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Abstract
AIM: The aim of the present study was to evaluate and compare the amount of apically extruded debris using three 
engine driven systems.

METHODS: Sixty mandibular premolars with single root were used. The samples were divided into three groups with 
20 teeth for each group: group 1 Neolix Neoniti A1 (25, 0.08), group 2 WaveOne GOLD Primary (25.07, red), and 
group 3 Protaper Next (PTN), using X1 (017/0.04), X2 (025/0.06) files. All files were used to prepare the root canals 
according to manufacturer instruction. Root canal preparation for each group was done according to manufacturer 
instructions using 16:1 gear reduction hand piece powered by a torque controlled electric motor. Debris collection 
was made using apparatus described by Myers and Montgomery. The extruded debris weight was measured by 
subtracting the weight of the empty Eppendorf tubes from the weight of the debris containing tubes results were 
statistically analyzed.

RESULTS: One-way analysis of variance test revealed that there was statistically significant differences between 
all the three groups being tested (p < 0.001) showed that apical extrusion of the debris of WaveOne Gold was the 
least followed by Neolix Neoniti and finally PTN which showed the most apical extrusion of debris with a significant 
difference between all groups.

CONCLUSIONS: WaveOne Gold was found to be the least apical extruded debris system among all groups.

Edited by: https://publons.com/researcher/391987/
mirko-spiroski/

Citation: AlChalabi A, Alkhalidi E, Chakmakchi M. 
Apically Extruded Debris during Instrumentation using 
Different Engine Driven File Systems: A Comparative 

In Vitro Study. Open Access Maced J Med Sci. 
2022 Feb 21; 10(D):104-108. 

https://doi.org/10.3889/oamjms.2022.8301
Keywords: Protaper next; WaveOne GOLD; Apically 

extruded debris; Neolix neoniti; Irrigation
*Correspondence: Dr. Ashraf AlChalabi, Department of 

Conservative Dentistry, College of Dentistry, University of 
Mosul, Mosul, Iraq. E-mail: drashraf8@uomosul.edu.iq 

Received: 16-Jan-2022
Revised: 05-Feb-2022 

Accepted: 11-Feb-2022
Copyright: © 2022 Ashraf AlChalabi, Emad Alkhalidi, 

Makdad Chakmakchi
Funding: This research did not receive any financial 

support
Competing Interests: The authors have declared that no 

competing interests exist
Open Access: This is an open-access article distributed 

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

All systems used for root canal treatment 
lead to apical extrusion of debris [1]. These debris 
may contain dentinal remnants, necrotic pulp tissue 
remnants, microbes with their toxic byproducts, and 
some of the irrigation solutions that might also be forced 
to the periradicular tissues [2]. The extrusion of debris 
beyond the apex may trigger an inflammatory reaction 
in the apical region associated with post-operative pain 
revealed as moderate to severe pain during mastication 
or percussion being directly related with symptomatic 
apical periodontitis [3], [4], this may generate an 
inconvenient situation for both of the dentist and 
patient [5]. However, its prevalence is 40–65% during 
the first 24–48 h, and the rate decreases to 11% after 
7 days [6]. Thus, efforts must be made to minimize the 
extrusion of debris through the apical foramen [7].

Although certain aspects of the endodontic 
treatment can be controlled by the operator, such as 
the properties of the file selected and the technique 
used for preparation, the microbial virulence is almost 
impossible to be controlled when extruded into the 
periapical tissues [8]. The most popular in vitro technique 
for quantifying the debris extrusion is the method of 

Myers and Montgomery in 1991 [9]. Using this method, 
it has been demonstrated that apical extrusion of debris 
will occur anyway while using manual or engine-driven 
instrumentation techniques [10].

In the beginning, manual files were used to 
prepare root canals. These stainless-steel instruments 
were designed with square or triangular cross sections 
and had a cutting tip with a 2% and filing movement 
that is effective (up and down into the canal); therefore, 
it will produce an extruded debris with a considerable 
amount [11]. When nickel-titanium engine-driven rotary 
files were introduced a major advance was achieved in 
the canal preparation protocol. However, this can yield 
variable results according to the number of instruments, 
instrument’s design and the kinematics employed [12]. 
Engine-driven nickel titanium (NiTi) rotary and 
reciprocating files for root canal instrumentation have 
been successfully used [13].

The Neolix Neoniti A1 is produced with the 
electrical discharge machining method, which has 
advantages such as high precision, the creation of 
various designs without tool constraints, and limited 
manufacturing stress to the file surface. This method 
also produces a rough surface, which can enhance 
the cutting abilities of the file [14]. Along with the new 
features in designs or treatment processes, these new 
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continuous rotary single-file systems needed small 
torque values when used in the root canals and however 
it requires more studies whether these new instruments 
can maintain their cutting efficiencies to gain the optimal 
results using that low torque values [15].

WaveOne GOLD file has a cross-section that 
is off-centered and parallelogram in shape with 85° 
cutting edges that contact the root canal with reduced 
and variable taper generating one or two cutting edges 
that will greatly minimize the screwing effect on the 
canal walls so that the generated torque will be reduced 
and improving cutting efficiency with better removal of 
debris [16].

Protaper Next (PTN) system is a system with 
a rectangular cross-section of instruments that must 
be used with a conventional rotary motion. Due to its 
offset rotation center and mass center, when in motion, 
the device generates a mechanical wave similar to a 
sinusoidal wave (snake-like swaggering movement), 
making its movement asymmetrical [17].

The study aimed to evaluate the amount of 
apically extruded debris using three engine driven 
systems, the reciprocating file system WaveOne GOLD 
and the other two with a continuous rotation file system 
Neoniti A1 and PTN. The null hypothesis was that there 
is no statistically significant difference between the 
three systems in the property tested.

Materials and Methods

Sixty human single root mandibular premolars 
were selected for this study that was extracted for 
orthodontic purposes. Teeth were scaled and cleaned 
using an ultrasonic. The teeth were checked, any tooth 
with opened apex, calcification, root resorption, root 
curvature, or defect was neglected. The teeth were 
stored in normal saline till used.

Access opening was achieved using diamond 
bur at high-speed hand piece. All pulp tissue was 
extirpated using a barbed broach. Apical gauging was 
made using size 10 and 15 K files. Only the teeth that 
K file size 15 was closely fit to the apex and could not 
pass through their apices when gently pushed were 
used for this study to ensure apical size standardization. 
Working length was determined by subtracting 1 mm 
from the full working length taken when size 10 K file 
was just visible at the apex using magnification loops.

Debris collection was made using apparatus 
described by “Myers and Montgomery” [9]. Empty 
“Eppendorf tubes” without plastic stoppers were 
weighted using a digital microbalance 3 times and the 
average weight was taken then a hole was made in 
the plastic stopper of the “Eppendorf tube” using high-
speed hand piece and the tooth was forced into the 

hole till the cementoenamel junction and sealed with 
cyanoacrylate to prevent any leak. A needle (25-G) was 
forced into the plastic stopper to equalize the pressure 
between the outside and inside the “Eppendorf tube.” 
This “Eppendorf tube” served to collect the extruded 
debris. Then, each tube was fixed to a plastic container 
so that the collecting Eppendorf tube was suspended in 
a way without touching the plastic container (Figure 1) 
and the plastic bottle was covered with tinfoil so that the 
operator cannot visualize the collected debris.

Figure 1: Photo illustration of the collecting apparatus: Tooth, 
collecting Eppendorf tube, plastic container, and ventilating needle

Root canal instrumentation was done using 
the following file systems, Neolix Neoniti files A1(25, 
0.08) (Neolix, Châtres-la-Forêt, France), WaveOne 
GOLD Primary files (25.07, red) (Dentsply Maillefer, 
Ballaigues, Switzerland), and PTN files X1 (017/0.04), 
X2 (025/0.06) (Dentsply Maillefer, Ballaigues, 
Switzerland).

The study based on three groups (each group 
had 20 teeth):
a. Group 1 (G1): Neolix Neoniti A1 (25, 0.08) files 

were used to prepare the root canals (20 teeth)
b. Group 2 (G2): WaveOne GOLD Primary (25.07, 

red) files used for preparation (20 teeth)
c. Group 3 (G3): PTN files were used according to 

manufacturer instruction using X1 (017/0.04), 
X2 (025/0.06) files (20 teeth).
Root canal preparation for each group was 

done according to manufacturer instructions using 
16:1 gear reduction hand piece which is powered by 
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a torque controlled electric motor (X-smart plus motor, 
Dentsply, Maillefer, Switzerland, Europe). All the 
preparations were done by the same operator. Each 
tooth was irrigated with 5 ml distilled water for 3 min 
using a disposable syringe and a side-vented irrigation 
needle which was inserted about 2–3 mm shorter than 
the working length. After finishing instrumentation, final 
irrigation of the root apex was done using an additional 
1 ml of distilled water for 1-min to collect any attached 
debris to the apex.

Then, the plastic stopper was removed from 
the Eppendorf tube together with the tooth attached to 
it. Then, the distilled water was evaporated by putting 
the Eppendorf tubes inside an incubator at 37°C for 
15 days and collecting the dried debris without any 
humidity. Then each Eppendorf tube was weighted 
3 times in a digital microbalance and the average 
weight was taken. The extruded debris weight was 
measured by subtracting the weight of the empty tube 
from the debris containing tubes weight. The data were 
analyzed using one-way analysis of variance test and 
the difference between the groups was found using 
post hoc Duncan’s multiple comparison test employing 
a 95% level of significance (a = 0.05).

Results

Results showed that all groups produced 
apical extrusion of debris however WaveOne Gold 
showed the least apical extrusion of debris followed 
by Neolix Neoniti and finally PTN which showed more 
apical extrusion of debris than the other two groups with 
a significant difference between all groups. Statistics 
are shown in Table 1. Further analysis of the data was 
done using t-test (Table 2) indicated that there were 
statistically significant differences (p ≤ 0.05) between 
all the pairs of groups being tested individually.

Discussion

All groups produced apical extrusion of 
debris with a significant difference between all groups. 
Therefore, the testing hypothesis should be rejected. 
Root canal instrumentation is very important to gain 
a successful endodontic treatment, to achieve this 
goal, proper technique with efficient files and irrigation 
is mandatory. Unfortunately, till now all the systems 

available may extrude debris apically even the engine 
driven types depending on the geometry of the file and 
the way it moves whether it’s rotational or reciprocal [18]. 
This extruded debris may cause pain and severe 
tenderness and even swelling thus the patient might be 
discomforted and sometimes will lead to failure of the 
treatment [19].

The goals of this study are to evaluate the 
amount of extruded debris of a reciprocating engine 
driven files WaveOne GOLD and compare it to the 
rotary Neolix Neoniti and PTN. There are many 
methods for measuring apically extruded debris but the 
method of Myers and Montgomery was more reliable 
and reproducible than other methods therefore it was 
selected for this study. In this study, curved roots were 
neglected to prevent any loss in working length and 
apical transportation which may lead to more apical 
extrusion of debris [20], the crown was not decoronated 
to simulate the clinical situation during instrumentation.

In this study, the amount of the collected 
extruded debris was little which might be attributed to the 
type of teeth that were used. The mandibular premolars 
have wide canals that limit the pumping effect of the file 
during insertion and consequently result in less apical 
extrusion of debris; on the other hand, narrow canals 
with less coronal flaring may result in more extrusion 
of debris [21]. Furthermore, making the working length 
1 mm shorter than the apical end may play a role in 
reducing the amount of extruded debris [22].

In this study, distilled water was used instead 
of sodium hypochlorite as the main irrigant solution 
although it is not preferred as the main irrigant 
compared to sodium hypochlorite which has an 
excellent antimicrobial activity. Sodium hypochlorite 
may produce particulate precipitates that have been 
reported to increase the weight of the extruded debris 
which may affect the reliability of the results [23].

The apparatus used in this study was described 
by Myers and Montgomery to collect extruded debris. 
Despite the ability of this apparatus to individually 
evaluate debris and irrigant weights but it does not 
simulate the periapical tissue in providing the resistance 
at the apical foramen that might limit the extrusion of 
debris by back pressure [24].

Results showed that the file with the least 
apical extrusion of debris was WaveOne Gold, followed 
by Neolix Neoniti and finally PTN which showed the 
greatest apical extrusion of debris and statistically all 
systems showed a significant difference in the apical 
extrusion of debris.

WaveOne Gold showed the least apically 
extruded debris which might be related to the design of 

Table 1: Mean weight and SD of apically extruded debris after the use of different instrumentation systems
Group n Minimum Maximum Mean ± SD Std. Error Duncan Groups**
Neolix Neoniti 20 0.0025 0.0049 0.0036 ± 0.0082 0.0018 A
WaveOne GOLD 20 0.0017 0.0041 0.0030 ± 0.0069 0.00015 B
Protaper Next 20 0.050 0.069 0.0058 ± 0.00057 0.00013 C
*Means unit is gram, **Different letters mean significant difference at P ≤ 0.05.
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patented with an alternating cross section that makes 
only one cutting edge come into contact with the canal 
wall decreasing the area of contact between the file 
and the canal. This will provide more space for coronal 
removal of debris [25], and less apical extruded debris 
compared to Neolix Neoniti in which according to the 
manufacturer, the Neoniti A1 has Gothic-like tip design 
and built-in abrasive properties. These properties might 
reduce the torque required to cut the canal walls but, 
on the other hand, it might produce more debris that 
might extrude from the apical foramen. PTN moves in 
a continuous rotation which supposed to remove the 
debris in the coronal direction because its motion act as 
a screw conveyor besides the PTN have a rectangular 
cross-section which is off-centered, the center of mass 
in PTN differ from the rotation axis, as a result, the 
rectangular cross-section touches the canal wall at only 
two points at a time that makes the system to have an 
offset design which enhances coronal removal of debris 
rather than apically [17], but when comparing PTN to 
WaveOne Gold and Neolix Neoniti more files and time 
is mandatory for preparation with PTN which requires 
at least two files to finish the canal preparation which 
might provide more chance for apical extrusion of debris 
compared to a single file preparation with WaveOne 
Gold and Neolix Neoniti. The results of this study agree 
with other studies that reported a less debris extrusion is 
associated with reciprocating instruments [26], [27], [28].

Conclusions

According to the proposed methodology and 
results of this in vitro study, it was concluded that all 
systems extruded debris beyond the apical foramen. 
The WaveOne Gold was found to be the least mean 
value of apically extruded debris followed by Neolix 
Neoniti and finally PTN which showed the highest 
mean value of apically extruded debris value among all 
groups.

Acknowledgments

I would like to express my deep appreciation 
to the University of Mosul for their help and continuous 
support. Great thanks to the College of Dentistry, 
University of Mosul, for providing all facilities and 
guidance in this study.

References

1. Lu Y, Wang R, Zhang L, Li HL, Zheng QH, Zhou XD, et al. 
Apically extruded debris and irrigant with two Ni-Ti systems and 
hand files when removing root fillings: A laboratory study. Int 
Endod J. 2013;46(12):1125-30. https://doi.org/10.1111/iej.12104

 PMid:23566178
2. Dincer AN, Er O, Canakci BC. Evaluation of apically extruded 

debris during root canal retreatment with several NiTi systems. 
Int Endod J. 2015;48(12):1194-8. 2015;48(12):1194-8. https://
doi.org/10.1111/iej.12425.

 PMid:25557631
3. Caviedes-Bucheli J, Castellanos F, Vasquez N, Ulate E, 

Munoz HR. The influence of two reciprocating single-file and 
two rotary-file systems on the apical extrusion of debris and its 
biological relationship with symptomatic apical periodontitis. 
A systematic review and meta-analysis. Int Endod J. 
2016;49(3):255-70. https://doi.org/10.1111/iej.12452

 PMid:25816688
4. Delvarani A, Akhlaghi NM, Aminirad R, Savadkouhi ST, 

Vahdati SA. In vitro comparison of apical debris extrusion 
using rotary and reciprocating systems in severely curved root 
canals. Iran Endod J. 2017;12(1):34-7. https://doi.org/10.22037/
iej.2017.07

 PMid:28179921
5. Siqueira J, Rocas IN, Favieri A, Machado AG, Gahyva SM, 

Oliveira JC, et al. Incidence of postoperative pain 
after intracanal procedures based on an antimicrobial 
strategy. J Endod. 2002;28(6):457-60. https://doi.
org/10.1097/00004770-200206000-00010

 PMid:12067129
6. Pak JG, White SN. Pain prevalence and severity before, during, 

and after root canal treatment: A systematic review. J Endod. 
2011;37(4):429-38. https://doi.org/10.1016/j.joen.2010.12.016

 PMid:21419285
7. Labbaf H, Shakeri L, Orduie R, Bastami F. Apical extrusion of 

debris after canal preparation with hand-files used manually or 
installed on reciprocating air-driven handpiece in straight and 
curved canals. Iran Endod J. 2015;10(3):165-8. https://doi.
org/10.7508/iej.2015.03.004

 PMid:26213538
8. Tanalp J, Güngör T. Apical extrusion of debris: A literature review 

of an inherent occurrence during root canal treatment. Int Endod 
J. 2014;47(3):211-21. https://doi.org/10.1111/iej.12137

 PMid:23711187
9. Myers GL, Montgomery S. A comparison of weights of debris 

extruded apically by conventional filing and Canal Master 
techniques. J Endod. 1991;17(6):275-9. https://doi.org/10.1016/
S0099-2399(06)81866-2

 PMid:1940753
10. Capar ID, Arslan H, Akcay M, Ertas H. An in vitro comparison 

of apically extruded debris and instrumentation times with 
ProTaper universal, Protaper Next, twisted file adaptive, and 
HyFlex instruments. J Endod. 2014;40(10):1638-41. https://doi.
org/10.1016/j.joen.2014.04.004

 PMid:25260737
11. Sowmya HK, Subhash TS, Goel BR, Nandini TN, Bhandi  SH. 

Quantitative assessment of apical debris extrusion and 
intracanal debris in the apical third, using hand instrumentation 
and three rotary instrumentation systems. J Clin Diagn Res. 
2014;8:206-10. https://doi.org/10.7860/JCDR/2014/7353.4061

 PMid:24701536
12. Silva EJ, Sa L, Belladonna FG, Neves AA, Accorsi-Mendonca  T, 

Vieira VT, et al. Reciprocating versus rotary systems for root filling 

Table 2: t‑test for the three groups
Pairs t-value p-value Sig/non sig. at P ≤ 0.05
G1+G2 -2.294 0.033 Significant
G1+G3 -13.440 0.000 Significant
G2+G3 -11.721 0.000 Significant

https://doi.org/10.1016/S0099-2399(06)81866-2
https://doi.org/10.1016/S0099-2399(06)81866-2


D - Dental Sciences Dental Pathology and Endodontics

108 https://oamjms.eu/index.php/mjms/index

removal: assessment of the apically extruded material. J Endod. 
2014;40(12):2077-80. https://doi.org/10.1016/j.joen.2014.09.009

 PMid:25442728
13. Vaudt J, Bitter K, Neumann K, Kielbassa AM. Ex vivo 

study on root canal instrumentation of two rotary nickel-
titanium systems in comparison to stainless steel hand 
instruments. Int Endod J. 2009;42(1):22-33. https://doi.
org/10.1111/j.1365-2591.2008.01489.x

 PMid:19125977
14. Ehsani M, Farhang R, Harandi A, Tavanafar S, Maryam R, 

Galledar S. Comparison of apical extrusion of debris by using 
single-file, full-sequence rotary and reciprocating systems. 
J Dent. 2016;13(6):394-9.

 PMid:28243300
15. Pham KV, Nguyen NQ. Cutting efficiency and dentinal 

defects using two single-file continuous rotary nickel-titanium 
instruments. Saudi Endod J. 2020;10:56-60.

16. Webber J. Shaping canals with confidence: WaveOne GOLD 
single-file reciprocating system. Roots. 2015;1:34-40.

17. Ruddle CJ, Machtou P, West JD. The shaping movement: fifth 
generation technology. Dent Today. 2013;32(4):94, 96-9.

 PMid:23659098
18. Azar NG, Ebrahimi G. Apically-extruded debris using the 

ProTaper system. Aust Endod J. 2005; 31(1):21-3. https://doi.
org/10.1111/j.1747-4477.2005.tb00202.x

 PMid:15881729
19. Ahmad MZ, Sadaf D, MacBain MM, Mohamed AN. Apical 

extrusion of debris with different rotary and reciprocating single-
file endodontic instrumentation systems: A systematic review 
and metaanalysis protocol. BMJ Open. 2020;10(9):e038502. 
https://doi.org/10.1136/bmjopen-2020-038502

 PMid:32928860
20. Schäfer E, Dammaschke T. Development and sequelae of canal 

transportation. Endod Top. 2006;15:75-90.
21. Topçuoğlu HS, Aktı A, Tuncay Ö, Dinçer AN, Düzgün S, 

Topçuoğlu G. Evaluation of debris extruded apically during the 
removal of root canal filling material using ProTaper, D-RaCe, 
and R-Endo rotary nickel-titanium retreatment instruments 
and hand files. J Endod. 2014;40(12):2066-9. https://doi.

org/10.1016/j.joen.2014.09.004
 PMid:25443282
22. Tinaz AC, Alacam T, Uzun O, Maden M, Kayaoglu G. The effect 

of disruption of apical constriction on periapical extrusion. 
J Endod. 2005;31(7):533-5. https://doi.org/10.1097/01.
don.0000152294.35507.35

 PMid:15980716
23. Tanalp J, Güngör T. Apical extrusion of debris: A literature review 

of an inherent occurrence during root canal treatment. Int Endod 
J. 2014;47(3):211-21. https://doi.org/10.1111/iej.12137

 PMid:23711187
24. Lu Y, Wang R, Zhang L, Li HL, Zheng QH, Zhou XD, et al. Apically 

extruded debris and irrigant with two Ni-Ti systems and hand 
files when removing root fillings: A laboratory study. Int Endod J. 
2013;46(12):1125-30. https://doi.org/10.1111/iej.12104

 PMid:23566178
25. Gavini G, Dos Santos M, Caldeira CL, de Lima Machado ME, 

Freire LG, Iglecias EF, et al. Nickel-titanium instruments in 
endodontics: A concise review of the state of the art. Braz 
Oral Res. 2018;32(Suppl 1):e67. https://doi.org/10.1590/1807-
3107bor-2018.vol32.0067

 PMid:30365608
26. Koçak S, Koçak MM, Saglam BC, Türker SA, Sagsen B, 

Er Ö. Apical extrusion of debris using self-adjusting file, 
reciprocating single file, and 2 rotary instrumentation systems. 
J Endod. 2013;39(10):1278-80. https://doi.org/10.1016/j.
joen.2013.06.013

 PMid:24041391
27. De-Deus G, Neves A, Silva EJ, Mendonça TA, Lourenço C, 

Calixto C, et al. Apically extruded dentin debris by reciprocating 
single-file and multi-file rotary system. Clin Oral Investig. 
2015;19(2):357-61. https://doi.org/10.1007/s00784-014-1267-5

 PMid:24950606
28. Dincer AN, Guneser MB, Arslan D. Apical extrusion of debris 

during root canal preparation using a novel nickel-titanium file 
system: WaveOne gold. J Conserv Dent. 2017;20(5):322-5. 
https://doi.org/10.4103/JCD.JCD_407_16

 PMid:29386779

https://oamjms.eu/index.php/mjms/index

