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Background: Gravity impact has been mainly evaluated in mature teeth related 
to debris extrusion, even though it may affect the amount of apically extruded 
irrigant. In the literature the influence of gravity on the amount of apically extruded 
irrigant in immature teeth has been studied by a 45o inclined plate to mimic 
the position of the maxillary teeth and 90o for the mandibular teeth. However, 
patients are positioned horizontally in the dental chair while treatment. There 
is no study in the literature testing the horizontal position to mimic the clinical 
settings realistically. Aim: The aim of this study was to evaluate the influence 
of various irrigation systems on the amount of extruded irrigant in simulated 
immature maxillary and mandibular teeth irrigated in vertical and horizontal 
positions. Materials and Methods: Twenty‑five maxillary central incisors with an 
apical opening of 1.3  mm in diameter were included. Irrigation procedures were 
performed with EndoVac, closed‑ended, and open‑ended needles using a VATEA 
peristaltic pump. The amount of apically extruded irrigant was determined using 
a microbalance. Statistical analysis was performed using the Kruskal–Wallis test. 
Results: The EndoVac system caused almost no irrigant extrusion in all tested 
positions (P > 0.05); however, closed‑ended and open‑ended needles extruded more 
irrigant in a mandibular vertical position compared to maxillary vertical (P < 0.05) 
and maxillary horizontal positions  (P  <  0.05). Open‑ended needles extruded the 
highest amount of irrigant. Conclusions: The EndoVac macrocannula is a more 
reliable and safer irrigation system as it prevents irrigant extrusion independent of 
the position of the tooth.

Keywords: Apical irrigant extrusion, gravity, immature teeth, negative pressure 
irrigation, positive pressure irrigation
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Sodium hypochlorite  (NaOCl) is considered as the 
main endodontic irrigant due to its strong antimicrobial 
effect and tissue‑dissolving ability.[3] However, when 
its use cannot be restricted to the confines of the root 
canal system, periapical tissues and stem cells might be 
damaged.[4,5] Moreover, preliminary data indicate that 

Original Article

Introduction

Traumatic injuries in children mostly affect the 
maxillary permanent incisors resulting in pulp necrosis 

and the development of periapical lesions. Completion of 
root maturation is disturbed if the trauma occurs before 
the root development was accomplished.[1] Biomechanical 
preparation of these immature teeth with a necrotic pulp 
is a challenging procedure due to wider root canals, weak 
and divergent or parallel dentinal walls, and excessive 
removal of root dentine increases the risk of vertical root 
fractures.[2] Therefore, optimal disinfection of the root 
canal system should strive without mechanical preparation.
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0.1  mL or higher amounts of NaOCl can reduce cell 
viability by 40%.[6] Several factors should be considered 
to reduce the risk of potential extrusion of the irrigant, for 
instance, apical diameter and patency of the root canal. 
Also, mechanical and physical features such as insertion 
depth of the cannula, volume and flow rate of the 
irrigant, as well as size and design of the irrigant delivery 
needle or the irrigation system are important parameters 
regarding the safety and efficacy of the treatment.[7]

Even though syringe irrigation with different 
needle tip designs  [open‑ended needle  (OEN) or 
close‑ended needle  (CEN)] has been frequently 
used,[8] the risk of apical extrusion is high with these 
systems due to the generation of apical positive 
pressure  (APP).[9] To overcome this complication, 
the EndoVacTM  (EV) system  (Discus Dental, Smart 
Endodontics, Culver City, CA, USA) has been designed 
both to deliver irrigants to the apical part and to suck out 
debris and irritants from the root canals with the help of 
apical negative pressure  (ANP).[10] Although this system 
has been compared with conventional needle irrigation 
systems especially in mature teeth at the mandibular 
position,[9,11] there are only three ex vivo studies that 
evaluated its effect in simulated immature teeth.[12‑14]

Additionally, even though gravity may affect the 
amount of apically extruded irrigant, its impact has 
been mainly evaluated in mature teeth related to debris 
extrusion.[15,16] So far, only one study in the literature 
has evaluated the influence of gravity on the amount of 
apically extruded irrigant in immature teeth.[14] In the 
same study, a 45° inclined plate was utilized to mimic 
the position of the maxillary teeth and 90° was used 
for the mandibular teeth. However, endodontists do not 
treat patients in a standing position  (vertical); rather, 
patients are positioned horizontally in the dental chair. 
Therefore, it is important to test the horizontal position 
to mimic the clinical settings more realistically to have 
more reliable data, particularly for maxillary anterior 
teeth. There is no other study in the literature comparing 
the amount of extrusion of irrigant in immature teeth 
evaluated in a maxillary horizontal position to imitate 
the lying position of patients for accurate simulation of 
the clinical settings.

Therefore, the aim of this ex vivo study was to evaluate 
the impact of gravity and the irrigation systems including 
EV, CEN, and OEN on the amount of apically extruded 
irrigants in simulated immature permanent maxillary 
central incisors, using standard irrigant volume and flow 
rates at mandibular and maxillary vertical and maxillary 
horizontal positions. The null hypotheses were that 
there would be no statistically significant differences in 
the amount of extruded irrigants between the irrigation 

systems, and that gravity would not affect the amount of 
extruded irrigants.

Materials and Methods
Selection and preparation of specimens
This study was approved by the Human Ethical 
Committee of Ege University, Turkey  (No: 19‑1/22, 
08  January 2019). The minimum sample size for each 
group was obtained as 23  (f = 0.40, at 0.01 Type  I error 
and 95% power) using 2  ×  3 Factorial ANOVA method 
in the G*Power  (version  3.1.9.2) package program. 
Twenty‑five maxillary central incisor teeth without 
caries, cracks, or fractures which had been freshly 
extracted for periodontal and prosthodontic reasons were 
included. Each tooth was shortened coronally with a 
high‑speed diamond bur to provide standardization of 
the tooth length of 18 mm [Figure 1a]. Simulation of the 
incomplete apical closure was performed using Peeso 
reamers  (Dentsply Maillefer, Ballaigues, Switzerland) 
with sizes 1 to 4, respectively, under sterile saline 
irrigation to create an apical opening of 1.3  mm in 
diameter without destroying the structural integrity of the 
root [Figure 1a]. The root canal system was irrigated with 
2.5% NaOCl and 17% EDTA to remove the smear layer 
and debris remnants before the experimental procedure. 
Since irrigation procedures were non‑destructive, the 
same 25  samples were used in all experimental groups, 
thereby avoiding the impact of inherent variables such as 
canal anatomy and shape. These tooth preparation steps 
and the application of the same 25  samples for each 
group further improved the accuracy of the study.

Experimental model
The method of Myers and Montgomery[17] was utilized 
to collect the extruded irrigant using glass vials. Before 
the irrigation procedure, three consecutive measurements 
were obtained for each vial using a microbalance with 
a precision of 10‑4 g  (Sartorius, Göttingen, Germany) 
and the mean values were recorded. Rubber stoppers 
were used to fix and attach the teeth to the vials. 
The glass vials were connected to 20  mL dark glass 
flasks  (Smart Kimya, Izmir, Türkiye). To equalize the 
air pressure inside and outside the flask, a 25‑gauge 
needle was placed through the rubber stopper. For each 
tooth, the flask was covered using a rubber dam. The 
teeth were fixed at 90° to mimic the tooth position in 
the mandibular  [Figure  1b] and maxillary  [Figure  1c] 
arch when patients were considered to be treated in 
an upright position and the teeth were fixed at 180° to 
simulate treatment in a horizontal position [Figure 1d].

Irrigation procedures and irrigant collection
Depending on the irrigation procedure, three 
experimental groups each with three subgroups 
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with regard to the position of the teeth were 
created  [Figure  1b‑d]. In each experimental group, the 
VATEA peristaltic pump  (ReDent‑Nova, Ra’anana, 
Israel) was used to standardize the flow rate of irrigant 
to 2  mL/min and irrigation was performed with 
2.5% NaOCl for 4  min, delivering a total volume of 
8  mL of irrigant. The aspiration of the suction unit 
(FedesaJarez Basic Dental Unit, Madrid, Spain) was set 
at ‑ 20 kPa. Using the VATEA peristaltic pump allowed 
an even distribution of the flow of volumes to each 
particular tooth.

Irrigation was performed as follows:

Group  1  –  EV: The VATEA peristaltic pump was 
connected to the EV master delivery tip. While the tip 
was placed above the access cavity providing a constant 
flow of irrigant, the macrocannula was placed 2  mm 
short of the root tip [Figure 1b].

Group  2  –  CEN: The VATEA peristaltic pump was 
connected to a 30‑gauge CEN  (KerrHawe SA, Bioggio, 
Switzerland). As in Group  1, the needle tip was 
placed 2  mm short of the root tip. During irrigation, 
an endodontic aspirator  (Endo Tips 0.014” Angelus, 
Londrina, PR, Brazil) was attached to the suction of the 
dental unit and was placed at the coronal end of the root 
canal for suctioning the irrigant that flowed out of the 
access cavity [Figure 1c].

Group  3  –  OEN: Irrigation was performed with a 
30‑gauge OEN  (NaviTip; Ultradent Products Inc, South 
Jordan, UT, USA) in the same manner as described for 
Group 2 [Figure 1d].

For all experimental groups, irrigation was performed 
in mandibular and maxillary vertical and maxillary 
horizontal positions. After irrigation was finished, the 
glass vial with the collected extruded irrigant was 
immediately weighed again three times, and the mean 
values were recorded. Calculation of the amount of 
extruded irrigant was determined for each sample by 
subtracting the mean pre‑  and post‑irrigation weight of 
the vials. This procedure was repeated for every sample 
in every group.

Statistical analyses
The effects of gravity and type of irrigation system 
on the amount of extruded irrigant were analyzed at 
an 0.05 level of significance with a nonparametric 
factorial design with a mixed procedure in the SAS 
Version  9.3  (SAS Institute, Cary, NC, USA). Since a 
significant interaction between the irrigation systems 
and tooth positions was found, the data were analyzed 
separately using nonparametric tests in IBM SPSS 
Statistics for Windows  (IBM SPSS Inc., Chicago, IL, 
USA). Kruskal–Wallis tests were used to compare the 
effect of gravity on the amount of extruded irrigant 
among the irrigation systems in mandibular and 
maxillary vertical and maxillary horizontal positions. 
The Dunn Test (with Bonferroni correction) was used as 
the Post hoc method.

Results
The median, minimum, and maximum values of the 
amount of apically extruded irrigant related to each 
experimental group at the mandibular and maxillary 
vertical and maxillary horizontal positions are presented 
in Table  1. The EV system caused almost no irrigant 
extrusion in all tested positions  (P =0.892). Although 
CEN and OEN extruded significantly more irrigant 
in the mandibular position compared to maxillary 
vertical  (PCEN  <  0.001, POEN  <  0.001) and maxillary 
horizontal positions  (PCEN  <  0.001, POEN <.003), 
there were no differences between maxillary vertical 
and maxillary horizontal positions  (PCEN  =  1.000, 
POEN  =  0.205). In the mandibular position, the EV 
system caused significantly less irrigant extrusion than 
the needle groups (PCEN = 0.020, POEN < 0.001) and CEN 
caused less extrusion than OEN  (P  <  0.001). However, 
in both the maxillary vertical and maxillary horizontal 
positions, there was no significant difference between 
EV and CEN (P = 1.000). On the other hand, significant 
differences between EV and OEN  (P  <  0.001) and 
also between OEN and CEN  (P  <  0.001) were 
observed [Table 2].

Discussion
The purpose of performing ex vivo studies is to 

Table 1: Weight of apically extruded irrigant (g) related to three different irrigation systems in mandibular, maxillary 
vertical, and maxillary horizontal positions

System Amount of extruded irrigant (g) P
Mandibular position Maxillary vertical position Maxillary horizontal position

Median Min. Max. Median Min. Max. Median Min. Max.
EV 0.0001 0.0000 0.0020 0.0000 0.0000 0.0004 0.0001 0.0000 0.0004 0.892
CEN 0.0031 0.0000 0.1002 0.0000 0.0000 0.0020 0.0000 0.0000 0.0013 <0.001
OEN 0.7871 0.0172 1.5972 0.2390 0.0194 0.5399 0.3519 0.0515 0.6607 <0.001
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investigate materials and devices under simulated clinical 
conditions to provide more efficient materials and 
devices for clinical applications. In the literature on root 
canal irrigation, there are major limitations in ex vivo 
study models such as inadequate standardization and lack 
of presentation of the protocol for irrigation procedure 
including the insertion depth of the needle, the volume 
of delivered irrigant, the irrigant contact time, and the 
flow rate.[18] In this study, all these above‑mentioned 
parameters were investigated with respect to gravity in 
simulated immature teeth in mandibular and maxillary 
vertical and maxillary horizontal treatment positions of 
the tooth. Also, in the CEN and OEN groups, considering 
that endodontic aspiration of the irrigant could influence 
the amount of apically extruded irrigant, the tip of an 
endodontic aspirator was placed at the coronal end of 
the root canal for suctioning the irrigant that flew out of 
the tooth coronally during the irrigation procedures.

The null hypotheses of the study were both rejected 
because there were statistically significant differences 
in the amount of extruded irrigant between irrigation 
procedures, and the gravitational force affected the 
amount of extruded irrigant, except in the EV group.

Preliminary in  vitro studies in the literature used two 
different strategies to mimic the periapical tissue 
environment to detect and measure the amount of extruded 
irrigant; open root canal systems in which the teeth were 
exposed to atmospheric pressure[9,14,19] and closed root 
canal systems by using either saline agar or agarose 
gel.[11,20] In the literature, there is no realistic and precise 
ex vivo model described to simulate the actual periapical 
conditions, as both the photographic technique[11] and 
qualitative assessment[21] have limitations to measure 
the real volume of the extruded irrigants.[7,20] It is well 
known that in experimental set‑ups using saline agar 
and agarose gel, extruded irrigant might be absorbed or 
expand.[22,23] Besides, the radiodensity values are different 
between saline agar/agarose gel setups in comparison to 
the periodontium and periapical lesions.[24] Because of all 
these reasons, the method of Myers and Montgomery[17] 
was chosen in the present study, as already been used in 
recent investigations.[12,14,19,25] This method also provided 
an advantage in terms of mimicry as it causes no material 
during the microbalance measurement of extrusion.[25] 
Additionally, in a previous study, it was revealed that 
the absence of the periapical tissue simulation resulted 
in an up to 60  times larger volume of irrigant extrusion, 
however, the tissue simulation in that study did not 
change the finding that the CEN caused significantly 
less extrusion compared with the OEN.[26] The limitation 
of the present study is the lack of stimulation of the 
periapical tissues because of the employment of an open 
canal system. Considering all these results, in the present 
study, an open root canal system without simulation of 
periapical pressure had been used to measure the amount 
of extruded irrigant.

Table 2: P values of statistical intergroup comparisons 
according to teeth position

System Tooth locations (P)
Mandibular 

position
Maxillary 

vertical position
Maxillary 

horizontal Position
EV ‑ CEN 0.020* 1.000 0.744
EV ‑ OEN <0.001* <0.001* <0.001*
CEN ‑ OEN <0.001* <0.001* <0.001*
*Statistical significance

Figure 1: (a) Preparation of teeth; teeth are shortened to provide standardization of the tooth length to 18 mm and an apical opening of 1.3 mm in 
diameter. (b) Mandibular positioning of the teeth. (c) Maxillary vertical positioning of the teeth. (d) Maxillary horizontal positioning of the teeth. Each 
tooth was coronally shortened with a high‑speed diamond bur to provide standardization of the tooth length to 18 mm (a). Simulation of the incomplete 
apical closure was performed using Peeso reamers (Dentsply Maillefer, Ballaigues, Switzerland) with sizes 1 to 4, respectively, under sterile saline 
irrigation to create an apical opening of 1.3 mm in diameter without destroying the structural integrity of the root
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In the literature, there are three studies that evaluated 
the effect of the EV system on immature teeth.[12‑14] 
Velmurugan et  al.[12] investigated the influence of 
EV microcannula, EV macrocannula, CEN, and 
OEN using 9  mL NaOCl per specimen in simulated 
immature teeth with a 1.3  mm diameter of the 
apical opening. The differences between the amount 
of extruded irrigant among four experimental 
groups in that study resulted in ranking order 
as follows: OEN  (9  mL) = CEN  (9  mL) > EV 
microcannula (7.53 mL) > EV macrocannula (0.23 mL). 
The significant difference between the EV 
macrocannula and microcannula was attributed to the 
large diameter  (0.55 mm) of the macrocannula and the 
small diameter  (0.32  mm) of the microcannula which 
also has only side vents.[12] However, in that study, 
NaOCl was delivered over a period of 60 s using a 
hand‑controlled syringe, without utilizing the chair‑side 
endodontic aspirator in the CEN and OEN groups. 
Thus, the manually controlled flow rate of the irrigant 
may not be adequately standardized.[27] In fact, the 
mandibular positions of the teeth and unemployment 
of an endodontic aspirator may increase the effect 
of gravity and cause extrusion of the irrigant in 
CEN and OEN groups. Our results for the EV 
macrocannula group were 0.0001  g for mandibular, 
0.0000  g for maxillary vertical, and 0.0001  g for 
maxillary horizontal positions, and no statistically 
significant differences were observed with respect to 
tooth position. This variation between our results and 
the results reported by Velmurugan et  al.[12] may be 
attributed to the above‑mentioned factors.

In another ex vivo study by Jamleh et al.,[13] the irrigant 
volume and flow rate were standardized at 3.0  mL/min 
for the intracanal negative pressure  (iNP) system and 
the EV system with microcannula or the OEN under 
APP. Simulated immature teeth with apical openings 
of ISO size 35 were used in a mandibular position, 
and saline agar was used apically to simulate a closed 
root canal system. These researchers prepared the teeth 
up to ISO size 35 to mimic immature teeth, but the 
apical opening of immature teeth clinically measures 
larger than a size ISO 80 file.[28] Thus, the study model 
may not adequately resemble in  vivo conditions. The 
least extrusion was observed with the iNP system, but 
surprisingly, no difference was detected between the 
EV microcannula needle and the OEN. However, the 
authors only reported the number of teeth with extrusion 
and did not provide the volume of the extruded irrigant. 
In the present study, maxillary central incisors with a 
1.3  mm diameter of the apical opening in stage IV of 
maturity according to Kling et  al.[29] were selected as 
frequently seen in apexification treatment[30,31] and teeth 

in which regenerative endodontic treatment  (RET) is 
performed.[32]

VandeVisse and Brilliant[33] demonstrated that 
instrumentation with irrigation generated significantly 
more apically extruded debris than instrumentation 
without irrigation. In addition, when a larger amount 
of irrigant was used, it was possible to collect larger 
amounts of extruded debris. Even though gravity is 
one of the factors that could influence the amount of 
extruded debris or irrigant, only a few studies evaluated 
the influence of gravity on the amount of extruded debris 
in mature teeth with respect to instrumentation systems 
regardless of the amount of extruded irrigant.[15,16] 
As for immature teeth, only one study assessed the 
effect of gravity on apically extruded irrigants.[14] In 
that study, the flow rate of the irrigant and irrigation 
time were not standardized. Moreover, the authors 
utilized a 45° inclined plane to mimic the position 
of the maxillary teeth and a 90° plane to simulate the 
position of the mandibular teeth. However, treatment 
is usually performed on patients in horizontal lying 
position and this setup could not represent the actual 
clinical conditions. In the present study, these factors 
were standardized, and in addition to mandibular and 
maxillary vertical positions, teeth were also evaluated 
in a maxillary horizontal position to imitate the lying 
position of patients in the dental chair for accurate 
simulation of clinical settings. The results revealed that 
OEN and CEN caused statistically significant more 
irrigant extrusion than the EV system in the mandibular 
position and OEN led to greater irrigant extrusion than 
CEN. These findings are consistent with the results from 
several irrigant extrusion studies in mature teeth that 
used an open canal system.[9,25] Additionally, in the CEN 
and OEN groups, although a statistically significant 
difference was not observed between maxillary vertical 
and maxillary horizontal positions, these devices caused 
more irrigant extrusion at the mandibular position. This 
finding might be explained by the negative influence of 
the gravitational force in APP groups.

In recent decades, RET, which allows for continued root 
development in immature teeth with apical periodontitis, 
has been recommended as an alternative treatment 
protocol to apexification with calcium hydroxide[30] 
and apical closure using mineral trioxide aggregate, 
especially in young patients.[31] Published protocols for 
RET commonly require the use of triple antibiotic paste 
as an intermediate medicament following limited or 
no root canal instrumentation with 1.5% to 3% NaOCl 
and 17% EDTA irrigation in a two‑visit approach.[34] 
This procedure is associated with a high risk of apical 
extrusion resulting in the death of stem cells which are 
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responsible for further root development. The results of 
this study revealed that the EV system is reliable and 
safe, as it enables to limit the circulation of irrigant 
solution to working length.

Conclusion
Within the limitations of this study, OEN extruded the 
most irrigant among the tested irrigation systems. The 
gravitational force has an impact on the amount of 
extruded irrigant when APP irrigation techniques are 
used. Utilizing the macrocannula of the EV system 
in immature teeth is a more reliable approach during 
irrigation as it prevents irrigant extrusion related to 
gravity.
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