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and contaminated inorganic debris that are produced during 
instrumentation and compacted into the dentinal tubules. 
This is an essential approach to avoid canal reinfection.

Sodium hypochlorite (NaOCl) is one of the most widely used 
endodontic irrigants for the chemomechanical preparation 
of root canals because of its excellent antimicrobial action 
and capacity of dissolving organic materials.[3-6] However, its 
optimal organic tissue-dissolving property is nonselective. 
This means that NaOCl may dissolve both vital and necrotic 
pulp remnants indistinguishably, as well as periapical tissues, 
if allowed entering the periradicular space due to inadvertent 
extrusion from the root canal system, possibly causing severe 
inflammatory response and tissue necrosis. It has been reported 
that an accidental contact of anything but small amounts of 
NaOCl with the periradicular tissues leads to the development 
of ulcerative and tissue necrosis processes.[7-9] It has also been 
shown that physiologic conditions, such as immature teeth, 
and physiopathological conditions, namely external/internal 
root resorption, root communicating with the maxillary sinus 
or covered by thin membranes, facilitate irrigant extrusion to 
the periapical space and/or maxillary sinus.[7,10,11]

The endodontic treatment is based on the complete removal 
of an irreversibly inflamed pulp tissue, cleaning, shaping, 
and three-dimensional obturation of the root canal system 
in order to preserve the tooth in the dental arch associated 
to a healthy periodontium as a single functional unit.[1,2]

The presence of microorganisms and their by-products and 
toxins in the root canals is the main cause of injury to the 
pulp and periradicular tissues and persistence of pulpal and 
periapical pathologies. The goal of root canal therapy is 
therefore to eliminate the bacteria from the complex root 
canal system anatomy and seal the canal space to prevent 
bacterial reentry. The use of endodontic irrigants with 
antimicrobial properties during endodontics is essential for 
the elimination of pathogens. In addition, the flushing action 
produced by endodontic irrigation provides lubrication of the 
canal dentinal walls, dissolution, and removal of pulp tissue 
remnants, odontoblastic processes, blood cell fragments, 
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In view of this, several studies[7,11,12] have addressed the adverse 
effects of NaOCl used as an irrigant during chemomechanical 
preparation of root canals, especially in maxillary teeth, 
because of their close relation with the maxillary sinuses. 
Nevertheless, none of these studies have determined the size 
of the patency file from which on the solution may extrude 
to the periapical tissues. Therefore, the purpose of this study 
was to evaluate in vitro the extrusion of 5.25% NaOCl irrigant 
through the apical foramina of mesiobuccal (MB) root canals 
of maxillary first molars in two experimental conditions: 
Before apical debridement and after establishment of apical 
patency with files of different sizes.

MATERIALS AND METHODS

Seventeen human maxillary first molars obtained from 
the tooth bank of the Fluminense Federal University were 
cleaned of organic tissue remnants and calculus and stored in 
0.5% thymol solution (Botânica, Niterói, RJ, Brazil) until use. 
The teeth were chosen based on their similar dimensional 
morphology and were examined under × 40 magnification to 
confirm that the root apexes were fully formed. Radiographs 
were taken to confirm the absence of canal obliterations.

Conventional coronal accesses were prepared with a size 
4 spherical diamond bur and an Endo Z bur (Dentsply, Maillefer, 
Tulsa, OK, USA) at high-speed air turbine (WandH Trend 
TC- 95 BC; WandH Dentalwerk Bürmoos GmbH, Austria).

Seventeen transparent acrylic receptacles (Maíz, BA, Brazil) 
were obtained and perforated using a heated #2 suprafill 
spatula (Duflex/SS White, Rio de Janeiro, RJ, Brazil) to make 
a circle with diameter close to that of the molar crown. The 
apical foramina of the distobuccal and palatal root canals 
of all teeth were sealed with epoxy resin (Durepoxi; Alba 
Adesivos, Ind. Com., São Paulo, SP, Brazil). Next, each tooth 
was individually attached to the acrylic receptacles with 
epoxy resin and epoxy adhesive (Araldite; Ciba Geigy S.A., São 
Paulo, SP, Brazil) in such a way that the roots were positioned 
inside the acrylic receptacles and the crowns remained 
outside. Figure 1 illustrates the custom-made apparatus.

Each tooth/acrylic receptacle apparatus was fixed on a small 
clamp (Myford Ltd., Nottingham, UK) with its open end 
(containing the roots) turned upwards and the molar crown 
turned downwards in order to simulate the tooth’s position 
in the maxillary dental arch. This apparatus was designed 
to allow filling of the receptacle with a specific reagent 
for NaOCl (starch/KI solution, supplied by the Inorganic 
Chemistry Institute of the Federal University of Rio de 
Janeiro, Brazil) without leakage. The starch/KI solution 
used in this study was prepared by dissolving 0.5 g of KI in 
100 ml of a recently prepared starch solution. The starch/KI 
solution releases iodine when excess oxidant is added and 
changes its color to blue. It should be used within 24 h after 
preparation and should be stored in a dark lightproof flask. 

The starch/KI solution was delivered at the open end of the 
tooth/acrylic receptacle apparatus and the roots remained 
completely submerged in the solution [Figure 2].

The experiment was divided into two phases: Phase 
1– irrigation of the MB canals with 5.25% NaOCl solution 
without previous establishment of apical patency; 
phase 2– irrigation of the MB canals after use of a size 10 K-file 
and a size 15 Flexofile (Kerr, Orange, CA, USA) as patency 
files. Only specimens without NaOCl extrusion in phase 1 
were assigned to phase 2. The size 15 file was used only if no 
NaOCl extrusion occurred with the size 10 file. Each file was 
introduced passively into the canal until its tip was visible 
at the apical foramen [Figure 3]. NaOCl was delivered with 
a 25 × 0.7 22 G metallic needle (BD Plastipak, Argentina) 
attached to a 5-ml disposable syringe (Injex, São Paulo, 
SP Brazil). The needle was loosely placed at the MB canal 
entrance and the irrigant was injected pressureless. A total 
of 3 ml was used per tooth. Extrusion of NaOCI through the 
apical foramina was indicated by reaction between NaOCI 
and starch/KI solution that is shown as a colour change to 
blue. Figures 4 and 5 illustrate the color change reaction in 
teeth without apical debridement and with use of a patency 
file, respectively.

The moment at which the starch/KI solution reacted with 
NaOCl changing its color was captured by a digital camera 
(Fuji S7000 Finepix; Tokyo, Japan) mounted on a tripod 
and the digital photographs were stored in a computer for 
further analysis of the results.

RESULTS

As the goal of this study was to assess the extrusion of 
NaOCl irrigating solution to the periapical tissues through 
the apical foramina of MB root canals either explored or not 
with patency files of different sizes, a model of probability 
was chosen for analysis of the results.

The probability of NaOCl to pass beyond the apical foramen as a 
function of its diameter was calculated by dividing the number 
of specimens with extrusion by the total number of specimens. 
Table 1 shows the results of the 17 specimens. The probabilities 
of extrusion of NaOCl under the experimental conditions were 
as follows: Irrigation without previous establishment of apical 
patency = 8/17 (47.06%); irrigation after use of a size 10 K-file 
as a patency file = 7/9 (77.78%); irrigation after use of a size 15 
Flexofile as a patency file = 2/2 (100%).

DISCUSSION

Sodium hypochlorite has been systematically used as an 
endodontic irrigant since the 1970s at concentrations ranging 
from 0.5 to 5.25%. NaOCl not only dissolves organic tissue 
remnants but also has antibacterial activity and provides 
lubrication of intracanal walls for instrumentation.[3,11,13 -18] 
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Figure 2: Custom-made apparatus filled with the NaOCl-specific 
reagent (starch/KI solution) in which the roots were completely immersed

Figure 3: Mesiobuccal root canal exploration and establishment of 
apical patency with a size 10 K-file

Figure 4: Change of color of the starch/KI solution after direct contact 
with the NaOCl solution extruded through the apical foramen of the MB 
root canal, with no canal exploration or use of patency file

Figure 1: Custom-made apparatus used in the experiment. Tooth fixed 
in a transparent acrylic receptacle with the crown positioned downwards 
and the roots positioned upwards inside the receptacle

Table 1: Results from the 17 specimens
S. 
No.

Before 
instrumentation 

After 
instrumentation 
with 10 K-file

After 
instrumentation 
with 15 flexofile

1 Extrusion 
2 No extrusion Extrusion
3 Extrusion
4 No extrusion No extrusion Extrusion
5 Extrusion
6 No extrusion No extrusion Extrusion
7 Extrusion
8 No extrusion Extrusion
9 Extrusion
10 No extrusion Extrusion
11 Extrusion
12 No extrusion Extrusion
13 Extrusion
14 No extrusion Extrusion
15 No extrusion Extrusion
16 No extrusion Extrusion
17 Extrusion

Figure 5: Starch/KI solution showing color change after direct contact 
with the NaOCl extruded through the apical foramen of the MB root 
canal after canal exploration and establishment of apical patency with 
a size 10 K-file
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Nevertheless, NaOCl is highly cytotoxic to the periapical 
tissues and might cause severe adverse effects in case of 
inadvertent injection beyond the apical foramen. Tissue 
response depends on the host, concentration of the solution, 
and extruded amount.[7,8,11,12,19-22] Some in vitro studies[12,23,24] 
have demonstrated that NaOCl solution may leach out of the 
apical foramen into the periradicular space. The findings of 
these studies are consistent with the outcomes of a series of 
case reports relative to the apical extrusion of NaOCl.[7,11,19,22,25]

Correlation between apical extrusion of NaOCl and a series of 
variables has already been established, including the depth to 
which the irrigation needle is introduced into the canal,[7,10,23,26] 
instrumentation technique,[21] and establishment of apical 
patency.[24] Some authors[27-29] believe that the use of very 
thin irrigation needles is necessary because in this way the 
irrigating solution is flushed only coronally to the extent of 
penetration into the root canal. However, the present study 
focused on investigating whether the irrigation with NaOCl 
solution delivered at the entrance of MB canals of maxillary 
first molars would be sufficient to cause irrigant extrusion to the 
periapical tissues. The MB canals of maxillary first molars were 
selected because they are atresic, which poses more difficulty 
to injection beyond the root apex. In addition, due to their 
position in the maxillary dental arch, injection of the irrigant 
into these canals does not have the aid of the gravity force.

Although some authors[14,30] have reported that the irrigating 
solution cannot reach 3 mm beyond the needle tip when the 
root canal preparation is smaller than size 30 file, the results 
of the present study showed that apical debridement is not 
always necessary for the irrigant to reach the periapical tissues, 
since NaOCl extrusion occurred in 8 out of 17 specimens 
without previous establishment of apical patency. It was 
also observed that, in all specimens examined in the present 
study, the insertion of a size 15 file into the canals for apical 
debridement, i.e., to ensure direct access to the apical foramen, 
was sufficient for the occurrence of irrigant extrusion to the 
periapical region even with the needle placed loosely at MB 
canal entrance and the irrigant injected pressureless. These 
outcomes differ from those of previous authors,[14,30] who 
affirmed that the irrigation solution can only reach until or 
beyond the apex when root canal preparation is performed 
with instruments greater than size 30.

As far as it could be ascertained, there are no articles 
investigating the relationship between the extrusion of 
NaOCl endodontic irrigants and the patency file size.

Although in vivo studies on the extrusion of endodontic 
irrigants cannot be performed due to ethical and deontological 
reasons, several authors[12,23,24] have tried to reproduce in vitro 
the physiologic conditions as close as possible to those found 
in the oral environment. It was thus of interest to conduct 
an in vitro study that would investigate this relationship 
and somehow contribute to improve the clinical endodontic 

procedures and hence the short-, medium-, and long-term 
success of the treatment.

The custom-made apparatus developed for this in vitro study 
with MB root canals of maxillary first molars simulated, 
under laboratorial conditions, the position of the teeth in 
the dental arch. In teeth with pulp necrosis, the root canal 
content is in advanced stage of decomposition and the canal 
space is practically empty, which provides similar conditions 
to those found in the present study. However, the findings 
of the present study cannot be extrapolated to the clinical 
situation because the pressure exerted by the intercellular 
fluid and the periapical tissues may provide some resistance 
to NaOCl extrusion and thus limit its direct contact with the 
periradicular tissues and structures.

In this study, NaOCl extrusion through the apical foramina 
was determined with the use of a NaOCl-specific reagent 
(starch/KI solution), which, in contact with NaOCl, changes 
its color to blue due to iodine release. The reaction between 
the starch/KI solution and NaOCl revealed irrigant extrusion 
even when the apical foramina were intact or very narrow, 
which contributed decisively for the reached conclusions.

The outcomes of the present study surpassed our initial 
expectations because, in some specimens, NaOCl extruded 
beyond the apical foramina even without apical debridement 
(no use of patency files) and injection of the irrigant without 
pressure at the root canal entrance. This demonstrates how 
easily endodontic irrigants might reach the apical canal 
third and even get in contact with the periradicular tissues.

Under the tested in vitro conditions, 5.25% NaOCl used as an 
endodontic irrigant showed a great capacity to extrude beyond 
intact and small-sized apical foramina of MB root canals of 
maxillary first molars, as apical extrusion occurred with and 
without previous use of patency files of different sizes.
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