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Evaluation of The Interaction Between Alternative Endodontic

Irrigation Solutions

Melek Hilal Kaplan, Hilal Erdogan
Abstract

Statement of the problem: For successful endodontic treatment, mecha-
nical cleaning and chemical irrigation can be used together. Since there is not
yet a single solution sufficient for both root canal cleaning alone, combined use
of irrigants is recommended for the synergistic effect. Polyhexanide (PHMB),
boric acid, phytic acid, peracetic acid, and hypochlorous acid are relatively new
alternative endodontic irrigation solutions and there are no studies in the lite-
rature on the combined use of alternative solutions.

Objective: This study aimed to evaluate the interactions that would re-
sult from applying PHMB as a substitute for CHX following alternative inter-
mediate irrigation solutions that might be utili-zed with NaOCl.

Materials & Methods: Eight microtubes were used for this study. 0.5ml
of 5%NaOCl was placed in each microtube first, the microtubes were divided
into two groups as the final product CHX and Polyhexanide, and the two gro-
ups were divided into four groups with different irrigants in themselves. The
study was conducted at room temperature and the images of the mixtures were
photographed at 1 min, 10 min, 20 min, 30 min, and 1 hour. Groups; G1: NaOCl+
1%Phytic acid +0.1%Polyhexanide, G2: NaOCl+ 0.02%Hypochlorous acid
+0.1%Polyhexanide, G3: NaOCl+ 2% Peracetic acid +0.1%Polyhexanide, G4: Na-
OCl+ 5% Boric acid +0.1%Polyhexanide, G5: NaOCl+ Phytic acid+ 2%CHX, Gé:
NaOCl+ 0.02%Hypochlorous acid +2%CHX, G7: NaOCl+ 2% Peracetic
acid+2%CHX, G8: NaOCl+ 5% Boric acid + 2%CHX.

Results: White or brown precipitates occurred as soon as the solutions
were applied to all of the CHX groups; milky-white precipitate was only seen
in the Polyhexanide group's Phytic acid-added group. After 5 minutes, air
bubbles were seen in the Polyhexanide group that had Peracetic acid added,
whereas the CHX group had an increase in brown precipitates.

Conclusions: Considering the current research conditions, In clinical
practice, the administration of Polyhexanite as the last irrigant and the combi-
nation of NaOCl with boric acid or hypochlorous acid can be advised.

Keywords: Endodontic Irrigant, Polyhexamethylene Biguanide, Brown-
Orange Precipitate, Peracetic Acid, Hypochlorous Acid
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Introduction

Bacteria and their metabolites are the primary etiological factors for pulp and periapical
disorders, by invading the root canal System.! Because of this, root canal therapy aims to tho-
roughly eradicate germs and stop re-infection in the affected root canal system and periapical
tissues.2 Mechanical instrumentation and chemical irrigation can be used in combination to ac-
hieve this. Mechanical instrumentation during root canal treatment significantly reduces the
number of microorganisms but remains inadequate due to the anatomical complexity of the root
canal system and the presence of lateral canals.®* Therefore, in addition to mechanical cleaning,
a variety of irrigation solutions must be employed to remove bacteria and their products, tissue

remnants, and smear layer from root canals and dentinal tubules.®

Because of its antibacterial® and tissue-dissolving capabilities’, sodium hypochlorite
(NaOCl) is the most frequently used irrigant during endodontic therapy. The most common
concentration of NaOCI, 2.5%, was discovered in the endodontic literature, along with others
ranging from 0.5% to 5.25 percent. However, although the antimicrobial activity is enhanced
at high concentrations of NaOCI, at these doses it is cytotoxic® and may cause periapical tissue
irritation.® After chemo-mechanical activities using NaOCI as the irrigant, studies have shown
that 40-60% of root canals still contain detectable quantities of cultivable bacteria.?

Another agent frequently used in endodontics is chlorhexidine digluconate (CHX); at
low doses, it has a bacteriostatic action, and at high quantities, a bactericidal effect?, is a broad-
spectrum antimicrobial agent*2, and can remain on the root dentin surface exposed to CHX for
a long time and its antimicrobial effect can continue, less toxic than NaOCI. However, it cannot

fully replace NaOCI due to its lack of tissue dissolving feature.

There is not a single chemical agent that can remove the smear layer with its tissue-
dissolving effect, disinfect the root canal system and show antimicrobial properties for a long
time. Therefore, the combined use of irrigants is recommended. Different irrigants are utilized
in combination to increase irrigation effectiveness because of their beneficial synergistic effects
on antibacterial characteristics.*®® Because CHX continues to have an antibacterial impact on

root canal walls, it can be utilized as a final irrigant.*3

Acid-base reaction results in the formation of an orange-brown precipitate when used in
combination with chlorhexidine and NaOCI.** Some investigations have indicated that this

brown precipitate contains para-chloroaniline'>*6, whereas other studies have indicated that it
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does not.}” Also, it is difficult to remove this brown precipitate because it plugs the dentinal
tubules and lateral canals. In addition to potentially discoloring teeth, it can also compromise
the root canal filling's ability to seal.'® Intermediary irrigant substances have been recommen-
ded to inactivate NaOCI residues before applying CHX in order to avoid the occurrence of the
brown-colored precipitate.'® Given these issues, there is still a need to explore new irrigation

solutions and techniques.

The biocide, Polyhexamethylene biguanide or Polyhexanide (PHMB), which belongs to
the bisbiguanide family, has a wide range of applications as a disinfectant for surfaces, objects,
and instruments. Additionally, it is utilized in mouthwash formulations?, soft lens care soluti-
ons?!, and wound therapies.?? It is effective against Gram-positive (S.epidermidis, S.aureus, and
E.faecalis) and Gram-negative (E.coli) bacteria. According to studies, PHMB promotes faster
wound healing and has a wide antibacterial spectrum, a low risk of contact hypersensitivity,
and good tissue and cell tolerance.?? PHMB has recently been on the agents as an alternative
solution to CHX.2® PHMB, boric acid, phytic acid, peracetic acid, and hypochlorous acid are
relatively new alternative endodontic irrigation solutions and there are no studies in the litera-
ture on the combined use of alternative solutions. This study aimed to evaluate the interactions
that would result from applying PHMB as a substitute for CHX following alternative interme-
diate irrigation solutions that might be utilized with NaOCI.

Materials & Methods
Solutions

Different combinations of irrigation solutions were used in this study. 2% CHX (Cerka-
med, Stalowa Wola, Poland) solution and its alternative irrigant 0.1% Polyhexamethylene Bi-
guanide (PHMB; Actolind® w Solution, ACTO Pharma, Germany) were combined with diffe-
rent solutions as follows: 5 % NaOCI (Acquafarma; Niteroi, RJ, Brazil), 1% Phytic Acid (Sigma
Aldrich, USA), 0.02% (200 ppm) hypochlorous acid (HOCI; Crystalin, Natural Health Pro-
ducts-NHP, Turkiye), 2% Peracetic acid (PAA; Sigma Aldrich, USA), 5% Boric acid (Sigma
Aldrich, Darmstadt, Germany).

Mixture of solutions

Eight flat-top 2.0 ml polypropylene microtubes were used in this study. All eight mic-

rotubes contained 0.5 ml of 5% NaOCI as the initial irrigation solution. Then, the microtubes
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were divided into four main groups (n=2), and 0.5 ml of different irrigants (1% Phytic acid,
0.02% HOCI, 2% Peracetic acid, and 5% Boric acid) were added. No reaction was observed in
all groups. After 5 minutes, the main groups were divided into two groups as the final products,
CHX and Polyhexanide. The scheme of the working groups is shown in Table 1. The mixing
process was carried out at room temperature and the color change was visually inspected. The
images of the mixtures were photographed at the 1st minute, 10th minute, 20th minute, 30th
minute, and 1st hour.

Results

The colored precipitate that resulted from the combination of solutions is presented in
Table 1.

Table 1. Irrigant solution associations and their products' visual characteristics.

Solution 1 Solution 2 Final Solution Appearance

NaOCl 1% Phytic acid 0.1%Polyhexanide Milky-white precipitate
NaOCl 0.02 %Hypochlorous acid 0.1%Polyhexanide No color change

NaOCl 2% Peracetic acid 0.1%Polyhexanide No color change

NaOCl 5% Boric acid 0.1%Polyhexanide No color change

NaOCl 1% Phytic acid 2%CHX Brown-orange precipitate
NaOCl 0.02 %Hypochlorous acid 2%CHX Brown-orange precipitate
NaOCl 2% Peracetic acid 2%CHX Brown-orange precipitate
NaOCl 5% Boric acid 2%CHX Brown-orange precipitate

The color change after interaction between solutions is shown in Figure 1. In all of the
CHX groups, white or brown precipitates started to form rapidly after the solutions were added,
as seen in Figure 1-e, f, g, h. The milky-white precipitate observed was only noticed in the
group that received Phytic acid (Figure 1-a) in the PHMB group. Air bubbles were seen in the
group with peracetic acid added in the PHMB group after 5 minutes, while the CHX group

showed an increase in brown precipitates.

Figure 1: a; NaOCI+Phytic acid+PHBM b; NaOCI+HOCI+PHBM c; Na-
OCI+PAA+PHBM d; NaOCI+Boric acid+PHBM, e; NaOCI+Phytic acid+CHX f; Na-
OCI+HOCI+CHX g; NaOCI+PAA+CHX h; NaOCIl+Boric acid+CHX.
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Discussion

It is well known that NaOCI and CHX, which are most commonly used clinically as
endodontic solutions, interact to form an insoluble and toxic brown precipitate. It is important
to investigate the brown precipitate formation prevention protocol. It has been suggested to use
intermediate irrigants to neutralize NaOCI and prevent brown precipitate formation.?+2°
However, despite the use of an intermediate irrigant, a brown precipitate may still form in the
root canals.?” Therefore, this study, it was aimed to examine the interactions of the use of four
different intermediate irrigants before CHX with NaOCI and the use of CHX as the final product
or the use of PHMB as an alternative.

One of the gels used as an intermediate irrigant is Peracetic acid. Peracetic acid (PAA)
is a powerful disinfectant with a broad antimicrobial spectrum, even at low concentrations.
EDTA and Citric Acid, which act as decalcifying agents, do not have antimicrobial properties.
The use of PA instead of EDTA has recently attracted attention due to its potential to improve
the disinfection of root canals.?®?° According to Cord et al?®, irrigations using PAA and 17%
EDTA in combination with 2.5% sodium hypochlorite had equal bactericidal effects. Another
benefit of PAA is that it has low cytotoxicity and is unaffected by the presence of organic debris,

according to Teixeira et al.>>3!

Guerreiro-Tanomaru et al®? showed that 1% PAA reduced the E.faecalis count to 86%
after 3 minutes and eliminated it after 10 minutes, while 2% CHX and 2.5% NaOCI acted within
30 seconds. The cytotoxic effect of endodontic irrigation solutions is being studied more and
more.3*34 In a study comparing 2% PAA, NaOCI 5.25%, and CHX 2%, on cell viability, it was
reported that PAA showed higher viability.®® similarly, another study reported that 1% PAA
showed less cytotoxic effect than 2.5% NaOCI and 17% EDTA.?° PAA has the advantages of
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being less cytotoxic and the capacity to clear the smear layer. In addition, it is not recommended
to be used as a final irrigant, as it will not improve disinfection due to its low antibacterial effect
on E.faecalis compared to NaOCI and CHX.® In this study, air bubbles were observed when
the final irrigant was polyhexanidine in the group using PAA as the intermediate irrigant, while

there was an increase in brown precipitate when the final irrigant was CHX.

It has been reported that Hypochlorous Acid (HOCI) is effective on the smear layer and
effectively cleans the root canal walls, so it has been suggested as an alternative irrigation so-
lution to NaOCI.%® At the same time, a study investigating the interaction of HOCI with dental
materials found that HOCI increased the bond strength between dentin and the self-adhesive
resin cement.>” HOCI is a biocompatible substance with antibacterial action that the immune
system of humans naturally produces to fight against infection®® and has been shown to have
substantially lower toxicity than NaOCI while still exhibiting equal antibacterial efficacy aga-
inst E.faecalis.®® In this study, no color change was observed when HOCI was used as the in-
termediate irrigant in the group where PHMB was the final solution. For this reason, its use

with NaOCI may be effective to achieve a synergistic effect.

A promising natural organic substance that is isolated from rice bran is phytic acid. It
may effectively chelate multivalent cations like calcium (Ca+2), magnesium, and iron due to
its numerous negative charges. In addition, the low probability of phytic acid also has an anti-
biotic effect against E.faecalis. According to Nassar et al®., it is an alternative to EDTA because

of its effectiveness in removing the smear layer and biocompatibility to periapical tissues.

By controlling the tissue's oxidant-antioxidant balance, the ubiquitous mineral known
as boric acid and borate exert anti-inflammatory actions.*>#! Boron applied topically is benefi-
cial in treating periodontal disease by Luan et al.*? Additionally, boric acid has strong antibac-
terial properties.*® Turk et al?’ suggested that boric acid is insufficient to remove the smear
layer, but combined use to benefit from its antibacterial effect. We also used this solution as an
intermediate irrigant after NaOCI in our study. Boric acid did not prevent the brown precipitate
formation in the group using CHX as the pre-product, but no color change was observed in the
group using Polyhexanide instead of CHX.

Recently, the use of PHMB in dentistry is particularly interesting. Santos et al performed
a systemic review on PHMB and CHX and reported that PHMB can be used as an alternative
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to CHX.?® Mikic et al** evaluated PHMB on E.faecalis, C.albicans, and S.epidermidis and re-
ported that PHMB was more effective than NaOCI and CHX in reducing the number of micro-

organisms.

Han et al. evaluated the effect of different irrigants on intraradicular mature polymicro-
bial biofilm and reported that PHBM and CHX had similar antibiofilm effects, but that PHBM
had a more permanent antibiofilm effect than CHX.*® Similar results were reached by Chandki
et al*® that compared the substantivity of 0.2% PHMB and 2% CHX on root canal dentin at 1
h, 24 h, 7 days, and 21 days.

In this study, PHBM interacted only with Phytic acid in the groups used as the final
product, did not interact with the other three irrigants, and no color change was observed. There
are still limited studies on the use of this substance as an irrigant. There is a lack of information
about the combination of PHMB and CHX with phytic acid, boric acid, peracetic acid, and

hypochlorous acid. Therefore this study is unique in its area to the best of our knowledge.
Conclusion

Within the limits of this study, the use of NaOCI together with boric acid or hypochlo-
rous acid in clinical practice and the application of Polyhexanite as the final irrigant can be

recommended.
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