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Aim:The Aim of this study is to evaluate and compare the effect of 17% liquid EDTA, 
16% Sodium Gluconate and 9% HEBP on the microhardness of root dentin. Materials and 
Methods:Thirty mandibular premolars were selected and randomly assigned to one of the three 
groups(n = 10). Decoronate the teeth up to CEJ, specimens were prepared up to F3 (ProTaper 
Universal). Specimens were sectioned longitudinally to expose root dentin surface. The test 
group was one half, and the control group was the other half. Group 1: 17% liquid EDTA, 
Group 2: 16% Sodium gluconate, and Group 3: 9% HEBP. Measurement of microhardness was 
done using Vickers indenter with a load of 200 g and a holding time of 10 seconds.  Statistical 
analysis: The data obtained was Statistical analyzed by using one-way ANOVA and post-
hoc Tukey test at P ≤ 0.05. Results: The mean difference in microhardness of EDTA is more 
followed by sodium gluconate and HEBP. Conclusion:Using all three chelating agents resulted 
in a noticeable decrease in microhardness. HEBP, on the other hand, reduced microhardness the 
least and may be a useful chelating agent in endodontics.
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Introduction
Instrumentation of the root canal by using rotary or hand files 
finally leads to the formation of a smear layer which consists 
of organic and inorganic debris along with the bacteria and 
their byproducts which are already present in the infected root 
canal space.1Mechanical instrumentation of the root canal 
system generates a smear layer of 1–5 µm thickness on the 
canal walls.2A combination of instrumentation along with the 
use of irrigants has been suggested to remove the smear layer. 
The protocol for smear layer removal is by continuous rinsing 
using 0.5%–5.25% sodium hypochlorite (NaOCl) followed 
by 17%ethylenediaminetetraacetic acid (EDTA).3A single 
endodontic irrigant do not have all of the ideal properties of an 
ideal irrigant.Therefore, a combination of irrigating solutions 
are often used sequentially for adequate removal of the smear 
layer.4

The smear layer blocks and prevents the complete penetration 
of the intracanal medicaments into the dentinal tubules. 
Moreover, it prevents the adherence of the obturating materials 

into the dentinal tubules.5 The use of other irrigants such as 
sodium hypochlorite along with chelating agents such as 
ethylenediaminetetraacetic acid (EDTA), citric acid and 
maleic acid are routinely used to eradicate the smear layer. 
However, these irrigants can cause alterations in the chemical 
structure of human radicular dentin and change the calcium: 
phosphorous ratio of dentin of the root canal, thus affecting its 
microhardness.6

EDTA is an effective and strong chelating agent and its 
efficiency mainly depends onfactors such as concentration,type 
of solution, root canal length, duration of applicationand 
hardness of root dentin.7It demineralizes the inorganic 
components of the root dentin and the smear layer, which 
results in exposure of the collagen.3It causes dentinal erosion 
when used in combination with sodium hypochlorite thereby 
decreasing the dentin microhardness.8

A derivative of gluconic acid obtained from Zea mays (Corn) 
is sodium gluconate which is also used as a chelator.9It 
has a wide range of applications ranging from cosmetics to 
pharmaceuticals due to its chelating ability on calcium and 
other divalent & trivalent metal ions.10Its chelating ability at 
an alkaline pH is comparable to that of EDTA.11

A soft chelating irrigation protocol with bisphosphonates 
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such as 1hydroxy ethylidene1, 1bisphosphonate (HEBP) also 
known as etidronic acid or etidronate, has been introduced as 
a potential alternative to EDTA or citric acid because of its 
chelating ability. Also, unlike other chelating agents, it does 
not have shortterm reactivity with sodium hypochlorite.12

The Aim of this study is to evaluate and compare the effect of 
17% liquid EDTA, 16% Sodium Gluconate and 9% HEBP on 
the microhardness of radicular dentin.

MATERIALS AND METHODS
Thirty single rooted human mandibular premolars with single 
root canals which were freshly extracted and devoid of any 
caries, fracture, or previous restorations/filling were drawn and 
assigned to one of the three groups:

Group 1: 17% liquid EDTA (DENT WASH, PRIME DENTAL 
PRODUCTS, India)

Group 2:16% Sodium gluconate (BRM SOLUTIONS, India)

Group 3: 9% HEBP (TWIN KLEEN, MAARC DENTAL, 
SHIVA PRODUCTS, India).

Biomechanical preparation of root canal

Using a slow-speed diamond disc and abundant water 
irrigation, the chosen specimen was decorated at the 
cementoenamel junction. To determine the working length, 
a size 10 K file (Mani, Japan) was used to access the root 
canal of each specimen. Following each instrumentation, the 
canals were irrigated with 3% sodium hypochlorite (Prime 
Dental Products, India) and prepared up to file F3 (ProTaper 
Universal, Dentsply Maillefer, Switzerland). To get rid of any 
remaining sodium hypochlorite and debris from the root canal, 
a final flush with deionized water was performed.

Preparation of the specimens

After placing grooves along the long axis of the roots using 
a diamond disc mounted on a slowspeed handpiece under 
copious water irrigation, the roots were then bisected in two 
halves longitudinally by chisel and mallet. One half, which 
served as a control for the other half, was treated with the test 
solution.

Microhardness evaluation before exposure

Prior to each sample being exposed to the test solutions, its 
microhardness was assessed. A Vickers tester was used to 
measure the microhardness of dentin surface around 0.5 mm 
from the root canal space using an indenter that was loaded 
with 200 g and held for 10 seconds. This indentation is then 
utilized to determine the Vickers hardness number.

Preparation of test solutions

In this study, 17% liquid EDTA (Dent Wash, Prime Dental 
Products, India), 16% Sodium gluconate which was prepared at 
a concentration of 16% by dissolving 16 g of sodium gluconate 
powder in 100 ml of sterile water stabilized to a pH of 9 with 
1 ml 0.1 N NaOH and a solution of 9% of HEBP (Twin Kleen, 
Maarc dental, Shiva Products, India) was freshly prepared to 
use according to manufacturer’s instructions.

Microhardness evaluation after exposure

The specimens were immersed in the appropriate test solution 
for five minutes. To get rid of any remaining test solution, 
the specimens were given a final washing with deionized 
water. Following exposure to the test liquids, each sample’s 
microhardness was assessed. The difference between the 
baseline and post-treatment values was used to compute the 
change in microhardness.

Statistical Analysis

The resultant data obtained were Statistical analyzed by 
using one-way ANOVA and post-hoc Tukey test. The level of 
significance was set at P ≤ 0.05.

RESULTS
The results were tabulated. 

Table 1 shows difference between the groups and also within 
the group. 

Table 1.  ANOVA TEST (Group A vs Group B vs Group C)

Sum of 
Squares df Mean 

Square F P 
Value

Between 
Groups 115.267 2 57.633

3.973 0.031*Within 
Groups 391.700 27 14.507

Total 506.967 29

Table 2 shows Pairwise comparison of mean difference in 
microhardness.

•	 The mean difference in microhardness between test 

and corresponding control groups was statistically 
significant in HEBP group vs EDTA group (Group C < 
Group A) (p=0.035).

•	 The least mean difference in microhardness between 
test and corresponding control groups was found in the 
HEBP group, followed by sodium gluconate group and 
EDTA group (Group C < Group B ≈ Group A).

•	 No statistically significant difference was found in 
the mean difference of microhardness between test 
and control groups in the EDTA group vs Sodium 

Table 2. POST HOC TUKEY’s HSD TEST: Pairwise comparison of mean difference in microhardness 

(I) Group (J) Group Mean Difference 
(I-J) Std. Error P Value

95% Confidence Interval
Lower Bound Upper Bound

EDTA Sodium Gluconate 0.800 1.703 0.886 -3.42 5.02
HEBP EDTA 4.500* 1.703 0.035* .28 8.72

Sodium Gluconate HEBP 3.700 1.703 0.094 -.52 7.92



www.journalijcar.org                                           International Journal of Current Advanced Research Vol.14 Issue 12, pp.583-586 December 2025

585

Gluconate group (Group A ≈ Group B) (p=0.886); and 
HEBP vs Sodium Gluconate group (Group B ≈ Group 
C) (p=0.094).

Fig.1. Armamentarium

Fig.2. Longitudinal sections for each group 

DISCUSSION
According to the modern methods of chemomechanical 
preparation, it is necessary to use chemicals on the prepared 
or instrumented root canal surfaces for complete removal of 
the smear layer. In this study, all the chelating agents showed 
some reduction in microhardness.

A bisphosphonate with calcium chelating qualities, HEBP 
shares structural similarities with the natural pyrophosphate 
molecule and has two phosphonate groups. These two 
phosphonate groups are attached to a central carbon whereas 
the pyrophosphate molecule has central oxygen. It is this three 
dimensional pyrophosphate structure which is responsible for 
the chelating property with divalentcations such as calcium. In 
our study, HEBP shows less reduction in microhardness when 
compared to control group. This can be ascribed due to the large 
amount of intertubular dentin area which becomes available 
for hybridization when a soft chelator is used.12Furthermore, 
of all the test solutions utilized, it can account for the least 
amount of microhardness loss because it partially depletes the 
surface calcium. As this HEBP being a slow chelator, the time 
required for its action is about 300s.13

Sodium gluconate is a polyhydroxycarboxylic acid, and its 
chelating ability depends on the pH of the surrounding. Its 
chelating property increases as the pH of the surrounding 
increases.Its calcium-chelating ability is through the carboxylic 
oxygen atom and the α-hydroxylic ligand.14It can chelate 
trivalent ions such as iron strongly in neutral conditions but 
bivalent metallic ions like calcium require a strongly alkaline 

pH. The high alkaline pH is necessary to release protons from 
the hydroxyl groups, thereby creating anionic centres in the 
molecule which are known to bind metals strongly.

Sodium gluconate was utilized in this investigation at an ideal 
pH of 9, where it produces a calcium gluconate complex only 
through the carboxylic oxygen atom since the pH is too low 
to allow the formation of anionic centres. This phenomenon 
has led to the selected chelating ability of sodium gluconate 
to chelate divalent ion such as calcium. Additionally, the 
decalcification effect of these chelating agents on dentin was 
assessed indirectly using microhardness testing, which showed 
that sodium gluconate surpassed EDTA due to a much smaller 
drop in dentine microhardness.15

EDTA has been regarded as the most widely used chelating 
agent for many years for removal of the inorganic debris 
from the root canal. Because of its chelating ability, EDTA 
exhibits a greater decrease in dentin microhardness in this 
study than other substances. Although several theories have 
been proposed to explain this phenomenon, one of the most 
accepted theories is crystalline field theory, according to this, 
there exists a purely electrostatic force of attraction between 
the central metal and the ligand. The force of attraction exerted 
by the central metal ions is greater than the repulsive force 
from the atoms of the EDTA molecule. Carboxyl groups which 
are present in the EDTA molecule are ionized and release 
hydrogen atoms and these anionic sites further compete with 
calcium ions thus forming a stable complex with calcium 
ions in dentin.16 Furthermore, EDTA softens the calcified 
structures present in dentin and is the major adverse effect of 
it, which results in reduction in microhardness of radicular 
dentin. Additionally, applying EDTA to dentin for an extended 
length of time (>1 minute) might cause negative consequences 
such as dentinal erosion and the breakdown of intertubular and 
peritubular dentin.17

Since there is currently no agreement in the literature about 
the use of these chelating agents, the time for all test solutions 
used in this study was fixed at five minutes.

One of the most basic nondestructive mechanical 
characterisation techniques is the measuring of a material’s 
hardness. Dentin’s microhardness can be measured using two 
different techniques (Knoop and Vickers). In tooth hardness 
research, it has been suggested that the Vickers indenter is 
more beneficial than the Knoop.18

The study’s potential drawback may be that, because it was 
conducted in vitro, a smaller volume of irrigant was used 
during the root canal therapy process than when the specimen 
was submerged. Nonetheless, similar outcomes between 
the other irrigants were made possible by the application of 
uniform conditions.

CONCLUSION

HEBP proved to be a better chelating agent as compared to 
EDTA and sodium gluconate as it caused a low reduction in 
the microhardness of dentin apart from its other benefits. This 
effect on the microhardness of the dentin might also translate 
into a higher fracture resistance of the teeth treated with HEBP.
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