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ABSTRACT
Introduction: The aim of this study was to compare in vitro the
effect of 5% calcium hypochlorite [Ca(OCl)2] and 5% sodium
hypochlorite (NaOCl) on flexural strength and modulus of elasticity of root dentin.
Materials and methods: The available chlorine concentration
of each solution was determined using iodometric titration.
Standardized planoparallel dentin bars (n = 20) were divided
into two test groups and one control group. The control, group 1,
consisted of dentin bars stored in normal saline. The dentin bars
in the two test groups were treated by exposure to following
solutions: Group 2 to 5% Ca(OCl)2; and group 3 to 5% NaOCl.
All the three test solutions were changed once in 15 minutes for
30 minutes. The dentin bars were then loaded to failure using
three-point bend test.
Results: Available chlorine concentration was 64% in both the
test solutions. There was a significant reduction in the flexural
strength of 5% NaOCl group compared to 5% Ca(OCl)2-treated
ones. A significant difference in modulus of elasticity was
observed between the test groups and the control groups and
also between the 5% Ca(OCl)2 and 5% NaOCl groups.
Conclusion: Within the limitations of this study, 5% NaOCl
reduced the flexural strength and modulus of elasticity of root
dentin bars more when compared to 5% Ca(OCl)2.
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INTRODUCTION
Endodontic irrigation plays an important role for the
success of root canal treatment. During chemomechanical
preparation, the flushing mechanism of the irrigant helps
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in removal of debris, tissue remnants, and dentin chips
from the canal. Recent studies have shown that following
mechanical instrumentation, approximately 35 to 50% of
the root canal space still remains uninstrumented.1 Hence,
the use of an endodontic irrigant during instrumentation
is important in order to clean all the areas of the root
canal system, particularly those that are inaccessible to
instrumentation.2
Due to its antimicrobial and tissue dissolution properties, sodium hypochlorite (NaOCl) continues to be one
of the most commonly used irrigants in endodontics.
Sodium hypochlorite acts through the mechanism of proteolysis and tissue dissolution.3 But inadvertent periapical
extrusion of this irrigant is known to cause tissue irritation, pain, and swelling.4 Studies have shown that NaOCl,
when used as an endodontic irrigant, adversely affects
the mechanical properties of dentin, namely, flexural
strength and modulus of elasticity, thereby compromising the bond strength of adhesive restorations.5-10 Hence,
an alternate irrigant solution, which can overcome these
short comings and exhibit tissue dissolution properties
comparable to that of NaOCl, may be desirable.
Calcium hypochlorite [Ca(OCl)2] is commonly used
in water purification (35%) and sterilization procedures.11 When compared to NaOCl, it has a relatively
stable pH and greater available chlorine (up to 65%).
Dutta and Saunders12 have hypothesized that an accidental periapical extrusion of Ca(OCl)2 may cause less
tissue irritation. In a recent study, De Almeida et al13 have
reported that passive ultrasonic irrigation with Ca(OCl)2
can result in reduction of microbial content within
root canal, but it was not statistically significant when
compared to passive ultrasonic irrigation with NaOCl.
An endodontic irrigant that effectively disinfects the
root canal system without altering the properties of the
involved tissues may be desirable. Till date there are no
studies evaluating the effect of 5% Ca(OCl)2 when used
as an endodontic irrigant on the mechanical properties
of root dentin.
Hence, the aim of this study was to evaluate the effect
of 5% Ca(OCl)2 and 5% NaOCl solutions on the flexural
strength and modulus of elasticity of root dentin. The
null hypothesis was that both Ca(OCl)2 and NaOCl
could affect the mechanical properties of root dentin to
the same extent.
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MATERIALS AND METHODS
The flexural properties of materials can be determined
by the use of a three-point bend test.14
Sixty intact, caries-free permanent human maxillary
central incisor teeth were used in this study. Collection,
storage, sterilization, and handling of these extracted
teeth followed the Occupation Safety and Health Administration guidelines (OSHA, University of California, San
Diego, CA, USA). Teeth were sectioned into standardized plano-parallel dentin bars (1 × 1 × ≥11.7 mm) using
a microtome.
The study groups included the control group 1 consisting of dentin bars stored in normal saline, and groups 2
and 3 consisting of dentin bars stored in 5% Ca(OCl)2 and
5% NaOCl solutions respectively.
About 5% NaOCl solution (Dentsply, Chennai, India)
was used in our study, and 5% Ca(OCl)2 solution was prepared by diluting a 6% Ca(OCl)2 solution (Jain Pharmaceuticals & Chemicals, Chennai, India) by titration method.
The available chlorine concentration of the solutions was
checked by iodometric titration. The dentin bars were
soaked in 50 mL of the respective solutions in a beaker
that was constantly agitated using magnetic stirrer bath
(120 agitations/minutes). The solutions were changed
every 15 minutes. The total immersion time was 30 minutes.
Three-point bend testing of dentin bars (Central
Institute of Plastic Engineering and Technology, Chennai,
India) with each bar placed across the lower supports
of the test jig and loaded at the mid-point through the
loading head was carried out. All the dentin bars were
kept moist during testing with distilled water. The loadtesting machine was run at a cross-head speed of 0.5 mm
minutes–1 to failure. Data were recorded on a plotter to
give load–displacement curves on graph paper. The load
at fracture was recorded directly from the load-testing
machine and verified against the load–displacement curve.

CALCULATION OF MODULUS OF ELASTICITY
AND FLEXURAL STRENGTH
Modulus of Elasticity
The slope of the tangent to initial straight line portion
of load–deflection curve was drawn, and modulus of
elasticity was calculated as
E = (L3 m)/(4 b d3).

Flexural Strength
The flexural bend strength (FBS) was calculated using
the following equation:
FBS = (3 P L)/(2 b d2),
where
E = modulus of elasticity in bending (Nm–2)

S = stress at fracture (flexural strength Nm–2)
P = load at the moment of fracture (N)
L = the support span (m)
b = the width of beam tested (m)
d = the depth of beam tested (m)
m = the slope of the initial straight-line portion of the
load–deflection curve (Nm–1 of deflection) (American
Society for Testing and Materials, 1989).

Statistical Analysis
The raw data were tabulated and the means and standard
deviation calculated for each group. To compare the mean
values between groups, one-way ANOVA was used followed by Tukey’s HSD (honest significant difference) test
for multiple pairwise comparison.

RESULTS
Flexural Strength (Nm–2)
The means and standard deviations of the flexural
strength calculated from the raw data are presented in
Table 1. Statistical analysis showed a highly significant
(p < 0.001) reduction in the flexural strength values of
the 5% NaOCl and Ca(OCl)2 groups as compared to the
controls. Also, there was highly significant reduction
in flexural strength of the NaOCl-treated dentin bars
(p < 0.001) than the Ca(OCl)2-treated ones (p < 0.001).

Modulus of Elasticity (Nm–2)
The means and standard deviations of the modulus of
elasticity calculated from the raw data are presented in
Table 2. Analysis showed that there was a highly significant (p < 0.001) reduction in the modulus of elasticity of
the specimens treated with 5% NaOCl as compared to
the controls. Also, there was a statistically significant
Table 1: Means and standard deviation of flexural strength
of the test groups
Groups
Saline

Mean ± SD
69.25 ± 6.5

5% Ca(OCl)2
5% NaOCl

55.05 ± 2.8
49.05 ± 2.2

Intergroup
comparison
Saline vs NaOCl
Saline vs Ca(OCl)2
NaOCl vs Ca(OCl)2

p-value
<0.001
<0.001
<0.001

Table 2: Means and standard deviation of modulus of elasticity
of the test groups
Groups
Saline

Mean ± SD
0.37 ± 0.07

5% Ca(OCl)2
5% NaOCl

0.33 ± 0.04
0.29 ± 0.02

Journal of Operative Dentistry and Endodontics, July-December 2016;1(2):56-59

Intergroup
comparison
Saline vs NaOCl
Saline vs Ca(OCl)2
NaOCl vs Ca(OCl)2

p-value
<0.001
0.035
0.035
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difference in the modulus of elasticity between the
control group and 5% Ca(OCl)2-treated dentin bars
(p = 0.035). The 5% NaOCl resulted in a significant
reduction in modulus of elasticity when compared to
Ca(OCl)2 group (p = 0.035).

DISCUSSION
Human dentin is made up of 70% inorganic, 20% organic
content, and 10% water by volume.15 Carbonated apatite
is the inorganic component of dentin, whereas the organic
phase is predominantly type I collagen fibrils. This composition makes dentin more compliant than enamel, with
a typical modulus of elasticity of 11 to 20 GPa.16,17 The
inorganic phase provides strength, whereas the organic
phase is responsible for the toughness of dentin.18 Studies
have shown that commonly used root canal irrigants
can adversely affect the mechanical properties of root
dentin.19,20
Sodium hypochlorite is most commonly used for pulp
tissue dissolution. When used as a root canal irrigant,
NaOCl acts through amino acid neutralization, saponification, and chloramination reactions. At a pH of < 6.5, NaOCl
releases HOCl, thereby contributing to available chlorine
content.5 Hypochlorite solutions may affect mechanical
properties of dentin via the degradation of organic dentin
components.21 Previous studies have reported that NaOCl
solution causes a concentration-dependent reduction
of elastic modulus and flexural strength in human root
dentin bars at concentrations of 1, 5, and 9%.22
In a previous study by Dutta and Saunders,12 iodometric titration was used to determine the concentration of
available chlorine content in the Ca(OCl)2 solution. It was
found that the available chlorine content of 5% Ca(OCl)2
solution was comparable to that of 4.65% NaOCl (Chlorax)
solution. Hence we have used 5% Ca(OCl)2 in this study.
Protocol suggested by Grigoratos et al8 was followed
in this study. Standardized dentin bars were used to
study the effect of NaOCl and Ca(OCl)2 on the mechanical properties of root dentin. Dentin bars were immersed
in 50 mL test solution for 30 minutes, with the solution
being changed once in every 15 minutes to simulate
clinical situation. Saline was used as control because its
properties were similar to that of distilled water. Solutioninduced mechanical alteration was measured applying a
three-point bend test.14
In 5% NaOCl-treated groups, the fracture loads were
much lower with considerable deformation of the dentin
bars prior to fracture. The characteristic bleached and
chalky appearance in NaOCl-treated specimens, reported
earlier by Sim et al,23 was observed in our study.
The flexural strength of 5% Ca(OCl)2-treated groups
was lower when compared to the control group. In 5%
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Ca(OCl)2-treated groups, the loads required to fracture
were much lower as compared to the controls but higher
than those treated with NaOCl solution. The change in
physical properties could be explained by the loss of the
organic matrix within the dentin.23
A previous study noted that dentin bars treated with
Ca(OH)2 and pretreated with 5% NaOCl exhibited a
drastic decrease in fracture load. They suggested that
prior treatment with NaOCl may have depleted organic
portion of dentin to a great extent such that there was no
remaining accessible substrate for Ca(OH)2 to act.
There was a decrease in the modulus of elasticity
of 5% NaOCl group when compared to 5% Ca(OCl)2
group. Calcium hypochlorite in aqueous solution liberates Ca(OH)2. Wang and Hume24 have postulated
that Ca(OH)2 does not penetrate dentin well because
of buffering capacity of hydroxyapatite. These results
are in accordance with a previous study by Dutta and
Saunders.12 According to them, the presence of Ca2+
ions in Ca(OCl)2 could have led to the production of
twice as many as hydroxyl ions than in NaOCl solution.
This would have neutralized the pH and slowed down
the rate of formation of HOCl. Hence it may be assumed
that Ca(OCl)2 may have more pronounced effect on the
superficial surface of the dentin than its interiors. Thus
the null hypothesis was rejected. Further studies to evaluate the effect of Ca(OCl)2 on root canal sealer penetration
and bond strength should be performed, when used as
an endodontic irrigant.

CONCLUSION
Within the limitations of this study, when used as an
irrigant,
• 5% NaOCl and 5% Ca(OCl)2 have significant detrimental effect on flexural strength and modulus of
elasticity of root dentin in comparison with normal
saline.
• 5% NaOCl reduced the flexural strength and modulus
of elasticity of root dentin bars more when compared
to 5% Ca(OCl)2.
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