ISSN: 2581-5989

PubMed - National Library of Medicine - ID: 101738774

International Journal of Dental Science and Innovative Research (1JDSIR)

IJDSIR : Dental Publication Service
Available Online at: www.ijdsir.com

Volume — 2, Issue — 4, July — August - 2019, Page No. : 195 - 201

Effect of Apical Diameter on the Apical Extrusion of Sodium Hypochlorite: An In Vitro Study

'Dr Prateek Prabhudesai, Department of Conservative and Endodontics, M.A. Rangoonwala College Of Dental Sciences

And Research Center ,Pune,Maharashtra,India

’Dr Vivek Hegde , Department of Conservative and Endodontics, M.A. Rangoonwala College Of Dental Sciences And

Research Center ,Pune,Maharashtra,India

*Dr Amit Kamble, Department of Conservative and Endodontics, M.A. Rangoonwala College Of Dental Sciences And

Research Center ,Pune,Maharashtra,India

Corresponding Author: Dr Prateek Prabhudesai, Department of Conservative and Endodontics, M.A. Rangoonwala

College Of Dental Sciences And Research Center ,Pune,Maharashtra,India

Type of Publication: Original Research Paper
Conflicts of Interest: Nil

Abstract

Introduction: Sodium hypochlorite (NaOCI) irrigation is
crucial to the success of endodontic treatment due to its
tissue  dissolving  capacity and  antimicrobial
action..However the extrusion of irrigants on activation
remains a cause for concern during activation. There is a
greater possibility of extrusion in the case of open apices.
The Aim Of This Study Was To Evaluate The Amount Of
Apical Extrusion Of Sodium Hypochlorite In Open Apices
Versus Fully Formed Apices With Different Modes Of
Activation. Methodology: Fifty-Four Teeth Were Divided
Into Two Groups Comprising 26 Teeth Each According
To The Apical Diameter Size. The Teeth In Each Group
Were Further Divided Into Three Sub-Groups According
To The Method Of Activation (Manual Dynamic, Sonic
Or Ultrasonic) .Following Activation, The Amount Of
Extruded Was Collected And Measured.

Statistical Analysis Was Performed With Independent

Irrigant
Sample T-Test And One Way Analysis Of Variance.
Results: Statistically Significant Difference Was Seen
In The
Simulated Open Apices And Fully Formed Apices . The

Between The Amount Of Extrusion Seen

Amount Of Extrusion Seen With Ultrasonic Group Was
Found To Be Significantly Lower As Compared To The
Other Groups. Conclusion: Activation Of Irrigants May
Be Carried Out At The Middle Third To Reduce The
Incidence Of Extrusion. Ultrasonics Were Proven To Be
A Safer Mode Of Activation In Open Apices In Terms Of
Extrusion.

Keywords: Irrigant Activation, Irrigant Extrusion, Open
Apex, Sodium Hypohlorite,

Introduction

Chemomechanical debridement is an important part of
endodontic treatment.

Elimination of pulpal tissue,

microbiota and their by-products, and organic and
inorganic debris removal by using instruments and
intracanal irrigants are objectives of this important phase
of treatment™? .

Sodium hypochlorite is able to achieve the goal of
chemical debridement. Several investigations have shown
its antibacterial effectiveness and tissue dissolution
capacity. Sodium hypochlorite carries risk of extrusion

into periapical tissues causing inflammation, ecchymoses,
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hematoma, and sometimes even necrosis and

paresthesia.®*®

Several methods have been developed since the past few
decades to improve the efficacy of NaOCI within the canal
by means of irrigant agitation such as Manual Dynamic
Activation (MDA),

activation

sonic activation and ultrasonic

The treatment of necrotic immature teeth has always been
a clinical challenge for several reasons. Primarily, it is
difficult to achieve an appropriate apical seal with an open
apex by performing a conventional root canal treatment.
In addition, the suspended development of dentin after
pulpal necrosis can result in thin dentinal walls that make
the tooth more prone to fracture.’® Therefore, the
disinfection of the root canal only depends on chemical
disinfection. inadvertent

However, irrigant  extrusion

toward the periapical tissues has been reported in a
number of case studies."***3

There has no study to date that has compared the amount
of extrusion of sodium hypochlorite in open apices to fully
formed apices at differing levels of the canal.

Thus, the aim of this study was to evaluate the amount of
apical extrusion of sodium hypochlorite in open apices
versus fully formed apices with different modes of
activation. Also evaluated was the amount of irrigant
extrusion when the activation was carried out at different
levels from the working length. The null hypothesis being
that the mode of activation would have no effect on the
irrigant extrusion at differing levels

Materials and Methodology

On approval from the ethics committee, a total of 54
freshly extracted human mandibular premolars were
collected for this study. The teeth were observed under a
dental operatory microscope (Moller Wedel, Wedel,
Germany) under a 25X magnification to check for caries,

fractures, resorbtive defects, calcifications, open apices,
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previous endodontic treatment .These were then excluded
from the study. The samples were cleaned of any residual
tissue tags using an ultrasonic scaler(
Acteon,Michigan,North America), rinsed under running
water and stored in 10% formalin(Balaji Formalin,
Maharashtra, India) until use.

A pilot study was first carried out using 6 samples. On
obtaining the results, it was then followed up by the
complete study.

The samples were decoronated at the level of the CEJ
using a diamond disk (Kerr, Orange, USA). The working
length of the tooth was standardised at 17mm and was
verified using a #15 K-file(MANI Inc, Toshigi-Ken,
Japan) using a direct visual inspection of the file through
the apex . The working length was then adjusted to 0.5
mm short of the anatomic apex. Access to the pulp
chamber made Endo Access kit
(Dentsply,Michigan,USA).

The samples were then randomly divided into 2 main

was using an

groups of 24 samples each:-
Group I: Standard Chemomechanical Preparation:

The samples were instrumented till F3(#30.09) using

Protaper rotary files(Dentsply, Michigan, USA) and
EDTA gel(Prime Dental, Maharashtra, India). Irrigation
was carried out using 5.25% sodium
hypochlorite(Septodont, ~ Pennsylvania, USA) and

recapitulation was done after every successive file.

Group I1: Modified Organotypic Protocol(Simulated
Open Apices): The teeth were then instrumented using K-
files(MANI Inc, and EDTA
gel(Prime Dental, Maharashtra, India) up to size #130 to

Toshigi-Ken, Japan)
create an apical opening of 1.3 mm in diameter and
simulate an open/immature apex. K-files were preferred as
they would induce a lesser degree of micro-crack
formation. The apex was then refined using a #4 Peeso

Reamer(MANI Inc, Toshigi-Ken, Japan) under normal
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saline(Fresensius Kabi, Bad Homburg vor der Hohe,

Germany) Trevino et al.

suggested the organotypic
model for creating immature apex wherein an instrument
of a size 130 was used. Since a #130 K-file corresponds to
size 130, it was used to simulate an immature apex.

Each group was then sub grouped as follows:-

Group A:Manual Dynamic Activation: 2.5 ml of 5.25%
sodium hypochlorite (Septodont, Pennsylvania, USA)
was first administered. The irrigant was then activated
using a #30.06 gutta percha point(Diadent, Antennestraat
70, 1322 AS Almere, Netherlands) which was cut 3mm
from its tip. Activation was carried out at levels
14mm,11mm and 8mm from the apex using gentle upward
and downward strokes for 1 minute.®

Group B:Sonic Activation: 2.5 ml of 5.25% sodium
hypochlorite was first administered using a side vented
syringe. Sonic activation was carried out using an
USA) at

14mm, 11mm and 8mm from the apex. This was carried

Endoactivator (Dentsply, Michigan, levels
out for 1 minute’

Group C:Ultrasonic Activation: 2.5 ml of 5.25% sodium
hypochlorite was first administered using a side vented
syringe. Ultrasonic activation was carried out using U-
files(Endostar, Warsaw, Poland) at levels 14mm, 11mm
and 8mm from the apex. This was carried out for 1
minute.?

Collection Apparatus

Experimental model to collect the extruded irrigants
Experimental model used in this study was based on the
Myers and Montegomery model *°. A vial with a rubber
stopper was taken and a hole was created with a heated
instrument in the centre of the rubber stopper. The tooth
was then inserted under pressure into the rubber stopper
which was fixed to the cemento-enamel junction using
cynaoacrylate glue. Another glass vial (smaller in size

than the previous vial) that fits tightly into the suspended
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apical portion of the root was used as the collecting
container. The whole assembly of rubber stopper with the
collecting container was inserted into the main vial. To
equalize the pressure, a 23gauge needle was inserted into
the rubber stopper. The irrigation protocol was performed
in each group and the irrigant extruded periapically was
collected. The volume of extruded irrigant was measured

by using a calibrated collection vial

Statistical Analysis
The mean values were summed up, tabulated and were
then subjected to analysis using the independent sample
T-test . Intra group comparison was carried out with One
way Analysis of Variance.

Results

Results showed a statistically significant difference
between the amount of extrusion seen in the simulated
open apices and fully formed apices.

The amount of extrusion seen with ultrasonic activation
9.08 ul,

significantly lower (P value:<0.05) as compared to the

group(7.05ul, 11.3 ul) was found to be

other sub-groups in the open apices group(Table 1).

Regarding the volume of irrigant extrusion at the different I~

levels. A significantly lower level of extrusion(12.1 ‘0_\‘

Page



Dr Prateek Prabhudesai, et al. International Journal of Dental Science and Innovative Research (1JDSIR)

pl1,9.08 pl and 12.1 ul with sonic, ultrasonic and manual
dynamic groups respectively) was seen at the middle third
as compared to the coronal and apical thirds in the open

apices group(P value:<0.05) (Table 1)

Table 1
Type Of Activation
Sonic Ultrasonic Manual
Activation Activation Dynamic
Mean 5D Mean 5D Mean sD Pvalues
(in pl) (in pl) (in pl) (inter group)
Fully | coronal | 7.06 | 18 | 6.56 | 1.4 6.6 3.09 0.004
formed [ iggle | 809 | 29 | 555 | 25 7.7 2.06 0.003
apices
apical 9.08 2.4 7.66 2.4 8.9 1.36 0.002
Open | coronal | 9.09 | 1p4 | 7.05 | 13 11.4 1.33 0.004
Apices [rigdle | 121 | 111 | 908 | 25 12.1 2.05 0.032
apical 154 | 106 | 113 | 14 16.4 131 0.001
P 0.010 0.005 0.012
values
(intra
group)
Table 2

18

16

14

12

10

M Sonic Activation

® Manual Dynamic

Fully formed apices

Open Apices

B Ultrasonic Activation

Discussion

Although a number of different solutions have been
proposed for root canal irrigation, sodium hypochlorite in
various concentrations (0.5-5.25%) is the most frequently
used irrigant (Grossman 1981)." This is mainly due to its
tissue-dissolving capacity as well as to its antibacterial
properties. Commercially available irrigation devices have
been developed with the aim of improving the delivery of
irrigant throughout the root canal by using ultrasonic or

sonic energy.
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Irrigation of the root canal system includes a risk of
extrusion of the irrigant into the periapical region; in the
case of irrigation with sodium hypochlorite (NaOCI), this
can be associated with pain, swelling, and tissue damage
181920 nical extrusion of water was significantly
reduced when using sonic or apical negative pressure
devices compared with syringe and side-port needle or
passive ultrasonic irrigation (PUI) with continuous irrigant
flow .

As reported by Trevino et al'*, NaOCI when used for
disinfecting the immature root canals should be used with
caution. Immature teeth have a large apical opening and
thin divergent or parallel dentinal walls and hence with
conventional needle irrigation there is a very high
possibility of extrusion.

However, previous studies have not compared the amount
of extrusion seen with fully formed apices as compared to
open apices.

The results of this in vitro study demonstrate that both
method of activation and level of activation of NaOCI into
the apical one-third play a role in the amount of extrusion
into the apical tissues.

Trevino et al *

. suggested the organotypic model for
creating an immature apex wherein an instrument to the
size of 130 was used [10].

modified organotypic model protocol with K files (upto

In this study, we followed a

size #130), which was used to prepare a constant 1.3 mm
diameter without destroying the structural integrity of the
root.

A statistically significant difference between the amount
of extrusion seen in the simulated open apices and fully
formed apices. This is in correlation with a study
conducted by Ross Paton et al ? who reported similar
findings in his study.

An experimental apparatus was utilised for the collection

of the extruded irrrigant based on the setup by Myers and
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Montgomery. Each tooth was secured for instrumentation
and debris collection by the root being forced through a
precut hole in a #1 rubber stopper. A 15- ¢ 45-ram glass
shell vial (Kimble, Toledo, OH) was used as the collecting
container for any debris or irrigant extruded during
instrumentation. This vial was placed into a glass flask
(20-ml scintillation vial; Kimble) with the rubber stopper
fitted securely into the mouth of the flask. The apex of the
root was suspended below the upper rim of the collection
vial (Fig. 1). The use of the collection vial was a
modification of the technique used by Fairbourn et al.?®
for debris collection. A 25-gauge needle was placed
alongside the stopper during insertion to equalize the air
pressure inside and outside the flask.

An apical diameter of size 0.30mm was chosen for the
fully formed apices group. This was based on a study
conducted by AC Tinaz et al* in 2005 wherein they
concluded that a size 0.30mm diameter allowed for
optimum disinfection with minimum extrusion.

The amount of extrusion seen with ultrasonic activation
group(7.05ul1,9.08 pl,11.3 ul) was

significantly lower ()P value:<0.05) as compared to the

found to be
other sub-groups
1).Thus,the null

attributed to to the effect of acoustic streaming inside the

in the open apices group(Table

hypothesis was rejected. This may

canal, which can move the solution inside the canal from
the apical toward the coronal direction’. Moreover, the
decoronated teeth do not provide a coronal reservoir for
the irrigation solution. When activating the intracanal
solution wusing ultrasonic a considerable amount of
solution may be lost coronally, decreasing the hydrostatic
pressure towards the apex.

Sonic activation produces higher amplitude and tip
movement as compared to ultrasonic activation. This
would explain the greater amount of extrusion with

regards to the Endoactivator group.’
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A significantly lower level of extrusion(12.1 ul,9.08 pl
and 12.1 pl with sonic,ultrasonic and manual dynamic
groups respectively ) was seen at the middle third as
compared to the coronal and apical thirds in the open
apices group(P value:<0.05) (Table 1).This is in
accordance with a study conducted by Zoi Psimma? et al.
They reported that the the extrusion of irrigants decreased
as the needles were moved away from the working length.
The experimental model was designed to imitate
conditions in vivo by simulating open apices. However,
caution should be exercised before extrapolating these
results to the clinical situation,as the factor of vapor lock
%% has not been taken into account which is observed in the
clinical scenario.
Future studies could evaluate negative pressure modes of
activation on open apices using the same collection
protocol. This would include methods such as the Endovac
system? .Studies have shown a significantly lesser amount
of extrusion as compared seen with the Endovac system to
sonic and ultrasonic modes of activation, in both in-vitro
and in-vivo studies .
Conclusion
Within the limitations of this study, we can conclude that
the recommended level of activation in immature apices
should be placed at the middle thirds with regards to
sonics and ultrasonics. Also, ultrasonics were proven to be
a safer mode of activation in both mature and open apices
as compared to sonic modes of activations.
References
1. Clegg MS, Vertucci FJ, Walker C, Belanger M, Britto
LR. The effect of exposure to irrigant solutions on
apical dentin biofilms in vitro. J Endod 2006;32:434—
7.
2. Dunavant TR, Regan JD, Glickman GN, Solomon ES,

Honeyman AL. Comparative evaluation of endodontic

o
(o))
i
80
&



Dr Prateek Prabhudesai, et al. International Journal of Dental Science and Innovative Research (1JDSIR)

10.

11.

12.

irrigants against Enterococcus faecalis biofilms. J
Endod 2006;32:527-31.

Ehrich DG, Brian JD Jr, Walker WA. Sodium
hypochlorite accident: inadvertent injection into the
maxillary sinus. J Endod 1993;19:180.

Bowden JR, Ethunandan M, Brennan PA. Life-
threatening  airway  obstruction secondary to
hypochlorite extrusion during root canal treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2006;101:402-4.

Mehddipour O, Kleier DJ, Averbach RE. Anatomy of
sodium hypochlorite accidents. Compend Contin Educ
Dent 2007;28:544-6, 548,550.

Machtou, Pierre. (2018). Manual dynamic activation
technique.  Clinical Reviewed. 2.
10.1007/s41894-018-0034-4.

Ruddle C. Endodontic disinfection-tsunami irrigation.
Endodontic Practice 2008;5: 8-17.

Weller RN, Brady JM, Bernier WE. Efficacy of
ultrasonic cleaning. J Endod 1980;6:740-743.

Ahmad M, Pitt Ford TJ, Crum LA. Ultrasonic
debridement of root canals: acoustic streaming and its
possible role. J Endod 1987;13:490-499.

Andreasen JO, Farik B, Munksgaard EC. Long-term

Dentistry

calcium hydroxide as a root canal dressing may
increase risk of root fracture. Dent Traumatol. 2002
Jun;18(3):134-7.

Behrents KT, Speer ML, Noujeim M. Sodium
hypochlorite accident with evaluation by cone beam
computed Endod J. 2012
May;45(5):492-8.

Gernhardt CR, Eppendorf K, Kozlowski A, Brandt M.
Toxicity of concentrated sodium hypochlorite used as
an endodontic Endod J. 2004

Apr;37(4):272-80. 14. Hulsmann M, Hahn W.

tomography. Int

irrigant.  Int

© 2019 1JDSIR, All Rights Reserved

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Complications during root canal irrigation--literature
review and case Endod J. 2000
May;33(3):186-93.

Trevino EG, Patwardhan AN, Henry MA , Perry G,

Dybdal-Hargreaves N, Hargreaves KM, et al. Effect

reports. Int

of irrigants on the survival of human stem cells of the
apical papilla in a platelet-rich plasma scaffold in
human root tips. J Endod 2011; 37:1109-15.

Myers GL, Montgomery S. Comparison of weights of
debris extruded apically by conventional filing and
canal master techniques.J Endod 1991;17:275-7.
Grossman LI (1981) Endodontic Practice, 112th edn.
Philadelphia, USA: Lea & Febiger.

Gernhardt CR, Eppendorf K, Kozlowski A, Brandt M.
Toxicity of concentrated sodium hypochlorite used as
an endodontic irrigant. Int Endod J 2004;37:272-80.
Hulsmann M, Hahn W. Complications during root
canal irrigation: literature review and case reports. Int
Endod J 2000;33:186-93.

Mehdipour O, Kleier DJ, Averbach RE. Anatomy of
sodium hypochlorite accidents. Compend Contin Educ
Dent 2007;28:544-6. 548, 550.

Pashley EL, Birdsong NL, Bowman K, Pashley DH.
Cytotoxic effects of NaOCI on vital tissue. J Endod
1985;11:525-8.

Desai P, Himel V. Comparative safety of various
intracanal irrigation systems. J Endod 2009;35:545-9.
Mitchell RP, Yang SE, Baumgartner JC. Comparison
of Apical Extrusion of NaOCI Using the EndoVac or
Needle Irrigation of Root Canals. J Endod 2010;
36:338-41.

Fairbourn DR, McWalter GM, Montgomery S. The
effect of four prepa- ration techniques on the amount
of apically extruded debris. J Endodon 1987;13:102-8.
Psimma Z, Boutsioukis C, Kastrinakis E, Vasiliadis L.

Effect of needle insertion depth and root canal

-
-
QN

()
oo
[\
[ B



Dr Prateek Prabhudesai, et al. International Journal of Dental Science and Innovative Research (1JDSIR)

curvature on irrigant extrusion ex vivo. J Endod. 2013
Apr;39(4):521-24

25. .Nielsen BA, Baumgartner J. Comparison of the
EndoVac system to needle irrigation of root canals. J
Endod 2007;33:611-5.

26. Gu LS, Kim JR, Ling J, Choi KK, Pashley DH, Tay
FR. Review of contemporary irrigant agitation
techniques and devices. Journal of endodontics. 2009
Jun 1;35(6):791-804.

27. Tinaz AC, Alacam T, Uzun O, Maden M, Kayaoglu
G. The effect of disruption of apical constriction on
periapical extrusion. Journal of endodontics. 2005 Jul
1;31(7):533-5.

© 2019 1JDSIR, All Rights Reserved

Pagez 0 1



