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Effect of needle insertion depth and 
apical diameter on irrigant extrusion in 
simulated immature permanent teeth

Abstract: The aim of this study was to compare the amount of irrig-
ant extrusion in simulated immature permanent teeth when the apical 
diameter and needle insertion depth were varied. Thirty single-root-
ed maxillary incisors with straight root canals were selected. The root 
length was standardized to a length of 9 mm. The teeth were divided 
into two experimental groups according to the degree of apical enlarge-
ment (n = 15). The apices were enlarged to a diameter of 1.10 mm or 1.70 
mm by using a #3 or #6 peeso reamer, respectively, to simulate imma-
ture teeth. The irrigation solution was applied 2 or 4 mm short of the 
working length (WL) in each experimental group. The glass vial model 
was used for the collection of extruded irrigant beyond the root apex. A 
two-way repeated measures analysis of variance test showed that there 
was no significant difference between different needle insertion depths 
(2 and 4 mm short of the WL) in the group with an apical diameter of 
1.70 mm (p > 0.05). In the group with an apical diameter of 1.10 mm, a 
32% increase in irrigant extrusion was observed when the needle was 
positioned at 2 mm (p < 0.05). Regarding the effect of apical diameter, 
the group with a diameter of 1.70 mm showed more apical extrusion of 
the irrigant (34% increase for the needle positioned at 2 mm and 68% 
increase for the needle positioned at 4 mm). It was observed that the 
needle insertion depth and apical diameter have a significant effect on 
irrigant extrusion in immature permanent teeth.
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Introduction
The main purpose of root canal treatment is to prevent or treat api-

cal periodontitis.1,2,3 For the treatment of immature permanent teeth, the 
goal is to restore the original physiologic structure and function of the 
pulp-dentin complex. However, the treatment of necrotic immature teeth 
has always been a clinical challenge for several reasons.4 Primarily, it is 
difficult to achieve an appropriate apical seal with an open apex by per-
forming 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.

Revascularization is a valuable treatment for necrotic immature perma-
nent teeth. The key procedures of this regenerative protocol require minimal 
to no instrumentation of the canal and rely on a gentle but thorough irrigation 
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of the root canal system. Therefore, the disinfection of 
the root canal only depends on chemical disinfection. 
2.5-6% NaOCl has been used for irrigation and disin-
fection during regenerative endodontic therapy.5,6,7,8,9 A 
modification to the final step of this protocol by irrigat-
ing with EDTA has been recommended to optimize the 
conditions for cellular differentiation, tissue formation, 
and regeneration.10,11 However, inadvertent irrigant extru-
sion toward the periapical tissues has been reported in 
a number of case studies.12,13,14 Sequelae such as severe 
pain, burning sensation, inflammation, and possible 
delayed healing may develop, depending on the type of 
irrigant used.14,15 In addition, the root canal disinfection 
material can be detrimental to stem cells.11 The preser-
vation of the remaining dental pulp stem cells and mes-
enchymal stem cells of the apical papilla (SCAPs) is an 
important prerequisite in root canal revascularization 
and the completion of root maturation.16 Although case 
reports have been published with successful outcomes 
related to regenerative endodontics, there is still no stan-
dardized treatment protocol.

Psimma et al.17 reported that irrigant extrusion 
decreased as the needle moved away from the work-
ing length with increasing apical size. However, in 
that study, the apical size was enlarged to a #35 size. 
To date, irrigant extrusion in immature permanent 
teeth has not been thoroughly studied in the litera-
ture. For this reason, the purpose of this study was 
to evaluate irrigant extrusion in simulated imma-
ture permanent teeth when the apical diameter and 
needle insertion depth varied.

Methodology
Thirty extracted human single-rooted maxillary 

incisors were used. All experiments were performed 
under a protocol approved by the Human Subjects 
Ethical Review Committee of Hacettepe University 
(Project No: GO 14/69).

Preparation of the specimens
The criterion for tooth selection was a lack of vis-

ible root caries, fractures or cracks upon examination 
under a stereoscopic microscope at ×32 magnifica-
tions. The tooth length was standardized to 16 mm 
by removing excess crown structure perpendicu-
larly to the tooth axis, and the root length was stan-

dardized to a length of 9 mm as measured from the 
facial cemento-enamel junction (CEJ). The WL was 
set to 0.5 mm shorter than of the tooth length mea-
surement. Measurements of the samples were per-
formed with a digital caliper.

Following conventional access cavity preparation, 
the root canals were prepared using ProTaper NiTi 
instruments (Dentsply Maillefer, Ballaigues, Swit-
zerland). Each root canal was irrigated with 2 ml of 
distilled water between successive instruments. At 
the end of instrumentation, the root canal was irri-
gated with 10 ml of distilled water. The root canals 
were dried with paper points, and the external sur-
faces of the specimens were dried by air blast. All 
specimens were stored at 100% relative humidity 
during the experimental period.

Experimental procedures
Each tooth was mounted up to the CEJ through 

a pre-cut hole into the lid of a 10 ml glass vial with 
self-curing acrylic resin, so that its longitudinal 
axis was parallel to and as close as possible to 
the vial axis. Each root surface was covered with 
cyanoacrylate (Catalog #41032, Forakim, Ankara, 
Turkey). To simulate teeth with immature apices, 
peeso reamers were used to enlarge the root apex. 
In one group, peeso reamers between #1 and #3 
(1.10 mm) were introduced into the root canals 
by allowing them to protrude 1 mm beyond the 
apex, while in the other group, the root apex of the 
specimens was enlarged to the size of a #6 peeso 
reamer (1.70 mm). In each experimental group, the 
irrigation solutions were applied 2 or 4 mm short 
of the WL (n = 15) with a 5 ml disposable plastic 
syringe and a 27 gauge open-ended needle.

Test apparatus
A 10 ml glass vial was used to simulate a periapi-

cal lesion and accommodate the extruded irrigant 
(Fig. 1). Each specimen was embedded in a lid and 
fitted to a vial. Glass vials were entirely filled with 
a 0.9% saline solution. A bent 25 gauge needle was 
placed alongside the lid to use as a drainage can-
nula and balance the air pressure inside and out-
side of the vials.
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The extruded irrigant was collected from the needle 
into a disposable plastic insulin syringe. Experiments 
were performed three times, and an average score was 
calculated so that the irrigant extrusion volume could 
be accurately measured. The volume of the collected 
irrigant was calculated in 0.1 ml increments, based 
on the syringe markings. Statistical analysis of the 
experimental groups was conducted with a two-way 
repeated measures analysis of variance test (p = 0.05).

Results
Statistical analysis revealed no significant dif-

ference between different needle insertion depths 
(2 and 4 mm short from the WL) in teeth with an 

apical diameter of 1.70 mm (0.39 ± 0.076 ml vs. 0.37± 
0.074 ml, p>0.05). In the group with an apical diam-
eter of 1.10 mm, a 32% increase in irrigant extru-
sion was observed when the needle was positioned 
2 mm short of the WL than compared to the needle 
positioned 4 mm short of the WL (0.29 ± 0.039 ml vs. 
0.22 ± 0.070 ml, p < 0.05, Fig. 2).

In a comparison of the effects of different apical 
diameters, the group with a diameter of 1.70 mm 
showed more apical extrusion of irrigant than the 
group with a diameter of 1.10 mm (34% increase for 
the needle positioned at 2 mm short of the WL and 
68% increase for the needle positioned 4 mm short 
of the WL, p < 0.05, Fig. 2).

Discussion
The main findings in this study were as follows: 

1) no significant difference in the amount of apically 
extruded irrigant was observed when the needle 
insertion depth changed from 2 to 4 mm short of 
the WL in teeth with a larger apical diameter (1.70 
mm), and 2) there was a tendency to extrude more 
irrigant as the apical diameter increased.

The instrumentation of root canals may cause irrigant 
extrusion in small quantities, regardless of the type of 
instruments used and the preparation technique.14 The 
apical extrusion of irrigants has been studied extensively 
because of its clinical relevance, particularly because it 
may cause flare-ups resulting from the introduction of 
bacteria, pulpal tissue, or irrigating solutions into the 
periapical tissues.18 There have been a wide range of 

Figure 1. The amount of extruded irrigant

Figure 2. The glass vial model

1.10 mm apical size
0

1.70 mm apical size

* p < 0.05

*

*

ex
tru

de
d 

irr
ig

an
t (

m
l)

0.1

0.2

0.3

0.4

0.5

0.6

4 mm needle
insertion depth

2 mm needle
insertion depth

3Braz Oral Res., (São Paulo) 2014;28(1):1-6



Effect of needle insertion depth and apical diameter on irrigant extrusion in simulated immature permanent teeth

studies focused on irrigant extrusion.19,20,21,22,23 Many 
factors affect the amount of irrigant extrusion, includ-
ing the use of a high flow rate; destruction of the apical 
constriction due to over-instrumentation or apicoec-
tomy; perforation of the root canal system iatrogeni-
cally or from root resorption; wedging of the needle in 
the root canal; the presence of a periapical lesion, api-
cal fenestration, or horizontal root fracture; insertion of 
the needle beyond the apical foramen; the volume and 
concentration of the irrigant used; and intentional extru-
sion.24 However, studies have been limited to teeth with 
mature root morphologies. For this reason, the observed 
results should not be generalized to teeth with incomplete 
root development. Immature necrotic permanent teeth 
have a wide root canal and apical foramen that allows 
for rapid transportation of infectious microorganisms 
to the periapical tissues, causing extensive bone resorp-
tion. Thus, the present study specifically focused on 
factors influencing irrigant extrusion during root canal 
irrigation of immature permanent teeth. In this study, 
mature human teeth were modified to resemble imma-
ture teeth. Although individual differences are always 
likely between different teeth, extreme care was taken 
during the selection and division of experimental teeth 
into groups. Another option could have been to select 
immature premolars, which are sometimes extracted 
for orthodontic purposes. Although these teeth would 
display the true histological characteristics of teeth with 
immature apices, this approach was not selected because 
of the difficulty of obtaining an adequate number of such 
teeth with similar dimensions.

Nail varnish is typically used to seal the root canal 
surface to prevent any leakage from the lateral canals 
or dentinal tubules. In this study, cyanoacrylate was 
used to seal the entire root surface in place of than 
nail varnish. Cyanoacrylate is water-resistant and 
adheres to cementum and dentin much better than 
nail varnish. Immediately after placement, cyano-
acrylate flows easily, similar to a thick, sticky gel. 
However, within 1-2 hours it hardens similarly to 
acrylic resin. If cyanoacrylate flows into the canal, 
it becomes difficult to remove, so before applying it 
near the apical foramen, the canal should be blocked 
from the inside with a file or a gutta-percha point.

Various in-vitro methods have been used to simu-
late periapical tissue resistance during irrigant extru-

sion. Several studies have completely neglected the 
potential effect of periapical tissues by evaluating the 
amount of extrusion into vials full of air.19,23,25,26 This 
approach results in an implausible situation in which 
there is no periapical tissue resistance, creating an 
obvious discrepancy with in-vivo conditions because 
the presence of an apex surrounded by ambient air 
is unlikely. This issue has been identified by previ-
ous studies as causing an overestimation of irrigant 
extrusion.22,25 Younger patients have loose cancellous 
bone and thin cortical plates that are susceptible to 
damage. For this reason, immature permanent teeth 
with necrotic dental pulp suffer from pain, swell-
ing, and sinus tract development in the early stages 
of disease. A bone lesion can contribute to irrigant 
extrusion by reducing the resistance provided by 
periapical tissues,27 resulting in an outcome simi-
lar to that caused by over-instrumentation. Hence, 
extrusion accidents may be more likely in teeth with 
non-vital pulps and periapical lesions according to 
Kleier et al.28 For this reason, treatment should be 
as conservative as possible. In the present study, a 
vial filled with distilled water was used to simulate 
a periapical bone lesion. The 25 gauge needle that 
functioned as an air vent in previous debris extru-
sion studies functioned here as a drain to collect the 
extruded irrigant.

Canal disinfection depends on irrigation with 
minimal to no instrumentation. Because the irrigation 
materials can be detrimental to SCAPs, irrigant extru-
sion should be minimized to prevent this deleterious 
effect. It was previously reported that the amount of 
apically extruded irrigant directly increases with an 
increase in the diameter of the apical constriction.29 
However, the apical constriction was enlarged to a 
diameter of 0.2 and 0.4 mm that is only found in teeth 
with mature root morphologies. The finding in our 
study that there is a tendency to extrude more irrig-
ant apically as the apical diameter is enlarged sup-
ports the findings of the previous study.

In this study, all root canals were irrigated with 10 
ml of 2.5% NaOCI solution via an endodontic syringe 
with a 27 gauge blunt needle that was placed in the 
root 2 or 4 mm short of the WL. In general, position-
ing of the needle farther away from the WL has been 
associated with reduced irrigant extrusion.30 This 

4 Braz Oral Res., (São Paulo) 2014;28(1):1-6



Aksel H, Askerbeyli S, Canbazoglu C, Serper A

finding is in agreement with our study for a rela-
tively narrow apical diameter. When the apical diam-
eter was enlarged, the amount of irrigant extrusion 
increased regardless of the needle insertion depth.

Conclusion
Needle insertion depth had a significant effect on 

irrigant extrusion in simulated immature permanent 

teeth depending on the apical diameter. There was a 
tendency to extrude more irrigant through the periapi-
cal area as the apical diameter increased. For this rea-
son, every effort should be exerted to limit periapical 
extrusion of materials during treatment. To avoid this 
phenomenon, we recommended irrigating cautiously 
and with low pressure while ensuring that the excess 
irrigant leaves the root canal via the access cavity.
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