
1/10https://rde.ac

ABSTRACT
Objectives: To determine the effect of size and insertion depth of irrigation needle on the 
amount of apical extruded debris and the amount of penetration depth of sealer using a 
confocal laser scanning microscope (CLSM).
Materials and Methods: Twenty maxillary premolars were assigned to 2 groups (n = 10), 
according to the size of needle tip, 28 G or 30 G. Buccal roots of samples were irrigated with 
respective needle type inserted 1 mm short of the working length (WL), while palatal roots 
were irrigated with respective needle type inserted 3 mm short of the WL. Prepared teeth 
were removed from the pre-weighed Eppendorf tubes. Canals were filled with F3 gutta-percha 
cone and rhodamine B dye-labeled AH 26 sealer. Teeth were transversally sectioned at 1 and 
3 mm levels from the apex and observed under a CLSM. Eppendorf tubes were incubated to 
evaporate the irrigant and were weighed again. The difference between pre- and post-weights 
was calculated, and statistical evaluation was performed.
Results: Inserting needles closer to the apex and using needles with wider diameters were 
associated with significantly more debris extrusion (p < 0.05). The position of needles and level 
of sections had statistically significant effects on sealer penetration depth (p < 0.05 for both).
Conclusions: Following preparation, inserting narrower needles compatible with the final 
apical diameter of the prepared root canal at 3 mm short of WL during final irrigation might 
prevent debris extrusion and improve sealer penetration in the apical third.
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INTRODUCTION

Root canal irrigation has an essential role in endodontic treatment aiming to remove 
any pulpal remnants and microorganisms within the root canal system adjunct to 
instrumentation [1]. In recent years, its perceived importance has grown considerably 
[2,3], in view of the finding that a significant part of the root canal wall is left untouched by 
contemporary instrumentation techniques [4,5]. The effectiveness of the irrigating solution 
during chemo-mechanical preparation relies on many variables, such as the root canal 
anatomy, the delivery system, volume, flow and the type of the irrigant [6-8]. In addition to 
preparing the root canal chemo-mechanically, hermetic 3-dimensional filling of the root 
canal with the core material and root canal sealer is also considered a key factor in successful 
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endodontic therapy [9]. During filling of the root canal, penetration of root canal sealer 
into the dentinal tubule is necessary because it increases the connection between the core 
material and dentine, thereby helping to optimize the adaptability and sealing capability of 
the root canal filling [10,11].

Several different commercial irrigant delivery systems have been developed for improving the 
cleanliness of root canal as well as penetrability of sealers into the dentinal tubules [8,12-14]. 
However, there are controversial results regarding the efficiency of these devices compared 
to a syringe and a needle (SN); which still remains the most commonly used method, with 
the solution being injected under positive pressure into the depths of the root canal [15,16]. 
Various factors, which affect success of SN in removing debris and bacteria from root canal, 
such as volume of irrigation, the type, size, and insertion depth of the irrigation needle were 
investigated [2,17-23]. Syringe delivery of the irrigant allows control of the depth of needle 
penetration in the canal and the volume of irrigant flushed through the canal [22]. Positioning 
the needle close to the working length (WL) has been advocated to effectively clean the apical 
part of the root canal with SN [6,17,23,24]; because the irrigant seldom flows beyond 1-mm of 
the tip of the needle [17,25]. On the other hand, this might increase the possibility of irrigant 
extrusion to the periapical area [26-29]. According to the authors' knowledge there is no current 
study that evaluates the effect of needle size and insertion depth simultaneously on sealer 
penetration in apical third and apically extruded debris. Therefore, the aim of this study was 
to determine the effect of: 1) the size and 2) the insertion depth of the needle on the amount 
of apically extruded debris and penetration depth of resin-based sealer in apical third of root 
canal. The null hypothesis tested was that there would be no differences in the amount of apical 
extrusion of debris and penetration depth of resin-based sealer in the apical third of the root 
canal, with respective of the size, or the insertion depth of used needle.

MATERIALS AND METHODS

Selection of teeth
After the approval of Non-interventional Clinical Researches Ethics Board of Hacettepe 
University (Approval number: GO17/251), 20 freshly extracted, human permanent maxillary 
first premolar teeth with fully formed 2 roots and 2 canals were included in this study. 
Curvatures of roots were ranged between 0° and 5°. Teeth with caries, cracks, fractures, 
resorptions, open apexes, and previous root canal treatment were excluded. The specimens 
were collected from patients aged 18–40 years.

Preparation of teeth and evaluation of extruded debris
Following access cavity preparation, the WL was determined using a size 10 K-file until it 
was visible at the apical foramen and was recorded as the length 1 mm short of this length. 
Specimens were adjusted into the apparatus as previously described [30] to collect extruded 
debris. Stoppers were separated from the Eppendorf tubes. An analytical balance (Radwag, 
Radom, Poland) with an accuracy of 10−4 g was used to measure the initial weight of the tubes. 
Three consecutive weights were obtained for each tube, and the mean value was calculated. A 
hole was created on each stopper. Each tooth was inserted up to the cementoenamel junction, 
and a 27-gauge needle (Ultradent, South Jordan, UT, USA) was placed alongside the stopper. 
This acted as a drainage cannula and helped to balance the air pressure inside and outside the 
tubes. Then, each stopper with the tooth and the needle was attached to its Eppendorf tube, 
and the tubes were fitted into vials with cyanoacrylate (Figure 1A). A rubber-dam sheet was 
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used to prevent leakage of overflowing irrigant and also shielded the root apex from operator 
during the instrumentation procedure.

Samples were randomly divided into 2 groups (n = 10) according to the needles that were used 
during irrigation as follows: 28 G (0.36 × 25 mm) and 30 G (0.30 × 25 mm) (Steri Irrigation 
Tips, Diadent, Cheongju, Korea). During the final irrigation, the side-vented, closed-ended 
needles (Figure 1B) were positioned 1 mm short of the WL in buccal (B) canals of both groups 
and 3 mm short of the WL in palatal (P) canals. Each canal was prepared separately and 
the debris extruded from B or P root was collected in different tubes (total n = 40). B canal 
orifices were sealed with composite material (Dentonics Chemical Composite, Dentonics, 
Monroe, NC, USA) while instrumenting the P canal or vice versa. All of the canals were 
prepared using ProTaper Universal rotary files (Dentsply Maillefer, Ballaigues, Switzerland) 
up to F3 [21]. Root canals were irrigated with 2 mL of 2.5% sodium hypochlorite (NaOCl) 
after each file. In the early stage of preparation, irrigation was made at the farthest possible 
length, but needle depth was maintained according to the study criteria, especially 3 mm 
short of the WL was always maintained in P canals. Totally, 12 mL of 2.5% NaOCl was used 
per root canal. Following preparation, the specimens were removed from their tubes and 
irrigated using 3 mL of 17% ethylenediaminetetraacetic acid (EDTA) for 1 minute for smear 
layer removal. Final irrigation was done with 3 mL of 2.5% NaOCl and 3 mL of saline, 
respectively. During irrigation, needles were avoided from binding into the root canal walls 
and irrigation was done at a constant speed of 0.26 mL/s to avoid pushing material into the 
periapex as previous studies [31,32]. Vials were stored at 37°C for 21 days for to evaporate 
NaOCl. After the incubation period, the tubes were weighed again for 3 times. The average of 
these measurements was considered to be the weight of the tube plus the debris.

Evaluation of penetration depth of sealer
The specimens were detached from the plastic vials and obturated using single cone 
technique with F3 gutta-percha (Dentsply Sirona Endodontics, Tulsa, OK, USA) and AH 
26 root canal sealer (Dentsply Sirona Endodontics) mixed with 0.1% Rhodamin-B (Sigma-
Aldrich, Darmstadt, Germany). Composite material (Dentonics Chemical Composite, 
Dentonics) was used to restore the access cavities. The specimens were then stored at 37°C in 
100% humidity for 1 week, for the sealer to set. At the end of the week, the specimens were 
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Figure 1. (A) Experimental set-up. (B) Image of needles used in this study.
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embedded into resin blocks and then sectioned at 1 mm and 3 mm levels from the apex with 
an Isomet precision saw (IsoMet Low Speed Precision Cutter, Buehler, Lake Bluff, IL, USA). 
These sections were photographed under confocal laser scanning microscope (CLSM Pascal, 
Carl Zeiss, Oberkochen, Germany) and the images were analysed in CLSM Image Browser 
(Carl Zeiss) to measure the sealer penetration depth and percentage into the dentinal tubules 
[13,14]. The percentage of penetrated sealer was calculated as follows: amount of sealer 
penetrated in the canal perimeter (green line in Figure 2) divided by the total canal perimeter 
(white line in Figure 2) × 100 (%). The longest penetration depth of sealer was also measured 
as microns (yellow line in Figure 2) via CLSM Image Browser.

Statistical analysis
The difference between pre- and post-weights of the tubes were calculated, and the statistical 
evaluation was performed using SPSS version 22 (IBM Corporation, Armonk, NY, USA). 
Normality distribution of data was determined by Shapiro-Wilk test. The weight measurements 
of apically extruded debris were compared using 2-way analysis of variance (ANOVA) and 
sealer penetration depths were compared using repeated measures ANOVA with Bonferroni 
post hoc test (p = 0.05). Sealer penetration percentages were not distributed normally and were 
compared with Kruskal-Wallis and Wilcoxon signed rank sum tests (p = 0.05).

RESULTS

Table 1 shows the amount of extruded debris for each group. A 28 G needle was related to 
more extrusion than a 30 G needle (p < 0.001) for both insertion depths. Positioning the 
needle at 1 mm short of WL led to a larger volume of extruded debris than at 3 mm short of 
WL (p < 0.001) for both needle diameters.

Figure 3 shows the depth of sealer penetration measured at different levels of needle insertion 
depth within each experimental group with different needle diameter. Diameter of needle did not 
affect the sealer penetration depth statistically (p > 0.05). Position of needle and level of sections 
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Figure 2. Calculation of the amount of penetrated sealer into the dentinal tubules using a formula as follows: 
amount of sealer penetrated in the canal perimeter (green line) divided by the total canal perimeter (white line) 
× 100 (%). The longest penetration depth of sealer was also measured as microns (yellow line) via confocal laser 
scanning microscope (CLSM) image browser.
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had statistically significant effects on sealer penetration depth (p < 0.05 for needle position; p < 
0.001 for section level). Depth of penetrated sealer was always statistically higher at 3 mm level 
compared to 1 mm level at both needle positions and sizes (p < 0.001). Positioning a 30 G needle 
at 1 mm short of WL resulted in statistically lower sealer penetration depth than positioning 
the 30 G needle at 3 mm short of WL at 3 mm level (p < 0.001). Figure 4 shows an overview of 
representative CLSM images from each experimental group at 1 mm and 3 mm levels of sections.

The percentage of sealer penetration into dentinal tubules was not significantly different 
(Kruskal-Wallis test, p > 0.05) among groups when the overall distribution of values was 
compared (Figure 5). Within each group, an increase in the percentage of sealer penetration 
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Table 1. The amount of extruded debris for each group of 28 G and 30 G needles according to the needle insertion 
depths of 1 mm and 3 mm short of working length (WL)
Group 28 G 30 G
1 mm short of WL (buccal roots) 0.1090 ± 0.0268a 0.0665 ± 0.0251c

3 mm short of WL (palatal roots) 0.0708 ± 0.0244b 0.0296 ± 0.0138d

The values are means and standard deviations (n = 10). In the group 1 mm short of WL, needles were inserted into 
buccal roots; in the group 3 mm short of WL, needles were inserted into palatal roots.
Different superscript letters mean statistical significant difference for each rows and columns (p < 0.001).
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was observed from 1 mm to 3 mm levels from the apex. Percentages of penetration measured 
at 1 mm level always appeared significantly lower than those recorded at 3 mm levels 
(Wilcoxon signed rank sum tests, p < 0.05), regardless of needle gauges and positions. 
Neither needle positions nor their sizes affected the penetration percentage of sealer 
(Wilcoxon signed rank sum tests, p > 0.05).

DISCUSSION

One of the limitations of in vitro studies is to obtain standardized tooth samples. The 
morphology, and age of tooth are the examples of some parameters that might affect the 
amount of extruded debris as well as the penetration depth of the sealer. It is difficult to 
standardize the amount and distribution of sclerotic dentine and irregular secondary dentine, 
which may have influence on the sealer penetration or smear layer patterns. Even a careful 
sample selection does not guarantee a homogeneous dentine pattern among the specimens. 
Because of these reasons maxillary premolar teeth with fully formed 2 separate roots were 
used to overcome this limitation. Needles were inserted 1 mm short of the WL in B roots, 
while it was inserted 3 mm short of the WL in P roots. According to authors' knowledge, this 
is the first study using maxillary premolar for the evaluation of debris extrusion. A previously 
described method was modified for debris collection [30]. No attempt was made to simulate 
the presence of vital pulp or periapical tissues. Current results could change in an in vivo 
model because of periapical tissues, which act as a natural barrier to prevent debris extrusion. 
Thus, the results should not be directly extrapolated to the clinical situation.

Root canal preparation was done up to F3 ProTaper rotary file (size 30/0.09) in the present 
study and the diameter of needles were 0.36 mm (28 G) and 0.30 mm (30 G). Previous studies 
reported that the minimum instrumentation size needed for penetration of irrigants to the 
apical third of the root canal is a size 30 file [17,21]. In the present study, NaOCl was used 
to simulate clinical conditions as previous extrusion studies [29,32]. However, it is also 
important to consider that using NaOCl in extrusion studies could cause to greater amount 
of debris because it is impossible to separate sodium crystals from debris [33]. NaOCl has 
been used as the irrigant of choice for cleaning root canals in endodontic therapy, because 
of its antimicrobial properties and tissue-dissolving capabilities [3]. When confined to the 
root canal system, these properties enable thorough disinfection. NaOCl extrusion during 
root canal treatment is commonly referred to as ‘the hypochlorite accident’; it causes acute 
immediate symptoms and potentially serious sequelae [34]. Syringe irrigation was employed 
in all the reported accidents in a recent systematic review [35]. However, this finding may be 
attributed to the wider use of SN compared to other irrigation methods and systems [16].

Different-sized needles (28 G and 30 G) were used at 1 mm and 3 mm short of the WL and 
sealer penetration was evaluated in the sections that were obtained 1 mm and 3 mm levels 
from the apex to represent apical third. Several studies reported that needle placement 
closer to the WL resulted in more efficient irrigant replacement and debridement [17-
20,23,24,27]. Furthermore, Munoz and Camacho-Cuadra [25] showed that the irrigant only 
penetrated 0–1.1 mm deeper than the tip of the needle. For an effective cleaning, irrigation 
system is needed to penetrate deeply into the apical third [6,17,23,24], but at the same 
time it should not cause extrusion of irrigants beyond the apex [26-29]. The space available 
around the needle is important for the reverse flow of the irrigant towards the canal orifice 
[27]. For this purpose, it has been reported that needle should be positioned at 2 or 3 mm 
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short of the WL [27,35]. Because of this dilemma, 2 different insertion depths were used 
in the present study. Needle size as well as needle insertion depth have a significant effect 
on apically extruded debris in the current study. Using 30 G needle caused less amount of 
apically extruded debris in both insertion depths compared to 28 G. Furthermore, inserting 
needle 3 mm short of the WL resulted in less extrusion with both sizes as previous studies 
[26,29], especially with 30 G needles.

A significant reduction in the volume of hard-tissue debris and more effective ex vivo removal 
of bioluminescent bacteria from root canals were observed when the needle tip was placed 1 
mm short of the WL compared to 5 mm [20,23]. Improving cleanliness of apical third might 
enhance the depth of sealer penetration [8]. On the other hand, Mandorah [36] reported that 
no difference was found in the cleanliness of rotary prepared canals between placements 
of the irrigation needle tip at full or half WL. In the present study, insertion depth did not 
cause significant differences in sealer penetration depth and penetration percentage with 
28 G needle. Vapor lock effect, which prevents the irrigant from effectively reaching the WL, 
could be one of the reasons for this result [37]. On the other hand, inserting 30 G needle at 
3 mm short of the WL resulted in higher sealer penetration at 1 mm and 3 mm from the apex 
compared to 1 mm. It has been reported that gauge irrigation needles with narrower outer 
diameter (larger gauge number) than the diameter of the prepared canal was more effective 
than needles with wider outer diameter (smaller gauge number) for deeper penetration and 
consequently removing more smear layer from the apical part [6]. This could be the one 
explanation of the present data. Chow [17] reported that the type and size of needle used for 
endodontic irrigation of the root canal affect the degree of cleanliness in the apical third of 
the canal. However, in the present study, sealer penetration depths were not significantly 
different in needle sizes. This difference could be resulted from different needle sizes that 
were used in the studies. The needles of 28 G and 30 G were used in the present study, while 
23 G and 25 G were used in the previous one [17].

In the present study, the results showed that in all experimental groups the sealer penetration 
depth and percentage of penetration were significantly greater at 3 mm from the apex than 1 
mm as in previous studies [8,13,14]. The presence of sclerotic dentine [7], the small number 
of dentinal tubules relative to the cervical and middle thirds, and the difficulties in delivering 
irrigation solutions, as well as removing the smear layer from the apical third constitute 
possible reasons that could explain ascending levels of penetration depth of sealer from 
apical to coronal levels [10].

CONCLUSIONS

Both size and insertion depth of needles affected the amount of extruded debris as well as the 
amount of penetrated sealer into dentinal tubules. As a conclusion, inserting needles 3 mm 
short of WL for final irrigation, which have narrower diameters than final apical diameter of 
the prepared root canal, might prevent debris extrusion and improve sealer penetration at 
apical third.
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