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ABSTRACT

Aim: Root canal instrumentation might lead to extrusion of debris and irrigants, lead-
ing to postoperative pain and compromised outcomes. Several factors might impact 
extrusion during root canal instrumentation, including the flow rate in which the irrig-
ant solution is applied inside the root canal. The aim of this study was to assess the 
extrusion of irrigants and debris with different flow rates of 0.9% saline solution.
Materials and Methods: Thirty mandibular premolars presenting single roots and 
straight root canals were used in this study. The roots were standardized in 17 mm 
and inserted in Eppendorf tubes. A 1.5% agar gel was placed inside the tube that 
involved the roots, while the coronal part of the roots was kept visible. The combination 
of tube and agar gel was weighted. Then, the specimens were randomly distributed 
to 3 different groups (n=10) according to the flow rate of the irrigation: Control Group 
(CG) 5 mL/min, High Flow rate Group (HG) 10 mL/min, and Ultra-High flow rate (UG) 
60 mL/min. The canals were instrumented with a Reciproc Blue instrument size 25.08 
up to the length of the root, following the manufacturer guidelines. After the instru-
mentation, the roots were removed and the tube and agar were weighted again. The 
difference between the final weight and the initial weight represented the total amount 
extruded beyond the apex. For statistical analysis, the ANOVA test (post-hoc Bonfer-
roni) was used at P>0.05.
Results: The mean weight of the extruded debris and irrigants for CG, HG, and UG 
was respectively 0.0079 ± 0.0087, 0.0110 ± 0.0093, and 0.0083 ± 0.0091. There 
were no statistically significant differences among the groups. 
Conclusions: Within the limitations of this study, it can be concluded that the flow rate 
of irrigants does not impact the extrusion of debris and irrigants.
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Introduction 

R
oot canal therapy involves the 
removal of vital or necrotic 
pulp tissue, bacteria, and its 
by-products. Root canal instru-
mentation using different in-

struments and irrigants is the most com-
mon method for the removal of such 
contents. While irrigation is of major im-
portance in the reduction of bacterial load 
and removal of pulp tissue coronally, there 
is a risk of extrusion of debris and/or irri-
gants into periapical area.
Sodium hypochlorite has been largely 
applied for root canal irrigation for several 
years (1). The main benefits of NaOCl are 
the disinfection and tissue dissolution 
inside the root canal. However, NaOCl 
might impose severe damage in case of 
extrusion beyond the apex; for many years, 
there have been reports of accidents due to 
NaOCl extrusion (2-4). Therefore, different 
irrigants have been proposed for replace-
ment of or in combination with NaOCL (5).
Chlorhexidine (CHX) has been demonstrat-
ed to be comparable to NaOCl in regards 
to root disinfection. The use of 2% CHX 
gel proved more efficient than 5% NaOCl 
in a previous study (6). However, CHX gel 
alone is not able to properly remove the 
contents from the root canal system. There-
fore, it is used in combination with saline 
solution or distilled water, with adequate 
flow rate is necessary for a better cleaning 
of the root canal system (7).
Several factors might contribute to the 
extrusion of irrigants: volume used, type 
and position of the needle, and flow rate 
of the irrigation (8-10). While different 
studies have assessed the impact of such 
variables on the extrusion of debris, the 
effects of different flow rates have scarce-
ly been assessed in recent literature (8). 
Therefore, the aim of this study is to assess 
the extrusion of debris and irrigants with 
different flow rates of saline solution.
 
Materials and Methods

This study was reviewed and approved by 
the Ethical Committee of the Faculdade 
de Odontologia São Leopoldo Mandic (# 

2.973.441). This ex vivo study comprised 
30 first or second mandibular premolars 
extracted for reasons not related to this 
study. Only single rooted teeth presenting 
a single canal as well as fully formed api-
ces were included. The teeth were radio-
graphed in both bucco-lingual and me-
sio-distal direction in order to select only 
teeth presenting curvatures smaller than 
5°, following Schneider ś method (11). The 
teeth with cracks or fractures, caries, cal-
cification, resorption, or any sign of previ-
ous root canal therapy were excluded from 
the experiment.

Sample Size Calculation
The sample size calculation was based on 
a previous study by Lu et al. (12) that com-
pared three different systems in regards 
to apically extruded debris. For achieving 
an alpha-type error of 0.5 and study pow-
er of 95% were input to test using a G*Pow-
er 3.0 for Mac statistical package. The re-
sults indicated a total of 10 teeth per group 
in order to observe differences in apically 
extruded debris and irrigants.

Preparation of the Specimens
After the selection, the teeth were decor-
onated with a diamond bur and the length 
of the roots was standardized in 17 mm. 
The content of the canals was gently re-
moved with a size 10 k-file under 5% 
NaOCl irrigation. Then, a size 15 k-file was 
inserted up to the major foramen (MF) in 
order to assure the selection of specimens 
with MFs of 0.15 mm in diameter. 
The roots were covered with a teflon tape, 
allowing only 1 mm of the apical third to 
be exposed. The lids of the Eppendorf tubes 
(Eppendorf do Brasil, São Paulo, SP, Brazil) 
were perforated with a diamond bur, the 
roots were inserted in these lids, and the 
margins were sealed with cyanoacrylate 
glue and a layer of gingival dam. Each set 
of root and lid was weighted 3 times on a 
scale with 10-4 precision (Nowak, São José 
do Rio Preto, Brasil), and the mean weight 
was registered in a spreadsheet. Then, 
1.5% agar gel (Kasvi, São José dos Pin-
hais-PR, Brasil) was placed inside the 
Eppendorf tubes, and each set of root and 
lid was inserted in the flasks in order to 
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have the roots completely involved in the 
agar gel. After 24 hours of setting, the 
whole set was weighted 3 times and the 
mean weight was calculated. The initial 
considered weight of the tooth-free flask 
with agar was the difference between the 
2 means.

Root Canal Preparation
The root canals were prepared using a 
Reciproc Blue (VDW, Munich, Germany) 
reciprocating instrument (25.08) in the 
VDW Silver motor (VDW) in the “Reciproc 
ALL” setting. The instrument moved to 
the WL in an in-and-out fashion of three 
movements with an amplitude of 3-4 mm. 
After each set of movements, the instru-
ment was removed and cleaned with an 
alcohol-soaked gauze. The canal was again 
irrigated and the apical patency checked 
with a size 10 k-file. These movements 
were repeated until the instrument 
reached the WL that was previously de-
termined (at the MF), assuring the instru-
mentation of the whole length of the root.

Irrigation Protocols
The specimens were randomly assigned to 
three different groups, according to the 
irrigation protocol. The canals were irri-
gated with 0.9% saline solution at different 
flow rates, controlled by a peristaltic pump 
(LPD 101-3, MS Tecnopon, Piracicaba, 
Brazil). In the CG, the irrigation was done 
at 5 mL/min, in the HG at 10 mL/min, and 
in the UG at 60 mL/min. The same volume 
(8 mL) of saline solution was used for each 
specimen. The gauge 31 endo-eze (Ul-
tradent, South Jordan, UT) side-vented 
needle, placed as close as possible to the 
WL, was used in all samples. All proce-
dures were carried out by a single operator.

Post-Instrumentation Analysis
After the root canal instrumentation, the 
lids with the roots were removed and the 
set of Eppendorf tubes with the agar gel 
was weighted three times. Then, the mean 
weight was calculated. The final weight 
that included both irrigants and debris 
extruded was the difference between this 
final weight and the previously calculated 
weight of the whole content. All weighting 

measures were conducted by a operator 
blinded to the group of the specimen.

Statistical Analysis
The data was submitted to the Kolmogor-
ov-Smirnov test that assumed the normal-
ity of the results. Therefore, the ANOVA, 
post-hoc Bonferroni, was used for statis-
tical analysis for differences among the 
groups. The Statistical Package for Social 
Sciences (SPSS 20.0 for Windows) was 
chosen and the P<0.05 was considered for 
statistical differences.
 
Results

The mean weight of the extruded debris 
and irrigants for CG, HG, and UG was re-
spectively 0.0079 ± 0.0087, 0.0110 ± 0.0093, 
and 0.0083 ± 0.0091. There were no statis-
tically significant differences among the 
groups P>0.05.

Table 1
Mean and standard deviation 

 of the amount of extruded debris  
in each group

Group n Mean (g) SD

Control 10 0.0110 0.0093

High Flow Rate 10 0.0083 0.0091

Ultra-High Flow 
Rate

10 0.0079 0.0087

P value .719

Discussion

The traditional methodology for assess-
ment of apically extruded debris is based 
on the collection of extruded material in 
an empty flask (13). Then, the flask is dried, 
the irrigant evaporates, and the remaining 
debris can be properly weighted. The 
major drawback in this methodology is 
that the amount of extruded irrigants 
cannot be assessed. The methodology 
herein adopted uses a 1.5% agar gel for 
collecting the apically extruded material 
(12). The advantage of this methodology is 
the possibility of collecting not only debris, 
but also irrigants pushed beyond the apex. 
Moreover, the agar gel promotes a better 
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simulation of the counter pressure promot-
ed by the periapical tissues (5, 12). The 
characteristics of the gel also prevent the 
observation of the extruded debris, dimin-
ishing the risk of bias.
Different technologies were proposed and 
demonstrated to diminish the risk of api-
cally extruded debris, including negative 
apical pressure (NAP) irrigation, and lasers 
(14). Contrary to suggested, there are stud-
ies and meta-analysis that shows the lasers 
have the potential for extrusion of fluid 
from the apex (5), and there has been no 
evidence yet if NAP prevents the extrusion 
of debris (15). It was also observed that all 
the irrigant activation devices, including 
sonics and ultrasonics, extruded debris 
and irrigants from the apex (16). Due to all 
of these contradictory results, in this study 
investigating the effect of different flow 
rates on debris and irrigant extrusion, any 
irrigant activation devices were not used 
and only the side-vented needle was used 
to deliver the solution into the canal. 
The WL adopted in the present study al-
lows preparation in the whole extension 
of the canal, rather than only up to the 
apical constriction. By doing so, a larger 
preparation of the apical third is achieved, 
aiming the reduction of the bacterial load 
(17, 18). The use of 2% CHX gel in associa-
tion with 0.9% saline was proposed to 
avoid the harmful effects of extruded 
NaOCl. However, a gel does not possess the 
proper surface tension to effectively flush 
the entire root canal system; therefore, 
saline solution is used for the removal of 
the entire contents of the root canal. In this 
study, the needle was positioned at the WL, 
aiming to ensure a better disinfection (19); 
the increase in flow rate theoretically could 
improve the cleaning effects. One might 
infer that the combination of foraminal 
enlargement and active irrigation leads to 
painful postoperative results; however, the 
effects on postoperative pain are contro-
versial (20, 21). A previous study showed 
fewer irrigant extrusions when a side-vent-
ed needle was used (5); the results of the 
present study suggest that preparation at 
the MF associate with high flow rate irri-
gation does not increase apical extrusion.
Boutsioukis et al. (22) demonstrated that a 

higher flow rate of 0.26 mL/s (15.6 mL/min) 
increased the amount of extruded irrigants 
when compared to 0.14 mL/s (8.4 mL/min) 
in both open-vented and side-vented nee-
dles. A recent study also demonstrated that 
a flow rate of 6 mL/min is related to high-
er amounts of irrigant extrusion than 3 
mL/min (23). In that study, both open- and 
side-vented needles were used. In both 
aforementioned studies, only the extrusion 
of irrigants was assessed, while in the 
present study the combination of irrigants 
and debris extrusion could be evaluated. 
In disagreement with those findings, the 
present study showed no difference in 
apical extrusion when 5 mL/min, 10 mL/
min, or 60 mL/min were used. It seems 
clear that the extrusion of irrigants increas-
es when a higher flow rate is applied. The 
findings of the present study suggest that 
the total combination of irrigants and 
debris extruded seems to be unaltered 
when a high flow rate (60 mL/min) is used 
with side-vented needles. 
In the present study, the instrumentation 
was performed at the MF, promoting the 
disruption of the constriction. While this 
maneuver presents controversial results, 
our findings need further investigation (20, 
21). Further studies should investigate the 
impact of high flow rate with different nee-
dle types in addition to the effects of the 
variation in flow rate in the cleaning effects.
 
Conclusions

Within the limitations of the present study, 
it can be concluded that a higher irrigant 
flow rate did not impact apical extrusion 
of debris and irrigants.

Clinical Relevance

Extrusion of debris and irrigants might 
increase inflammation and promote post-
operative pain, especially in necrotic teeth. 
The different flow rates applied during 
irrigation might impact the extrusion, 
therefore resulting in increased postoper-
ative pain. This study aimed to evaluate 
the impact of different flow rates on the 
extrusion of irrigants and debris.



17

Radais S, Kadi E, Ferreira K et al.

Giornale Italiano di Endodonzia (2020) 34

Conflict of Interest

The authors deny any conflict of interest 
related to this study.
 
Acknowledgements

None.

References
1. Zehnder M. Root canal irrigants. J Endod 

2006;32(5):389-398.
2. Bramante CM, Duque JA, Cavenago BC, et al. Use 

of a 660-nm Laser to Aid in the Healing of Necrot-
ic Alveolar Mucosa Caused by Extruded Sodium 
Hypochlorite: A Case Repor t. J Endod 
2015;41(11):1899-1902.

3. Becker GL, Cohen S, Borer R. The sequelae of ac-
cidentally injecting sodium hypochlorite beyond 
the root apex. Report of a case. Oral Surg Oral Med 
Oral Pathol 1974;38(4):633-638.

4. Guivarc›h M, Ordioni U, Ahmed HM, et al. Sodium 
Hypochlorite Accident: A Systematic Review. J En-
dod 2017;43(1):16-24.

5. George R, Walsh LJ. Apical extrusion of root canal 
irrigants when using Er:YAG and Er,Cr:YSGG lasers 
with optical fibers: an in vitro dye study. J Endod 
2008;34(6):706-708.

6. Ferraz CC, Gomes BP, Zaia AA, et al. Comparative 
study of the antimicrobial efficacy of chlorhexidine 
gel, chlorhexidine solution and sodium hypochlorite 
as endodont ic i r r igants. Braz Dent J 
2007;18(4):294-298.

7. Park E, Shen Y, Khakpour M, Haapasalo M. Apical 
pressure and extent of irrigant flow beyond the 
needle tip during positive-pressure irrigation in an 
in vitro root canal model. J Endod 2013;39(4):511-
515.

8. Boutsioukis C, Psimma Z, van der Sluis LW. Factors 
affecting irrigant extrusion during root canal irriga-
tion: a systematic review. Int Endod J 
2013;46(7):599-618.

9. Shen Y, Gao Y, Qian W, et al. Three-dimensional 
numeric simulation of root canal irrigant flow with 
d i f ferent  i r r igat ion needles. J  Endod 
2010;36(5):884-889.

10. Boutsioukis C, Lambrianidis T, Verhaagen B, et al. 
The effect of needle-insertion depth on the irrigant 
flow in the root canal: evaluation using an unsteady 
computational fluid dynamics model. J Endod 
2010;36(10):1664-1668.

11. Schneider SW. A comparison of canal preparations 
in straight and curved root canals. Oral Surg Oral 
Med Oral Pathol 1971;32(2):271-275.

12. Lu Y, Wang R, Zhang L, et al. Apically extruded de-
bris and irrigant with two Ni-Ti systems and hand 
files when removing root fillings: a laboratory study. 
Int Endod J 2013;46(12):1125-1130.

13. Myers GL, Montgomery S. A comparison of weights 
of debris extruded apically by conventional filing 
and Canal Master techniques. J Endod 
1991;17(6):275-279.

14. Peeters HH, Mooduto L. Radiographic examination 
of apical extrusion of root canal irrigants during 
cavitation induced by Er,Cr:YSGG laser irradiation: 
an in vivo study. Clin Oral Investig 2013;17(9):2105-
2112.

15. Romualdo PC, de Oliveira KMH, Nemezio MA,  et 
al. Does apical negative pressure prevent the api-
cal extrusion of debris and irrigant compared with 
conventional irrigation? A systematic review and 
meta-analysis. Aust Endod J 2017;43(3):129-137.

16. Desai P, Himel V. Comparative safety of various 
intracanal ir r igation systems. J Endod 
2009;35(4):545-549.

17. de Souza Filho FJ, Benatti O, de Almeida OP. Influ-
ence of the enlargement of the apical foramen in 
periapical repair of contaminated teeth of dog. Oral 
Surg Oral Med Oral Pathol 1987;64(4):480-484.

18. Coldero LG, McHugh S, MacKenzie D, Saunders 
WP. Reduction in intracanal bacteria during root 
canal preparation with and without apical enlarge-
ment. Int Endod J 2002;35(5):437-446.

19. Sedgley CM, Nagel AC, Hall D, Applegate B. Influence 
of irrigant needle depth in removing bioluminescent 
bacteria inoculated into instrumented root canals 
using real-time imaging in vitro. Int Endod J 
2005;38(2):97-104.

20. Cruz Junior JA, Coelho MS, Kato AS,et al. The Effect 
of Foraminal Enlargement of Necrotic Teeth with 
the Reciproc System on Postoperative Pain: A Pro-
spective and Randomized Clinical Trial. J Endod 
2016;42(1):8-11.

21. Silva EJ, Menaged K, Ajuz N, et al. Postoperative 
pain after foraminal enlargement in anterior teeth 
with necrosis and apical periodontitis: a prospective 
and randomized clinical trial. J Endod 
2013;39(2):173-176.

22. Boutsioukis C, Psimma Z, Kastrinakis E. The effect 
of flow rate and agitation technique on irrigant 
extrusion ex vivo. Int Endod J 2014;47(5):487-496.

23. Vidas J, Snjaric D, Braut A, et al. Comparison of 
apical irrigant solution extrusion among conven-
tional and laser-activated endodontic irrigation. 
Lasers Med Sci 2020;35(1):205-21


