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Abstract

Background Debris including dentin chips, residual pulp tissue, microorganisms and 
irrigants can be forced towards the periapical area. This extrusion may cause dis-
comfort, pain, persistent inflammation and inter appointment flare up. Objectives To 
measure and compare the amount of apically extruded debris by using five irrigation 
techniques. Materials and Methodًs Seventy-five palatal root of extracted maxillary 
first molars were used. Each root was mounted in the pre-weighed collecting glass vial. 
The samples were randomly divided into five groups of 15 samples for each group ac-
cording to the used irrigation technique: (Needle irrigation, Passive Ultrasonic Irriga-
tion by NSK Varios, sonic irrigation by EndoActivatr, CanalBrush and EndoVac irrigation 
system). Canals were prepared using ProTaper NEXT rotary NiTi files to size X4, the 
irrigation technique of each group was conducted according to manufacturer instruc-
tions. The difference between pre and post-instrumentation weights presented as the 
weight of extruded debris. Results Showed that all irrigation techniques caused apical 
extrusion of debris with different values.  
Conclusion EndoVac was found to be the safest irrigation system among all groups 
with respect to apical extrusion of debris.

Keywords: Apically extruded debris; CanalBrush; EndoVac; 
EndoActivator; Irrigation
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Introduction
Chemomechanical debridement of root 
canals is an essential part of endodontic 
therapy. The aims of this phase of treat-
ment are elimination of organic and inor-
ganic debris by using instruments and en-
dodontic irrigants (Leonardi et al, 2007). 
Irrigation is an important cornerstone of a 
successful endodontic treatment because 
it allows for cleaning beyond what instru-

mentation can achieve alone (Gu et al, 
2009). It has been demonstrated that dur-
ing root canal instrumentation and irriga-
tion, debris including dentin chips, residual 
pulp tissue, microorganisms and irrigants 
can be forced towards the periapical area 
(Pranav and Van, 2009). This extrusion 
may cause discomfort, pain, persistent in-
flammation and interappointment flare up 
(Tanalp and Gungo, 2014). Irrigants are 
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often delivered with a 30 or 27-gague en-
dodontic needle placed into the canal un-
til just short of the binding point (Mitchell 
et al, 2010). Passive ultrasonic irrigation 
(PUI) of root canals has been suggested 
to improve canal debridement and disin-
fection, PUI operates at frequencies range 
(25-40 kHz) (Van der Sluis et al, 2007). 
EndoActivator (Dentsply, Switzerland) is 
a sonic irrigants agitation system that op-
erates at frequencies range (1-10 KHz) 
was developed to effectively remove de-
bris from lateral canals and eliminate the 
smear layer (David et al, 2010). While 
CanalBrush (Coltene, Germany) is highly 
flexible polypropylene endodontic micro-
brush, which designed to remove canal 
debris effectively (Gu et al, 2009; Yildiz 
et al, 2010). The EndoVac (Kerr, USA) ir-
rigation system with apical negative pres-
sure was developed to address the proce-
dural difficulty of delivering irrigants safely 
to the working length with less extrusion 
(Nielsen et al, 2007). The type of irrigation 
system, needle tip design as well as nee-
dle placement depth influences the flow 
pattern and apical wall pressure, which are 
important factors affecting irrigation effec-
tiveness and safety. Accordingly, it would 
highly benefit for the patient to choose an 
irrigation system that minimizes the risk of 
extrusion into the periapical tissues (Pra-
nav and Van, 2009; Shaimaa and Heba, 
2016). Hence, this study was designed for 
evaluating the amount of apically extrud-
ed debris using five irrigation techniques 
(Needle irrigation, Passive Ultrasonic Irri-
gation, EndoActivator, CanalBrush and En-
doVac).
 

Materials and Methods
Samples collection and preparation 
Seventy-five freshly extracted maxillary 
first molars with straight and mature pala-
tal root had been used in the present study. 
The external surface of teeth was cleaned 
using periodontal cumine, then the pres-
ence of any visible cracks or fracture was 
verified with the use of magnifying eye 
lens and light cure device. The palatal root 
of each tooth was sectioned to a uniform 
length of 12 mm. The pulpal tissue was 
removed using barbed broach #10. Apical 
patency of canals was ensured by insertion 
a #10 hand K-file into the canal and ad-
vancing until it was visualized at the apical 
foramen. Working length was obtained by 
subtracting 1mm from the actual length of 
the root. Single canal and apical foramen, 
this was determined by taking digital ra-
diographs in buccolingually and mesiodis-
tal directions. The samples then had been 
randomly divided into five groups (15 
samples for each group) according to the 
type of irrigation technique that was used 
to irrigate the root canals.

Sample fixation and debris collection
The procedure for collection the extruded 
debris was carried out similar to that de-
scribed by Myers and Montgomery in 1991 
(Myers and Montgomery, 1991) in which 
seventy-five collecting glass vial with the 
rubber stopper were used for collecting 
the extruded debris. All vials were coded 
numerically according to the irrigation sys-
tem used for each group, then each vial 
was weighed without the rubber stop-
per using the sensitive electrical balance 
(0.00001) (Kern-ABT 100-5M, Germany). 
This recorded weight represented the pre-
instrumentation weight. A glass container 
(Beaker) was placed in the central hole of 
a specially designed squared wood base to 
provide fixation to the glass container, and 
each vials were then positioned inside the 
glass container, to facilitate holding the 
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vial and to prevent any debris from en-
vironment to accumulate during working. 
Each root was forced into a hole made in 
the center of rubber stopper except for the 
coronal portion. And then the stopper/root 
complex were fixed to the pre-weighed 
vial, in which the middle and apical part 
of the root inside the vial. A rubber dam 
sheet had been used to coat the outer sur-
face of the glass container. A bent needle 
(gauge-23) was introduced through the 
rubber dam and stopper beside the root to 
equalize the pressure between the inner 
and outer sides of the vial (Figure 1).

Figure (1): Drawing illustration of the 
collecting apparatus: (A) Root, (B) 
collecting glass vial, (C) Glass con-

tainer, (D) Ventilating needle.

Root canal instrumentation: Root canals 
preparation was done with ProTaper NEXT 
rotary NiTi files (Dentsply Maillefer, Swit-
zerland) in a crown-down technique with 
brushing motion until reaching X4 (40/06) 
according to the instructions of the manu-
facturer at constant speed (300 rpm) and 
torque (4.0 Ncm). Root canals irrigation: 
In order to control the amount of pres-
sure during delivering the irrigants, Auto 
Syringe (Vista.USA) set at medium speed 

(flow rate 2.5 mL/min) had been used for 
canal irrigation with a (30-gauge) closed 
end side-vented irrigation needle, each 
time the needle tip was placed into the root 
canal until just short of the binding point, 
but no closer than 2mm to the working 
length. For each sample, 1 mL of distilled 
water (D.W) was used for irrigation after 
each file and following the use of the last 
file, 2 mL of D.W was used to complete the 
irrigation process. The total amount of ir-
rigating solution was 6 mL of distilled wa-
ter.  Group I: (Needle irrigation using side-
vented needle): After completion of canal 
instrumentation, the samples of this group 
received 2 mL of distilled water using Auto 
Syringe with (30-gauge) side-vented en-
dodontic irrigation needle without any agi-
tation of irrigants. Group II: Passive Ultra-
sonic Irrigation by the NSK Varios: After 
completion of canal instrumentation, a Pi-
ezoelectric Ultrasonic unit (NSK Varios 570 
iPiezo Engine, Japan) was used to subject 
the root canals of this group to PUI with the 
aid of a stainless steel ultrasonic file cor-
responding to 25 ISO size. PUI was done 
by dividing 1 mL of distilled water into 3 
equal parts. After delivering each part, it 
was activated by passively moving the os-
cillating ultrasonic file for 20 seconds at 1 
mm shorter than the working length (the 
total period was 60 seconds). The canal 
then received 1 mL of distilled water as 
a final rinse. Group III: Sonic Irrigation 
by the EndoActivator: After irrigating the 
canal with 1.0 mL D.W, the EndoActiva-
tor (Dentsply Maillefer, Switzerland) with 
a medium-size polymer tip (corresponding 
to number 25 ISO size) was inserted pas-
sively inside the root canal, placed 2mm 
shorter than the working length, and then 
activated at 10,000 cpm. The activation of 
irrigant was done using pumping action in 
short 2-3mm vertical strokes for a period 
of 60 seconds. The canal then received 
1 mL of distilled water as a final rinse. 
Group IV (Canal Brush): The instrumented 
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canals had received 1.0 mL D.W, then a 
medium-size Canal Brush (Coltene, Ger-
many) corresponding to number 30 ISO 
size was placed in Endo-Mate TC2 motor 
(at speed of 600 rpm) and used to acti-
vate the irrigant at 1 mm shorter than the 
working length. The canal was brushed in 
a circumferential motion with a gentle 2-3 
mm up and down movement for a period 
of 60 seconds. The canal then received 1 
mL of distilled water as a final rinse. Group 
V (EndoVac irrigation system): After each 
used file, the canal was irrigated with 1 mL 
of distilled water using the Master Deliv-
ery Tip (MDT) installed onto Auto Syringe 
that hold the irrigants solution, as follows: 
First, the MDT was used to deliver 0.5 mL 
of irrigants. At the same time, the MDT 
was placed at the access, the Macro Can-
nula was placed inside the canal to 4 mm 
from WL and worked up and down rapidly 
to help flush evacuate the irrigant from the 
coronal and middle thirds of the canal. Fi-
nally, the MDT was returned to continue 
irrigating the canal with the second 0.5 mL 
of irrigants while placing the Micro Can-
nula inside the canal at 2 mm from the WL 
for 6 seconds. Then, it was moved down 
to WL and held in position for other 6 sec-
onds, to help flush evacuate the irrigants 
from the apical third of the canal. Then, 
each sample received 2 mL of D.W. as a 
final rinse using the same protocol. Col-
lection and weighing of extruded debris: 
Once canals irrigation had been complet-
ed, the rubber-stopper/root assembly was 
separated from the vials. Then, the apex 
of the root was flushed with 1.0 mL of dis-
tilled water to wash and collect any ad-
herent debris into the vial. Subsequently, 
the vials were placed in a dry heat oven at 
100°C until the distilled water was com-
pletely evaporated. The vials were then 
kept in closed desiccator containing cal-
cium chloride for 24 hours to absorb any 
remaining moisture. After that, each vial 
was re-weighed by using an electronic bal-

ance to obtain the final weight of the vial 
containing the extruded debris; this val-
ue represented the post-instrumentation 
weight (Figure 2). The weight of extruded 
debris was then calculated by subtracting 
the pre-instrumentation weight from the 
post-instrumentation weight of each col-
lecting vial. The amount of extruded debris 
was analyzed statistically using the One-
way analysis of variance test (ANOVA) and 
Tukey’s post hoc test for multiple compari-
sons at a significance level of p 0<0.05.

Figure (2): Weighing of the vials us-
ing sensitive electronic balance.

Results
The results of this study revealed that all 
groups induced extrusion of debris from 
the apical foramen but with different val-
ues. Table (1) showed the mean, minimum, 
maximum values and the standard devia-
tion of each experimental group. EndoVac 
group (V) showed the lowest mean value 
of apically extruded debris in comparison 
with other groups, followed by Needle ir-
rigation (I), EndoActivator (III) and Canal-
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Brush (IV) groups respectively. While pas-
sive ultrasonic irrigation group (III) has 
showed the highest mean value. Tukey’s 
post hoc test results showed that group I 
(Needle irrigation) had no significant dif-
ference with group III (EndoActivator) (P 
0>0.05).

Table (1): Descriptive statistics 
of apically extruded debris for all 

groups.

Table (2): Analysis of Variance 
(ANOVA) test for mean of AED for all 

groups.

Discussion
When performing an endodontic treat-
ment, irritants might be introduced into the 
periapical area. Extrusion of these infected 
debris and irrigants apically are associat-
ed with postoperative complications such 
as inflammation, delay of healing of peri-
apical tissue and pain (Fatih et al, 2016), 
and considered to have a large influence 
on the failure of the treatment procedure 
(Dragana et al, 2018). Therefore, a reduc-
tion of extruded debris is desirable to re-
duce postoperative flare-ups. The present 
study revealed that all of the irrigation 
techniques caused apical extrusion of de-
bris with different values. The results were 
consistent with previous studies, which 
demonstrated that no method could com-
pletely inhibit debris extrusion. (Varsha et 
al, 2013; Psimma et al, 2013; Emre et al, 
2015). The present study showed that En-
doVac irrigation system extruded apically 
the lowest mean value of debris when com-
pared to other four groups, and this result 
is in agreement with (Varsha et al, 2013; 
Jatin et al, 2014; Karatas et al, 2015). The 
reason could be related to that EndoVac 
is based on negative apical pressure. Ac-
cording to the design of EndoVac system, it 
uses a couple of macro and micro cannula 
to deliver the irrigants all the way down to 
the working length of the canal and then 
evacuate it by the negative pressure of the 
suction unit, makes it possible to irrigate 
root canal up to the working length safely 
without extrusion of irrigants beyond the 
apical foramen of the canal (Benjamin and 
Craig, 2007; Varsha et al, 2013). Accord-
ing to this study, the results showed that 
Group II (PUI) had the highest mean value 
of apically extruded debris when compared 
to other four groups, and this result is in 
agreement with previous studies (Varsha 
et al, 2013, Jatin et al, 2014). This might 
be related to that the PUI creates cavita-
tion and acoustic microstreaming of the 
irrigants. Active streaming enhances the 
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irrigants to contact a greater surface area 
of the canal wall. Thus, improve the poten-
tial of debris removal from canal that may 
cause more extrusion. Additionally, tip of 
ultrasonically activated file was placed 1 
mm shorter than the working length that 
create a turbulence of irrigants in the api-
cal third, causing more extrusion in the 
present study. Group III (EndoActivator) 
in the present study extruded significant-
ly less than passive ultrasonic irrigation, 
and this result is consistent with previ-
ous studies (Pranav and Van, 2009; Jatin 
et al, 2014). This might be related to two 
reasons. First, sonic irrigation works at a 
lower frequency, the frequencies for sonic 
application ranges from 1 to 10 KHz, while 
the frequencies for ultrasonic application 
ranges from 25 to 40 kHz. Second rea-
son, the oscillating patterns of the sonic 
instrument is different; it produces purely 
acoustic microstreaming without cavitation 
(Ricardo et al, 2014) leading to reduce the 
debris removal from the canal walls and 
which in turn may cause a reduced amount 
of apical extrusion (Nair et al, 2011). The 
present study showed that Group I (nee-
dle without activation of irrigants) extrud-
ed less debris than PUI and Canal brush. 
This result is in agreement with earlier 
study (Shaimaa and Heba, 2013). While 
the mean value of apically extruded debris 
for Group I and Group III (EndoActivator) 
were almost equal (p 0> 0.05) (statically 
not significant difference), and this may 
be due to that in Group I, the absence of 
irrigants agitation inside root canal using 
mechanically driven instruments resulted 
in deficiency of turbulence of fluid in the 
apical third that may cause to force de-
bris from the apical foramen. The current 
study showed that the mean values of AED 
for CanalBrush was significantly less than 
PUA and significantly more than EndoVac 
group and this finding is in accordance 
with the results of a previous study (Ja-
tin et al, 2014). This may be explained by 

the action of CanalBrush which is based 
on centrifugal force and rotated clockwise 
at high speed and only 1mm shorter than 
the working length. Different factors may 
affect the amount of extruded debris such 
as: the technique of instrumentation and 
irrigation, type of instrument used for ca-
nal shaping, type and amount of irrigating 
solution, size of apical stop, preparation 
endpoint and the presence of more than 
one canal. (Varsha et al, 2013; Burklein 
et al, 2013). For this reason, the samples 
for this study were carefully selected, all 
teeth had mature apex, patent apical fo-
ramen, and had a standard initial size file 
which was #20 K file. Also, canal instru-
mentation was accomplished in the same 
manner in all groups; the W.L was kept 1 
mm short of the apical foramen. Studies 
revealed that when instrumentation was 
performed 1 mm shorter than the canal 
length, it would result in a significantly less 
extrusion of debris than when it was per-
formed the apical foramen (Fukumoto et 
al, 2006; Varsha et al, 2013). The irrigants 
solution that had been used in the present 
study was distilled water for two reasons. 
First, the type of the irrigation material af-
fects the amount of extruded debris, and 
5.25% NaOCl had the greatest amount of 
debris followed by 2.5% NaOCl then CHX 
(Parirokh et al, 2012). Second reason, 
when sodium hypochlorite irrigants get 
dehydrated, it would result in the forma-
tion of salt crystals that cannot be isolated 
from cutting debris which would increase 
the weight of extruded debris (Burklein 
et al, 2013). In addition, safe-tip (closed-
end) needles had been used during irriga-
tion, since the open-end needles produced 
more extrusion (Gu et al, 2009). The depth 
of placement of the needle tip in this study 
was 2 mm short of the full W.L since extru-
sion is decrease when the needle moved 
away from apical foramen (Psimma et al, 
2013). To achieve standardization and to 
minimize the variables during the course 
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of the present study steps, all works had 
been completed by the same operator (the 
researcher). It must be highlighted that the 
results of in vitro study cannot be directly 
generalized to the clinical situation, be-
cause of the absence of periapical tissues 
and bone that work as a natural barrier 
against extrusion of debris and irrigants. 
But the used methodology of the present 
study had been received the utmost atten-
tion and implemented by several studies 
associated with apically extruded debris. 

Conclusion According to the proposed 
methodology and results of this in vitro 
study it was concluded that all irrigation 
techniques extruded debris beyond the 
apical foramen. The EndoVac irrigation 
system showed the lowest mean value of 
AED. While the PUI showed the highest 
value of apically extruded debris.

References
Benjamin AN, Craig BJ (2007). Compari-
son of the EndoVac System to Needle Irri-
gation of Root Canals. Journal of Endodon-
tics. 33: 611-615. https://doi: 10.1016/j.
joen.2007.01.020

Burklein S, Benten S, Schafer E (2013). 
Quantitative evaluation of apically ex-
truded debris with different single-file 
systems: Reciproc, F360, and OneShape 
versus Mtwo. International Endodon-
tic Journal. 47: 405-409. https://doi: 
10.1111/iej.12161

David Uroz-Torres, Maria P Gonz´alez-R´, 
Carmen MF-L (2010). Effectiveness of the 
EndoActivator System in removing the 
smear layer after root canal instrumenta-
tion. Journal of Endodontics. 36:308–311. 
https://doi 1016/j.joen.2009.10.029.

Dragana P, Irena M, Veljko K, Ana N, Anki-
ca J (2018). Evaluation of apically extrud-
ed debris during removal of gutta-percha 

and Resilon using different instrumenta-
tion techniques. Vojnosanit Pregl (VSP). 
75: 56–61. https://doi:10.2298/VS-
P160226321P

Emre I, Koral B, Dilek T, Bilge T (2015). 
Comparison of Apical Extrusion of Sodium 
Hypochlorite Using 4 Different Root Canal 
Irrigation Techniques. Journal of endodon-
tics. 41: 380-384. https://doi: 10.1016/j.
joen.2014.11.003.

Fatih C, Elif BC, Funda FK, Ahmet DU, 
Hakan A (2016). Apically extruded de-
bris during root canal preparation using 
ProTaper Gold, ProTaper Universal, Pro-
TaperNext, and RECIPROC instruments. 
The International Journal of Artificial Or-
gans (IJAO). 39: 128-131. https://doi: 
10.5301/ijao.5000480.

Fukumoto Y, Kikuchi I, Yoshioka T, Kob-
ayashi C, Suda H (2006). An ex vivo evalua-
tion of a new root canal irrigation technique 
with intracanal aspiration. International 
Endodontic Journal. 39: 93–99. https://do
i:10.1111/j.1365-2591.2006.01050

Gu LS, Kim JR, Ling J, Choi K, Pashley D, 
Tay FR (2009). Review of contemporary 
irrigant agitation techniques and devices. 
Journal of Endodontics. 35: 791–804. htt-
ps://doi: 10.1016/j.joen.2009.03.010

Jatin G, Vineeta N, Padmanabh J (2014). 
Correlation between machines assisted 
endodontic irrigant agitation and apical 
extrusion of Debris and irrigant: a labo-
ratory study. The Scientific World Journal. 
volume 2014, Article ID 346184: 6 pages. 
https://doi.org/10.1155/2014/346184

Karatas E, Ozsu D, Arslan H, Erdogan AS 
(2015). Comparison of the effect of non-
activated Self-Adjusting File System, Vi-
bringe, Endovac, Ultrasonic and needle ir-
rigation on the apical extrusion of debris. 

Shadan S. Al-Tayyar& Biland M.S. Shukri



 VOLUME 7, Issue 1, 2020

9

International Endodontic Journal. 48: 317-
322. https://doi: 10.1111/iej.12317.

Leonardi LE, Atlas DM, and Raiden G 
(2007). Apical extrusion of debris by 
manual and mechanical instrumenta-
tion. Brazilian Dental Journal.18: 16–
19. https://doi.org/10.1590/S0103-
64402007000100004.

Mitchell RP, Baumgartner JC, Sedgley CM 
(2011). Apical extrusion of sodium hy-
pochlorite using different root canal irri-
gation systems. Journal of Endodontics. 
37: 1677–1681. https://doi: 10.1016/j.
joen.2011.09.004

Myers GL and Montgomery S (1991). A 
comparison of weight of debris extruded 
apically by conventional filling and canal 
Master techniques. Journal of endodon-
tics. 17: 275-279. https://doi: 10.1016/
S0099-2399(06)81866-2

Nair UP, Natera M, Koscso K, Pillai P, Varel-
la C, Pileggi R (2011). Comparative evalu-
ation of three different irrigation activation 
on debris removal from root canal sys-
tems. Revista Romana de Stomatologie. 
57: 67–70.

Nielsen BA, Baumgartner JC (2007). Com-
parison of the EndoVac system to nee-
dle irrigation of root canals. Journal of 
Endodontics. 33: 611–615. https://doi.
org/10.1016/j.joen.2007.01.020

Parirokh M, Haghdoost AA, Abbott PV 
(2012). Comparison of the effect of vari-
ous irrigants on apically extruded debris 
after root canal preparation. Journal of 
endodontics. 38: 196-199. https://doi.
org/10.1016/j.joen.2011.10.027

Pranav Desai and Van Himel (2009). Com-
parative safety of various intracanal irri-
gation systems. Journal of Endodontics. 

35: 545–549.  http://doi: 10.1016/j.
joen.2009.01.011.

Psimma Z, Christos B, Eleftherios K, Leo-
nidas V (2013). Effect of Needle Insertion 
Depth and Root Canal Curvature on Irrigant 
Extrusion Ex Vivo. Journal of Endodontics. 
39: 521-524. https://doi.org/10.1016/j.
joen.2012.12.018

Ricardo M, Bram V, David FR, Michel V, 
Paul W, Luc van der Sluis (2014). Cavi-
tation measurement during sonic and ul-
trasonic activated irrigation. Journal of 
Endodontics. 40: 580–583. https://doi.
org/10.1016/j.joen.2013.09.018

Shaimaa I G and Heba S A (2016). Com-
parison of the effect of xp-endo finisher 
file, passive ultrasonic irrigation and con-
ventional syringe irrigation on the apical 
extrusion of debris. Egyptian Dental Jour-
nal. 62: 5107-5114.

Tanalp J, Gungo (2014). Apical extrusion 
of debris: a literature review of an inherent 
occurrence during root canal treatment. 
International Endodontic Journal. 47: 
211–221. https://doi: 10.1111/iej.12137

Van der Sluis LW, Versluis M, Wu MK, Wes-
sel ink PR (2007).  Passive ultrasonic ir-
rigation of the root canal: a review of the 
literature. International Endodontic Jour-
nal. 40(6): 415-426. https://doi:10.1111/
j.1365-2591.2007.01243.x

Varsha H T, Pradnya SN, Jayshree R, Sau-
janya K, Prabakar A, Fareedi M (2013).  
Evaluation of the Amount of Debris ex-
truded apically by using Conventional Sy-
ringe, Endovac and Ultrasonic Irrigation 
Technique: An in vitro study. Journal of In-
ternational Oral Health. 5:63-66.

Yildiz G, Hesna S, Mahir G, Seda H (2010). 
Evaluation of smear layer removal af-

Shadan S. Al-Tayyar& Biland M.S. Shukri



 VOLUME 7, Issue 1, 2020

10

ter use of a canal brush: an SEM study. 
Oral Surgery, Oral Medicine, Oral Pathol-
ogy, Oral Radiology and Endodontology. 
110: e62–e66. https://doi:10.1016/j.tri-
pleo.2010.02.037

Shadan S. Al-Tayyar& Biland M.S. Shukri


