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Objectives The aim of this study was to evaluate the effects of 2% chlorhexidine glu-
conate (CHG) and 2% sodium fluoride (NaF) as endodontic irrigants on microhardness 
of root dentin.
Materials and Methods In this in vitro study, access cavity and root canal prepara-
tions were done on 24 freshly extracted anterior teeth. After sectioning into 24 dentin 
discs using hard tissue microtome in 2 mm thickness, all samples were immersed in 
solutions of 17% ethylenediamine tetra-acetic acid (EDTA) (2 minutes) followed by 2.5% 
of sodium hypochlorite (NaOCl) (10 minutes). Then samples were randomly divided 
into three groups based on the irrigant used: Group I: saline (control group); Group II: 
2% NaF; Group III: 2% CHG for two minutes each. Dentin microhardness was measured 
before (pretreatment), during (after treatment with 17% EDTA and 2.5% NaOCl), and 
after the experimental period (after treatment with saline, 2% NaF, and 2% CHG) using 
a Vickers indenter. Statistical evaluation of the data was done using one-way analysis 
of variance (ANOVA) and the Student’s t-test, and the values are tabulated.
Results Specimens rinsed in 2% CHG showed a significant increase in Vickers hard-
ness number (VHN) values (p < 0.05), as compared with EDTA and NaOCl groups, 
whereas saline and 2% NaF groups showed no significant difference.
Conclusions NaF did not show any significant effect on microhardness of the root den-
tin. CHG as an irrigant was seen to have a strengthening effect on dentin microhardness 
in comparison to NaOCl and EDTA, which has decreased the strength of root dentin.
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Introduction
The strength of remaining dentin in the crown and root as 
well as better quality of postendodontic restoration is respon-
sible for achieving treatment of root canal in a successful 

manner.1 It includes that a tooth is subjected for loss of radic-
ular as well as coronal tissue because of performed end-
odontic treatment, pathology, or restorative processes 
previously.1 However, it has been analyzed that different root 
canal irrigants have dissolution effects, which results into 
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softened dentin which is considered as nonsupportive and 
weak structural manner that tends for fracture easily.2

It is observed that there are different types of risk factors 
in regard to fracture predilection for teeth that is treated 
endodontically among which endodontic irrigants as well 
as medicaments have important role on dentin.3 It is neces-
sary to carry out elimination of necrotic and vital remnants 
related to microorganisms, microbial toxins, and pulp tissues 
from the root canal system in respect of attaining success of 
endodontic treatment,4-6 the complete cleaning and shaping 
of the root canal is not possible due to the nature of root canal 
anatomy which is intricate. Meanwhile, it has been evaluated 
that irrigation can be considered as a significant part of root 
canal debridement as it is responsible for allowing to clean 
beyond about the aspects that might not be attained com-
pletely via the instrumentation of root canal alone.7-10 In the 
context of history, it is observed that an aqueous solution of 
countess compounds can be utilized either as a subsequent 
or final rinse solution, or as a primary rinse solution.11-13

The canal irrigant that is most widely utilized is sodium 
hypochlorite (NaOCl). It can be used at different levels of concen-
trations that are in the range of 0.5 to 5.25%. Basically, this irrig-
ant has an effective property of disinfecting as well as dissolving 
tissues, and it can be considered as a cytotoxic compound for 
peri-radicular and vital tissues, respectively.14 Meanwhile, it 
is observed that an amorphous layer has been formed which 
is called as a smear layer and deposited on the walls of root 
canal at the time of biochemical instrumentation. Besides the 
fact that NaOCl is considered as the most desirable single end-
odontic irrigant, it has been evaluated that it is not efficient in 
respect of dissolving inorganic dentin particles which is known 
as an element smear layer developed with the help of root canal 
instrumentation.14 However, it includes the fact that around 
17% ethylenediamine tetra-acetic acid (EDTA) can be used in 
a combination with NaOCl in respect of gaining a synergistic 
effect.15 This compound is known be a chelating agent which is 
helpful in the removal of calcium ions for demineralization of an 
inorganic element of dentine. EDTA cannot be used alone as it 
cannot facilitate the removal of smear layer in a complete way. 
Moreover, it is observed that using a combination of EDTA and 
NaOCl is suitable in terms of removing both the organic as well 
as inorganic components in an effective manner.16,17

The salt chlorhexidine is being used historically since 1950s 
as an oral antiseptic substance for toothpaste, chewing gum, 
and mouthwash.18 This compound is prescribed by dentists 
as a potential irrigant, attributable for its unique capability to 
bind dentin. It is known to be an effective antimicrobial agent 
along with having substantivity in the root canal system as 
well as relevant noncytotoxic.19 It is observed that fluoride can 
be considered an instrumental element in caries prevention 
along with its property of high affinity in respect of calcified 
tissues. Meanwhile, it has been analyzed that limited scien-
tific data are available in regard to long-term utilization of flu-
oride, about its impact on patterns of dentin mineralization, 
as well as microhardness. It is known to have vital significance 
in order study about the effects of fluoride on microhard-
ness that has potential in terms of influencing the quality of 
tooth along with its strength as well as integrity.20 However, 

it includes the compound of sodium fluoride (NaF) which is 
famous for its effects regarding demineralization on initial 
lesions of carious and bleached teeth.21 Furthermore, the 
given research has been performed to analyze the role of NaF 
as a root canal irrigating solution by considering the benefi-
cial impacts of this compound on dentin.

The investigation related to physical properties of sub-
stances and measurement of hardness of teeth can be per-
formed with the help of microhardness tests. It includes the 
study about microhardness of the root surface of a tooth 
and is considered as vital due to its suggestion about wear 
suffered through the root surfaces at the time of irrigation 
processes with several irrigants being used during the root 
canal treatment.1 Meanwhile, it includes the most common 
method that can be used for conducting the evaluation of 
microhardness of root canal dentin that is known as Vickers 
microhardness test. As per this study, it has been found that 
hardness number can be defined with the help of ration 
among indentation load and the area of residual impressions 
which generally depends upon the indenter shape.22

Ideally, an irrigant should exhibit all the favorable char-
acteristics without altering the physical and chemical prop-
erties of dentin. But studies show that these commonly used 
irrigating solutions might yield adverse effects in the phys-
ical and chemical properties of dentin, including its micro-
hardness. Hence, it is suggested that sound reasoning of not 
only which chemicals and at what concentrations eliminates 
the microbes, but also their effects on the biological substrate 
(root dentin) and their consequences are important to strike 
a predictable success in endodontic treatment. Thus, the aim 
of this in vitro study was to evaluate the effect of 2% chlorhex-
idine gluconate (CHG) and 2% NaF as endodontic irrigating 
solutions on microhardness of root dentin.

Materials and Methods
This is an in vitro study conceptualized in the collaboration 
between three teaching Institutions/Universities, that is, 
(1) Rajiv Gandhi University of Health Sciences, Bengaluru, 
Karnataka, India, (2) Prince Sattam Bin Abdulaziz University, 
Al-Kharj, Saudi Arabia, and (3) King Faisal University, Al-Ahsa, 
Saudi Arabia). This experiment was conducted in the depart-
ment of conservative dentistry and endodontics Al-Badar 
Rural Dental College and Hospital, Kalaburagi, Rajiv Gandhi 
University of Health Sciences, Bengaluru, Karnataka, India. 
This being an in vitro study, Institution Ethical Clearance 
(IEC) was not required. In our college, IEC is provided only 
for in vivo studies; however, permission was obtained from 
the concerned committee of the college before the com-
mencement of the study. For the purpose of standardiza-
tion, 24 freshly extracted central incisors and canines were 
selected, which were extracted for periodontal and traumatic 
reasons. The selected teeth were collected over a period of 
time and stored in 10% formalin at room temperature until 
the study was conducted. It was ensured that there was an 
absence of any cracks or carious defects, especially within 
the root portions of all the selected teeth. Debris and soft tis-
sue remnants on the root surfaces were cleaned with a sharp 
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scalpel; care was taken to ensure no excessive force were 
exerted while cleaning, and specimen were also inspected 
for cracks thoroughly after cleaning.

Irrigating solutions that were used in the study include:

1. 2.5% NaOCl.
2. 17% EDTA.
3. Normal saline.
4. NaF: 2% NaF was prepared by diluting a measured amount 

of 2 mg of crystals of NaF salt with 200 mL of distilled 
water to produce a concentration of 2% NaF.

5. 2% CHG.

Vickers Indenter
Dentin microhardness was measured before the specimens 
were subjected to the irrigants, during, and after the exper-
imental period using Vickers indenter. The pyramidal probe 
marked a diamond-shaped indentation on the dentin surface 
with a load of 200 gm for a dwell time of 20 seconds at 500 and 
1,000 µm from the pulp dentin interface. The average length 
of the two diagonals was used to calculate the microhardness 
by the inbuilt software of the Vickers indenter.

Preparation of the Specimen
After conventional access preparation, pulp tissues were 
extirpated from the central incisors and canines. Step back 
technique was used to enlarge the root canals up to size 
#50 K File (DENTSPLY Maillefer). The coronal and middle 
thirds of all canals were flared with no. 3 Gates-Glidden 
drills. During instrumentation, the root canals were copi-
ously irrigated with normal saline for each file used. Upon 
completion of the endodontic preparation, the teeth were 
sectioned transversally from the middle third of the root 
in 2 mm thickness using hard tissue microtome to produce 
a total of 24 dentin discs. The specimens were mounted in 
acrylic resin, leaving their dentin exposed to facilitate the 
irrigation procedures. The dentin surface of the mounted 
specimens was then grounded flat and smooth with a series 
of silicon carbide abrasive sandpaper discs (500; 800; 1,000; 
1,200; 1,500; and 2,000 grit) under distilled water. Next, the 
mounted dentin discs were polished with the composite pol-
ishing kit. Thus, it was ensured that all the specimen were 
smooth without cracks or any other surface defects.

First Phase of the Experiment (After Treatment 
with 17% EDTA and 2.5% NaOCl)
The experiment was conducted in two phases. During the first 
phase, the microhardness of the specimens was first measured 
with Vickers indenter at the baseline before subjecting to any 
irrigants. The entire specimens were immersed in solutions 
of 17% EDTA (2 minutes) followed by 2.5% of NaOCl (10 min-
utes). The microhardness of these specimens was measured 
with Vickers indenter after washing away the remnants of 
EDTA and NaOCl with normal saline. Vickers hardness number 
(VHN) for specimens at the baseline and after treating with 
17% EDTA and 2.5% NaOCl were tabulated. The values are rep-
resented in ►Table 1. Generalized reduction in microhardness 
in specimens treated with EDTA and NaOCl was noted. The 
diamond-shaped indentations obtained on the dentin surface 

of the specimen of the control group and the group treated 
with EDTA and NaOCl is shown in ►Fig. 1A and 1B .

A Second Phase of the Experiment (After Treatment 
with Saline, 2% NaF, 2% CHG)
Specimens randomly divided into three groups:

1. Group I control group, was immersed in saline (n = 8)
2. Group II treated with 2% NaF (n = 8)
3. Group III treated with 2% CHG (n = 8)

All the groups were immersed in the irrigating solutions 
for two minutes and the microhardness of these specimens 
were measured with Vickers indenter similarly as described 
above. Representative images of VHN indentations for spec-
imens after treating with saline, 2% NaF, and 2% CHG are 
shown in figures (►Fig. 2A–C).

Results
Statistical evaluation of the data was done using the one-way 
analysis of variance (ANOVA) and the Student’s t-test. Sample 
size was restricted to less than 30, so that paired t-test can 
be applied for comparison for two groups. A total of 95% was 
the power of the study, and 5% was the level of significance. 

Table 1  Mean value, standard deviation (SD), and t-value of 
surface hardness measurements (VHN) before treatment (control 
group) and after treatment with 17% EDTA and 2.5% NaOCl

Pretreated (control 
group)/before the 
treatment

After treatment 
(group) with 17% EDTA 
and 2.5% NaOCl

Mean 50.32 47.7693

SD 2.3903 4.0581

t-value= 2.8736

Abbreviations: EDTA, ethylenediamine tetra-acetic acid; NaOCl, 
sodium hypochlorite.

Fig. 1 (A) Pretreatment control group. (B) Group treated with ethylenedi-
amine tetra-acetic acid (EDTA) and sodium hypochlorite (NaOCl).

Fig. 2 (A) Group I—control/saline. (B) Group II—treated with 2% 
sodium fluoride (NaF). (C) Group III—treated with 2% chlorhexidine 
gluconate (CHG).
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The data were tabulated for statistical analysis using the 
SPSS computer software. A descriptive analysis was com-
puted as the frequency of each score for each tested group. 
Comparative VHN values for pretreated (control group) and 
after-treated group with 17% EDTA and 2.5% NaOCl, the mean 
value, standard deviation (SD), and t-values of specimens 
before and after treatment with EDTA and NaOCl was calcu-
lated and the t-value was 2.8736 as shown in (►Table 1).

Inference

1. The calculated t-value exceeds the critical value 
(2.8736>2.16), so the means are significantly different.

2. Group treated with EDTA and NaOCl showed a statisti-
cally significant difference in VHN, as there is a decrease 
in microhardness when compared with the pretreatment 
(control group).

Here t-value obtained was statistically significant. 
Therefore, there is a significant difference in microhardness 
values of the specimen calculated before the experiment and 
on treating with EDTA and NaOCl, indicating dentin demin-
eralization due to demineralizing effects of both the irrigants 
(EDTA and NaOCl).

Specimens that have been randomly divided into 
three groups, with each group consisting of eight random 
specimens are shown in ►Table  2. Mean value, SD, and 
t-value in VHN for three groups, that is, after treatment with 
saline (control group), 2% NaF, and 2% CHG are shown in 
►Table 3, and comparison and statistical analysis of all the 
three groups is shown in ►Table 4.

Inference

1. t-values of 1.18 and 0.75 (<2.145 for p = 0.05) for Group 
I and Group II were obtained, showing that there is no 
statistically significant difference in the VHN for Group I 
and Group II.

2. t-values of 14.48 (> 2.145 for p = 0.05) for the third group 
were obtained, showing that there is a statistically signifi-
cant difference of VHN in Group III.

3. The (ANOVA value) f-ratio value was 126.09534, the result 
was significant at P<0.05.

4. Similarly, there was no statistically significant difference 
in the VHNs for Group I and Group II in comparison with 
the group treated with EDTA and NaOCl.

5. But Group III showed a statistically significant difference 
in the VHN, as there is an increase in microhardness val-
ues in comparison with the group treated with EDTA and 
NaOCl.

Thus it can be concluded that among all the groups tested, 
the specimens after treatment with NaOCl and EDTA exhib-
ited lower hardness values in comparison with their pre-
treatment readings, indicating dentin mineral loss due to 
the demineralizing effects of both the irrigants, whereas in 
comparison the specimens after respective treatment with 
saline and 2% NaF did not show any significant difference 
in microhardness of root canal dentin indicating a neutral 
effect of these irrigants on the dentin surface, whereas 2% 
CHG exhibits an increase in the microhardness of root canal 
dentin in comparison with their pretreatment readings, 
indicating a strengthening of the dentin surface.

Table 2  Specimens have been randomly divided into three groups, with each group consisting of eight random specimens

After treatment with saline, 2% NaF, 2% CHG

S. no. of the 
specimen

Group I (saline) S. no. of the 
specimen

Group II (2% NaF) S. no. of the 
specimen

Group III
(2% CHG)

1 59.55 2 44.39 3 70.26

4 58.90 5 50.56 6 68.48

7 55.98 8 44.36 9 65.21

10 50.16 11 46.37 12 72.11

13 50.93 14 49.16 15 67.92

16 51.12 17 46.19 18 66.34

19 54.62 20 48.45 21 71.23

22 53.88 23 46.93 24 70.85

Abbreviations: CHG, chlorhexidine gluconate; NaF, sodium fluoride.

Table 3  Mean, standard deviation (SD, and t-value in the VHN for three groups (after treatment with saline (control group), 
2% sodium fluoride and 2% CHG)

Group I (saline) Group II (2%NaF) Group III (2% CHG)

Mean 54.39 47.05 69.05

SD 3.59 2.21 2.46

t-value 1.18 0.75 14.48

Abbreviations: CHG, chlorhexidine gluconate; NaF, sodium fluoride; VHN, Vickers hardness number.
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Discussion
There is consistently a continuous debate going on regard-
ing the ideal sequence of irrigants to accomplish through 
debridement of the root canal system.23 NaOCl has been a 
gold standard endodontic irrigation solution which is being 
used since long time because of its excellent antimicrobial 
properties, debridement, lubrication, and dissolution of 
necrotic tissues.24,25 Results of the present study concludes 
that endodontic irrigating solutions like NaOCl and EDTA 
during cleaning and shaping of the root canal may have a 
direct potential effect on the root dentin surface and can alter 
the surface structure of the dentin. This, in turn, may reduce 
the clinical performance of endodontically treated teeth.

A chemical named NaOCl can be used for longer duration 
of time and is considered as a highly reactive compound 
for having an undesirable impact on radicular dentin.26 In 
the current scenario, it has been evaluated that various 
kinds of reports exist related to NaOCl to indicate about 
its adverse effects on several physical properties, includ-
ing elastic modulus, microhardness, and flexural strength 
of the dentine.27 In the same way, it is observed that the 
EDTA solution has chelating property that is responsible 
for inducing excessive and adverse softening of an inor-
ganic part of dentin as well as it is accountable for decreas-
ing microhardness of the root canal dentin in subsequent 
manner.2 What happens when EDTA and NaOCl are used 
one after another? By considering a number of relevant 
in vitro studies, it has been identified that this dual irriga-
tion has the potential to regime removal of organic phase 
(NaOCl) and inorganic (EDTA) stage related to dentine in 
terms of providing the rise of effects that are undesirable 
accordingly.14 Dentin has the capability to become soft due 
to influence of dissolution impact of different root canal 
irrigants which is structural nonsupportive. Thus, it can 
be known as imperative about the hardness of this tissue 
as it can be retained or enhanced. It is observed that such 
components are responsible for encouraging investigators 
for looking for alternative irrigants which can be retained 
the suitable for features along with lack of harmful effects 
of NaOCl at the same time. Meanwhile, it will lead to the 
emergence of CHG because if having capability in terms of 
using it for specific purpose.28

CHG depicts broad spectrum associated with antibacte-
rial agent which is effectual to fight against different strains 
of bacteria that are found within affected root canals, but 
2% CHG cannot be used as primary irrigant due to its lack 
of tissue dissolution properties. Although EDTA followed 

by NaOCl is still considered the primary irrigants of choice, 
researchers recommend that 2% CHG to be used as a final 
irrigant based on its property of substantivity along with its 
prolonged antimicrobial activity. In addition, it is also seen 
to have a hardening effect on root dentin, thus neutraliz-
ing the demineralizing or decalcifying effect of the various 
other primary irrigants.28

Matrix metalloproteinases (MMPs) denote cell-derived 
proteolytic enzymes which are present across dentin. A few 
of these function constructively while remolding tissues and 
mineralization of dentin. However, other MMPs can have 
an adverse effect on dentin. These deleterious enzymes are 
shown to be released after the exposure of dentin to acids 
and further break down the collagen matrix and degrade 
them. This, in turn, results in reduced bond strength and 
microleakage. In this study, samples were pretreated with 
NaOCl and EDTA before dividing into groups. It is hypothe-
sized that EDTA being a chelating agent has a similar action 
to that of acids and stimulates the release of the MMPs and 
hence are responsible for reduced microhardness of dentin.29

Various studies have demonstrated the preservation of 
hybrid layers with CHG treatment after acid-etching. CHG 
prevents and decreases the release of MMPs by its protein 
inhibition action (Proteinase inhibitor). Thus we can presume 
that the increase in the microhardness may be attributed to 
the better preservation of the collagen fibrils of the dentinal 
surface after treatment with 2% CHG.30 The probable CHG uti-
lizes endodontics that is being used by various researchers, 
but as such there is minimized research with reference to its 
utilization as a final irrigant. On the basis of this study, it is 
urged that further research be performed on the potentiality 
of 2% CHG as a final irrigant.

Our present study is an in-vitro study, and so more in vivo 
studies will increase the substantivity of this study. In addition 
to this, the probability of CHG that is utilized within endodon-
tics is clearly specified by various researchers but restricted 
work is done as a final irrigant. Hence, it is suggested that more 
research be performed on 2% CHG as a final root canal irrigant.

Conclusion
It may be concluded that within certain limitations in our 
study, the treatment of the root surfaces with EDTA and NaOCl 
solutions reduces the microhardness of root dentine. Normal 
saline as an irrigant did not induce any changes in the micro-
hardness of root canal dentin. NaF was used in this study due 
to its remineralizing effects on bleached teeth, but when used 
as an irrigant, it did not show any significant effect on the 

Table 4  Comparison and statistical analysis of all the three groups

Group I (saline) Group II (2%NaF) Group III (2% CHG) Total

No. of samples 8 8 8 24

Mean 54.39 47.05 69.05 56.83

SD 3.59 2.21 2.46 9.722

(ANOVA value) f=126.09534

Abbreviations: ANOVA, analysis of variance; CHG, chlorhexidine gluconate; NaF, sodium fluoride; SD, standard deviation.
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microhardness of root dentin. But 2% CHG as an endodontic 
irrigant was seen to have a positively strengthening effect on 
the root dentin microhardness in comparison to NaOCl and 
EDTA, which has decreased the strength of root dentin.
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