistically significant difference with 0.5% chitosan.

4. Group IV (0.5% chitosan) with remaining groups (control, 17% EDTA and 0.2%
chitosan), stastistically significant difference was seen between control and 17%

EDTA but not stastistically significant difference with 0.2% chitosan.
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Results

Comparison of effect of different irrigation on the micro-hardness of the root dentine was
done by one way ANOVA as shown in Table 2 & Graph 2. (P <0.05 considered as

significant).Statistically significant difference was seen between all the groups.

Intergroup comparison for micro-hardness of root dentin using Post-hoc Tukey test were

shown in Table 2a ( The mean difference is significant at the 0.05 level).

While comparing the groups,

1. Group I (control) with Experimental groups (17% EDTA, 0.2% chitosan and 0.5%
chitosan), the results showed stastistically significant difference between all the
groups.

2. Group 2 (17% EDTA) with remaining groups (control, 0.2% chitosan and 0.5%
chitosan), stastistically significant difference was seen between all the groups

3. Group 3 (0.2% chitosan) with remaining groups (control, 17% EDTA and 0.5%
chitosan),stastistically significant difference between all the groups was noticed.

4. Group 4 (0.5% chitosan) with remaining groups (control, 17% EDTA and 0.2%

chitosan), they showed stastistically significant difference between all the groups.

Pearson correlation between calcium loss and microhardness shown in Table 3 & Graph 3. [
** correlation is significant at the 0.001 level (2-tailed)]. A strong negative correlation
existed between the calcium loss and reduction in the microhardness of root dentine (r = -

0.861) which was found to be highly significant (p < 0.001).
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Discussion

DISCUSSION

Dentine consists of organic and inorganic contents. The inorganic content consists of
hydroxyapatite crystals. These hydroxyapatite crystals consists of calcium and phosphorus
and its ratio about approximately 1.67. Calcium and phosphorus ratio in hydroxyappatite
crystals are determined by many factors like crystals type, mineralization level, tissue age and

its anatomic site (1.

In root canal treatment, chemicomechanical preparation plays an important role in removing
the necrotic debris, pulpal remnants and also for the removal of smear layer. Instruments
were used to remove the contents physically where as the, irrigating solutions helps in
flushing of loosened debris and also dissolves these contents from inaccessible areas of

complex root canal system 91,

Sodium hypochlorite acts upon the organic component and chelating agents acts on inorganic
component of dentine. These irrigating solutions may causes changes in the surface
morphology of dentin which in turn affects the physical, chemical and mechanical properties
of dentine. Changes in Ca/P ratio after the chemical alteration by using the irrigating
solutions change the composition of organic and inorganic part of dentine which in turn leads

to reduction in microhardness and also changes permeability and solubility of dentine [,

There is a positive correlation exists between mineral content and microhardness of dentine.
So microhardness evaluation helps us to determine the mineral gain or loss in dentin which is

the indirect evidence 9.

As we known from previous studies, it has been concluded that 17% EDTA and 15% citric
acid had extracted maximum amount of calcium when compared with 5.25% NaOCI 24, On

comparing the effect of 17% EDTA with QMIX , tamarindus indica, tea tree oil, 17% EDTA
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Discussion

had more microhardness reduction[?®l. In comparing the solution and gel form of 15% EDTA
with 10% citric acid and 5% maleic acid, 10% citric acid showed more microhardness
reduction than 5% maleic acid . On comparing the different irrigating agents like 17%
EDTA, Bio Pure MTAD, NaOCl and CHX , it has been proven that 17% EDTA had more

microhardness reduction 319,

Even the chelating agents when used with lasers and surface modifiers, 17% EDTA with
laser had more reduction in microhardness when compared with ultrasonic agitation, surface
modifiers doesn’t have any effect on dentine microhardness reduction®®**, In contradictory
study, by Flavia emi razera et al, more microhardness reduction in citric acid and 1%

peracetic acid than 17% EDTA B11,

From the previous studies, it has been concluded that 17% EDTA had maximum calcium
loss and maximum microhardness reduction by increasing the time of immersion.It has been
proved that EDTA most commonly used chelating agents had more microhardness reduction

and more calcium loss from root dentin and also causes dentin erosion 12381

Chitosan is naturally available polysaccharide, used at the lower concentration of 0.2% and
0.5% , removes the smear layer as effectively as 17% EDTA. Some authors suggested that it
causes less dentinal erosion and its more biocompatible with less alteration of dentine
microhardness at the 0.2% concentration when compared with 17% EDTA %, Its used in the

many fields of dentistry because of its anti-bacterial and anti- fungal properties [*°.

While comparing the effect of 17% EDTA, Etidonic acid, phytic acid and 0.2% chitosan on
dentine microhardness,17% EDTA showed maximum reduction in dentin microhardness

when compared with 0.2% chitosan 27391,
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Gusiyska A et al, compared the smear layer removal and dentine erosion of 0.6% chitosan-
citrate and 17% EDTA, showed that smear layer removal between 0.6% chitosan-citrate and
17% EDTA were similar but dentinal erosion by 17% EDTA were significantly higher when

compared with 0.6% chitosan- citrate 1,

Some of the contradictory studies, stated that 17% EDTA and 0.2% chitosan showed more
microhardness reduction in root dentine when compared with 3% NaOCI ?°!. Root canal
demineralization were higher in 15% EDTA and 0.2% Chitosan when compared with 10%

Citric acid and 1% acetic acid ™®!,

There are different methods in evaluation of demineralization by different irrigating solutions
like flame photometry, atomic adsorption spectrometry, complexometric titration with
EDTA, energy dispersive spectrometer, scanning electron microscope, Fourier Transform

Infrared (FTIR), Inductively coupled plasma-atomic emission spectroscopy (ICP-AES) 23],

In this study, we have used Inductively Coupled Plasma - Mass Spectroscopy (ICP-MS) to
evaluated the demineralization effect of different chelating agents and to measure calcium
concentration in the irrigating solution after irrigation with samples. This techniques
expressed the calcium content in parts per billion (ppb). It is a type of emission spectroscopy
that uses the inductively coupled plasma, produces excited atoms and ions which emit
electromagnetic radiation at wavelengths that is characteristic of a particular element. This is

more advanced technique than Atomic absorption spectroscopy [2°1,

In our study, Microhardness reduction of root dentine after irrigation with treatment groups
were evaluated by Vickers Microhardness tester. This gives the evidence of loss of minerals

indirectly.
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About to our knowledge, there is no study compared the 17% EDTA, commonly used
chelating agent with different concentration of Chitosan on calcium loss and microhardness

of root dentine.

In comparing the different concentration of chitosan i.e, 0.2% and 0.5% chitosan on smear
layer removal and surface roughness with 17% EDTA , it has been proven that no significant
difference in different concentration of chitosan for smear layer removal but the surface
alteration was more in 17% EDTA % In our study, the different concentration of chitosan

on calcium loss and its effect on microhardness with 17% EDTA was evaluated.

Our results showed that calcium loss by 17% EDTA group was more when compared with
NaOCl,0.2% chitosan and 0.5% chitosan. There was no significant difference between
different concentration of chitosan in calcium loss. In Microhardness reduction,17% EDTA

showed more reduction in comparing with different concentration of chitosan.

Negative correlation exists between calcium loss and microhardness of root dentine. When
the calcium loss increased, microhardness of root dentine was reduced. Results of present
study stated that, there is no significant difference in calcium loss between different
concentration of chitosan but there is significant difference in microhardness reduction
between different concentration of chitosan. This may be due to other mineral ion loss like

phosphorus and magnesium which is also the part of the inorganic portion of dentin 2,

In present study, we have evaluated only the calcium loss and it’s effect on dentine
microhardness by the different chelating agents. Further studies are needed to evaluate the

other mineral ion loss and its correlation with properties of root dentine.
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Summary

SUMMARY

The present study was conducted in the Department of Conservative Dentistry and
Endodontics, KSRIDSR which has been approved from Instiututional review board. Thirty
single rooted teeth were taken. They were decoronated, coronal third of the root were taken
and divided longitudinally, so that totally sixty samples. They were divided based on the
irrigating solutions used (n=15). Irrigating solutions were 17% EDTA, 0.2% and 0.5%
chitosan. After immersion in the respective irrigating solution for particular period of time,
the irrigated solutions were collected and centrifuged, 10ml of total elute were subjected to
Integrated plasma mass spectrometry (ICP-MS) to evaluated the calcium loss. The same teeth

samples were subjected to Vickers Hardness tester to evaluate the microhardness.

The findings of the present study was summarized as follows

1. There was statistically significant difference in calcium loss between 17% EDTA and
different concentration of chitosan

2. There was no statistically significant difference in calcium loss between the
concentration of chitosan

3. There was statistically significant difference between different concentration of
chitosan in microhardness reduction.

4. Negative correlation exists between calcium loss and microhardness of root dentine.
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Conclusion

CONCLUSION

The following inference has been derived from this study.

e 17% EDTA showed more calcium loss and more microhardness reduction when
compared with 0.2% and 0.5% chitosan.

e In calcium loss, no significant difference between different concentration of chitosan,
whereas in microhardness reduction, the difference exists in the concentrations.

e Chitosan is better alternative chelating agent with less calcium loss and microhardness

reduction when compared with most commonly used chelating agent 17% EDTA.
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