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Sodium hypochlorite (NaOCl) is a widely used root canal
irrigant. However, its extrusion beyond root confines during
irrigation is a major concern as this leads to NaOCl accident
with serious effects.1 Although relatively low frequency of
NaOCl extrusion/accident has been reported by a study,2 it
is possible that many clinicians would have experienced this
incident at least once in their practice or career.3 There is
also a high probability that many such incidents may go
unreported. Currently, in the endodontic literature, clinical
evidence on NaOCl extrusion is mostly based on few
studies, mainly comprising of survey, retrospective, or
observational studies, and couple of systematic reviews on
the previously published case reports/series.2e8 NaOCl
extrusion is mainly related to iatrogenic factors such as
technique or method, force, pressure, and flow rate
employed by the operator during NaOCl irrigation, partic-
ularly in the presence of other predisposing factors such as
open or widened root apex, apical root perforation, apical
bony fenestration, root defects, and proximity of root apex
to surrounding or anatomical structures.3e5,8,9 Considering
this background with medico-legal implications of NaOCl
extrusion/accident,6,7 obtaining higher level of clinical
evidence on NaOCl irrigation factors and extrusion becomes
more important.2,6,10 However, there is a gap in this aspect
due to availability of only limited clinical data and certain
challenges and dilemmas in obtaining them. Presently,
scientific data on NaOCl irrigation and extrusion is mostly
derived from in vitro studies,4,9 and clinical or in vivo
studies have hardly been conducted.2,8 Therefore, there is
a need to conduct more clinical research on NaOCl irriga-
tion and extrusion. One of the challenges here is about
considering and standardizing various factors related to
NaOCl extrusion. Clinically, although NaOCl extrusion is
iatrogenic in nature, its occurrence is also influenced by
factors related to patient (host), tooth, operator, and irri-
gant (NaOCl).9 NaOCl extrusion may not occur clinically
when these factors are controlled. Therefore, conducting a
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clinical study by controlling or excluding these factors can
pose a challenge in truly reflecting and/or extrapolating
the frequency of NaOCl extrusion to the incidence or rate of
NaOCl extrusion as an iatrogenic occurrence. It is also
difficult to accurately measure in vivo the irrigation pres-
sure or force exerted by the operator. This throws another
challenge of ensuring intra-operator or inter-operator
consistency in exerting irrigation pressure or force. More-
over, the minimum or threshold of irrigation force or
pressure which can lead to NaOCl extrusion is not yet known
and the reported data are varying.10 Clinically, NaOCl
extrusion may not occur by mere application of higher
irrigation force or pressure. It mainly occurs when higher
irrigation force or pressure exceeds back pressure offered
by the surrounding tissues and vasculature. This mechanism
of NaOCl extrusion and infusion into the surrounding tissues
or vasculature leads to NaOCl accident and its subsequent
manifestations. The back pressure offered varies from case
to case and is difficult to measure in vivo for conducting the
clinical studies.9,10 It is also equally challenging to objec-
tively evaluate in vivo the volume of NaOCl extruded and
infused into the surrounding tissues or vasculature.10 On
the other hand, conducting a clinical study on NaOCl
extrusion can involve an ethical dilemma as NaOCl is highly
cytotoxic with a potential for unpredictable extent of tis-
sue damage and severe complications including short-term
and long-term effects.3,5,10 Additionally, there is no anti-
dote to immediately neutralize NaOCl in the event of any
complication during the clinical study. Another dilemma is
regarding the volume of extruded NaOCl to be considered
permissible or safe while conducting a clinical study as even
a small amount of NaOCl can cause disproportionate extent
of tissue damage and complications. Furthermore, there is
lack of information on the association between volume of
extruded NaOCl and extent of tissue damage or involve-
ment though cytotoxicity of NaOCl is directly proportional
to its volume.9,10 Hence, as of now, survey, retrospective,
or observational studies remain as the key sources for
clinical data on NaOCl irrigation and extrusion. But any
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missing details due to lack of standardized process of
documentation or methodology is a limitation here.5,6,10

Considering the aforementioned gap, challenges and
dilemmas in clinical research on NaOCl irrigation and
extrusion, the scope and future directions would include
potential for creating biological models, in vivo models, or
clinical study models, particularly by applying concepts
such as tissue engineering, tissue regeneration, and clon-
ing, promoting research based solutions or measures to
address the challenges and dilemmas, developing clinical
study design and universal template or online database
towards standardized methodology, documentation, and
data collection, conducting clinical studies employing
multi-centre design and larger sample size, evaluating the
frequency of NaOCl extrusion in the presence of various
predisposing factors and their correlation, and assessing
the outcome of extrusion of lower concentration of NaOCl
(�0.5%) which is one of the measures recommended to
prevent or minimize NaOCl accident without compromising
much on the beneficial properties of NaOCl for
irrigation.3,5,10
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