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Abstract
Introduction: NaOCI is widely accepted as an irrigant in
endodontics because of its tissue dissolution potential and
antibacterial effect. The therapeutic effects of sodium
hypochlorite solutions are dependent on the levels of of
free available chlorine (FAC). The use of additional
irrigation with 2 % Chlorhexidine, 17% EDTA and
Biopure MTAD

enhance bacterial eradication. Mixing these solutions with

is one of the proposed strategies to

NaOCI can result in significant reduction in free available
chlorine so the aim of the present study is to evaluate the
effect of different root canal irrigants on free active
chlorine in sodium hypochlorite. Methodology: 5.2%
sodium  hypochlorite admixed with 2%
chlorhexidine , 17% EDTA , Biopure MTAD and saline
90:10, 80:20, and
50:50.Mixing of ssodium hypochlorite with these irrigants

solution

in the following proportions:

reduces free active chlorine. Changes in free active

chlorine is measured by iodometric titration. Statistical
differences between means were determined using a post
hoc tukey analysis test after an analysis of variance.
Results: 80:20 and 50:50 proportions of 2% CHX and
17% EDTA having the significant influence on FAC.
CHX and EDTA both reduces the FAC of NaOCI.
MTAD has no significant effect on FAC at all three
proportions.

Conclusions: CHX and EDTA combined use with NaOCI
solutions should be avoided. MTAD has no demonstrable
effect on FAC.

NaOCl - Sodium Hypochlorite, CHX -
Chlorhexidine, EDTA- Ethylene diamine tetra acetic acid,

Keywords:

FAC - Free active chlorine.

Introduction

The primary endodontic treatment goal is to optimize root
canal disinfection and to prevent re-infection." The

purpose of endodontic treatment is to achieve thorough
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debridement of root canals. Microorganisms considered to
be responsible for all pulpal and periapical pathology are
present not only in the root canals but also invade the
dentinal tubules up to varying depths.>* Irregularities in
canal systems, narrow isthmi, and apical deltas prevent
complete debridement by mechanical instrumentation
alone. Thus, chemical disinfection through irrigation
becomes a critical adjunct.* For clinical usage, an ideal
irrigant should have certain properties, such as ability to
flush out loose debris, to lubricate the dentinal walls, to
dissolve organic matter in the canal, and to have
antimicrobial effects.’

A wide range of irrigating solutions is available for
endodontic use, such as NaOCI, EDTA and chlorhexidine
(CHX).® Sodium hypochlorite (NaOCI) have been used as
endodontic irrigants since 1920 for their antibacterial and
tissue-dissolving properties, most likely used endodontic
irrigant worldwide. These solutions are very strong
oxidizing agents, and in solution they contain hypochlorite
ion (OCI ) and hypochlorous acid (HOCI) in varying
proportions, which together constitute the active chlorine
content. It is this active chlorine that provides the protein-
dissolving ability and antibacterial properties of NaOCI.’
Despite the fact that in vitro tests utilizing higher
concentrations of NaOCIl have generally exhibited its
antibacterial impact, the presence of dentin collagen,
exudate, and microbial biomass inside root canals rapidly
reduce its efficacy , bringing about bacterial persistence.?
The high

concentrations of NaOCI (eg, a proportional increase in

collateral tissue damage seen with
cytotoxicity and a lessening in the mechanical properties
of dentin) is an extra concern.” The utilization of
additional irrigation with secondary antibacterial irrigants
is one of the proposed methodologies to enhance bacterial

destruction.®

© 2020 1JDSIR, All Rights Reserved

Several studies have shown that the use of a combination
of sodium hypochlorite (2.5-5%) and EDTA (10-17 %) is
particularly effective in the removal of organic and
inorganic debris.>™ Sodium hypochlorite (NaOCI) is
known for its antibacterial properties 12 and its ability to
dissolve organic components™, EDTA is a Ca2+ chelating
agent and therefore capable of removing the smear
layer."*'® The smear layer adheres to the canal walls and
occludes the dentinal tubules (smear plugs). This negates
the ability of medications to penetrate into deeper
tissues™’, and prevents the filling material from optimally
adhering to canal walls."**° Most authors consider the
removal of the smear layer important because it may be
infected or it can prevent access to the dentinal tubules,
which may contain bacteria and their by-products.?
EDTA can be used as a final flush to open up the dentinal
tubules thus allowing an increasing number of lateral
canals to be filled. %

Chlorhexidine gluconate (CHX) is a broad-spectrum
antimicrobial agent that has been advocated as an effective
medication in endodontic treatment® 2*, When used as a
root canal irrigant and intracanal medication, it has an
antibacterial efficacy comparable to that of NaOCI %,
while being effective against certain NaOCI resistant
bacterial strains®’. Prolonged exposure of the root dentin
to CHX may result in residual antimicrobial activity of the
dentin surface?®. CHX has a low grade of toxicity®;
however, the inability of CHX to dissolve organic matter
is a perceived drawback *.

The disadvantages of NaOCI are its unpleasant taste, high
toxicity,* and inability to remove smear layer when used
alone.**® EDTA chelates with calcium and removes the
mineralized portion of the smear layer,®* but has to be
used with a proteolytic agent (NaOCI) to remove the
organic component.® EDTA itself does not possess

disinfecting ability® and also has been shown to inactivate
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chlorine, the active agent in NaOCI.*” CHX is reported to
have good antibacterial properties but does not possess
tissue-dissolving capabilities.*®

Considering these limitations, a new irrigant was
introduced that could fulfill all the ideal requirements.
Since its introduction, MTAD (a mixture of doxycycline,
citric acid, and a detergent [Tween 80]; Dentsply, Tulsa,
OK) has been the focus of attention as an alternative root
canal irrigant. MTAD, introduced by Torabinejad and
Johnson* at the Loma Linda University in 2003, is an
aqueous solution of 3% doxycycline, a broad-spectrum
antibiotic; 4.25% citric acid, a demineralizing agent; and
0.5% polysorbate 80 detergent (Tween 80). In this
product, doxycycline hyclate is used instead of its free-
base doxycycline monohydrate, to increase the water
solubility.* 1t is commercially available as a 2-part
mixture (Biopure MTAD; Dentsply). It is considered to be
clinically effective’ and a biocompatible endodontic
irrigant.*

Utilizing some of the present accessible irrigants in mix
with NaOCI has its drawbacks, for example the formation
of toxic reaction products and antagonistic interactions’.
FAC is significantly diminished when NaOCIl and EDTA
are combined, even in small proportions’. CHX forms a
precipitate when mixed with NaOCI, the composition and
toxicity of which are still controversial’. The effect of
CHX on the FAC when it is mixed with NaOCI is
unknown. Till now no study evaluated the effect of
Biopure MTAD on the FAC when it mixed with NaOCI.
However, there are no data that support the use of any
particular secondary irrigant solution. Nevertheless, there
is a need to identify secondary irrigants with antibacterial
and antibiofilm properties that can be used safely and
effectively in root canal systems in combination with

NaOCI without reducing the FAC.

© 2020 1JDSIR, All Rights Reserved

The aim of this investigation was to measure the effect of
CHX, EDTA, Biopure MTAD on the FAC content of
NaOCI solutions when mixed at varying proportions
Materials and methods
The NaOCI solution was used as primary solution (Vishal
dental care pvt. Gujarat,India), which had a nominal free
chlorine content of 5.2% (w/v).
The 3 secondary solutions tested were the following:

1. 0.5% Normal saline (Infutec Healthcare Limited)

2. 2% CHX (Vishal

Guijarat,India)

3. EDTA (Prevest denpro, EDTA solution)

4. Bio pure MTAD (Dentsply)

Preparation of Mixture:

solution dental care pvt.

The test solutions were made by diluting the primary

solution with the secondary solutions to make up 25-mL

aliquots of different proportions. The proportions and their

composition were as follows:

e 90:10, 22.5 mL 5.2% NaOCI was mixed with 2.5 mL
secondary Solution

e 80:20, 20 mL 5.2% NaOCI was mixed with 5 Ml
secondary solution

e 50:50, 12.5 mL 5.52% NaOCI was mixed with 12.5
mL secondary solution

The active chlorine concentrations of all test solutions

were established by iodometric titration. The baseline

FAC of the primary solution was established by averaging

three iodometric titrations immediately before mixing with

the secondary solution. The FAC content of the mixtures

was also established immediately after mixing. Three

independent assessments were made for each 25-mL

aliquot of each mixture in each of the 3 proportions for

each test solution and averaged.

Data Analysis

Statistical analysis was performed using SPSS 22.0 (SPSS

Inc, Armonk,NY). A post hoc Tukey test analysis was
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performed after analysis of variance to compare the mean
FAC between mixtures of NaOCI with different secondary
solutions at different proportions. The level of significance
was. *P<0.05; Significant; **P<0.001; Highly significant.
4. Results:

Table.1 shows free active chlorine available at different
dilution in moles. Mixing NaOCI with other test solutions
resulted in a decrease of FAC in all mixtures. When
NaOCl mixed with saline at 90:10,80:20 and 50:50
dilution the available free active chlorine respectively
0.00513,0.00407,0.00387 moles.

Chlorhexidine

When NaOCI mixed with CHX at 90:10,80:20 and 50:50
dilution the available free active chlorine respectively
0.00467,0.00360 ,0.00100 moles. Figure: 1 shows highly
significant decrease in FAC with chlorhexidine when
compared to all other irrigating solutions.

Table :1 Shows Free Active Chlorine Available At
Different Dilution

Irrigant Free Active Chlorine Available At Different Dilution

Combinat | 90:10 80:20 50:50

ion Use Mean | +SD Mean | +SD Mean | +SD

1. NaOCI | 0.0051 | 0.00011 | 0.0040 | 0.00011 | 0.0038 | 0.00011

+ Saline 33 55 67 55 67 55

2. NaOCI | 0.0046 | 0.00057 | 0.0036 | 0.00052 | 0.0010 | 0.00000

+ CHX 67 74 00 92 00 00

3. NaOCI | 0.0050 | 0.00000 | 0.0040 | 0.00020 | 0.0024 | 0.00000

+EDTA 00 00 00 00 00 00

4. NaOCl | 0.0050 | 0.00011 | 0.0051 | 0.00011 | 0.0052 | 0.00000

+MTAD 67 55 33 55 00 00

p value 0.304 0.001* <0.001**
EDTA

When NaOCI mixed with EDTA at 90:10,80:20 and 50:50
dilution the available free active chlorine respectively
0.00500,0.00400 ,0.00240
decrease in FAC with EDTA at 80:20 and 50:50 dilution

when compared to Biopure MTAD and saline.

moles. Figure: 1 shows

© 2020 1JDSIR, All Rights Reserved

Biopure MTAD

When NaOCI mixed with Bio pure MTAD at 90:10, 80:20
and 50:50 dilution
respectively 0.00507,0.00513 ,0.00520 moles. Figure: 1
shows no significant change in decrease of FAC when
compared to CHX and EDTA.

Figure: 1 Shows Free Available Chlorine Content of
Solution Mixtures in moles at 90:10,80:20 and 50:50

propotion.

the available free active chlorine

Figure 1

0.00600
0.00500 S
0.00400 RS

+—1. NaGCl + Baline
—u—2 NaOCl + Chlorhexidine

3. NaCCl+ EDTA

4 NaOCI+ MTAD

0.00300

0.00200

0.00100

Free Available Chlorine Content of Solution
Mixtures in moles

0.00000 90 10

0.00513
0.00467
0.00500
0.00507

80:20
0.00407
0.00360
0.00400
0.00513

50:50
0.00387
0.00100
0.00240
0.00520

1. NaOCl| + Saline
2. NaQC| + Chlorhexidine
3. NaOCl + EDTA
4, NaOC| + MTAD

At 90:10 dilution there is no significant decrease in FAC
P<0.304, At 80:20 and 50:50 dilution there is significant
decrease in FAC respectively P<0. 0.001* significant,
highly significant P<0.001**,

With saline, the loss of FAC was almost identical to what
would be expected because of dilution, indicating that
little if any reaction occurred between solutions. With all
other mixtures, the reduction in FAC was much greater
than would have been expected from dilution, indicating
that a chemical reaction occurred between the solutions.
Discussion

Sodium hypochlorite solutions (NaOCI) have been used as
endodontic irrigants since 1920 for their antibacterial and
tissue-dissolving properties®, Nevertheless, they are
almost certainly the most common endodontic irrigants
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used worldwide™ ™. These solutions are very strong

oxidizing agents, and in solution they contain hypochlorite
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ion (OCI -) and hypochlorous acid (HOCI) in varying
proportions, which together constitute the active chlorine
content. It is this active chlorine that provides the protein-
dissolving ability and antibacterial properties of NaOCI **.
A suggested clinical protocol for treating the dentin before
root filling consists of irrigation with NaOCI to dissolve
the organic components, irrigation with EDTA to
eliminate the smear layer and irrigation with CHX to
impart substantive antibacterial activity 1. Although such
combination of irrigants may enhance their antimicrobial
properties®™, possible chemical interactions among the
irrigants have to be considered.

In considering FAC in mixtures of irrigants, it should be
remembered that any reduction may be combined effect of
dilution and a chemical reaction ’. The impact of dilution
alone on the FAC of NaOCI has been recently affirmed by
Clarkson et al . The expected reduction in values caused
by dilution alone is indicated in Figure -1 when NaOClI
and Saline combination used. Any reduction in FAC
beyond that expected from dilution can be assumed to be a
result of a chemical reaction.

However, a volume-based measurement of the mixture as
previously reported by Clarkson et al * was used because it
is a clinically relevant way of testing irrigant interaction.
Clinically we have dentin and organic matter which evoke
neutralizing effect on irrigants so iodometric titration is
used in the present study to measure FAC.

Our results showed that the reduction of FAC with all
combinations of CHX was more than the effect of
dilution, confirming that NaOCI and CHX reacted with
each other. The chemical interactions of NaOCl with
EDTA or CHX are redox reactions, with molecular groups
being oxidized by NaOCI®®; an acid base reaction occurs
when CHX and NaOCI are mixed because CHX has the
ability to donate protons as a positive component, whereas

NaOCI can accept them®®.CHX produced a significant

© 2020 1JDSIR, All Rights Reserved

reduction in FAC, the poor clinical outcome reported
when CHX was used concurrently with NaOCI >’ is likely
because of the combined effect of the reduced FAC
nullifying any antimicrobial effect of the mixture and in
part because of the precipitate’’, which could affect the
obturation seal®®. The present study results coincide with
the previous study done by Unni Krishnan et al (2017).> It
is clear from this investigation that NaOCl and CHX
should not be mixed in the canal.

Previous studies have shown that EDTA can reduce up to
80%-88% of available chlorine from NaOCI solutions,
which was mirrored in the results of this study %, What
was surprising was the substantial reduction in FAC
observed with EDTA. The loss of active chlorine content
over time does give some insight into the nature of the
reaction taking place. It seems likely that NaOCI reacts
with the amide groups on the EDTA molecule to produce
chloramines, reducing the available active chlorine in the
process. The reaction between EDTA and NaOCI is
exothermic.” The results of this investigation do confirm
the findings of Grawehr et al*®, who reported an 88% loss
of active chlorine concentration with a 50:50 mix of
EDTA and NaOClI, It is clear from this investigation that
NaOCI and EDTA should not be mixed in the canal.

With Biopure MTAD, the loss of FAC was almost
identical to what would be expected because of dilution,
indicating that little if any reaction occurred between
solutions. Bench-top reproductions of the phenomenon
revealed that the redox reaction between NaOCI and
MTAD.61 In the present study MTAD and NaOCI
combination shows highest amount of FAC when
compared to CHX and EDTA. In the previous study done
by Clarkson et al (2011) irrigants containing surfactants
shows substantially high amount FAC when compared to
irrigants which don’t have sufactants’ , So in the present
study this could be possible reason for MTAD and NaOCI
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combination presenting a substantially higher amount of
FAC. Further studies are needed on Biopure MTAD and
NaOCl irrigant interaction.

This article is not without limitations. The chlorine levels
determined using the iodometric titration methods are
generally higher than those that are clinically achievable
because of the inherent instability of NaOCl and the
neutralizing effect of dentin and organic matter. In
addition, the inclusion of chlorate, chlorite, perchlorate,
and bromate ions in FAC measurements in the iodometric
titration makes it less accurate compared with FAC
measurement with liquid chromatography and tandem
mass spectrometry.”

Conclusion

In conclusion, when mixed with NaOCI solutions, CHX
appears to cause a marked reduction in FAC in a similar
manner to that of EDTA, and, thus, its combined use with
NaOCI cannot be recommended. On the other hand,
Biopure MTAD has no demonstrable effect on the
available chlorine levels in all mixed proportions other
than the effect of dilution. Its use as an irrigant in
combination with NaOCI is a promising development.
Further studies are required to evaluate the extent of
synergism achievable using Biopure MTAD as a root
canal irrigant in combination with NaOCI and also with
EDTA at various pH levels because irrigant synergism
decreases irrigation time and also provide synergistic
effect . The ideal proportion and minimal concent of
NaOCIl with Biopure MTAD

antimicrobial and tissue dissolution actions require further

to achieve optimal

investigation.
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