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Action of chlorhexidine and sodium hypochlorite over 
dentin microhardness

ABSTRACT

Objective: Evaluate the microhardness of bovine den-
tin tissue after exposure to endodontic irrigating solu-
tions. Methods: Bovine dentin samples were randomly 
divided into 6 groups (n = 10) and submitted to the fol-
lowing treatments: saline (60 min); 2.5% NaOCl (sodium 
hypochlorite) (60 min); 2% gel CHX (chlorhexidine) (60 
min); 17% EDTA (Ethylenediamine tetraacetic acid) (1 
min); 2.5% NaOCl + 17% EDTA (60 + 1 min) and 2% gel 
CHX + 17% EDTA (60 + 1 min). Knoop microhardness 
was used for the measurements. Data were evaluated by 

ANOVA test followed by Duncans Method at 5% signifi-
cance level. Results: The 2.5% NaOCl solution, followed 
or not by 17% EDTA, significative reduced the dentin mi-
crohardness (p <0.05). Exposures to 2% gel chlorexidine, 
followed or not by 17% EDTA, did not result in alterations 
at dentin tissue microhardness (p>0.05). Conclusion: 
2.5% NaOCl significatively reduces the microhardness of 
bovine dentin after 60 minutes of exposure.

Keywords: Chlorhexidine. Dentin. Hardness. Root canal ir-
rigants. Sodium hypochlorite.
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Introduction 
The two major challenges of  endodontic therapy 

are represented by the disinfection process of  the 
root canal, as well as the prevention of  recontamina-
tion with adequated sealing of  the canal system.1 To 
achieve these requirements endodontists need to use 
root canal irrigants as assistents during the prepare 
stage.

A high percentage of  walls of  the root canal that 
are not touched by endodontic instruments is demon-
strated in many studies. These results demonstrate and 
reaffirm the importance of  the irrigating solutions in 
order to achieve an adequate disinfection.2

An ideal irrigant, in addition to antimicrobial ca-
pacity and biocompatibility, should have minimal ef-
fects on the physical properties of  dentin tissue, since 
changes in dentin microhardness may predispose the 
dental element to fracture. The same is true for the 
decrease in flexural strength, where smaller loads will 
already be sufficient to lead to failure of  the dentin tis-
sue.3

Some studies demonstrate that endodontic proce-
dures are capable of  promoting a reduction of  only 5% 
in dental stiffness, which would not be able to cause 
the weakening of  this structure.4

Irrigating substances are used as the main agent for 
removal of  debris left by instrumentation, also dissolve 
tissues and lubricate the canal during biomechanical 
preparation.5 The most widely used solution in end-
odontics is NaOCl due to its potencial to dissolve ne-
crotic tissues and antimicrobial effectiveness.6 The as-
sociation of  a solution to NaOCl, such as EDTA, with 
chelating capacity, is also necessary for the removal of  
the smear layer.7 For some schools, chlorhexidine has 
been used as an irrigant solution because of  its antimi-
crobial property and low toxicity.8

The effect of  irrigating solutions on dentin ultra-
structure is still unclear. The acknowledgment about 
the kind of  solution, concentrations, application time, 
and sequence of  use is important to achieve the right 
sanitization without jeopardizing the dentin ultrastruc-
ture quality.9 And, consider the effect of  the irrigant on 
the dentin organic and inorganic matrices is an impor-
tante aspect to be studied.10

Chlorhexidine has been widely used as an irrigant 
or intracanal medication, in some studies it has been 
shown to be more efficient than 5.25% sodium hypo-

chlorite against Enterococcus faecalis11 and presents 
substantivity between 72 hours to 4 weeks.12,13 How-
ever, organized bacterial growth in biofilm is very dif-
ficult to be eliminated, and chlorhexidine 2% is not 
capable of  breaking it. Thus, sodium hypochlorite is 
the only irrigant solution capable of  causing its disrup-
tion, which also applies to the dissolution capacity of  
organic tissue, which has been the main disadvantage 
of  chlorhexidine.11

Some authors suggest the use of  sodium hypochlo-
rite in order to eliminate the organic tissue, then the 
use of  17% EDTA to remove the smear layer and in the 
sequence the use of  chlorhexidine in order to increase 
the disinfection power due to its substantivity,11,14 how-
ever, the chemical interaction between sodium hypo-
chlorite and chlorhexidine may lead to color changes 
in the dental element13 and the precipitate formed by 
this interaction interferes with the sealing of  the seal-
ing material. 

When used as intracanal medication, the authors 
demonstrate that chlorhexidine is more effective than 
calcium hydroxide in eliminating Enterococcus faecalis 
and that if  mixed, its antimicrobial effectiveness can 
be increased. Regarding bond strength, chlorhexidine 
presents inhibitory action of  metalloproteinases, which 
would cause degradation of  the unprotected collagen 
of  the hybrid layer leading to failures in the adhesion 
of  restorations. Clinically used at indicated concentra-
tions, the biocompatibility of  chlorhexidine is accept-
able, and in rare cases may cause allergic reactions.11

Future studies should be performed to verify if  
chlorhexidine 2% as an irrigant and intracanal medica-
tion in the presence of  blood, plasma and other flu-
ids is as effective as NaOCl, until then it can not be 
considered superior to sodium hypochlorite,14 once it 
has the indication of  being an alternative as an irrigat 
in relation to antimicrobial activity, but it is important 
to point out it does not have the capacity to dissolve 
organic tissue12,13

In relation to the mechanical properties of  dentinal 
tissue, both solutions significantly reduce microhard-
ness, not presenting statistical differences between them 
when the measurements are carried out at 500 and 1000 
micrometers of  the surface of  the root canal.15

Reduction of  the microhardness of  the canal surface 
is a desirable feature. The use of  chelating agents dur-
ing the biomechanical preparation of  the root canals 
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promotes the removal of  the smear layer, increases the 
penetration of  the irrigating solutions inside the dentinal 
tubules, improving the disinfection capacity and reduces 
the dentin microhardness facilitating the action of  the 
endodontic instruments within the root canal.16

The use of  NaOCl alone, or followed by ultrasoni-
fication, or followed by the use of  EDTA, promotes 
changes in dentin ultrastructure, resulting in surface 
collagen displacement and thinning of  the fibrils, as 
well as extensive erosion of  peritubular and intratubu-
lar dentin.9

When used NaOCl 5% followed by irrigation with 
EDTA 17% (2 minutes), without the use of  NaOCl after 
EDTA solution, erosion in the dental tissue is minimal. 
However, a final irrigation with NaOCl 5% (1 minute) 
after the use of  EDTA 17% (2 minutes) should be 
avoided or done with great caution to avoid chemical 
weakening of  the root.17

Based on information in the literature about the 
interactions of  endodontic substances with dentin tis-
sue, the aim of  this study was to evaluate the influence 
of  the root canal irrigants and auxiliary chemical sub-
stances, used during the biomechanical preparation of  
the root canal system, on the microhardness of  den-
tinal tissue of  bovine teeth, considering the hypothesis 
that the solutions negatively influence the mechanical 
properties of  dentinal tissue.

Material and methods
Twenty bovine teeth extracted from carcasses of  

animals slaughtered at the Henrich slaughterhouse in 
the city of  Passo Fundo, RS, were used, which were 
washed and stored in a sterilized distilled water bottle, 
renewed every 5 days. It was selected teeth with only 
one root canal.

The coronary portions were removed with dia-
mond disc (KG-SORENSE®, Cotia-SP, Brazil) and the 
root length was standardized at 20 mm. The root canal 
prepare was performed with LA Axxess drill (Sybro-
nEndoOrange, SP, Brazil.), in the sequence #1, #2 and 
#3, at the working lenght. The working length was de-
termined with manual #15 K-file (Dentsply-Maillefer), 
reducing one millimeter after the file was visualized in 
the apical foramen.

The irrigating substance used for the preparation 
of  the samples was the saline solution. The irrigating 
substance was carried into the root canal by a 21 mm 

long cannula, NavTip® (UltradentProducts Inc, South 
Jordam, USA), and a 5ml syringe. After the use of  each 
drill, irrigation was performed with a volume of  5 ml of  
the solution and the patency with a k # 15 file.

After preparation, the samples were sectioned into 
5 mm lengths (Fig 1) and randomly divided into 6 
groups (n = 10). Each root resulted in 3 experimental 
units. The cervical portion of  the slice was marked and 
polished with felt discs and aluminum oxide paste. The 
specimens were washed with distilled water to remove 
residues and then stored in individual vials (per group) 
containing sterile distilled water. Afterwards, the sam-
ples were immersed for 60 minutes in the solutions, 
according to the classification of  the groups (Table 1), 
except for the EDTA solution, where the 1-minute pe-
riod was used. After the immersion period, the samples 
were stored in sterile distilled water until the micro-
hardness test was performed.

The microhardness test was performed in the metal-
lography laboratory in the School of  Mechanical Engi-
neering of  the University of  Passo Fundo, using the mi-
crodriometer device (HMV-2 Shimadzu, Tokyo, Japan) 
with the knoop indenter, applying a load of  25 g for the 
period of  15 seconds. The samples were fixed in a mini-
walrus, one at a time, and three indentations, 200 µm 
far each other, were performed at a depth of  500 µm of  
dentin, counted from the wall of  the root canal, towards 
the cementum tissue, in the cervical portion of  the slice 
(Fig 1). The mean value of  the 3 indentations was the 
microhardness value used for the statistical analysis. 

For the statistical analysis the data were trans-
formed into log10 and evaluated by the ANOVA test 
followed by the post hoc of  Duncan's Method, at a sig-
nificance level of  5%.

Results
The results showed that the use of  2.5% sodium hypo-

chlorite solution, with or without prior exposure to 17% 
EDTA, reached the lowest values of  dentin microhard-
ness (p <0.05). Although no statistically significant differ-
ence was found between the groups that used the hypo-
chlorite solution and chlorhexidine (p> 0.05), the samples 
exposed to chlorhexidine gel 2%, with or without prior 
exposure to 17% EDTA, did not present significant re-
ductions in microhardness values of  the dentin tissue (p> 
0.05). The use of  the 17% EDTA solution for 1 minute did 
not promote changes in dentin microhardness (Table 2).
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Table 1. Classification of groups.

Figure 1. Schematic drawing of sample preparation and indentation sites.

Group Substance Period (min.)

1 Saline 60

2 2.5% sodium hypochlorite 60

3 2% chlorhexidine 60

4 17% EDTA 1

5 17% EDTA + 2.5% sodium hypochlorite 1 + 60

6 17% EDTA + 2% chlorhexidine 1 + 60

Cervical Surface

Canal Radicular

Root Canal

Discussion
The study was conducted using samples of  bovine 

teeth as they can be easily obtained and the dentin of  
these teeth is similar to the human dentin, with respect 
to the structure, composition and quantity of  dentinal 
tubules.18,19 In addition they have demonstrated a stan-

dardized morphological structure, since the animals 
are slaughtered with the same age, assuring similar 
characteristics and avoiding some variables that are 
found in human teeth. Finally, they are considered dis-
carded pieces, so the study was not submitted to the 
ethics committee in scientific research.
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The most commonly used endodontic agents 
are sodium hypochlorite (NaOCl), chlorhexidine 
and EDTA. The first two have antimicrobial proper-
ties, but sodium hypochlorite has a cytotoxic action 
when compared to chlorhexidine, which does not 
have properties of  tissue dissolution.12,14 The current 
endodontic protocol indicates the use of  EDTA after 
the use of  chlorhexidine or hypochlorite as a chelat-
ing agent in endodontics, improving the disinfection 
of  the canal system.11,20 This increase in the disin-
fection capacity can be related to permeabilization 
of  the dentinal tubules, allowing the access of  the 
bactericidal solutions to the interior of  the tubules, 
which has this depth reached through the activation 
with ultrasonic devices.21,22

The irrigating solutions are used in endodontics 
to facilitate the action of  endodontic instruments 
and also have the capacity to dissolve organic mat-
ter, modify the pH of  the medium, control infections 
and remove Smear layer.23 Thus, in agreement with 
other authors,11 they must present high cleaning 
power, antimicrobial capacity and biocompatibility.

Several studies look for the best irrigating sub-
stance for endodontics, but all irrigants have posi-
tive and negative properties, making each solution 
a complement of  each other, since a single type of  
solution is not able to eliminate all types of  debris. 
Other researchers also warn that the endodontic in-
struments are not able to prepare the entire area of  
the root canal walls, making the role of  irrigating 
solutions a very important contribution for de desin-
fection process.24,25

Several concentrations of  NaOCl are described 
in the literature, values of  1, 2.5 and 5.25% are those 
with tissue dissolving capacity and antimicrobial ef-
fectiveness. On the other hand, high concentrations 
of  hypochlorite present greater adverse effects, 

making it even more cytotoxic and interfering in the 
properties of  the dentin tissue.26

Our study used the concentration of  2.5% for so-
dium hypochlorite solutions as it is recommended 
in the literature for endodontic therapy.13 The expo-
sure time was 60 minutes, taking into consideration 
the clinical aspect of  the endodontic therapy, where 
on average the time of  contact with the irrigating 
solutions and auxiliary chemical substances, after 
the preparation stages of  the operative field, is 60 
minutes.

As expected, and described in the literature, so-
dium hypochlorite solutions interacted with dentin 
tissue. We can state that the result of  this interac-
tion can be interpreted in a negative way, since the 
reduction of  the microhardness of  the dentin tissue 
can make the dental element susceptible to fractures 
after the restoration stages, or to treatments with in-
traradicular retainers, mainly in relation to metallic 
cores where, as a consequence of  the difference be-
tween the modulus of  elasticity of  the substrate and 
the restorative material, root fractures may occur, as 
described at the literature.27

In view of  a significant decrease in the values of  
dentin microhardness after a long period of  expo-
sure to 2.5% sodium hypochlorite solution, we can 
think of  reducing the concentration of  this solution 
in order to reduce negative aspects of  dentin prop-
erties, which can be clarified by new studies, search-
ing for the concentration of  NaOCl solution effec-
tive in eradicating bacterial contamination without 
adverse effects on dentin tissue.

The other antibacterial solution tested in this 
study was chlorhexidine, which has broad spectrum 
antimicrobial activity, i.e., it binds to hydroxyapatite 
of  the enamel and dentin being released slowly as 
its concentration decreases in the medium, thus in-

Table 2. Mean and standard deviation of treatment groups.

Means followed by different letters in the column are statistically different.

Group Mean+ / Standard Deviation

1 - Saline 31,8A ± 4,5

2 - 2.5% sodium hypochlorite 18,1B ± 6,8

3 - 2% chlorhexidine 28,6AB ± 5,9

4 - 17% EDTA 36,2A ± 11,5

5 - 17% EDTA + 2.5% sodium hypochlorite 17,2B ± 4,4

6 - 17% EDTA + 2% chlorhexidine 23,2AB ± 4,9
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creasing its period of  action, called substantivity, 
which gives antimicrobial effect within 12 weeks 
after its use in the root canal.28 Chlorhexidine has 
biocompatibility and is not irritating to the periapi-
cal tissues, being bactericidal in the concentration 
of  2%.12 Therefore, it is an excellent alternative for 
patients allergic to sodium hypochlorite.

The present research used chlorhexidine in the 
concentration of  2%, as described in the literature,28 
but in the gel form, as indicated in the current end-
odontic protocols of  many Brazilian institutions. 
The microhardness test results showed no signifi-
cant changes in dentin tissue after the use of  2% 
chlorhexidine gel for 60 minutes.

EDTA, a chelating agent, which has the prop-
erty of  sequestering the metal ions of  a particular 
molecular complex, was also one of  the solutions 
tested in this study. The ethylenediaminetetraacetic 
acid (EDTA) is a specific chelator for the calcium 
ion and consequently for the dentin, acts on the den-
tinal tissue promoting a superficial softening, which 
will facilitate the stage of  instrumentation and en-
largement of  the root canals.5 Recent studies show 
that its use for a period of  one minute already has 
enough action on the dentin, once its indication is 
only that of  removal of  smear layer and permeabili-
zation of  the dentinal tubules.29

In this study, the exposure of  the dentin to 17% 
EDTA was 1 minute, according to the protocol of  
current clinical use suggested in the literature, fol-
lowed by exposure to some of  the tested bactericid-
al solutions. One of  the expected consequences was 
that the groups treated with sodium hypochlorite 
after EDTA had a significant reduction of  dentin mi-
crohardness, characterized by the erosion promoted 
by NaOCl after the use associated with EDTA.17 The 
results did not show significant decreases in micro-
hardness after exposure of  the EDTA solution fol-
lowed by exposure to hypochlorite or chlorhexidine, 
which was a very satisfactory result, since the func-
tion of  EDTA is to permeabilize the dentinal tubules, 
allowing the penetration of  bactericidal solutions in 
the interior of  the dentinal tubules, where we know 
the bacterial contamination, and even biofilm for-
mation, which can make the endodontic infection 
persistent. Therefore, the use of  17% EDTA for 1 
minute seems to be a safe alternative in order to 

eliminate the smear layer and to permeabilize the 
dentin tubules, not significantly interfering in the 
mechanical properties of  the dentin.

The use of  saline in endodontics is character-
ized in the function of  irrigant, that is, mechanical 
action for the removal of  the debris present inside 
the root canal system. It is indicated for endodon-
tic preparation protocols that use 2% gel chlorhexi-
dine as auxiliary chemical substance, since, with the 
pharmaceutical gel form, it is impossible to act as 
an irrigant. In this research, it was one of  the tested 
solutions, but with the purpose of  control, because 
it is an inert solution on the mechanical properties 
of  the dentin tissue.

It is important to emphasize that after the expo-
sure protocols to the irrigant solutions and auxiliary 
chemical substances used in this study, the samples 
were washed with sterile physiological solution in 
order to remove the residues after the treatments, 
not allowing the formation of  chemical smear layer, 
and also preventing the formation of  the precipitate 
resulting from the interaction between EDTA and 
chlorhexidine, like found in another researches.30

Our study did not evaluate the microhardness 
values of  the dentin tissue after the ultrasonic ac-
tivation of  the tested solutions, which can also in-
terfere in the mechanical properties of  the dentin 
tissue, since this activation amplifies the effect of  
the substances, promoting the heating of  the same 
and allowing to reach more regions within the ca-
nals and dentinal tubules.

The microhardness of  the dentin depends on its 
mineral concentration, when we measure the hard-
ness values, we can have values altered according to 
the studied region of  the dentinal structure of  the bo-
vine teeth. Therefore, in this study, we used as a mi-
crohardness value the average of  3 different indenta-
tions on the dentin surface in a nearby region.16 The 
microhardness test is hardly performed on the surface 
of  the root canal because it is a concave area, with 
the presence of  microscopic peaks and valleys, which 
prevent a homogeneous defect by the crystal of  the in-
denter, consequently making it impossible to visualize 
and measure the indentation in the binocular. Thus, the 
test was performed on the transverse surface along the 
long dental axis, after polishing and at a depth of  500 
µm of  the canal surface, as described in the literature.
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Conclusion
In this way, from the point of  view of  microhard-

ness, it is possible to conclude that long exposures to 
the NaOCl 2.5% solution, preceded or not preceded 
by exposure to EDTA 17%, should be avoided be-
cause can significantly reduce dentin microhardness (p 
<0.05). The use of  2% gel chlorhexidine can be a good 

alternative, it had demonstrated to be safe, and did not 
produce significant changes in the values of  dentin mi-
crohardness (p> 0.05). The use of  17% EDTA over the 
1-minute period is enough, because according to the 
literature the action is effective and acoording to our 
results, did not produce changes in the microhardness 
values of  the dentin tissue (p> 0.05).
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