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ARTICLE INFO ABSTRACT

Aim: aim of this review paper is to discuss the factors that influence the apical extrusion of
debris, irrigating solution and microorganisms.

Background: Periapical extrusion is major concern in endodontic practice especially during
chemo-mechanical preparation of root canal system. This periapical expulsion results in
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Peer Reviewed on 29" Nov 2018 humoral or cell-mediated immunological reaction such as pain and/or, swelling, causing
Revised on 15" December 2018 apical periodontitis and resulting in flare-up. The flare-up may arise due to irritation towards
Published on 28t December 2018 periapical tissue by instrumentation, irrigation and microorganisms which should be

minimized even though it may not be avoided. To minimize these periapical expulsions,

related factors should be scrutinizing evaluated and discussed. There are several factors that

Keywords: influence apical extrusion of debris, irrigating solution and microorganisms like root length,
Apical Exrusion, Chemo- root curvature and so on.
Mechanical Preparation, Irrigation Review result: Among the hand instrumentation techniques step -back produced more apical

extrusion than others. Rotary instrumentation generally produced less apical extrusion than
hand instrumentation. Cervical preflaring reduced the apical extrusion comparatively.
EndoVac irrigation systemexpelled less irrigating solution than other systems/techniques.
Conclusion: step-back hand instrumentation showed more apical extrusion so it should be
chosen carefully. Over hand instrumentation, rotary instrumentation should be preferred.
Cervical preflaring showed less apical extrusion so it should be followed routinely .
Clinical significance: This review article discusses various factors responsible for periapical
expulsion in detail. This also focuses on how periapical expulsions can be minimized even
though it cannot be avoided for successful endodontic treatment with least patient discomfort.
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INTRODUCTION

Contemporary dental practice evolved in each
and every aspect of dentistry like endodontic
diagnosis, access preparation, cleaning and
shaping and obturation of entire root canal
system. Nowadays, various rotary systems
available for cleaning and shaping of root canal
system. But still, all existing chemo-
mechanical systems fail to prevent apical
extrusion of  debris, irrigant and
microorganisms into peri-radicular tissue.
Siqueira and Barnett concluded that physical or
chemical injury to periradicular tissues during
cleaning and shaping of the root canal system
can cause degranulation of mast cells, with
consequent release of histamine into the
periradicular tissues . Periapical expulsions
may result in severe cell-mediated or humoral
immunological phenomenon causing pain,
swelling or both resulting in flare-up . Chapman
etal (1968) were the first to report extrusion of
infective debris from the root canal system
beyond periapical foramen during endodontic
preparation.

The aim of this review discusses on etiological
and contributing factors that influences apical
extrusion of debris during endodontic
instrumentation. The search for articles were
conducted in google scholar, PubMed, Ovid,
MEDLINE, research gate using keywords
“apical extrusion in endodontics” and
“periapical extrusion”. More than three
hundred articles were displayed. Studies related
to Root canal retreatment were excluded from
the search. Then for the analyzing and
scrutinizing purpose 75 articles were selected
for discussion. Influencing factors for apical
expulsion were identified and analysed.
BACKGROUND:

Most common etiological factor of endodontic
flare up is presence of virulent microorganism
but non-contaminated dentinal chips and pulp
tissue may also have potential to initiate an
inflammatory reaction. This has been observed
by Torneck (1967) and Seltzer et al (1968).
The presence of immunoglobulins formed
against altered tissue proteins acting as

——

743

B ritish Journal of Bio-Medical Research Vol.02, Issue 06, Pg.742 - 754, November-December 2018 |

antigens. Mast cells had also been demonstrated
capable of degranulation to release vasoactive
amines. {(Seltzer & Naidorf 1985),
Torabinejad etal (1985)}

All these aforementioned reports indicate that
any types of periapical irritation which
potential to initiate a periapical reaction. It
appears that the confinement of canal
preparation within the root canal space is of
critical value from multiple perspectives,
amongst which prevention of the initiation of an
inflammatory and immunological reaction is
the most important. So the causative factors
or/and etiological factors should be identified
and eliminated. In case of infective periapical
extrusion etiological factors depend upon
number and virulence of microorganism. The
qualitative  factors (virulence) cannot be
controlled by operator but quantitative factors
(number) of microorganisms can be measured
and controlled by different techniques.
Methodologies And Experimental Designs
Used In Apical Extrusion Studies

One of the primary reasons of flare-ups in
endodontic cases are periapical expulsion of
debris, irrigant and bacteria. So with the
intention of quantitatively examining debris,
irrigant and bacteria that might be extruded into
periapical tissues during root canal shaping,
laboratory experimental set-ups have been
designed. Several experiments were conducted
using model as described by Myers &
Montgomery (1991) . Eppendorf tubes are
commonly used means for debris collection
(Tanalp et al 2006). To quantify irrigant and
extruded debris following method was
followed:

The method comprises of weighing the
collecting  tubes prior to and after
instrumentation using a precise microbalance
and calculation of the extruded debris by
subtracting the initial weight from the
postinstrumentation ~ weight. A calibrated
injector (e.g. injector used for insulin measure)
can be used to collect and measure the amount
of extruded irrigant. (Eretal. 2005 Tinaz etal.
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2005 , Kustarci etal. 2008 , Mohammadi 2009
). Lyophilization  (dry freezing) prevent
variation in room temperature and moisture by
providing closed environment used for some
studies. (Tanalp et al. 200610). Weighing
procedures were repeated 3 times and an
average value was taken for more precision.
Another methodology used by Ruiz-Hubard et
al (1987). They used the filter column suction
system which contain standardized acrylic
endodontic teaching models. There were
certain advantages and disadvantage of using
simulated root canals in acrylic models. But
heat generation with rotary instruments might
have soften the resin material and could
adversely affect the reliability of the
experimental system as mentioned by Kum et
al. 2000 . Other criticism as the pulpal status as
well as the condition of the periapical tissues
cannot be mimicked. This has well been
demonstrated by Salzgeber & Brilliant (1977)
who used a radiopaque material to delineate
apical penetration in vivo. The pressure at the
periapex cannot be simulated either.
Hachmeister et al (2002) suggested the use of
floral foam to simulate the resistance of the
periapical tissues to pressure exerted from
within the root canal space. On the other hand,
this methodology had also been criticized as
foam may absorb irrigant and debris.

REVIEW AND DISCUSSION:

Effect Of Influencing Factors:

Influencing factors are classified as: A) tooth
related, B) instrumentation related, C) irrigation
related

A) Tooth related influencing factors:
Influence of assessing apical patency on apical
extrusion:

Achieving apical patency of the root canalis the
first step of cleaning and shaping of root canal
system. The smallest instrument is used to
assess the patency of the canal by negotiating it
till the major diameter of the canal. It may be
associated with the apical extrusion of debris .
Camoes et al (2009) evaluated the effect of
apical patency on the expulsion of material
(irrigating solution) beyond the apical foramen
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with or without apical patency. Authors
concluded that probability of extrusion of
irrigating solution was more when apical
patency was established as also observed by
Souza RA (2006).

Periapical lesion and disruption of apical
constriction:

Apical extrusion of debris depends on several
factors. One of the important factors is the
apical constriction of the root canal. Tinaz et al
(2005) studied the effect of apical diameter
disruption on periapical extrusion in single-
rooted teeth. The authors reported that the
apical extrusion of debris increased with the
increase in the diameter of the apical
constriction (within experimental limit) this
study also supported by Lambrianidis et al
(2001). On the contrary Psimma et al (2013)
observed that as the apical preparation size
increases (within experimental limit) expulsion
of irrigating solution decreases.

Influence of root length:

VandeVisse and Brilliant  (1975) measured
quantitatively, for the first time, the amount of
debris extruded during root canal preparation
using irrigating solution. They observed that as
the length of the root canal increased, the
amount of debris also increased this is in
correlation with Myers and Montgomery
(1991). But another study by Hinrichs et al
(1998) reported that debris expulsion did not
depend upon canal length with no statistically
significant difference.

Influence of vitality of tooth:

Cleaning and shaping of vital teeth differ from
nonvital teethas Salzgeber and Brilliant (1977)
reported that canal preparation in vital teeth
produced less extrusion of irrigant than nonvital
teeth in this vivo study. Samples selected for
this study were mandibular molars. Presence of
vital tissue remnant in lateral canals in case of
vital teeth might have probably resisted the
expulsion of irrigant into the periapical tissue.

Root curvature and step-back, crown-down,
balanced force technigue of instrumentation:

Riuz-Hubard et al (1987) compared the step-
back technique with crown-down pressureless
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technique in simulated straight and curved
canals to determine apical extrusion. Result
showed that a significantly greater amount of
debris forced periapically in both simulated
straight and curved canal when the step-back
technigue was used than crown-down
pressureless technique. They also mentioned
that apical extrusion is more in straight canal
than in curved one in crown-down pressureless
technique. This findings in correlation with
Mckendry  (1990), Al-Omari and Dummer
(1995), Vansan et al (1997). All these studies
interpreted that step-back technique might have
caused screwing in-effect, thus showed more
amount of apical extrusion comparatively. On
the contrary, the straight canals showed less
apical extrusion compared to curved one as
reported by Morgan and Montgomery . There
may some discrepancy occurred during canal
preparation in curved canals as with risk of
ledging, zipping and perforation of the canal.
Influence of cervical preflaring on apical
extrusion:
Fairbourn et al (1987) compared the effect of
cervical preflaring on the apical extrusion.
Researcher observed that cervical preflaring
caused less apical extrusion than conventional
filing technique. This observation was also
correlated by the Borges et al  (2016).
Preflaring technique facilitated better irrigation
of the root canal system so allowed flushing of
debris out of the canal from apical region.
(Barbizam JV et al 2002, Fornari VJ et al 2010,
Schneider SW 1971). This resulted in less
packaging of debris periapically.
B) Instrumentation Related Influencing
Factors:
Cleaning of root canal preparation were done
following proper principles as per given by
Young GR etal (2007).
Type of instrumentation (Hand and engine
driven):
Many researcher compared hand and engine
driven instrumentation to assess periapical
expulsion of debris: Beesonetal (1998) were
the first to compare traditional hand filing and
engine-driven rotary instrumentation methods
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and observed that the rotary profile produced
less debris extrusion than conventional filing.
Many studies showed that engine-driven
instrumentation showed less apical extrusion
than hand instrumentation like Reddy and
Hicks (1998) , Hinrichs et al (1998), Ferraz et
al (2001), Mangalam et al (2002), Bidar etal
(2004), Azeretal (2005), Zarrabietal (2006),
Kustarci et al (2008), Kustarchi et al (2008),
Adl etal (2009), Madhusudhana et al (2010),
Ghivari etal (2011) and Reyhani and Ghesami
(2016). As compared to hand files, rotary files
design feature serve to minimize contact
between file and dentin so as to decrease taper
lock and screw effect, thus reduces apical
extrusion {Mohammadi et al (2009)}.

Mangalam et al (2002) compared hand and
rotary instrumentation along with time
consumption. They observed that hand
instrumentation showed more apical extrusion
with greater time consumption. As machine
operated rotary files required less time for canal
preparation than hand file. However, Logani
and Shah (2008) found different result when
researchers compared nickel-titanium made
files. They compared hand protaper, universal
protaper  rotary and  profile rotary
instrumentation systems and observed that
hand protaper produced less amount of apical
debris than protaper rotary and the least with
profile rotary. Researcher explained that
protaper systems have greater cutting efficiency
and aggressive taper causing more apical
extrusion than profile. Between the hand and
rotary protaper system, hand protaper showed
less apical extrusion as balanced force permits
control pressure of the instrument inside the
canal allowing better removal of debris
adhering to its debris. Luci et al (2010) also
obtained contrast result when author studied
apical extrusion of debris with three different
instrumentation techniques - hand (crown-—
down), engine-driven reciprocating system
(crown-down) (M-4 system) and engine-driven
continuous rotary (Protaper) system. They
observed that continuous rotary (Protaper)
system produced greater apical extrusion than
others. Author claimed that rotary protaper
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promotes greater dentin wear in shorter time
because of its greater cutting capacity and taper.
Effect of various rotary instrumentations:
After having confirmed the superior efficacy of
rotary instrumentation over hand
instrumentation in terms of debris expulsion,
further research studies were conducted to the
type of rotary instrumentations which was
better in terms of reduced debris and irrigant
extrusion beyond the apical foramen. Tanalp et
al9 (2006) compared the protaper, profile, and
HERO shaper rotary instrumentation systems
for apical expulsion and observed that the
profile system showed the least debris while
protaper showed the most. Another study by
Tasdemir et al (2010) compared the apical
extrusion of debris using three nickel-titanium
rotary systems - protaper, Mtwo and BioRaCe
and observed that the BioRaCe system
produced the least whereas the protaper system
produced the most. Comparatively, rotary
protaper have progressive taper and
simultaneous dentin cutting at apical and
coronal region can cause more extrusion .
Kocak et al (2015) assessed different
generations of rotary protaper system like
universal protaper and protaper next for the
apical  extrusion  of  debris  during
instrumentation. They concluded that protaper
next instrumentation resulted in less apical
extrusion than universal protaper. Explanation
for this is given by Ruddle et al (2013) as
protaper next is fifth generation rotary file that
has been designed such that its centre of mass
and centre of rotation are offset. In rotation, this
offset design with rectangular cross section
design produces mechanical wave of motion
that travel along the active length of file which
minimizes the engagement between file and
dentin. In addition, this offset design enhances
debris pushing out of canalin coronal direction.
That’s cause of less apical extrusion with
respect to protaper next file compared with
universal rotary protaper as similar observation
were noted by Caper et al (2014)
Froughreyhani et al (2011) assessed the
amount of extruded debris using Mtwo and
RaCe instrumentation systems, and reported
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that the Mtwo system produced more debris
than RaCe instrumentation. This observation
explained by author as Mtwo files was used in
“single-length  technique  with  brushing
movement” while RaCe system was used in
crown-down manner with pecking motion
causing less apical extrusion. Nagaveni et al
(2013) compared the amount of apically
extruded debris and volume of irrigating
solution using Universal Protaper, Hero-shaper,
RaCe and K3 rotary instrumentation systems.
They concluded that K3 showed the least
amount of extruded debris and irrigating
solution while Protaper showed the most. RaCe
exhibited extrusion of less volume of irrigating
solution ~ compared to Hero  shaper
instrumentation system. Er etal (2005) assessed
the apical extrusion of bacteria using engine
driven Ni-Ti instrumentation systems universal
protaper rotary and system GT. The researcher
observed that although system GT showed
more amount of bacterial extrusion than
universal protaper rotary system with no
statistically significant difference.

The effect of full sequence and reciprocating
file systems on apical extrusion:

Burklein and Schafer (2012) compared the
apical extrusion of debris using two
reciprocating-single file systems (Reciproc and
Wave one) and that using two full-sequence
multiple  file rotary systems (Mtwo and
Protaper). They observed that the reciprocating
systems produced more apical debris than the
full-sequence rotary systems like Burklein et al
(2014),  Surakanti et al (2014),
KUCUKYILMAZ etal (2014), Nevares etal
(2015), Borges etal19 (2016), Vivekanandan et
al  (2016), Nayak et al (2014) and
Vivekanandan et al (2016). Reciprocating file
has clockwise (CW) and counter-clockwise
(CCW) rotation of file movement with more
CW rotation than CCW rotation. When
instrument was rotated CW, it will screw in the
canal and when rotated CCW, it will unscrew
out of the canal. As the CW rotation was greater
than CCW, the end result was screwingin effect
causing debris pushed apically.
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Lu Yanetal (2015) reported the apical as well
as coronal extrusion of debris using two
reciprocating single file system, Reciproc and
Waveone, and two full-sequence rotary BLX
and Protaper instruments. The researcher
concluded that reciprocating single file system
produced less extrusion of debris compared
with  full-sequence rotary instrumentation.
Authors have explained this observation as
there was difference in diameter after
instrumentation compared with Burklein and
Schafer (2012). Author had followed
manufacturer’s nstruction for canal
preparation. Another study by Ustun et al
(2015) showed the less amount of apical debris
with reciprocating file (waveone) compared
with  Universal Protaper and twisted file.
Similar observations mentioned by others as
De-Deus G et al (2015), and Tinoco et al
(2014) observed reciprocating rotary systems
showed less apical extrusion than continuous
rotary instrumentations. The taper of the
Protaper instruments favor the preparation of
the apical third in early stages, thus, wear
occurs early throughout the whole root canal
because the instruments reach the working
length in the beginning of the preparation,
causing greater apical extrusion of bacteria.
Literatures don’t mention any obvious reason
for these findings.

Effectof different pitch of instrumentin relation
to apical extrusion of debris:

Elmsallati etal (2009) compared the amount of
apically extruded debris from curved canals
when using rotary Ni-Ti files with different
pitches and sequences of use under the same
preparation technique. The researchers
concluded that short pitch design resulted in
less amount of apical extrusion than medium
and long pitch design. Author explained as
short pitch files have more threads and more
grooves between cutting edges to entrap more
debris along the same length than medium and
long threads. This might have reduced the
quantity of debris extruded with short pitch
files.

Self-adjusting files and apical extrusion:
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A self-adjusting file is a hollow, nickel-titanium
file, designed as a compressible thin-walled
pointed cylinder. It is 1.5-2.0 mm in diameter
and composed of a 120mm thick Ni-Ti lattice.

Several studies reported that instrumentation
with self-adjusting file (SAF) produced less
apical extrusion like Ozsu et al (2014), De-
Deus etal (2014), Karatas etal (2015), Pawar
et al (2015), Vyavahare et al (2016). The
difference in apical extrusion attributed to the
file design and kinematics of SAF system and
other system’s files. The SAF files allow
continuous irrigation throughout the scraping
of dentin. This could facilitate the augering of
debris out of the canal and decrease in amount
of apically extruded debris (2016). On the
contrary Kirchhoff et al (2015) found more
amount of apical expulsion with self-adjusting
systems than twisted file, waveone, protaper
system. Author had explained the observation
as cleaning and shaping of flat-oval shaped
canal was difficult to reach with all rotary and
reciprocating files while self-adjusting file
(SAF) adapt well in original shape of flat-oval
canals. This could produce more debris along
the motion applied to the file and file design.
That must have caused apical extrusion of
debris.

Influence Of Hand Instrumentation On
Apical Extrusion Of Bacteria. Hedge M.et al
(2011) assessed the apical extrusion of bacteria
using step-back and crown down hand
instrumentation technique. They reported that
step-back produced more bacterial extrusion
than crown down technique

Influence of continuous wave and different
angle of reciprocation on apical extrusion of
debris and bacteria:

Supremacy of continuous rotary
instrumentation over reciprocating
instrumentation in relation to apical extrusion
of debris was observed by different authors.
However, some authors had done experiment
with different reciprocating angulation on
apical extrusion as Karatas et al (2015) and
Arslan et al (2016). Karatas et al (2015)
evaluated the influence of movement
kinematics of twisted file (TF) adaptive
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movements (continuous rotation) with 90°
clock-wise (cw)-30° counter clock-wise (ccw),
150° cw-30° ccw. The study reported that 90°
cw-30°ccw motion produced more amount of
apical extrusion than continuous rotation. 150°
cw-30°ccw motion produced results similar to
continuous rotation.

These conflict results might be because of
different instrument design and different files
and root canal anatomy. Arslan et al (2016)
compared the apical extrusion of debris using
one system with different angulation. Reciproc
instrumentation with different kinematics -
150° counter clockwise (ccw)-30° clock-wise
(cw), 270° ccw-30° cw, 360° ccw-30° cw and
continuous rotation. All instrument movements
were associated with apical extrusion.
Reciprocating motions 150° ccw-30° cw and
270° ccw-30°cw were associated with less
extrusion than continuous motion.

Effect of different rotary instrumentation on
apical extrusion of bacteria

«» Garlapati et al (2013) observed apical
bacterial extrusion using four different NiTi
rotary systems K3, Mtwo, RaCe and Protaper
instrumentation  systems. The authors
concluded that least bacterial extrusion in K3
group while most in Mtwo group. This may

be attributed to its Standardized length
preparation technique for Mtwo
instrumentation  (Single-length  technique)

where all the Ni-Ti instruments are taken to
full working length and also to the double
cutting-edge geometry of Mtwo instruments
whose cross-section resembles an S-
Instrument, an instrument with a similar
geometry and a smaller cross-section surface
than a triple cutting edge instrument with
convex geometry (compared with K3, RaCe
and Protaper). Because of its specific design
characteristics, cutting efficiency, and its
standardized length preparation technique
Mtwo Rotary Ni-Ti instruments remove
adequate amount of dentin in a short period
of time thereby unable to displace the debris
coronally, leading to significantly greater
amount of apical extrusion of bacteria.
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X Ghogre P et al (2015) assessed
Protaper, K3XF , twisted files and hand files
for bacterial extrusion. Hand preparation
produced significantly more extrusion than
rotary instrumentation. Among the rotary
systems K3XF showed least bacterial
extrusion.

¢ Mohammed N et al (2016) used twodifferent
rotary instrumentations for assessment of
bacterial extrusion namely Protaper and
twisted file with Xsmart and Xsmart dual
group. They observed that twisted files group
showed less bacterial extrusion than protaper.
Similar finding were observedby Taneja S. et
al (2015) where protaper, Hyflex and GTx
were used.

+» Teixeira JM et al (2015) assessed an
influence of working length and apical
preparation size on apical bacterial extrusion
using reciprocating instrumentation. They
observed that working length and apical
preparation size had not any significant effect
on bacterial extrusion.

¢ Turker SA et al (2015) evaluated the apical
bacterial extrusion with different
instrumentation systems like Protaper next,
twisted file and One shape. One shape
produced least bacterial extrusion than
protaper next and twisted file.

¢) Irrigation Related Influencing Factors
Influence of Irrigation protocol and Irrigation
system

% Hulsmann et al (2007) reviewed the
complications arising during root canal
irrigation and found that the efficacy of root
canal irrigation in terms of debris removal
and eradication of bacteria.

The effect of irrigating device on apical
extrusion

¢ Mitchell et al (2010) compared the 27-g
needle irrigation with EndoVac irrigation
system for extrusion of irrigants. They
concluded that significantly less extrusion
risk using EndoVac system compared with
needle irrigation. Author observed that
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EndoVac system has safe way of irrigation as
it pulled irrigant within canaland removed by
negative pressure at the working length.
Similar observation noted by Tambe et al
(2013), Nielsen BA and Baumgartner JC
(2007). Altundasar etal (2011) evaluated the
debris and irrigant extrusion potential of two
rotary systems (protaper and RaCe system)
with the combination of conventional /side-
vented irrigation needles. It was observedthat
RaCe system in combination with side-
vented needle showed the least apical debris
expulsion. This is also supported by Psimma
et al (2013), Yeter et al (2013). They
reported that open-ended needle showed
more amount of extrusion than close-ended
needle. Open-ended needle caused direct
pressure on irrigating solution causing
expulsion of debris compared with close-
ended needle.

Effect of different irrigation solution on apical
extrusion:

+¢ Parirokh etal (2012) compared the effect of
2% chlorhexidine, 5.25% sodium
hypochlorite and 2.5% sodium hypochlorite,
used as irrigants. It was observed that
irrigation with 5.25% sodium hypochlorite
was associated with more amount of apical
extrusion compared to the other irrigants.
Higher concentration of sodium hypochlorite
better dissolve organic tissue than other
irrigants. The authors concluded that the type
of irrigant affected the amount of apically
extruded debris.

CONCLUSION:

It is concluded that apical extrusion of debris,
irrigant and microorganisms is not avoidable
sequel in endodontic treatment. But, these
periapical expulsions cause humoral or cell-
mediated immunological reaction resulting in
pain and /or swelling, apical periodontitis,
periapical bone resorption. There are several
factors responsible for periapical expulsion as
root length, root curvature, cervical preflaring,
and so on. Among the hand instrumentation
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technique step-back produced more apical
extrusion than other hand instrumentation
techniques. Rotary instrumentation generally
produced less apical extrusion as well as less
time consumption than hand instrumentation.
Cervical preflaring reducedthe apical extrusion
comparatively. EndoVac irrigation system is
recommended irrigation device than side-
vented/closed-ended needle irrigation in
relation to expulsion of debris. It would seem
logical to use technique which minimizes
periapical expulsion.

CLINICAL SIGNIFICANCE:

This review article discusses on various factors
responsible for periapical expulsion like root
length, root curvature and so on. This also
focuses on how periapical expulsions can be
minimized so as to minimize periapical
expulsion for successful endodontic treatment
with least patient discomfort.
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