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ABSTRACT

Introduction: The study aimed to assess the effect of different 
concentrations of sodium hypochlorite and calcium hypochlo-
rite on micro hardness of root canal dentin.

Methodology: The seventy five root halves were prepared 
by longitudinal splitting of seventy five extracted mandibular 
premolars and embedded in autopolymerizing acrylic resin, 
leaving the dentin surface exposed After polishing, the groups 
were then divided into five groups of 15 samples each through 
random sampling the microhardness values of the untreated 
dentin surfaces were recorded by using Vickers tester at the 
mid-root level. Then samples were surface treated for five min-
utes with five ml of one of the following irrigants Saline (control 
group), 2.5% NaOCl solution, 5% NaOCl solution, 5% CaOCl2 
solution, 10% CaOCl2 solution. After surface treatment,dentin 
microhardness values were recorded at close proximity to the 
initial indentation areas. Experimental data were statistically 
analyzed by using one way ANOVA test followed by post hoc 
tuckey’s honest significant test and comparison between pre-
treatment and post treatment groups by student pair T test.

Results: All irrigating solutions showed reduction in micro-
hardness of root canal dentin except saline. 5% NaOCl and 
10% CaOCl2 showed maximum reduction in microhardness. 
2.5% NaOCl shown least reduction in microhardness followed 
by 5% CaOCl2 (P < 0.05).

Conclusions: 2.5% NaOCl and 5% CaOCl2 shown less reduc-
tion in microhardness of root canal dentin when compared to 
5% NaOCl and 10% CaOCl2.
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INTRODUCTION

Irrigation is one of the most important aspects of root 
canal preparation. It helps to clean the complex root 
canal system that could not be directly planed by 
instruments. An ideal irrigant should have these req-
uisite functions: Lubrication, debridement, antimicro-
bial effect, and dissolution of organic and inorganic 
material.[1] Unfortunately, there is no single irrigant to 
date that fulfills all these ideal requisites.

Sodium hypochlorite (NaOCl) is a commonly used 
irrigation solution, and it is used in several concentra-
tions, in temperature and agitation. It has been recom-
mended for the debridement of the root canal due to its 
effective antimicrobial action against a broad spectrum 
of bacteria and tissue solvent activity.[2] Cytotoxic activ-
ity is another well-known shortcoming of NaOCl that 
may cause acute injuring effects, if it reaches the peri-
apical area. NaOCl extrusion during root canal therapy 
is commonly referred to as “the hypochlorite accident;” 
it causes acute immediate symptoms and potentially 
serious sequelae.[3] Hence, there is a need to find a new 
effective and safer irrigant for the root canal treatment.

Calcium hypochlorite (Ca[OCl]2) is a white powder 
used for industrial sterilization, bleaching, and purify-
ing water treatment. It is relatively stable and has greater 
available chlorine compared with NaOCl. Its incorpora-
tion in water can be more accurate than preparations by 
dilution of a more concentrated solution, which can be 
an advantage for clinical use. De Almeida et al. showed 
that Ca(OCl)2 associated with ultrasonic irrigation is 
efficient to reduce root canal contamination and can aid 
in chemomechanical preparation, and it was as effective 
as NaOCl.[4]

Microhardness is considered as an indirect evidence 
of mineral changes in root canal dentin; such changes 
could affect the adhesive properties of the dentin sur-
face. The effect of irrigation solutions on dentin should 
be evaluated as the irrigation solutions come in con-
tact with dentin during irrigation procedures, which 
might alter dentin and enamel surfaces, affecting their 
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interactions with obturation and coronal restorative 
materials. Garcia et al. reported that different concen-
trations of NaOCl decreased the microhardness of root 
canal dentin in cervical and apical thirds. Studies have 
shown a decrease in microhardness of radicular dentin 
exposed to NaOCl and 2% CHX as root canal irrigation 
solutions.[5,6]

However, there are not many studies on the effect of 
different concentrations of calcium hypochlorite on root 
canal dentin microhardness. Therefore, the purpose of 
this study was to evaluate in vitro different concentra-
tions of NaOCl and CaOCl2 on microhardness of root 
canal dentin.

METHODOLOGY

A total of 75 mandibular premolars extracted for 
orthodontic reasons from the subjects referred to 
the Department of Oral and Maxillofacial Surgery, 
Vokkaligara Sangha Dental College and Hospital, 
Bengaluru, were collected. Teeth which were carious, 
with resorption or with vertical fracture, were excluded 
from the study. The extracted teeth were washed in 
normal saline until they were clear of blood and debris. 
After cleaning the collected samples, they were stored in 
an aqueous solution of 0.5% chloramine-T until further 
processing.

Sample Preparation

The crowns of 75 mandibular premolars were decor-
anated at the level of cementoenamel junction under 
water cooling using low-speed diamond disk. The roots 
were then sectioned along the long axis in a buccolin-
gual direction with a low-speed diamond disk. One half 
of each root was selected, and the specimens were then 
embedded into acrylic resin blocks of 5 cm × 5 cm leav-
ing the dentin surface exposed. The 75 root halves were 
then ground and polished with 500 and 600 grit sandpa-
pers under distilled water to remove surface scratches. 
The groups were then divided into five groups of 
15 samples each through random sampling, and micro-
hardness was checked.

Pretreatment Microhardness Measurement

A total of 75 root halves were subjected to microhardness 
testing in Vickers microhardness tester (Raghavendra 
Spectro Metallurgical Laboratory, Peenya Industry, 
Bengaluru). The dentin microhardness of each sample 
was measured at a magnification of ×250 and a depth 
of 300 µm from the pulp dentin interface by Vickers 
microhardness tester. Three separate indentations were 
made using a 300 g load and a 20 s dwell time at the 
mid-root level of root dentin samples. The average of 

three indentations was made to get the final value of 
microhardness of each sample.

Surface Treatment of Samples

The surface treatment was done for the 75 samples which 
were divided into five groups, each group of 15 samples 
5 min with 5 mL of one of the following irrigants.
Group 1 Saline (control group)
Group 2 3% NaOCl solution
Group 3 5% NaOCl solution
Group 4 5% CaOCl2 solution
Group 5 10% CaOCl2 solution

After the surface treatment, the samples were dried 
with sterile blotting paper.

Post-treatment Microhardness Measurement

All the 75 samples were subjected for post-treatment 
microhardness testing in Vickers microhardness tes-
ter. Three separate indentations were made using a 
300 g load, and a 20 s dwell time was recorded at close 
proximity to the initial indentation areas using Vickers 
microhardness tester. The average of three indentations 
were made to get the final value of microhardness of 
each sample.

STATISTICAL ANALYSIS

Experimental data were statistically analyzed by using 
one way ANOVA test followed by post hoc tuckey’s 
honest significant test and comparison between pre-
treatment and post treatment groups by student pair T 
test. Significant difference test at a = 0.05. 

RESULTS

In the present study, there was no significant difference 
of mean microhardness between the samples in pre-
treatment groups [Graph 1].

The statistical comparison of pre- and post-treatment 
microhardness values within each study group demon-
strated that treatment with 2.5% NaOCl, 5% NaOCl, 5% 
CaOCl2, and 10% CaOCl2 significantly decreased the 
microhardness of root canal dentin, whereas in saline 
Group (Group 1 control), the decrease in dentin micro-
hardness was statistically insignificant [Table 1].

Comparison of post-treatment microhardness 
showed a significant (P < 0.05) decrease in microhard-
ness of all the groups compared to control (Group 1 
saline) [Figure 1].

Among the test groups, decrease in microhardness 
was least with 2.5% NaOCl followed by 5% CaOCl2 and 
5% NaOCl and was highest in 10% CaOCl2. The decrease 
in dentin microhardness between 2.5% NaOCl and other 
test groups was statistically significant (P < 0.005).
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Nearly 5% NaOCl treatment significantly decreased 
the microhardness of root canal dentin when com-
pared with 5% CaOCl2. 10% CaOCl2 treatment showed 
a decrease in dentin microhardness when compared to 
5% CaOCl2 and was statistically significant. However, 
there was no statistically significant difference between 
5% NaOCl and 10% CaOCl2 when post-treatment micro-
hardness values were compared.

DISCUSSION

Chemical substances used during endodontic treat-
ment are of great importance for infection control 
and to remove the smear layer. They should present 
a number of physiochemical and biological proper-
ties to be effective. However, the substances used in 
clinical practice may cause changes in the physical 
and mechanical properties of dentin. These substances 
modify the inorganic component of dentin and conse-
quently its microhardness.[7] The decrease in mineral 
content and the amount of hydroxyapatite in the inter-
tubular substance is important factors in the intrinsic 
hardness profile of a dentin structure. There is a pos-
itive correlation between hardness and mineral con-
tent in teeth. Hence, the measurement of hardness can 

provide indirect evidence of mineral loss or gain in 
dental hard tissue.[5]

The present study investigated the effect of 2.5% 
NaOCl, 5% NaOCl, 5% CaOCl2, and 10% CaOCl2 on the 
microhardness of root canal dentin.

After the use of chemical irrigants, which are capa-
ble of altering the proportion of organic and inorganic 
components of root canals, the structural properties of 
dentin such as permeability, solubility, and microhard-
ness may change. Changes in microhardness, an indica-
tor of mineral changes in root canal dentin, may affect 
the adhesive properties of root canal dentin surface and 
sometimes may decrease the strength of root and cause 
root fracture. Fusayama and Maeda reported a decrease 
in the dentine microhardness value of pulpless teeth 
compared to that of vital teeth. Moreover, the biome-
chanical properties of dentine have been shown to be 
altered after the loss of tooth vitality. As microhardness 
is sensitive to composition and surface changes of tooth 
structure, the effects of some chemicals such as fluo-
rides, trichloroacetic acid, and bleaching agents on den-
tine hardness have been previously evaluated.[8]

The assessment of the microhardness of a material is 
one of the simplest nondestructive mechanical charac-
terization methods. Hardness is measured as the resis-
tance to the penetration of an indenter that is harder 
than the sample to be analyzed. Although the laboratory 
test does not represent real clinical relevance, it is possi-
ble to indirectly evaluate the impact of a relatively large 
amount of the substances in the dentin.[9,10]

In this study, microhardness measurement was per-
formed at three points in the middle-third of the root 
canal dentin. Mean Vickers hardness number was cal-
culated for each specimen.

Biological materials such as dentin may vary consid-
erably between teeth and are far less homogenous, with 
dentin tubule density increasing from cervical to apical 
dentin, resulting in an inverse correlation between den-
tin microhardness and tubule density. This may lead to 

Table 1: Comparison of mean microhardness between pre- and post-treatment periods within each study group using student paired 
t-test

Group Time n Mean SD SEM Mean different t P value
Saline Pre-Rx 15 56.95 3.40 0.88 3.03 3.159 0.007*

Post-Rx 15 53.91 2.56 0.66
2.5% NaOCl Pre-Rx 15 56.50 2.54 0.66 10.81 12.259 <0.001*

Post-Rx 15 45.69 1.49 0.39
5% NaOCl Pre-Rx 15 56.71 2.31 0.60 16.78 22.015 <0.001*

Post-Rx 15 39.93 2.73 0.70
5% CaOCl Pre-Rx 15 57.06 2.66 0.69 14.41 15.743 <0.001*

Post-Rx 15 42.65 1.45 0.37
10% CaOCl Pre-Rx 15 56.96 1.84 0.48 17.93 25.453 <0.001*

Post-Rx 15 39.03 2.17 0.56
* Statistically significant

Figure 1: Comparison of mean microhardness between pre- and 
post-treatment periods within each study group
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deviations in the results because of differences in adja-
cent regions of the dentin tissue.[11]

Hence, in the present study, the microhardness mea-
surement was performed in the middle-third of the root 
for each sample at baseline and also post-treatment with 
irrigation solutions to establish a reasonable evaluation 
of the effect of the irrigant solutions on the dentin sur-
face. Post-treatment indentations were performed on 
each sample at same areas but on the other side of dentin 
surface.

The longitudinal sectioning of the roots was pre-
ferred in this study which is in accordance with Cruz-
Filho et al. who observed that it can show accurate repre-
sentations of clinical situations. In addition, the irrigants 
first contact the most superficial layer of dentin in the 
root canal lumen and so the microhardness of the most 
superficial layer of root canal dentin was measured.[12]

The present study showed that there was more 
reduction in dentin microhardness in 5% NaOCl com-
pared to 2.5% NaOCl. Slutzky-Goldberg et al. showed 
that instrumentation and irrigation with 2.5% NaOCl 
change the biomechanical properties of dentin. Dogan 
and Qalt also verified that the use of 2.5% NaOCl as irri-
gant for 15 min significantly altered the mineral content 
of root dentin. Driscool et al. also demonstrated that, 
when dentin immersed in 0.5% NaOCl and 5% NaOCl 
solutions, the weight loss of dentin was greater when 
immersed in 5% NaOCl solution than 0.5% NaOCl solu-
tion. According to Zhang et al., the superficial destruc-
tive effect on mineralized dentin with 5.25% NaOCl is 
irreversible and irrespective of whether EDTA is sub-
sequently employed. Slutzky-Goldberg et al. showed 
that, at a depth of 500 µm from the lumen, 6% NaOCl 
had a greater effect on dentin microhardness than 2.5% 
NaOCl. Therefore, it is advisable not to use higher con-
centrations of NaOCl, which would otherwise alter 
the physical properties of dentin and jeopardize the 
tooth.[13-15]

Kinney et al. suggested that the decrease in hardness 
is caused by a decrease in stiffness of intertubular den-
tin matrix caused by heterogeneous distribution of the 
mineral phase within the collagen matrix. NaOCl is an 
efficient organic tissue solvent that causes dissolution of 
collagen by the breakdown of the bonds between carbon 
atoms and disorganization of the protein primary struc-
ture and change in magnesium and phosphate ions.[12]

In the present study, 5% NaOCl showed reduced 
microhardness when compared with 5% CaOCl2, and 
similar result was found by Reddy et al. who showed 
increased reduction in flexural strength and modulus of 
elasticity of root dentin bars with 5% NaOCl when com-
pared to 5% Ca(OCl)2. Calcium hypochlorite in aqueous 
solution liberates Ca(OH)2. Wang and Hume postulated 

that Ca(OH)2 does not penetrate dentin well because 
of buffering capacity of hydroxyapatite. According to 
Leonardo et al., 5% NaOCl showed lower surface tension 
compared to 5% Ca(OCl)2 and so wettability and pene-
tration of 5% NaOCl might be more than 5% CaOCl2. 
The effect on microhardness of root canal dentin of 5% 
NaOCl is more than 5% CaOCl2 at 300 µm from pulp 
dentin interface.[4,16]

In the present study, 10% CaOCl2 showed more 
reduction of microhardness when compared with 5% 
CaOCl2 and 5% NaOCl. Dutta and Saunders found that 
5% and 10% (w/v) solutions of Ca(OCl)2 had very sim-
ilar available chlorine levels (4.15% and 4.1%, respec-
tively). The hyperosmotic effect of 10% Ca(OCl)2 solution 
caused tissue dehydration and explains more weight 
<5% Ca(OCl)2 after 5 min and also hypothesized that an 
accidental periradicular introduction of Ca(OCl)2 may 
cause less tissue irritation. Oliveira et al. showed that 
high concentrations of Ca(OCl)2 and NaOCl significantly 
increase dentin permeability and may lead to greater 
sequestration of calcium ions, increasing, therefore, the 
surface demineralization. Their results support that the 
5% Ca(OCl)2 could act as a chelating solution causing 
inadvertent erosion of the canal walls. On that account, 
the use of Ca(OCl)2 and NaOCl at concentrations >5% 
should be reevaluated as an irrigating solution because it 
significantly altered dentin roughness and could hinder 
the adhesion of endodontic sealers to dentin.[15,17]

A limitation of this present study is that the experi-
mental conditions of the immersion tests differed sub-
stantially from clinical situations. In clinical situations, 
the root canal is a closed-end channel, and this may pro-
duce a vapor lock effect during irrigation. As a result, 
different parts of the root canal wall are affected differ-
ently by irrigation. In the tests, however, it is possible to 
evenly apply a relatively large amount of the irrigant so 
that it remains in close contact with the dentine surface. 
This is not the case in clinical situations. Further studies 
should evaluate the effect of these irrigants in a closed-ca-
nal system in conjunction with agitation devices such as 
sonic and ultrasonic agitation systems.[18]

When using root canal irrigants, there is no consensus 
on the ideal amount of reduction in root dentine micro-
hardness that both facilitate mechanical instrumentation 
and avoid mineral loss and weakening of the dental hard 
tissues. The problem of mineral loss and dental softening 
after use of chelating agents may be addressed by future 
studies on dentine remineralization. Chemical solution 
softening effect on the dentinal walls could be beneficial 
in the clinic as it permits rapid preparation and negotia-
tion of tight root canals. However, the degree of softening 
and demineralization action may have an influence of 
the physical and chemical properties of this heterogenic 
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structure. These chemicals may also affect the adhesion of 
sealers and cement to the dentin.[19,20]

In the present study, 5% NaOCl and 10% CaOCl2 
showed maximum reduction in microhardness of root 
canal dentin. Hence, it is advisable not to use higher con-
centrations of NaOCl and CaOCl2 which would alter the 
physical properties of dentin and jeopardize the tooth.

CONCLUSION

Within the limitations of this in vitro study, it can be con-
cluded that:
1. Post-treatment microhardness of root canal den-

tin within the groups treated with 2.5% NaOCl, 
5% NaOCl, 5% CaOCl2, and 10% CaOCl2 for 5 min 
showed a significant decrease in microhardness val-
ues (P < 0.05).

2. The decrease in root canal dentin microhardness was 
least with 2.5% NaOCl, followed by 5% CaOCl2, 5% 
NaOCl, and 10% CaOCl2.

3. There was a significant decrease in post-treatment 
microhardness between all the test groups except 5% 
NaOCl and 10% CaOCl2. The microhardness values 
between 5% NaOCl and 10% CaOCl2 were not statis-
tically significant (P < 0.05).
Further studies should be conducted to evaluate the 

optimal concentrations of the irrigating solutions which 
help in efficient disinfection and smear layer removal 
without modifying the dentin microstructure.
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