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Abstract

The physicochemical properties of an endodontic irrigant influences the outcome of root
canal treatment. These properties include mainly its composition, concentration, viscosity,
surface tension and various factors like surface texture, temperature, pressure, pH, addition
of chemical products etc. This article is an attempt to draw a relation between pH and
surface tension which enables clinicians to select appropriate irrigants and optimize their
effectiveness in disinfection, debris removal, and tissue compatibility during root canal
treatment. For this review article, Pubmed, Google scholar and Research gate search
engines are used. Keywords like pH, surface tension, endodontic irrigants etc. are used to
find the articles. Inclusion criteria is based only on those articles (clinical research, basic
research and review) selected which gives direct or indirect relation between pH and
surface tension and rest of the articles are excluded which do not end on key points. Most
of the articles concluded that acidic pH correlates with lower surface tension and alkaline
pH correlates with higher surface tension but a concrete conclusion is still awaited and
needs further researches and trials in this field.
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Introduction

The success of root canal therapy depends on the
quality of several factors, including the
instrumentation, irrigation, disinfection, and 3-
dimensional obturation of the root canal.'During
the procedure, a steady flow of irrigating solution is
used alongside manual and mechanized tools to
remove debris, disinfect the canals, and achieve
optimal canal shape for subsequent filling but
owing to the complexity of root canal morphology
(isthmus, deltas, lateral canals etc.) Some intra-
radicular areas remain untouched to chemo-
mechanical preparation. A possible way of
increasing the debridement of root canals that are
inaccessible to instrumentation is to improve the
delivery and agitation of irrigants.”The ideal root
canal irrigant should have antimicrobial spectrum,
initiate action against biofilms, dissolve pulp and
necrotic tissue, inactivate endotoxin,
prevent/remove smear layer and not injure the
periapical tissue in case of accidental contact.’
Generally, the physicochemical properties, such as
surface tension and pH values of drugs used in root
canal therapy must be considered important. The
surface tension pertains to the spreading of
solutions*” and the hydrogen ion concentration
will, to a certain degree, determine the biologic
effect.® Surface tension (a force between molecules
that produces a tendency for the surface area of a
liquid to decrease)’ of a liquid is one of the major
factors that affects the wetting of a solid. It has

been suggested that higher surface tension may
hinder irrigant penetration into dentinal tubules,
isthmuses and anatomical irregularities, resulting in
reduced antibacterial effectiveness® and irrigants
with lower surface tension may penetrate more in
dental tubules, with greater antimicrobial activity’.
A neutral pH of the agents used in root canal
treatment must be considered appropriate from a
biologic point of view. Consequently, the solutions
which show very low or very high pH values
should be neutralized before use. However, such
neutralization must not reduce or destroy the
therapeutic properties of the drugs.'

Material and Method

Database systems Pubmed, Google Scholar and
Research Gate were used to extract the articles.In
regards to inclusion criteria, only those articles
(original research/ basic research/ case studies/
review aricles) were selected which shows direct or
indirect relation between the pH and surface
tension. Keywords to search the article were
“relation between pH and surface tension of
endodontic irrigants”, “impact of changing pH on
surface tension”, “chemical properties of various
endodontic irrigants”. Exclusion criteria were all
other articles which do not end on key point.
Approximately103 publications were drawn from
these search engines in English language and out of
which 16 were selected. Additional information
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was obtained from reference list of the selected
articles.

Results and Discussion

This section is divided into two parts. 1st part
includes those articles which shows no relation
between pH and surface tension. 2nd part shows a
relation between these two properties. PART I In
1963, Naumovich D.B 10 tried to find out the
relationship between pH and surface tension of 22
endodontic irrrigants by means of pH meter,
Radiometer and Tensiometer with a 6 cmplatinum-
iridium ring but he was unable to establish a
concrete relation between these two properties.
However, he concluded that the drugs which
showed low surface tension values spread more
easily in the root canals than those which showed
higher values. The difference between EDTA and
EDTAC is that Cetavlon (cetyl-trimethyl
ammonium bromide) is added to EDTA in order to
make it bactericidal. At the same time, EDTAC
gets a lower surface tension than EDTA (a
difference of 14.3 dynes per centimeter), which
should have favoured the  spreading.
Benzalkonium chloride and chloroform also have
low surface tension, and they may spread more
easily than, for instance, physiologic saline and 0.5
per cent chloramine which showed a higher surface
tension . In 2019, Iglesias JE, Pinheiro LS, Weibel
DE et al '' attempted to find the relation among
surfactants, pH and surface tension by means of Du
Noily tensiometer ((Sigma; Attension, Espoo,
Finland ) and digital pHmeter, (Digimed; Sao
Paulo, Sao Paulo, Brazil ) and concluded that'the
addition of surfactants to the Ca(OCl1)2 solution
reduced its surface tension, possibly enhancing its
wetting ability, which may enable a better diffusion
of the irrigant on dentin walls, leading to improved
action of the solution during endodontic treatment
.The surfactants on the other hand did not alter the
pH of solutions, so they may not affect the
properties directly related to it, like antimicrobial
activity and pulp dissolution. In 2022, similar
findings were also supported by Hernan Coaguila-
Llerena, Julia da Silva Toledo, Ana Paula Ramos,
et al '> while working with NaOCI and Ca(OCl),
and surfactants benzalkonium chloride, cetrimide,
Tween 80 and Triton X-100 by using drop shape
analysis and digital pHmeter, (DM-22, Digimed,
Sao Paulo,SP, Brazil ).

PART II

In 1989, Calve, Medina, Shnchez'" reported that
among the major factors affecting root canal
cleansing by EDTA solutions, acidity can be
mentioned playing an important role in three
possible ways. First, the chelating ability of EDTA
increases as acidity decreases'*. Second, solubility
of teeth mineral (hydroxyapatite, HA) increases as
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pH decreases (on acid medium).”” Third, pH
enhances “the penetrability of EDTA” into small
spaces.16 In 2010, Xiaoli Hu, Jungi Ling , Yan
Gao'” stated that It is well-known that H,0, is a
strong oxidant and is also acidic. The increased
wettability of the dentin surface is the result of this
acidic property of H,0,. At low pH increased
wettability or low surface tension is advocated by
Zeliha Yilmaz, Sevinc Aktemur, Hatice Dogan
Buzoglu'® .They studied the effect of temperature
and pH variations on the surface tension of EDTA,
REDTA and EDTA-T solutions by means of
pendant drop technique using the drop shape
analysis system DSA100 (Kr€uss, Hamburg,
Germany).They observed the surface tension
levels of the EDTA solutions prepared in different
pH and temperature values and it was revealed that
the pH and temperature variations caused a
significant alteration in surface tension levels of
these solutions. When prepared at 37°C, EDTA
showed the lowest surface tension level at a pH of
5.5 and a significantly increasing level at a pH of
7.5 and 10.5 (P< .001). The EDTA-T solution also
showed an increased surface tension level at a pH
of 7.5 and 10.5. The REDTA solution was stable at
a pH of 55 and 7.5, whereas it showed a
significantly lower surface tension level at a pH of
10.5. In 2011, Meenu G Singla, Ashima Garg,
Sumit Gupta'® stated that MTAD has a low pH and
acts as a calcium chelator and causes enamel and
root surface demineralization®’ and because of the
low surface tension of MTAD (34.5 mJ/m2),”' the
intimate contact of irrigant solutions with the
dentinal walls might increase, which may permit
deeper penetration for effective smear layer
removal and thereby disinfection.

In 2016, Natalia Gomes e Silva Leonardo, Israel
Bangel Carlotto ,Simone Bonato Luisi 2 studied
the pH and the available chlorine content from
sodium hypochlorite (NaOCl) and calcium
hypochlorite (Ca[OCI]2) solutions stored in
different conditions and time periods .The surface
tension of Ca(OCI)2 solutions in comparison with
NaOCl was also tested by means of digital pH
meter (Digimed, S~ao Paulo, SP, Brazil) and the
Du Nouy tensiometer (Sigma 702, Force
Tensiometer; Attension, Espoo, Finland). They
found that Ca(OCl)2 solutions are extremely
alkaline and tend to have more available chlorine
content than NaOCl but have a higher surface
tension compared with NaOCI solutions with the
same concentration. They also found thatfreshly
prepared 0.5% and 1% NaOCl solution have a
lower pH value compared with Ca(OCI)2 with the
same concentration. In 2016 Luciano Giardino,
Flaviana Bombarda de Andrade , Riccardo
Beltrami® also reported the better antibacterial
action of Tetraclean NA. This may be explained by
its low pH, low surface tension and better removal
of the smear layer, all of which improves it’s
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penetration into the root canal and the dentinal
tubules.

Conclusion

It is well known fact that the root canal therapy is
unsuccessful without effective endodontic irrigants
but to choose a suitable root canal irrigant is also a
difficult task. This hurdle can be removed if we
know all the physical and chemical properties of
the irrigant while using it. Different methods,
variety of chemicals and equipments/ instruments
of different brands with different calibrations are
used while performing the procedures. Moreover,
all procedures are technique sensitive and any
micro-error can change the expected outcome.
Hence, a clear cut relation is still to be found,but on
the basis of researches, trials and experiments it can
be derived that if an endodontic irrigant has an
acidic pH then it has low surface tension which
also leads to enhanced spreading and penetrability
of the liquid into dentinal tubules. This field is still
open for further researches.
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