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ABSTRACT

Objective: Computed microtomography was used
to evaluate the capacity of debris removal from
simulated lateral canals, in conventional irrigation,
passive ultrasonic irrigation (PUI), continuous
passive irrigation (CUI), Endoactivator and
EasyClean, for both types of motion (continuous
and reciprocating). Material and Methods: Sixty
acrylic incisors with 3 simulated lateral canals per
tooth (cervical, middle and apical third) were
instrumented with Reciproc 40/06 and then filled
with dentin debris. The teeth were scanned and
divided into 6 groups (n = 10) according to the
irrigation protocol: G1 - conventional, G2 - PUI, G3 -
CUI, G4 - Endoactivator, G5 - EasyClean continuous
rotation and G6 - EasyClean reciprocating. After
the irrigation protocols, the samples were scanned
again. The initial and final volume images were
analyzed and the percentage of debris removal
were found for each group in all levels. Results:
There were significant differences between the
initial and final volume of debris after the protocols,
with the exception of conventional irrigation
group in the apical and cervical thirds, EasyClean
reciprocating in the middle and cervical thirds, and
CUI in the middle third. In the analysis between
the groups: in the apical third, Endoactivator and
PUI removed more debris than CUI (p < 0.05);
in the middle and cervical thirds, PUI was more
efficient than conventional irrigation, EasyClean

reciprocating and CUI (p < 0.05). Conclusion: No
method completely removed the debris. PUI was
the method that showed greater effectiveness in
cleaning the lateral canals.
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RESUMO

Objetivo: O objetivo desse estudo foi avaliar a
capacidade de remocéo de debris de canais laterais
simulados através da microtografia computadorizada
(microCT), na irrigacdo convencional, ultrassOnica
passiva  (IUP), ultrassonica continua (IUC),
Endoactivator e EasyClean, para os dois tipos de
movimento (continuo ou alternado). Material e
Métodos: Sessenta incisivos de acrilico com trés
canais late-rais simulados por dente (terco cervical,
médio e apical) foram instrumentados com Reciproc
40/06 e preenchidos com debris de dentina bovina.
Os dentes fo-ram escaneados e divididos em 6 grupos
(n = 10): G1 - convencional, G2 - IUP, G3 - IUC, G4
- Endoactivator, G5 - EasyClean rotacdo continua e
G6 - EasyClean reciprocante. Depois do protocolo de
irrigacdo, as amostras foram novamente escaneadas.
O volume inicial e final das imagens foram analisados
e o percentual de debris removidos foram encontrados
para cada grupo nos trés tercos. Resultados: Todos
os grupos obtiveram diferencas significantes apds o
proto-colo de irrigacdo, com excecdo do grupo da
irrigacdo convencional nos tercos apical e cervical,
EasyClean reciprocante (médio e cervical) e IUC
no terco médio. Na andlise intragrupo para o terco
apical, EndoActivator e IUP removeram mais debris
que IUC (p<0,05); no médio e cervical, IUP foi mais
eficiente que a irrigacdo convencional, EasyClean
reciprocante e IUC (p<0,05). Conclusdao: Nenhum
método foi capaz de remover completamente os
debris. A irrigacdo ultrassdnica passiva foi a que
demonstrou melhor efetividade na limpeza dos ca-
nais laterais.

PALAVRAS-CHAVE

Tratamento do canal radicular; Microtomografia por
raio-X; Terapia por ultras-som; Dentina.
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INTRODUCTION

R emoval of all the vital or necrotic tissue,
smear layer and dentin debris, in addi-
tion to infection control are fundamental
conditions for a successful endodontic
treatment [1]. These conditions become more
difficult to achieve in the case of teeth that
presents ramifications, lateral canals and
isthmus [2-4].

In these regions of complex anatomy,
microorganisms and debris produced by the
shaping procedure can accumulate [5]. The
mechanical action of instruments fails to reach
these areas, making it even more difficult
to clean the root canal system [6-8]. This is
why instrumentation has to be associated
with irrigation pro-tocols that can reach these
complex anatomical areas and efficiently
clean them.

However, studies shows that
conventional irrigation with syringe and
needle tips has limitations, especially in areas
of difficult access [2,5,8,9]. Furthermore, the
maintenance of tissue and dentin debris is
known to be capable of harboring in-fection,
occupying space and even damaging adequate
sealing of the root canal system [10].

Sonic, ultrasonic and mechanical
methods have been used to optimize cleaning
of the root canal system, increasing the
effectiveness of irrigation [2,3,5,11].

A widely used and researched sonic
method is the Endoactivator (Dentsply,
Maillefer, Ballaigues, Switzerland), composed
of a handpiece to which polymer tips are
attached. These are inserted into the root
canal 1 or 2 mm from the work-ing length for
agitating the irrigating solution [12,13].

Two ways of using ultrasonic irrigation
have been proposed: Passive Ultrasonic
Irrigation (PUI) and Continuous Ultrasonic
Irrigation (CUI). In PUI, the liquid is in-
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troduced into the root canal with a syringe;
then a specific ultrasonic device is in-serted
into the canal 1 to 2 mm from the working
length and the irrigation solution is activated
[14-16]. In CUI, however, there is a needle
attached to the ultrasonic device, promoting
simultaneous irrigation and activation of the
solution, enabling the irrigant to be replaced
continually.

A mechanical method recently developed
by Easy Company (Easy Dental Equipment,
Belo Horizonte, MG, Brazil) is the Easy Clean
instrument. This tip can be used coupled to
a continuously rotating contra-angle or to
a reciprocating mo-tor [16,17]. However,
there is still a shortage of studies showing
the efficiency and ability of this to clean and
remove debris from lateral canals.

Therefore, this study aimed to verify,
by means of volumetric analysis using mi-
cro-computed tomography (microCT), the
ability of conventional irrigation, PUI, CUI,
Endoactivator and Easy Clean in both types
of motion (Continuous and re-ciprocating), to
remove dentin debris from simulated lateral
canals. The null hy-pothesis was that there
would be no difference among irrigation
methods in their ability to remove debris from
simulated lateral canals.

MATERIAL AND METHODS
Preparation of the samples

Sixty acrylic maxillary incisors with
simulated lateral canals standardized were
used (Figure 1A). The canal diameter
corresponded to the size of a K#8 file
(Dentsply-Maillefer, Ballaigues, Switzerland),
and canals were located in the proximal region
in the cervical, middle and apical thirds,
with a total of 3 lateral canals per tooth.
Coronal opening and initial canal exploration
were performed with a K#10 file (Dentsply-
Maillefer, Ballaigues, Switzerland) and the
working length was determined. Subsequently,
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the canals were instrumented with the
Reciproc 40/06 endodontic instrument
(VDW, Munich, Germany), coupled to a
VDW Silver motor (VDW, Munich, Germany),
in the Reciproc function, with crown-apex
preparation and in/out movements. During
instrumentation, irrigation with a total of 6
mL of distilled water was performed with
a 30 gauge navitip needle (Ultradent,
Utah, USA) coupled to a disposable syringe.
After the instrumentation, they were
inserted into a metal muffle containing
silicone and removed after the silicone
had set. Then the teeth were sectioned
in buccolingual direction (Figure 1B) and
the lateral canals were filled with bovine
dentin debris (Figure 1C). The-se debris
were simulated through the wear of
extracted bovine teeth, approved by the
Ethics and Research  Committee on
Animals with registration number: 001/2017
- CEEPA/FOB/USP, using a spherical drill
steel No. 6 (KG Sorensen, Cotia, SP, Brazil)
and was mixed with sodium hypochlorite at
a concentration of 2.5% and compressed into
the lateral canals. The teeth were initially
scanned by computed microtomography
(SkyScan 1174; SkyScan,  Aartselaar,
Belgium) with parameters of 9.47 um voxel
size, 50 kV, 800 mA, 0.8 size rotation and
1024x1304 resolution.

Irrigation protocols

After the initial scanning, specimens
were reassembled in a muffle with silicone
and divided into 6 groups (n = 10) according
to the proposed irrigation methods:

Group 1 - Conventional irrigation - In
this group, canals were irrigated with a 30
gauge Navitip needle (Ultradent, United
States) coupled to a disposable syringe,
positioned 2 mm below the working length.
Three irrigations of 20 seconds were
performed with 2.5% sodium hypochlorite
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followed by 17% EDTA and finally with
2.5% sodium hypochlorite again. In every 20
seconds of irrigation, 2 mL of the ir-rigation
solution was used.

Group 2 - Passive Ultrasonic Irrigation
(PUI) - In the passive ultrasonic irrigation
group, the canal was filled with 2.5% sodium
hypochlorite solution by using a 30-gauge
Navitip needle, performing 3 agitations of
20 seconds. Thereafter, the same procedure
was performed with 17% EDTA and again
with 2.5% sodium hypochlorite. In every 20
seconds of irrigation, 2 mL irrigation solution
was used. For this procedure, an Irrisonic
insert (Helse ind Ltda, Santa Rosa do Viterbo,
Sao Paulo, Brazil) was positioned 2 mm from
the working length and was used coupled to
an NSK ultrasound at power 1.

Group 3 - Continuous Ultrasonic
Irrigation (CUI) - In the continuous ultrasonic
ir-rigation group, constant irrigation of 1
minute and 6 mL of 2.5% sodium hypo-
chlorite was performed using a specific
ultrasonic insert (Vista Dental Products).
This was positioned 2 mm below the working
length, coupled to an NSK ultra-sound unit at
power 2. The same procedure was repeated
with the solution of 17% EDTA and 2.5%
sodium hypochlorite.

Group 4 - Endoactivator - In the
Endoactivator group (Dentsply; Maillefer, Bal-
laigues, Switzerland), the canal was filled with
2.5% sodium hypochlorite solution by using a
30-gauge Navitip needle and 3 agitations of
20 seconds were per-formed. After this, the
same procedure was performed with 17%
EDTA and with 2.5% sodium hypochlorite
again. In every 20 second of irrigation and
2 mL irriga-tion solution was used. For this
procedure, the specific polymer tip 25/04 was
used, positioned 2 mm below of the working
length.
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Group 5 - Easy Clean continuous
rotation - In the group of Easy Clean in contin-
uous rotation (Easy Dental Equipment, Belo
Horizonte, MG, Brazil) the procedure was
similar to that used in the previous group,
however to promote the agitation of the
irrigating solutions, a instrument Easy Clean
25/04 positioned 2 mm short of the working
length was used, coupled to a contra-angle
and driven with mi-cromotor at approximately
20.000 rotations per minute (KaVo Kerr
Group, Char-lotte, NC, USA).

Group 6 - Easy Clean reciprocating
movement — In the Easy Clean group in re-
ciprocating motion (Easy Dental Equipment,
Belo Horizonte, MG, Brazil), the pro-cedure
was similar to that carried out in two previous
groups, however, we used the Easy Clean
instrument 25/04 coupled to the Easy motor
(Easy dental equip-ment) in reciprocating
motion, 2 mm short of the working length.

Evaluation of the specimens

After performing the irrigation protocols
according to the groups, the teeth were
submitted to the final scan (Figure 1D) using
the same parameters as those of the initial
scan. Each scan, both initial and final, resulted
in images with TIF exten-sion, which were
reconstructed using the program NRecon
v1.6.4.8 (Bruker-microCT) and analyzed
by the program CTan v1.11.10.0 (Bruker-
microCT). Figu-re 2 shows representative
micro-CT images of the teeth before and after
the irri-gation protocols. Each sample was
binarized, maintaining the proportions with
a radiographic image, and then the volume
(mm3) of debrisin each lateral canal before and
after the irrigation protocol were calculated.
The percentage of debris removed from lateral
canals in apical, middle and cervical thirds
was then calcu-lated individually.

Effect of the irrigation protocols on the elimination of
dentin debris from simu-lated lateral canals

Figure 1 - (A) A sample made of acrylic that simulates maxillary
incisor with lateral canals. (B) The teeth sectioned in buccolingual
direction using a diamond disc coupled to a handpiece. (C) Bovine
dentin debris being compressed into the lateral canals. (D) Specimen
submitted to final scan after the irrigation protocols.

Initial Final
Wy ™

Apical

Middle

Cervical

i

Figure 2 - Representative microCT images of the teeth before and
after the irrigation proto-cols.

Statistical analysis

Data were submitted to the Shapiro-Wilks
test to verify normality. Since normality was
absent, Mann-Whitney test was used for intra-
group analysis, Kruskal-Wallis and Dunn tests
were used for the analysis of the groups. The
level of significance was 5%.
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RESULTS

Table | - Shows the median, minimum and maximum values of the volume (mm3) of dentin debris in simulated lateral canals in the three
thirds before and after of the irrigation protocols

Cervical Middle Apical

Initial Final Initial Final Initial Final

. P 092 1004 077 0904 072
BN (069-182) 05-156) (065-187) (05-134) (068-19) (042-144)

o 113 027° 1300 05 107 0598
(076-154) 0-075) 084479 0-092) (074-151) 042-102)

o 096" 08° 143" 1259 0.94% 073°
(068-149) (053-135) (087-162) (087-155) 07+113) (052:113)

. 1299 066° 155" P 113 065°
ELCEEIELS (106-16) (054-11) (094-270) (058-143) (08+128) (05+-087)

Easy Clean 0974 060° 1140 07 087" 060°
continuous (0.72-140) (0-093) (0.73-183) (0.01-131) (0.77-103) (044-0.77)

Easy Clean 120 " 1229 109 150° 099
reciprocating (108-195) (0.78-162) (0.35-159) (027-11) (11-198) (0.68-137)

Different letters indicate significant differences in the amount of initial debris and after the irrigation protocols (p « 0.05).

There were significant differences between
the value of initial volume of debris and the final
after the use of irrigation protocols (p < 0.05);
except for the conventional irrigation group in the
apical and cervical thirds, Easy Clean reciprocating
group in the middle and cervical thirds, and CUI
group in the middle third (p > 0.05).

Table Il - Presents the median, minimum and maximum values of the
percentage of debris removal in the three-thirds analyzed provided
by different irrigation methods test-ed

Cervical Middle Apical

Iital Iital Inital
Conventional  164(0-316/=  278(203-319¢%  255(0-407)%
PUL 721457992  576(33-999F  425(259-521
cul 790619/ 55058  193(0-328)8
Endoactivator  46(312-535P%  376(236-5241%  435(224-49.8)
FasyClean 5568 9090 306203.995/% 291204496
rgg;{()‘gggﬂg 16488202  279(0-327)6»  320(206-43)%

Different upper-case letters indicate significant differences between
irrigation methods in each third (p « 0.05). Different lowercase letters
indicate  significant  differences between thirds in each
irrigation method. (p < 0.05).

n the apical third, Endoactivator and
PUI groups were the methods that provided a
higher percentage of debris removal from lateral
canals. In the middle third, PUI group showed
the highest percentage of removal that differed
statistically from conventional irrigation, Easy
Clean reciprocating and CUI groups (p < 0.05).
Endoacti-vator and Easy Clean in continuous
rotation groups also presented higher debris
removal values than CUI group in the middle
third (p < 0.05). For the cervical third, the highest
percentage of debris removal occurred in PUI
group, that was statistical-ly more efficient than
conventional irrigation, Easy Clean reciprocating
and CUI groups. As well, Endoactivator group
favored removal values than those of the con-
ventional irrigation group significantly (p < 0.05).
In other comparisons there were no significant
differences (p > 0.05).

Comparing the thirds of the same group,
there were significant differences for Easy Clean
reciprocating, in which presented a significantly
higher removal value in the apical third compared
with the cervical third; PUI group showed
significantly higher removal values in the middle
and cervical thirds in comparison with the apical
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and CUI Group, in which the removal value
was significantly lower in the middle third in
comparison with apical and cervical levels (p
< 0.05). For the other groups, there were no
statistically significant differences (p > 0.05).

DISCUSSION

This in vitro study evaluated the
cleaning of dentin debris from simulated
lateral canals provided by different methods
of irrigation agitation (conventional, PUI, CUI,
EndoActivator, Easy Clean continuous rotation
and Easy Clean in recipro-cating motion).
According to the results, the null hypothesis was
rejected since there were statistical differences
between the irrigation methods tested.

In this current methodology, acrylic
teeth were used in conjunction with compute-
rized microtomography (micro-CT), which
has already been used in different stu-dies for
different types of analysis [18- 20]. Besides,
using bovine dentin debris in artificial grooves
was used in other studies [21,22] to simulate
smear layer pro-moted by the instrumentation.
These acrylic teeth were chosen because it was
possible to standardize the diameter of the
lateral canals and their location in the tooth,
which could be compared by levels (apical,
middle and cervical). The use of acrylic teeth
allows analysis employing micro-CT, thus
enabling volumetric analysis of the debris inside
the lateral canals before and after the irrigation
pro-tocol, as this methodology does not require
destruction of the sample. Also, this type of
analysis provides less subjective results, because
it is a quantitative anal-ysis and therefore more
reliable. In addition, the initial scanning of the
teeth by micro-CT allowed the groups to be
paired as regards the initial volume of debris in
lateral canals.

As in the present results, other studies
have shown that conventional irrigation has
certain limitations relative to disinfection and
removal of dentin debris, especially in the
apical third and complex areas such as lateral
canals [16,17,23,24]. Therefore, using a method
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of agitating the irrigating solution is necessary
in order to potentiate it and to obtain a better
cleaning of the main canal, particularly the
apical third, and the areas that are difficult to
access such as lateral canals [4,16,17,25].

In the analysis between groups, the results
of this study showed that irrespective of the third
analyzed, PUI obtained the highest percentages
of dentin debris re-moval from the lateral canals
in comparison with CUI (p < 0.05). Although
there are no published articles comparing the
two systems with respect to removing debris from
lateral canals, a previous study by Castelo-Baz [25]
reported that CUI was capable of enabling greater
penetration of irrigating solution into simulated
lateral canals than PUI. However, this previous
study verified the penetration of the solution
and not the cleaning promoted in these regions;
moreover, no volu-metric analysis was performed.
The differences may also be related to other as-
pects of the methodology that was different.

In the middle and cervical thirds, PUI
also demonstrated greater effectiveness
than conventional irrigation and Easy
Clean reciprocating. Relative to the greater
effectiveness of PUI in comparison with
conventional irrigation, the results of this study
corroborated the findings of several previous
studies that analyzed the re-moval of debris in
complex anatomic areas [4,16,25,26]. Asregards
Easy Clean in reciprocating motion (ECR), there
is still no consensus in the literature when it was
compared with PUI, since no difference between
them has been shown in the cleaning of debris
from the isthmus [16]. However, Kato et al.
reported that ECR was better than PUI in the
removal of smear layer in the apical third of the
canal, but these previous studies could not be
compared with the present study because in the
previous one, the removal of debris from lateral
canals was not analyzed [17].

The results also showed that the
Endoactivator was more capable of removing
debris from the lateral canals than CUI in the
apical and middle thirds; and the Easy Clean
was shown to be more effective than CUI, but
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only in the middle third (p < 0.05). There are
no studies in the literature comparing these
methods so that the results obtained can be
cross-checked.

PUIL, Endoactivator and Easy Clean in
continuous rotation showed no significant
differences between them (p > 0.05).
Although there are no studies with the same
type of analysis in the literature, these results
corroborate the findings of other studies in
which there was no difference between the PUI
and the Endoactivator in the ability to deliver
[26,27]. This probably occurred because of
the ability of these three methods to promote
intensely turbulence of the irrigating solution to
the point of penetrating into the lateral canals
and removing dentin debris.

In the comparison between the thirds
of the same group, there were significant
differences for the Easy Clean reciprocating
group, in which there was a significantly higher
removal value in the apical third in comparison
with the cervical third; in the PUI method, in
which the removal value was significantly higher
in the middle and cervical thirds in comparison
with the apical third. For the CUI method the
removal value was significantly lower in the
middle third in compari-son with the apical and
cervical thirds.
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