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Objective The removal of residual pulpal debris (RPD) from the root canal walls,
especially in necrotic teeth is important for successful endodontic outcome. The aim
of this study was to evaluate the RPD removal efficacy of handpiece mounted contin-
uous irrigation with simultaneous root canal preparation from the apical third of root
canals as compared to conventional syringe irrigation (SI).

Materials and Methods Ninety extracted teeth were randomly divided into three
groups: SI; handpiece mounted continuous irrigation (Cl); and both syringe and con-
tinuous irrigation (Cl+SI). After root canal preparation, roots were sectioned at 1 (a),
3 (b) and 5 (c) mm from apex and prepared for Hematoxylin-Eosin staining. Sections
were microscopically examined for presence of RPD.

Statistical Analysis Intergroup difference in average percentage of RPD at different
root levels was calculated by using analysis of variance test (ANOVA). Tuckey test was
used for pairwise comparison.

Results ANOVA showed significant difference between all three groups (p < 0.05).
SI group showed a significantly higher percentage of RPD as compared with Cl and
Cl+ SI groups at all root levels (p < 0.01). At root level a, Cl showed a significantly
higher percentage of RPD as compared with CI+SI (p < 0.01).

Conclusion Handpiece mounted Cl during rotary instrumentation showed a signif-
icant reduction in RPD as compared with conventional syringe irrigation. This tech-
nique was found to be an effective method for an enhanced root canal debridement.
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Introduction

A crucial factor influencing the successful outcome of a
nonsurgical endodontic treatment is the implementation
of a thorough chemomechanical debridement and disinfec-
tion of the root canal system, especially of the apical third
region."? The apical region consists of wide anatomic varia-
tion and acts as a reservoir of microbes and dentino-pulpal
debris (DPD) formed during root canal preparation. The DPD
may jeopardize the seal created by the obturating materials.
The mechanical instrumentation of the root canal sys-
tem alone is insufficient for the complete removal of DPD,
especially from the areas inaccessible to the instrumenta-
tion.> Therefore, chemo-mechanical preparation with copi-
ous sodium hypochlorite (NaOCL) irrigation is required for
effective root canal debridement. Several irrigation methods
and devices are available for this purpose.*® The goal of these
irrigation systems is to evenly spread irrigating solution
throughout the root canal system. However, the penetration
of irrigating solution in the apical area is dependent on the
factors such as internal canal anatomy, amount of DPD pres-
ent, the method of agitation, and the delivery of irrigant.>1°

NaOCL is the irrigant of choice for chemo-mechanical root
canal preparation. The most distinguished property of NaOCL
is its ability to dissolve organic pulpal tissue. This property is
often dependent on the factors including its concentration,
volume, pH, temperature, replenishment, agitation, contact
duration, and area of the tissue covered."" Upon contact of
NaOCL with the organic tissue, a local consumption of NaOCL
occurs through a series of reactions such as saponification,
neutralization, and chloramination. As a result, there is a
decline in the availability of active NaOCL requiring frequent
replenishment. 2

The root canals are enclosed in a bony socket which emu-
lates a closed channel; and the organic decomposition of pul-
pal tissue by NaOCL results in liberation of carbon dioxide
and ammonia in the form of bubbles. The combination of
these two features promote gas entrapment during chemo-
mechanical preparation, resulting in the formation of “apical
vapor lock” effect.’>'> The vapor lock effect restricts the irri-
gant penetration into the apical region of root canal system,
making the debridement suboptimum and challenging.

Syringe irrigation (SI) is the most commonly used irri-
gation method.'®41617 The exchange of irrigant apical to
the needle tip is dependent on the needle type, design, and
gauge,'01314 and it is usually limited to 1 to 1.5 mm beyond
the needle tip,'* which depicts that its effectiveness is lim-
ited by its depth of insertion. Therefore, to deliver active
NaOCL apically, the needle is required to be inserted near the
working length (WL).’® Other limitations of SI include weak
mechanical flushing, incomplete dentinal debris removal, the
requirement of wider canal preparation, and potential of irri-
gant extrusion.®1013.14

Ideally, the NaOCL must be continuously agitated and
refreshed within the root canals because the NaOCL that
seeps into the apical area is readily inactivated. Therefore,
there is only a limited active NaOCL available at the apical area
when intermittent irrigation with SI is used.' This limitation

European Journal of Dentistry Vol. 15 No. 3/2021

necessitates the use of an auxiliary method to remove the
DPD from the anatomically complex areas. In the current
in vitro study, we used an innovative method of simulaten-
ous (or continuous) irrigation during root canal preparation
in roots with sealed apices to replicate vapor lock effect.
The aim of the present study was to evaluate the remaining
pulpal debris (RPD) removal efficacy of handpiece mounted
continuous irrigation system (HMCIS) with simultaneous
root canal preparation compared with conventional syringe
irrigation from the apical third region in a closed channel
model. The null hypothesis of the study was that there would
no difference in RPD removal efficacy at the apical third
between experimental groups.

Materials and Methods

The current study was an in vitro experimental (compara-
tive) research. It was approved by institutional review board
(ref no. IRB-797/DUHS/Approval/2-16/326), Dow University
of Health Sciences (DUHS). The inclusion criteria consisted
of permanent, mature, and single-rooted teeth (Vertucci
type-1) extracted due to orthodontic reasons. The exclusion
criteria were teeth with caries or fracture below cementoe-
namel junction, developmental defects, and previously end-
odontically treated teeth. The Sample size was determined as
84 (which was increased up to 90) with 80% power of the test
and 95% confidence level using PASS v11 software (Microsoft,
Redmond, Washington, DC, United States). It was calculated
with the help of mean percentage (+ standard deviation) of
remaining dentinal debris within three groups from a previ-
ous study.” Level of significance was kept <5%.

Fabrication of Handpiece Mounted Continuous
Irrigation System

Before the start of the study, HMCIS was assembled (and
tested) by attaching one side of a 90-cm long silicone tube
(with 2 mm internal diameter) to a 10-mL disposable leur

irrigation

Fig. 1 Rotary/endomotor handpiece with attached
apparatus.

© 2021. European Journal of Dentistry.
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lock plastic disposable syringe. The other side of the tube was
attached beneath the head of the rotary handpiece endomo-
tor (=~Fig. 1). A trained dental assistant pushed the plunger of
the syringe at 10 mL/min during the root canal preparation.
Prior training was given to the endodontist on the use of the
manually designed HMCIS.

In Vitro Endodontic Procedures

The endodontic procedure was performed on extracted teeth
(stored in a solution of 0.2% thymol/0.9% saline until used) in
endodontics departments, DUHS. The histological processing
was performed in histopathological laboratory, DUHS. The
apices of the teeth were sealed with the help of two layers of
nail varnish to simulate a closed channel, opened at one end.
Root canal preparation was performed by an independent,
experienced endodontist. Endodontic access and WL were
achieved with 4 round bur and ISO 10 k-file, respectively.
WL was kept 0.5 mm short of the apex. Canals were instru-
mented up to 20 k-hand file (20/0.02 taper). Afterward,
the rotary NiTi file system (Protaper universal; Dentsply
Maillefer, Ballaigues, Switzerland) was used for endodontic
preparation till F3 (30/0.09) at manufacturer recommended
torque and speed.

A total of 90 teeth were randomly divided into three
groups (group I, II, and IIl; n = 30/group) according to the
employed irrigation method by using MS Excel software. In
group I, conventional SI (with 1 mL of 3% NaOCL through
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Fig. 2 Average percentage of remaining dentinal debris in different
irrigation groups at different root levels. Group | (SI), Group Il (Cl),
Group lI (CI+Sl); root_level_a (1 mm from apex), root_level_b (3 mm
from apex), and root_level_c (5 mm from apex). Cl, continuous irri-
gation; SI, syringe irrigation.

a 30-gauge Max i-Probe needle (Dentsply Maillefer) was
performed between each file used during root canal prepa-
ration. It was kept 1.5 mm short of the WL, and was moved
up and down during irrigation to prevent binding. In group II,

handpiece mounted CI was done. In group III, the combina-
tion of SI and CI (CI+SI) was used. In this group, SI was per-
formed between each file used during CI. After completion of
chemo-mechanical preparation, a final irrigation with 1 mL
of saline solution was done to neutralize the NaOCL activity.
The root canals were dried with ISO standard paper points
and subjected to histological processing.

Histological Processing and Sectioning

In this study, we evaluated and defined RPD as soft tis-
sue debris remaining after chemo-mechanical root canal
preparation in the root canal lumen, observed under micro-
scope. For tissue processing, root canals were filled with 1 mL
of 10% buffered formalin for 24 hours to fix RPD. Later, the
crowns of the teeth were separated from the roots with the
help of a diamond disc (NTI, Kahla, Germany). The roots were
immersed in 10% formalin for 96 hours. The specimens were
then washed in running water for about an hour. Afterward,
the specimens were decalcified for 10 days in a solution con-
taining <15% (by wt.) hydrochloric acid/<5% EDTA at 40°C in
an oven. For standard histological processing, samples were
dehydrated in ascending grades of ethanol, cleared in xylene,
and finally infiltrated with paraffin. Roots were marked and
sectioned at 1 mm (root level “a”), 3 mm (root level “b”), and
5 mm (root level “c”) from the apex using a microtome. The
sections were then stained with hematoxylin-eosin, and the
slides were examined under a stereomicroscope.

Microscopic Assessment and Data Analysis

Stereomicroscope (Nikon microscope Eclipse 80i; Nikon
Instech Co. Ltd; Minato-ku, Tokyo, Japan) was used to observe
the slides at x100 magnification. Images were digitalized
for morphological analysis. The scans of microscopic slides
were uploaded to Image] software (U.S. National Institute of
Health, Bethesda, Maryland, United States) and two regions
of interest, RO1 and RO2 were drawn. RO1 was character-
ized as the region in the canal space that contained RPD, and
RO?2 as the total canal space. Following equation was used to
calculate the percentage of RPD in each image:

Percentage of RPD = x 100%

Mean percentages of RPD were calculated for the three sec-
tions of the root. The principal investigator performed histo-
logical processing of teeth and evaluation of RPD.

The data were analyzed by using SPSS version 21.0.
Percentages were reported for the prevalence of tooth type in
the study. Descriptive statistics like percentages were reported
for RPD at root levels a, b, and c in each group. Analysis of
variance (ANOVA) test was used to identify the existence of a
significant difference in the average RPD between the groups.
Post hoc Tuckey’s test and independent-sample t-test were
applied for pairwise comparison to specify the significant
difference between the two irrigation groups at different root
levels and between the two root levels in different irrigation
groups. The significance level was kept at <5%.

European Journal of Dentistry Vol. 15 No.3/2021 © 2021. European Journal of Dentistry.
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Results

A total of 90 single-rooted teeth were included in the study
out of which 40.5% of the included teeth were maxillary sec-
ond premolars, 25.5% were mandibular first premolars, 13.5%
were mandibular second premolars, and 1.8% were maxillary
first premolars. =Fig. 2 shows a general graphical representa-
tion of the RPD in each irrigation group at different root levels.
It revealed that the average percentages of RPD were highest
in the SI group at all the root levels (a, 16.25 +1.71; b, 8.67 £ 1;
¢, 3.16 £ 0.83). Moreover, the mean difference in RPD between
the three groups I (SI), 11 (CI), and III (CI+SI) at all root levels
was found to be statistically significant (p < 0.05; =Fig. 2).
Further analysis using pairwise comparison of the irrigation
groups (I vs. II, I vs. III, IIT vs. 1) at different root levels showed
a significant increase of RPD in SI group as compared with CI
and CI+SI group at all the root levels (p < 0.0001). Whereas at
root level b and c, no significant difference could be observed
between the CI group and CI+SI group. Only at root level a, group
I showed a significant increase in the mean percentage of RPD
as compared with group III (p < 0.0001; ~Table 1; ~Fig. 2).
Another pairwise comparison between the different
root levels (a vs. b, b vs. ¢, c vs. a) in each irrigation group
showed a statistically significant difference (p < 0.01) in RPD
between all root levels in all the irrigation groups (=Table 2).
The analysis showed that root level a had significantly higher
amount of RPD as compared with root level b and c in all the
irrigation groups (p < 0.01), and root level b had significantly
more RPD as compared with root level c in all irrigation
groups. The mean irrigation time recorded for groups I, II,
and Il was recorded to be 8.41 +2.32,6.36 + 2.13, and 12.64

Fig. 3 Photomicrographic images of root canal lumen at different
levels and irrigation groups. DD, residual pulpal debris; SI (A, 1 mm;
B, 3 mm; ¢, 5 mm from apex), Cl (D, 1 mm; e, 3 mm; f, 5 mm from
apex), CI+SI (G, 1 mm; h, 3 mm; i, 5 mm from apex). Cl, continuous
irrigation; SI, syringe irrigation.

+ 1.48 minutes, respectively. The photomicrographic images
of the root sections and associated RPD in the canal after root
canal preparation in SI, CI, and CI+SI groups are shown in
=Fig. 3. The presence of RPD can be clearly observed in the
SI group, especially at 1 mm (a) and 3 mm (c) from the apex.

Table 1 Pairwise comparison of irrigation groups at different root levels

Root levels | Group I-II, AD (%) Group I-11l, AD (%) Group lI-11l, | AD (%)

(mean £ SD)? (p-Value) (mean £ SD)* | (p-Value) (mean (p-Value)
SD)

a (16.2+1.71)- | 12.94(<0.0001%) (16.2+1.71)~ | 14.17 (<0.0001) (3.3+0.86)- | 1.23(<0.0001%)
(3.3 £0.86) (2.07 +0.57) (2.07 +0.57)

b (8.6 1.09)- 7.30 (<0.0001%) (8.67+1.09)- | 7.18(<0.0001?) (1.37£0.43)- | 0.11(0.574)
(1.3£0.43) (1.48 + 0.45) (1.48 + 0.45)

c (3.16 £ 0.83)- | 2.21(<0.0001%) (3.16£0.83)- | 2.28(<0.0001%) (0.95 £ 0.37)- | 0.06 (0.795)
(0.95 +0.37) (0.88 +0.41) (0.88 +0.41)

Abbreviations: AD, average difference; SD, standard deviation.
*Values are expressed in terms on percentage.

bSignificant difference; root levels a, 1 mm from apex; b, 3 mm from apex; ¢, 5 mm from apex; irrigation groups (n = 30/group) group I, SI; group Il

SI, Group I, CI+SI.

Table 2 Pairwise comparison of different root levels within the irrigation groups

Irrigation | Root level a-b, | AD (%) (p-Value) | Root level a-c, | AD (%) (p-Value) | Root level b-c, | AD (%) (p-Value)

groups (mean % SD)? (mean % SD)? (mean % SD)?

[ (16.2 +1.71)- 7.57 (<0.01%) (16.2+1.71)- | 13.08 (<0.01°) (8.6 +1.09)- 5.50 (<0.01%)
(8.6 £ 1.09) (3.16 + 0.83) (3.16 + 0.83)

[ (3.3+0.86)- 1.93 (<0.01?) (3.3+0.86)- 2.35 (<0.01%) (1.3 +0.43)- 0.42 (<0.01°)
(1.3£0.43) (0.95 +0.37) (0.95 +0.37)

Il (2.07 + 0.57)- 0.58 (<0.01%) (2.07 + 0.57)- 1.18 (<0.01?) (148 +0.45)- | 0.60 (<0.01%)
(1.48 + 0.45) (0.88 £0.41) (0.88 +0.41)

Abbreviations: AD, average difference; SD, standard deviation.
aSignificant difference; level a, 1 mm from apex; Level b, 3 mm from apex; level ¢, 5 mm from apex; group I, SI; group 11, SI, group I, CI+SI.
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An interesting observation was the presence of RPD in the
lateral canal (=Fig. 3D). Apparently, the clearest canals were
observed in CI+SI group at all root levels.

Discussion

Several methods of irrigation have been proposed in litera-
ture for effective disinfection of the root canal system and
removal of RPD such as ultrasonic activation of irrigant,
sonic irrigation using EndoActivator, EndoVac system, laser
activated irrigation, and GentleWave system.>® The limited
ability of SI to remove DPD from the apical part of root canal
system??' mandated the development of these systems. In
this study, we compared a new method of CI through man-
ually designed HMCIS with the SI for removal of RPD in a
closed channel environment.

The methodology employed in the current study for eval-
uation of the RPD was adopted from previous studies.*?? In
those studies, the term “residual dentinal debris” was used
for the descripton of the dentinopulpal debris acquired after
root canal preparation. However, this term is not a true
representation of the dentinal debris observed in the root
canal lumen under microscope after decalcification process.
Therefore, we used the term “RPD” to represent the remain-
ing debris left after the decalcification process. A closed chan-
nel system was used to simulate a natural root canal having
a closed chamber environment. SI with a 30-gauge needle in
5 cc leur-lock syringe was used because of its verified safety
and control.® The open-ended needles were preferred over
side vented needles for SI because of better irrigant replace-
ment at the advancing front® The irrigation needle was
kept 1.5 mm short of the WL during SI because the irrigant
replacement is limited only to 1.5 mm beyond the tip.!>??

The intragroup analysis showed that the apical sections
of the roots irrespective of the irrigation groups had the
highest amount of RPD followed by middle and coronal sec-
tions. This finding corroborated with the results of a previ-
ous study.® The intergroup comparison revealed that the RPD
removal efficacy of group II (CI) and Group III (CI+SI) was
same in all sections (a, b, and ¢) except at 1 mm from the apex,
where CI+SI group was found to be more efficacious than CI
alone. Overall, CI and CI+SI group showed better debride-
ment than SI group especially at the apical third, resulting
in the rejection of the study’s null hypothesis. Additionally,
it is a known fact that by increasing the irrigant volume or
prolonging the irrigant contact time, pulp tissue dissolution
can be enhanced.?* Even though, the current study showed
that the mean irrigation time was the longest in group IIl and
shortest in group II, both of these groups showed better RPD
removal efficacy when compared with SI at all the three root
levels. The enhanced debridement might be due to continu-
ous refreshment of NaOCL along with simultaneous agitation
and instrumentation to the WL, which possibly disrupted the
vapor lock effect.'#? Similar results were found in previous
studies which used Self-Ajusting File (SAF) in conjunction
with CI.?627 Moreover, previous studies have highlighted the

European Journal of Dentistry Vol. 15 No. 3/2021

limited ability of SI to debride apical part of root canal sys-
tem.81428 This limitation is suggested to be due to the absence
of frequent replenishment of NaOCL at the apex.®*® On the
other hand, Walters et al found no difference in root canal
debridement between a handpiece mounted Quantec E irri-
gation system with simultaneous root canal preparation and
SL.* However, the study did not use sealed root apices. Hence,
the closed channel environment and the apical vapor lock
effect could not be replicated.

The application of lubricants and periodic cleaning
of the rotary endodontic instruments of dentinal debris
during cleaning and shaping procedure is recommended to
reduce the friction between the instrument and the canal
walls.3%3! One attraction of the CI is that it provides a con-
tinuous lubrication and cleaning of the endodontic files
through mechanical flushing.?' Additionally, irrigant pres-
ent inside the canal at all times act as an effective heat
sink which prolongs the fatigue life of the instrument.'®
The continuous handpiece mounted irrigation system can
be considered as a no-pressure irrigation method, similar
to SAF, because the irrigating solution reaches the apical
area of root canal through vibration and pecking motion of
the endodontic file while it is delivered passively from the
assembly.'®

An important limitation of this study was that the irrigant
volume in group Il was dissimilar to group I and II (12 mL).
This might have affected the outcome of our study. However,
despite the difference in volume of irrigation between the
groups Il and III, the debridement efficacy of both groups was
found to be superior than group I at all three root levels. This
shows that the debridement is not just limited to the volume of
irrigant, but also related to other factors like agitation, replen-
ishment, and vapor lock disruption.'*23* Other limitations of
this study were the absence of a negative control group which
could have provided a baseline value of RPD affected by histo-
logical processing and presence of an unblinded endodontist
who performed root canal preparation. However, this novel
idea provided an in vitro evidence of the efficacy of simple
handpiece mounted irrigation for removal of RPD from the
apical portion during root canal preparation. Furthermore,
no adjuncts to irrigation were required for activation and agi-
tation of the irrigant. Therefore, this method of irrigation is
expected to save clinicians’ time and expenses without com-
promising the quality of endodontic treatment. This study
encourages further investigation by addressing these limita-
tions before this method can be implemented clinically.

Conclusion

Within the limitations of this study, it can be concluded that
the HMCIS with simultaneous root canal preparation was
found to be highly effective in removal of RPD from the apical
part of the root canals as compared with syringe irrigation.
This approach of irrigation is therefore suggested to be a sim-
ple, practical, and cost-effective mode of enhanced endodon-
tic debridement during root canal preparation.

© 2021. European Journal of Dentistry.

555



556 Debridement Efficacy of Hand-Piece Mounted Continuous Irrigation System Sarwar et al.

Funding
None.

Conflict of Interest
None declared.

References

1

10

11

12

13

14

15

European Journal of Dentistry Vol. 15 No. 3/2021

Villalta-Briones N, Baca P, Bravo M, et al. A laboratory study of
root canal and isthmus disinfection in extracted teeth using
various activation methods with a mixture of sodium hypo-
chlorite and etidronic acid. Int Endod ] 2021;54(2):268-278.
doi:10.1111/iej.13417

Shabbir J, Qazi F, Farooqui W, Ahmed S, Zehra T, Khurshid Z.
Effect of Chinese propolis as an intracanal medicament on
post-operative endodontic pain: a double-blind randomized
controlled trial. Int ] Environ Res Public Health 2020;17(2):E445
Reem M, Dalia F. Apical debris extrusion and root canal clean-
liness using several rotary nickel titanium files with dif-
ferent kinematics in round and oval canals. Dent Sci Updat
2020;1(1):39-49

Walters M], Baumgartner JC, Marshall JG. Efficacy of irrigation
with rotary instrumentation. ] Endod 2002;28(12):837-839
Yang Q, Liu MW, Zhu LX, Peng B. Micro-CT study on the removal
of accumulated hard-tissue debris from the root canal system
of mandibular molars when using a novel laser-activated irri-
gation approach. Int Endod ] 2020;53(4):529-538

Virdee SS, Seymour DW, Farnell D, Bhamra G, Bhakta S. Efficacy
of irrigant activation techniques in removing intracanal smear
layer and debris from mature permanent teeth: a systematic
review and meta-analysis. Int Endod J 2018;51(6):605-621
Hussein Hussein A, Hameed Mohammed R. A study to com-
pare the cleaning efficiency of different irrigation systems
for macro debris removal in instrumented canals (An in vitro
study). ] Baghdad Coll Dent 2015;27(2):11-16

Molina B, Glickman G, Vandrangi P, Khakpour M. Evaluation
of root canal debridement of human molars using the
GentleWave system. ] Endod 2015;41(10):1701-1705
Boutsioukis C, Verhaagen B, Versluis M. Kastrinakis E, Wesselink
PR, van der Sluis LW. Evaluation of irrigant flow in the root
canal using different needle types by an unsteady computa-
tional fluid dynamics model. ] Endod 2010;36(5):875-879

Gu LS, Kim JR, Ling ], Choi KK, Pashley DH, Tay FR. Review
of contemporary irrigant agitation techniques and devices.
J Endod 2009;35(6):791-804

Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M. Tissue
dissolution by sodium hypochlorite: effect of concentration,
temperature, agitation, and surfactant. ] Endod 2010;36(9):
1558-1562

del Carpio-Perochena A, Bramante CM, de Andrade FB, et al.
Antibacterial and dissolution ability of sodium hypochlorite
in different pHs on multi-species biofilms. Clin Oral Investig
2015;19(8):2067-2073

Tay FR, GuL-S, Schoeffel GJ, et al. Effect of vaporlock on root canal
debridementbyusingaside-vented needle for positive-pressure
irrigant delivery. ] Endod 2010;36(4):745-750

Pasricha SK, Makkar S, Gupta P. Pressure alteration tech-
niques in endodontics- a review of literature. ] Clin Diagn
Res 2015;9(3):ZE01-ZE06

de Gregorio C, Estevez R, Cisneros R, Paranjpe A, Cohenca
N. Efficacy of different irrigation and activation systems
on the penetration of sodium hypochlorite into simulated
lateral canals and up to working length: an in vitro study.
J Endod 2010;36(7):1216-1221

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

© 2021. European Journal of Dentistry.

Shen Y, Zhou HM, Zheng YF, Peng B, Haapasalo M. Current
challenges and concepts of the thermomechanical treatment
of nickel-titanium instruments. ] Endod 2013;39(2):163-172
Dutner ], Mines P, Anderson A. Irrigation trends among
American Association of Endodontists members: a web-based
survey. ] Endod 2012;38(1):37-40

Perez R, Neves AA, Belladonna FG, et al. Impact of needle inser-
tion depth on the removal of hard-tissue debris. Int Endod
12017;50(6):560-568

Metzger Z. The self-adjusting file (SAF) system: an evidence-
based update. ] Conserv Dent 2014;17(5):401-419
Konstantinidi E, Psimma Z, Chavez de Paz LE, Boutsioukis C.
Apical negative pressure irrigation versus syringe irrigation:
a systematic review of cleaning and disinfection of the root
canal system. Int Endod ] 2017;50(11):1034-1054
Neelakantan P, Khan K, Li KY, Shetty H, Xi W. Effectiveness of
supplementary irrigant agitation with the Finisher GF brush
on the debridement of oval root canals instrumented with the
Gentlefile or nickel titanium rotary instruments. Int Endod
12018;51(7):800-807

Haapasalo M, Shen Y, Wang Z, et al. Apical pressure created
during irrigation with the GentleWave™ system compared
to conventional syringe irrigation. Clin Oral Investig 2016;
20(7):1525-1534

Hu S, Duan L, Wan Q, Wang J. Evaluation of needle movement
effect on root canal irrigation using a computational fluid
dynamics model. Biomed Eng Online 2019;18(1):52

Petridis X, Busanello FH, So MVR, Dijkstra RJB, Sharma PK,
van der Sluis LWM. Factors affecting the chemical efficacy of 2%
sodium hypochlorite against oral steady-state dual-species
biofilms: exposure time and volume application. Int Endod
]2019;52(8):1182-1195

Agarwal A, Deore RB, Rudagi K, Nanda Z, Baig MO, Fareez MA.
Evaluation of apical vapor lock formation and comparative
evaluation of its elimination using three different techniques:
an in vitro study. ] Contemp Dent Pract 2017;18(9):790-794
Keles A, Alcin H, Sousa-Neto MD, Versiani MA. Supplementary
steps for removing hard tissue debris from isthmus-containing
canal systems. ] Endod 2016;42(11):1677-1682

Yaylali IE, Kececi AD, Ureyen Kaya B. Ultrasonically activated
irrigation to remove calcium hydroxide from apical third of
human root canal system: a systematic review of in vitro stud-
ies. ] Endod 2015;41(10):1589-1599

Bao P, Shen Y, Lin J, Haapasalo M. Lin James, Haapasalo
Markus. In vitro efficacy of XP-endo finisher with 2 different
protocols on biofilm removal from apical root canals.
J Endod 2017;43(2):321-325

de Hemptinne F, Slaus G, Vandendael M, Jacquet W,
De Moor R], Bottenberg P. In vivo intracanal temperature evo-
lution during endodontic treatment after the injection of room
temperature or preheated sodium hypochlorite. ] Endod 2015;
41(7):1112-1115

Chandler N, Chellappa D. Lubrication during root canal treat-
ment. Aust Endod ] 2019;45(1):106-110

Bigakci H, Gapar ID, Geng S, ihtiyar A, Siit¢ii R. Influence of
rotary instrumentation with continuous irrigation on pain
and neuropeptide release levels: a randomized clinical trial.
J Endod 2016;42(11):1613-1619

Haapasalo M, Shen Y, Wang Z, Gao Y. Irrigation in endodontics.
Br Dent ] 2014;216(6):299-303

Klyn SL, Kirkpatrick TC, Rutledge RE. In vitro compari-
sons of debris removal of the EndoActivator system, the F
file, ultrasonic irrigation, and NaOCl irrigation alone after
hand-rotary instrumentation in human mandibular molars.
J Endod 2010;36(8):1367-1371



