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Editorial

Bioceramics, a turning point

he evolution of materials has provided a significant progress within

the endodontic field, improving the traditional techniques and estab-

lishing high success rates over time.

Calcium silicate-based materials, also known as bioceramics, are able

to react with water through a hydraulic setting reaction to produce a
solid mass capable to enlarge with time, be dimensionally stable and provide a
perfect sealing. In addition, these materials are demonstrated to be characterized
by biocompatibility, bioactivity and antibacterial properties showing unique fea-
tures, such as mineralized tissue formation, cell proliferation induction and tissue
repair. From a clinical point of view, bioceramics have become commonly used
materials in the different branches of endodontics, namely vital pulp therapy,
repair of perforation, orthograde and retrograde canal obturation and endodontic
regeneration.
In this regard, within the present issue, several scientific papers dealing with the
different use of calcium silicate hydraulic materials has been published. Specifical-
ly, a study had proved the differentiation potential of a newly developed materials
for pulp capping and an immunohistochemical analysis had evaluated the effect of
two cements in terms of furcation perforation repair. Moreover, bioceramic sealers
had been evaluated by two additional papers, in which bond strength and use during
a hot modified obturation technique had been studied, respectively.
The advent of such materials has definitely marked a turning point within the
endodontic field, not only in terms of technological progress, but also in the clin-
ical application and therapeutic choice. Obviously, future researches are needed
with the aim to enhance physical and biological properties, as well as to demon-
strate the efficacy during procedures that nowadays are considered innovative
and just supported by preliminary results.
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ORIGINAL ARTICLE

Postoperative pain after foraminal enlargement in
teeth with necrosis and apical periodontitis:
a prospective and randomized clinical trial

ABSTRACT

Aim: To evaluate the effect of working length (WL) on postoperative pain in root canal
treatment with foraminal cleaning (FC).

Methods: One hundred patients with an indication for root canal treatment of teeth diag-
nosed with pulp necrosis were selected for the study. The teeth were divided into two groups
according to the established WL: in group I (n=50), the WL was established at the 0.0 mark
on the electronic apex locator (EAL) display. In group Il (n=50), the WL was established 1
mm beyond the 0.0 mark on the EAL display. Both groups were treated with the WaveOne
Gold reciprocating system (Dentsply Maillefer).

Results: Postoperative pain was measured 12, 24 and 48 h using a modified verbal de-
scriptor scale ranging from no pain to maximum pain. In both groups, a significant difference
in postoperative pain was observed between all time points analyzed. There was no statis-
tically significant difference in postoperative pain between the two groups. FC performed
in single-visit root canal treatment with WL measurement at the 0.0 mark on the EAL display
or 1 mm beyond results in a similar intensity of postoperative pain in teeth with pulp ne-
Crosis.

Conclusion: The working length did not influence endodontic postoperative pain.

KEYWORDS Forminal enelargment, apical peradontitis, clinical trial

Corresponding Author

Aline de Oliveira Escécio®
Silvia Kaoru Hamasaki*
Elida Mendes*

Bruna Milaré Angelieri?

Aline Cristine Gomes Matta®*
Adriana de Jesus Soares?
Marcos Frozonit

Department of Endodontics, Sdo
Leopoldo Mandic Faculty, Center
of Pesquisa Sao Leopoldo Mandic,
Campinas, Sao Paulo, Brazil

2Department of Restorative Dentistry,
Division of Endodontics, Piracicaba
Dental School, State University of
Campinas, Piracicaba, Sédo Paulo,
Brazil

Received 2022, May 31
Accepted 2022, October 6

Aline Cristine Gomes Matta | Faculty of Odontologia de Piracicaba — UNICAMR Avenida Limeira, 901, CEP: 13.414-903 - Piracicaba, SP | Brasil

Phone: +55 (19) 2106-5706
E-mail: linecristine@msn.com

Peer review under responsibility of Societa Italiana di Endodonzia
10.32067GIE.2023.37.01.01

Societa Italiana di Endodonzia. Production and hosting by Ariesdue. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Giornale Italiano di Endodonzia June 2023, 37(1)




[
4

/ / Foraminal enlargement and a Postoperative pain

Introduction

Ithough the apical limit of
root canal instrumentation
is a controversial topic in
root canal treatment, studies
have shown a high preva-
lence of bacterial biofilms in the region of
the cemental canal and apical foramen. In
certain cases, these biofilms can extend to
the extraradicular apical surface (1, 2).
Therefore, root canal disinfection as close
as possible to the major apical foramen
keeps this region clean and free of debris
and provides a favorable environment for
periapical repair [3]. Root canal instrumen-
tation short of the apical foramen might
leave pulp remnants, infected tissue,
bacteria, biofilm, and unfilled and unpre-
pared areas that can result in endodontic
failure (4-7). The endodontic filling mate-
rials should stop on the cemento-dentinal
junction, otherwise overfilling would
cause inflammatory responses in periapi-
cal tissues (8).
For a correct determination of working
length (WL), an electronic apex locator
(EAL) has been shown to accurately detect
the apical constriction and the major api-
cal foramen (9). However, the measure-
ments provided by the EAL can vary from
-0.5 to +0.5 mm from the apical foramen
and may therefore underestimate the po-
sition of the major apical foramen in some
cases (10-12).
The apical third of the canal is considered
a critical zone, as it can concentrate a large
number of microorganisms that will per-
petuate periradicular inflammation (13,
14). Bacterial biofilms are found in the
apical third of the root canal system in up
to 80% of teeth with apical periodontitis
(15). Removal of bacterial biofilms from the
apical foramen is achieved by foraminal
cleaning (FC) and may lead to successful
results of endodontic treatment in cases of
apical periodontitis (16, 17). FC consists of
intentional mechanical widening of the
apical foramen diameter in order to reduce
the bacterial load in the apical ramifica-
tions by removing contaminated cemen-
tum and dentin and by filling up the apex
to promote tissue repair (4, 16, 17, 19).

One of the main concerns regarding en-
largement of the apical foramen is the
possibility of postoperative pain caused
by instrumentation and irritation of peri-
apical tissue (18, 19). Pain after root canal
treatment can be defined as a feeling of
discomfort and occurs in 3% to 58% of
patients, regardless of pulp and periapical
status (20). Silva (2013) found the same rate
of postoperative pain in the presence or
absence of FC. Other authors reported
increased pain within the first days after
treatment (21). Postoperative pain can be
caused by tissue debris, dentin scrapings,
microorganisms, and irrigating solutions
that are extruded from the apical foramen
to the periapical tissues during root canal
preparation (22).

FC can be performed with the root canals
instrumented at the 0.0 reading on the
EAL display or beyond this measure in
cases of teeth with necrotic pulp and
periapical pathosis (8, 9, 20, 21). The aim
of the present randomized clinical trial
was to evaluate the incidence of postop-
erative pain in root canal treatment with
FC performed at different WL on teeth
with pulp necrosis. The null hypothesis
tested was that there is no significant
difference in the incidence of postopera-
tive pain after FC performed with WL
measured at the 0.0 reading on the EAL
display or 1 mm beyond.

Materials and Methods

Sample size calculation

The sample size was calculated (G*Power
3.1.9.4, Heinrich-Heine University, Diissel-
dorf, Germany) using the results of Silva
(16). In that study the smallest effect size
between groups was 0.1335. Assuming
0=0.05 and a power of 0.80, a sample size
of 46 teeth per group would be needed in
the current study considering two groups
and three time points. The number of teeth
per group was increased to 50 to compen-
sate for dropouts.

Sample selection

The institutional Ethics Committee on
Research Involving Humans of the Review
Board of the Centro de Pesquisas

Giornale Italiano di Endodonzia June 2023, 37(1)
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Odontoldgicas Sao Leopoldo Mandic ap-
proved this randomized clinical trial
(Protocol No. 2.065.851). The study was
registered in the Brazilian Clinical Trials
Registry (ReBEC) under registration num-
ber RBR-6bv5hy.

Three hundred consecutive patients of
both sexes aged 17-69 years, who attended
a private practice between July and No-
vember 2017 and who had maxillary and
mandibular (anterior or posterior) teeth
with a diagnosis of pulp necrosis, were
scheduled for primary endodontic treat-
ment. The canal was considered narrow
when a #15 hand flexo file reached the
working length, and a #20 hand flexo file
did not reach this point. The canal was
considered wide when a #25 hand flexo
file reached the working length, and a 30
flexo file did not reach this point. If a #35
hand flexo file reached de working length
the tooth was excluded from the experi-
ment. After exclusion criteria one hundred
teeth were randomly assigned to two
groups according to the established WL.
The WL was established at the 0.0 reading
on the EAL display in group (0.0) (n=50)
and at 1 mm beyond the 0.0 reading in
group (+1.0) (n=50) (Fig. 1).
Randomization was carried out according
to the order of patient appointment, i.e.,
the first patient was selected for group (0.0),
the second for group (+1.0), and so on. The
participants were blinded and not in-
formed about the allocation. However, the
operator was not blinded to the interven-
tions because of the nature of the interven-
tions.

Inclusion criteria
The criteria for inclusion in this study were
necrotic teeth with or without apical ra-

diolucency (maximum size of 2.0x2.0 mm),
without clinical signs such as fistula,
edema and sensitivity to palpation, and
without a history of endodontic manage-
ment. Patients who had taken anti-inflam-
matory agents or analgesics in the last 10
days, patients requiring antibiotic premed-
ication for dental treatment, patients with
systemic diseases, and patients allergic to
ibuprofen were excluded from the study.
Teeth with an incomplete apex, teeth in
which a Wave One Gold 35/06 file (Dentsp-
ly Maillefer, Tulsa, OK, USA) has reached
working length without any resistance,
teeth with a maximum periodontal probing
depth of 3 mm, and teeth with internal and
external root resorption were also exclud-
ed. Furthermore, patients with a history of
dental trauma or endodontic management,
patients whose treatments could not be
completed in a single session or lasted more
than 90 min, and patients in whom the
apical patency of the root canals could not
be established were excluded.

The treatment protocol was explained
to all patients who signed a written in-
formed consent form. Endodontic treat-
ments were performed in a single session
by a single operator with 10 years of
experience. The maximum duration of
each session was 90 min.

Treatment protocol

All treatments were performed using an
operating microscope (Alliance, Sdo Pau-
lo, Sdo Carlos, Brazil) at 10X to 25X mag-
nifications by an endodontic specialist
with 8 years of experience. Pulp status was
determined by a negative cold test (En-
do-Frost, Coltene-Whaledent) and was
confirmed by the absence of bleeding when
entering the pulp chamber. Rubber dam
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Figure 2

Flowchart of participants
through the trial according to
the Consolidated Standards
of Reporting Trials.

/ / Foraminal enlargement and a Postoperative pain

300 patients attended between July and
November 2017 with maxillary and
mandibular teeth with a diagnosis of pulp
necrosis

Ethical approval: Review Board
of the Centro de Pesquisas
Odontologicas Sao Leopoldo
Mandic (2.065.851) Protocol
registration: RBR-6bv5hy
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[ Not meeting inclusion criteria
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[] Received allocated intervention (n=50)
[] Did not receive allocated intervention (give

Allocated to intervention (n=50)

[ Received allocated intervention (n=50)

[ Did not receive allocated intervention (give
reasons) (n=0)

reasons) (n=0)

)

Follow-Up
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
l [ Analysis ] l

Analysed (n=50)
[1 Excluded from analysis (give reasons) (n= 0)

Analysed (n=50)
[1 Excluded from analysis (give reasons) (n=0)

isolation was used in all cases. Local an-
esthesia 2% lidocaine with 1:100,000
epinephrine (DFL, Rio de Janeiro, Rio de
Janeiro, Brazil) was administered as need-
ed for patient comfort, using the infiltrative
technique for maxillary teeth and inferior
alveolar nerve block for mandibular teeth.
No supplemental injections were used. The
canals of the groups were instrumented
by the crown-down technique. The cervi-
cal and middle thirds were decontaminat-
ed and enlarged using a single-file recip-
rocating instrumentation technique with
WOG primary 25/07 files (Dentsply Maille-
fer) driven by a 6:1 reduction handpiece
(Sirona Dental Systems) that was powered
by a torque-controlled motor (VDW Silver
Motor, Munich, Germany). The “WAVE-
ONE ALL” pre-set reciprocating program
was used.

The root canals were irrigated with a sy-

ringe (20 mmx0.55 mm needle) containing
1 mL of 2% chlorhexidine gel (VisNature,
Itajaf, Santa Catarina, Brazil) before the
use of each file and after the use of each
instrument and the root canals were then
rinsed with 5 mL saline solution (23, 24).
The WL was established by introducing
#10 and #15 K-files up to the apical fora-
men and confirmed with a Romipex A-15
apex locator (Romidam Ltd., Kiryat Ono,
Israel).

Apical preparation was performed using
WOG primary 25/07 reciprocating instru-
ments for narrow root canals and WOG
medium 35/06 instruments for wider ca-
nals. The manufacturer’s recommenda-
tions were followed, the file is chosen
according to the working length adjust-
ment (Figure 3).

The files were introduced into the root
canal with in-and-out movements (pecking
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Figure 3
Foraminal Cleaning
Protocols.
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motion) at an amplitude of 1-3 mm per
movement until the WL predefined for
each instrument was reached. After the
completion of root canal instrumentation,
each canal was irrigated with 1 mL of 17%
EDTA (Biodindmica, Ibipord, Parand, Bra-
zil) by ultrasonic activation with an E-1
Irrisonic tip (Helse Dental Technology) for
30 seconds, with three successive changes
for a total of 3 mL EDTA per canal. The
root canals were then dried with a silicone
cannula (Capillary Tips, Ultradent) and
paper points (Dentsply Maillefer, Tul-
sa, OK, USA) and filled with gutta-percha
(Odous De Deus Ltda.) and the AH Plus
sealer (Dentsply Maillefer, Tulsa, OK, USA)
using warm vertical compaction with a
thermocompactor (Odous Touch). The
3-mm cervical portion of the root canal
was sealed with Coltosol (Vigodent) and
the coronal access cavity was restored
using resin composite. The occlusion was
checked and adjusted.

Assessment of postoperative pain
For accurate assessment of pain intensity,
each patient received a modified verbal

Giornale Italiano di Endodonzia June 2023, 37(1)

descriptor scale (VDS), which is the com-
bination of a verbal rating scale measuring
pain from no pain to maximum pain and
anumerical rating scale scoring pain from
0 to 10 (25). The level of pain was rated as
follows: (0) no pain: the treated tooth felt
asymptomatic; (1 to 3) slight pain: the tooth
was slightly painful for a short period of
time, but there was no need to take anal-
gesics; (4 to 6) moderate pain: the tooth
caused pain which was tolerable or was
rendered tolerable by analgesics; (7 to 9)
strong pain: the tooth caused long-lasting
pain that disturbed normal sleep and re-
quired narcotic analgesics; (10) maximum
pain: the tooth caused continuous pain
that disturbed normal activity or sleep and
analgesics had no effect (26) (Fig. 2).

The patients were instructed to place a
mark on the number of the scale (from 0
to 10) that represented the intensity of the
experienced pain. The level of discomfort
was rated 12, 24 and 48 h after endodontic
treatment (18). The patients were instruct-
ed to take ibuprofen (400 mg, one tablet
every 8 hours for 3 days) in cases of mod-
erate pain or to return to the clinic for
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Table 1
Characteristics of the groups studied
Group (0.0) Group (+1.0)
n % n %

Male 19 38.0 16 32.0
Female 31 62.0 34 68.0 P=0.675

Maxillary teeth 31 62.0 36 72.0
Mandibular teeth 19 38.0 14 28.0 P=0.395

Anterior teeth 24 48.0 26 52.0
Posterior teeth 26 52.0 24 48.0 P=0.842
Analgesic consumption 11 22.0 11 22.0 P=1.000
Presence of apical lesion 23 46.0 18 36.0 P=0.405
Sealer extrusion 18 36.0 32 64.0 p=0.005

Chi-square test with significance at p<0.05.

A significant difference was only observed in endodontic sealer extrusion from the apical foramen (p=0.005).

control in cases of severe pain. All patients
were contacted by phone or by instant
messaging (WhatsApp Messenger,
WhatsApp Inc.) after 48 h to record the
level of postoperative pain at the three time
points analyzed. The patients were asked
whether or not they had taken medication
after treatment and how much.

Statistical analysis

Another operator analyzed the data. The
incidence of postoperative pain was record-
ed and is expressed as percentage. Data
were submitted to statistical analysis using
Fisher’s exact test and the Mann-Whitney
test for nonparametric data. The Statistical
Package for the Social Sciences 20.0 (SPSS
Inc., Chicago, 2006) was used to determine
significant differences at p<0.05.

Results

The demographic and clinical features of
the patients of the two groups are present-
ed in Table 1. The mean age of the patients
enrolled in this study was 36.5 years. There
was no significant difference in gender

(p=0.675), tooth position [upper or lower
(p=0.395), anterior or posterior (p=0.842)],
radiographic presence of apical radiolu-
cency (p=0.405), or medication use
(p=1.000) between groups. However, a
significant difference was observed in
endodontic sealer extrusion from the
apical foramen (p=0.005), which was more
frequent in group (+1.0).

The number of patients who experienced
pain was small and the pain did not ex-
ceed the slight level. There was no statis-
tically significant difference in the inci-
dence of postoperative pain between group
(0.0) and group (+1) (p>0.05) at any of the
three time points analyzed (Table 2). In
both groups, postoperative pain was sig-
nificantly reduced (p < 0.05) at 12, 24 and
48 h after root canal treatment (Table 2).

Discussion

The radiolucency of a periapical lesion
caused by endodontic infection may only
be visible on radiographs in the case of
extensive cortical bone destruction or
erosion (27). Consequently, periapical ra-
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Table 2

Mean and standard deviation of pain intensity in the treatment groups after 12, 24 and 48 h

12 h

24h 48 h

Group (0.0)

1.10 (+1.97)a

0.24 (£1.14)b

0.02 (+0.14)c

Group (+1.0)

1.22 (+2.14)a

0.50 (+1.25)b

0.20 (£0.70)c

*p-value

0.906 0.118

0.089

*Significant difference between groups (0.0) and (1.0).

Pain scores in the same row followed by different letters differ significantly between time points.
Mann-Whitney test with significance at p<0.05.

Chi-square test or Fisher’s exact test with significance at p<0.05.

diographs alone do not permit to confirm
the presence or absence of periapical le-
sions (27, 28). Therefore, teeth diagnosed
with pulp necrosis with or without apical
radiolucency were included in the present
study (28) and no significant difference in
the radiographic presence of apical radio-
lucency was observed between groups.
Only asymptomatic teeth were included
because preoperative pain can exacerbate
the postoperative pain and influence the
reliability of the results (29). There was no
significant difference in tooth position
[upper or lower, anterior or posterior] be-
tween groups.

The success of apex locators is accepted
in the 0.5- to 1.5-mm range from the tip of
the file to the radiographic apex. This ac-
ceptable radiographic range occurs in
81.5% and 97% of cases. However, when
we evaluate the effectiveness for the de-
termination of apical constriction the
success rate changes to between 43.9% and
89.1% (30). Several authors have suggested
that apical preparation plays an important
role in eliminating a larger number of
microorganisms from the root canal (19,
31-33). Failure in measuring WL can im-
pair root canal preparation.

Teeth with pulp necrosis and apical peri-
odontitis have been associated with a high
frequency of biofilms in the cemental canal
and apical foramen (6, 34). Within this
context, disinfection procedures as close
as possible to the apical foramen keep this
region clean and free of debris and provide
a favorable environment for periapical
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repair (3). In this study, FC was performed
with the root canals instrumented at the
0.0 reading on the EAL display or 1 mm
beyond this measure, as reported in pre-
vious studies that proposed penetration
into the apical foramen or beyond to de-
bride and to remove contaminated dentin
and bacteria in the lateral canals and
apical ramifications and to completely fill
the root canal (4, 8, 35, 36).

In a study with dogs, De-Souza Filho (4)
demonstrated tissue repair in cases of pulp
necrosis after foraminal enlargement 2
mm beyond the apical foramen (4). Foram-
inal enlargement improves healing of teeth
with periapical lesions (4, 37) and enlarge-
ment three size larger is of benefit in
endodontic treatment and increases the
rate of successful healing of periapical
lesions (37, 38).

The FC has numerous advantages such as
cleaning the apical region and cemental
canal and decontamination of the apical
major foramen, with the possibility of
greater contact of irrigating substances
with the apical filling (39). The irrigation
protocol of the present study was the same
as that reported in previous clinical stud-
ies in which chemical agents were used
in gel form during instrumentation (either
hypochlorite or chlorhexidine). The root
canals were irrigated with saline after the
introduction of each instrument to flush
out the remaining gel and debris from the
root canal (23, 24, 34, 40). Chlorhexidine
gel (2%) was used as a chemical agent
because it exerts antimicrobial effects
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similar to those of 5.25% sodium hypo-
chlorite (NaOCl) (41, 42) and due to its
exclusive property of substantivity, which
results in long-lasting antimicrobial activ-
ity (43, 44). In addition, chlorhexidine has
biocompatibility with periapical tissues
(45, 46), which is interesting for FC. Tama-
ru-Filho (2002) observed a lower cellular
inflammatory response to 2% chlorhexi-
dine when compared to 0.5% NaOCI.
Despite the cellular cytotoxicity of NaOCl
and chlorhexidine, 5.25% NaOCI] was
found to elicit a greater inflammatory re-
sponse (47).

A major concern in some studies is the
possibility of postoperative pain after FC
related to physical damage to the periapi-
cal tissues and extrusion of infected debris
from the root canal into the periapical
space, which can cause irritation and in-
flammation (18, 19). The canals were
prepared by preflaring the coronal portion
prior to negotiation of the apical portion
and WL determination, reducing the
amount of apically extruded debris and
postoperative pain (48).

The evaluation of pain is difficult because
pain is a subjective and individual expe-
rience of each patient. A major concern
is to assign the inconvenient symptomat-
ic sensation to any specific factor of the
root canal treatment because this treat-
ment comprises complex procedures such
as injection of a local anesthetic, pressure
from the rubber dam clamps, and pro-
longed mouth opening (18, 49). The scale
used for pain assessment must be clear
and precise, must be fully understood by
the patient, and must provide accurate
data for analysis (26, 50). A modified VDS
was used for the accurate assessment of
pain after root canal treatment. This scale
is the combination of a verbal rating scale
and a numerical rating scale with a 11-cm
line divided into 11 intervals (from 0 to
10), which are divided into five categories:
no pain, slight pain, moderate pain,
strong pain, and maximum pain (26).
This scale is a simple, sensitive, and ef-
fective method for assessing pain inten-
sity from the patient’s perspective. The
patients completely understood the cate-
gories.

Postoperative symptoms after root canal
treatment are usually short-lived and tend
to increase within 24 to 48 h (51,52), and
this may be a limitation of this type of
study. In the present study, postoperative
pain was significantly reduced (p<0.05) in
both groups at 12, 24 and 48 h after root
canal treatment. The number of patients
who experienced pain was small and the
pain did not exceed a slight level. There
was no statistically significant difference
in the incidence of postoperative pain
between group (0.0) and group (+1.0)
(p>0.05) at any of the three time points
analyzed (Table 2). Despite the significant
difference in endodontic sealer extrusion
from the apical foramen (p=0.005), which
was more frequent in group (+1.0), no sig-
nificant difference in postoperative pain
or analgesic consumption was observed
between groups at the different time points
evaluated. These findings suggest that
sealer extrusion was not associated with
pain (40) and that instrumentation at or
beyond the apical foramen promotes better
disinfection, with no increase in postop-
erative pain (4, 8, 17, 20).

The findings of the current clinical trial
are in contrast to a previous study (21) that
reported a significant increase of pain
levels in the FC group. Saini (21) performed
two-visit root canal treatment and used
3% NaOCl, while 2% chlorhexidine gel
with saline was used in the present study.
The latter reduces the irritant potential of
the extravasated substance in contact with
the apical tissue (44, 45).

In other studies, FC and non-enlargement
techniques resulted in the same postop-
erative pain (20). These results show that
neither FC nor apical extrusion of the
endodontic sealer increase the incidence
or duration of endodontic pain during the
postoperative period. The results suggest
that FC has no influence on postoperative
pain.

Conclusion
FC performed with WL measured at the
0.0 reading on the EAL display or 1 mm

beyond his clinical trial did not influence
postoperative endodontic pain.
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Clinical Relevance

Cleaning the root canal along its entire
length, including the apical foramen, is
essential for successful endodontic treat-
ment. This cleaning cannot cause post-op-
erative pain. No significant difference in
the incidence of postoperative pain was
found for the evaluated working lengths.
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ORIGINAL ARTICLE

Effect of polydopamine surface pre-treatment
on push-out bond strength of customised short
fiber reinforced post

ABSTRACT Parayatam Dhruv Rao
Saivignesh Sundara Moorthy

Aim: To evaluate and compare the effect of silane and polydopamine functionalized surface Manavalan Madhana

treatment on the push out bond strength of customised fiber reinforced post system ce- Madhubala*

mented to root dentin. .

Methodology: Thirty single rooted premolar teeth were endodontically treated followed by Sekar Mahalaxmi

post -space preparation. Fiber reinforced posts systems (EverStick-POST Stick, ESP) were Department of Conservative Dentistry

randomly assigned (n=10) for surface treatment with Polydopamine (group 1), silane (group and Endodontics, SRM Dental College,
2) and control (no treatment) (group 3), following which posts were cemented using resin
cement. Following 24 hours, each sample was subdivided into four slices (2 mm thick) to
determine the push out bond strength in the coronal and middle thirds and expressed in
megapascals (MPa). Data was statistically analyzed using Post hoc Tukey HSD and Student
t tests using one-way ANOVA (p=0.05). Failure modes were investigated using a stereomi-
croscope. Surface treated posts from each group were also analysed under SEM.
Results: Polydopamine surface treatment showed significantly higher push out bond strength
than silane and control groups in the middle third (p<0.05) with more of mixed type of
failures in both the experimental groups. SEM images revealed good homogenization and
surface deposition of polydopamine molecules on the post surface.

Conclusion: Polydopamine surface treatment showed positive effect than silane on the
adhesion of customised fiber reinforced post to root dentin.
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Introduction

estoration of endodontically
treated teeth with extensive
tooth loss requires the place-
ment of intra-canal post to re-
habilitate the lost structure.
This helps to preserve the structural in-
tegrity of the crown and root to increase
the durability of the tooth. The placement
of post aids in sufficient build-up to retain
the core and to reinforce the roots by re-
sisting occlusal loads (1). Over the decades,
fiber reinforced posts (FRP) have become
the material of choice, due to their modu-
lus of elasticity that is almost equivalent
to dentin. This enables better resistance to
catastrophic failures under extensive
fracture loads. Moreover, they provide
esthetic life-like appearance and negligible
corrosion (2). The durability of FRP lies in
a strong bond between the residual dentin/
core material and post, enabling the inter-
face to dissipate stresses under functional
loading. Debonding of post system is the
most common failure attributing to inef-
fective polymerization, weak cementation
interfaces and inadequate post-canal fit (3).
In order to increase the bond strength and
durability, various surface pre-treatment
strategies of FRP have been proposed in
literature ranging from silane-coupling
agents, airborne particle abrasion, hydro-
fluoric acid, laser, hydrogen peroxide that
have proven to significantly increase their
retention and bonding (4). The most com-
mon surface treatment method is silaniza-
tion which helps in enhancing chemical
bond at the interface. Silane coupling
agents (SCA) contain methacryloxyproyl
trimethoxysilane that possesses catenation
property and vacant orbitals which make
it reactive. However, SCA produces a
non-homogenous layer which results in a
weak chemical bond (5).Various studies
have evaluated the effect of silane on bond
strengths of fiber posts and proved that
SCA treatment alone could not prevent
dislocation of FRC post. Thus, debonding
of FRP remains the main challenge that
needs to be focussed (6-8).
Also, several studies investigated the in-
fluence of voids within the cement-post

interface on the bond strength of FRP (9-11)
Micro-CT analysis on post-cement inter-
face restored either with oval or circular
showed that the volume of cement was
greater with oval posts compared to circu-
lar posts (12). This leads to more volume
of cement at the interface that contributes
to increased solubility and subsequent
microleakage. In such cases, use of a cus-
tomised FRP will result in conservation
of tooth structure and the use of minimal
cements. Individually formed posts using
strips of polyethylene or glass fibres as an
alternative to prefabricated fiber posts
provided higher fracture resistance than
preformed FRP in oval-shaped canals (13).
EverStick-POST Stick (GC, Europe, NV
(ESP)) is one such post system which is
more pliable, mouldable and flexible post
comprising of continuous and unidirec-
tional embedded E glass fibers within a
polymer matrix that can be anatomically
customised. The matrix contains linear
phase polymers, polymethacrylathe (PM-
MA), and a cross-linked polymer
2,2-bis[(4-2-hydroxy-3-methacryloloxy-
propoxy) phenylpropane] (poly bis-GMA).
These fibers are manufactured using IPN
(Interpenetrating Polymer Network) tech-
nology which facilitates penetration of
resin cement into the post thereby increas-
ing the bonding and a well-sealed resin
cement-dowel interface (14). Anna et al
showed no post-cement failures with the
ESP suggesting better interfacial adhesion
of cement to these posts (15). However,
several studies also mentioned the need
for various other surface treatment meth-
ods for ESP, as surface treatment with
hydrofluoric acid or sandblasting swith
aluminium oxide particles were found to
be ineffective for improving the bonding
of resin core materials to ESP (16-18).

Recently, polydopamine pre-treatment of
conventional FRP has proven a novel
strategy for surface functionalization. PDA
is a mussel-derived surface protein which
can be easily deposited on all types of
organic and inorganic substrates with
uniform film thickness and durability. In
addition, it possesses various functional
groups such as catechol, amine and imine
which make it suitable for promoting ad-
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hesion on various surfaces (19). PDA ex-
hibits hydrophillicity and biocompatibil-
ity onto coated materials such as polyeth-
ylene, silicone rubber and glass particles
(20). PDA forms an ultrathin active layer
and chemical structure that can support
the matrix surface and cause a significant
rise in the bond strength (21). Kanyilmaz
et al have evaluated PDA functionalization
significantly increased the adhesion
strength of fiber posts (22). However there
is no current literature evidence on the
performance of customisable FRP on PDA
surface treatment. Hence the aim of this
study was to evaluate and compare the
effect of silane and PDA functionalized
surface treatments on the push out bond
strength of ESP cemented to root dentin.
The null hypothesis was PDA does not
have any effect on the push out bond
strength of EFP system.

Materials and Methods

Specimen preparation

Freshly extracted, thirty, single rooted
mandibular premolars without cracks,
caries, restoration or root-filling were se-
lected for this study. The teeth were
cleaned using ultrasonic scalars to remove
the calculus and decoronated at the level
of cementoenamel junction (CE]) using a
low speed diamond disc under water
cooling, to obtain 14mm long roots. The
working length was determined using a
size 10-K file 1 mm short of the apical fo-
ramen. The roots were then embedded in
self-cured acrylic resin. Root canals were
prepared using ProTaper Gold rotary files
in crown-down manner by a single oper-
ator and irrigated with 5mL of saline and
5 mL of sodium hypochlorite. Final irri-
gation was done using 17% EDTA solution
and dried using absorbent paper points.
All thirty teeth were sectionally obturated
till 4mm of apical third of root and post-
space preparation was done using Pee-
so-reamer no. 3 to a depth of 9 mm. The
most suitable size of Everstick post was
selected according to canal morphology.
The depth of the prepared canal was meas-
ured using a periodontal probe and the
post was cut accordingly using sharp
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scissors. The end of the post was cut
obliquely in order to make the post tapered
and fit into the canal. The post was adapt-
ed to the canal and light cured for 20
seconds. Post was then removed and light-
cured for 40 sec and a layer of enamel
resin was applied to the post surface to
activate the IPN feature. These posts were
kept in a dark container temporarily in
order to protect them from light.

Preparation of PDA

PDA was prepared according to the proto-
col given by Chen et al (23) 0.08 gm of
dopamine hydrochloride and 0.04 gm of
tris-buffer (oxidizing agent) were measured
using an electronic balance and added to
a beaker containing 40 mL of distilled
water. The solution was subjected to son-
ication using a magnetic stirrer for 10 min
and kept aside for use.

Post surface treatment

The samples were randomly divided into
three groups as per the surface treatment
protocol (n=10).

Group 1 —PDA. The posts were immersed
into this PDA solution for 14 hours for
functionalization. After this procedure,
the posts were removed and dried.
Group 2 — Silanization. The surface of the
posts were coated with silane-coupling
agent (Monobond N, IvoclarVivadent,
Liechtenstein) for 5 min. and then air-
dried.

Group 3 — Control group did not receive
any surface treatment.

Two post of each group was prepared
separately and subjected to Field emis-
sion-scanning electron microscopy (FE-
SEM) (Zeiss Leo 440 QEMSCAN SEM, Carl
Zeiss AG, Germany) analysis after surface
pre-treatment to evaluate the surface mor-
phological changes.

Post cementation

The adhesive strategy recommended by
the manufacturer was followed. Briefly,
self-etch adhesive (Variolink N, Ivoclar
Vivadent, Schaan, Liechtenstein) was ap-
plied and left for 10 seconds and dried.
The post surfaces and the root canal were
coated with resin cement (Variolink dual
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cure, Ivoclar-Vivadent, Schaan, Liechten-
stein) that was mixed according to the man
ufacturer’s instructions. The posts were
gently seated into the post spaces with
finger pressure. The excess cement was
removed and the samples were then cured
from the coronal side for 20s with a light
curing device (Bluephase G2, Ivoclar-
Vivadent, Schaan Liechtenstein) using
1.200 mW/cm? power.

Evaluation of Push-out bond strength [PBS]
The roots were sectioned horizontally
using a diamond disc to obtain dentin post
assembly slices of 2 mm thickness, obtain-
ing total of 20 slices from coronal and
middle third for each group. Each of these
slices was transferred to a specially de-
signed metal apparatus with 2 mm diam-
eter holes. PBS was evaluated in Instron
Testing Machine using a punch pin of Imm
diameter, with a load of 450 N at a cross-
head speed of 0.5mm/s until failure was
used. The values of maximum force ap-
plied were obtained in Newtons (N) and
the PBS value of coronal and middle
slices were calculated using the formula:

Push out bond strength = Maximum force
Area (2nrh)

where

r means radius of the dentin slices

h height of the dentin slice

The mean bond strength value of the 20
slices each for the coronal and middle third

was calculated as megapascals (MPa). Statis-
tical analysis of the PBS data was performed
using SPSS statistics software. Normal dis-
tribution of data was confirmed using Shap-
iro Wilk’s test. The data were statistically
analyzed using Post hoc Tukey HSD and
Student t tests using one-way ANOVA. The
significance level was set at 0.05 (P=0.05).

Analysis of failure mode

All the failed specimens were analyzed
using a stereomicroscope (Leica M205,
Leica-Microsystems, Germany) at 25x
magnification to find out the type of fail-
ure. Adhesive, cohesive and mixed types
of failure were categorized for all the
specimens and percentage of each failure
pertaining to each group was calculated.
The interfaces at the root surface were
also visualized under SEM (Zeiss Leo 440
QEMSCAN SEM, Carl Zeiss AG, Germany)
for evaluation of surface topography of
dentinal wall and resin penetration.

Results

PBS Evaluation

Group 1 showed significantly higher mean
PBS as compared to groups 2 and 3 in the
middle third of the root. However, mean
PBS values obtained at coronal third did
not show much significant difference be-
tween them. On intragroup comparison,
coronal third showed significantly higher
mean bond strength values than those of
the middle third for all the groups (p<0.05).

Table 1

Mean comparison of push-out bond strength values following surface treatment of EFP in coronal third

95% Confidence Interval
Std for Mean
Group N Mean Deviation Minimum Maximum

Lower Upper

Bound Bound
Pda coronal 20 5.64 0.59 5.22 6.07 4.91 6.52
Silane coronal 20 5.04 1.00 4.33 5.76 3.98 7.03
Control coronal 20 3.94 0.61 3.51 4.38 2.93 455
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Figure 1

(A-C) Stereomicroscopic images of EFP samples after push-out bond strength testing under stereomi-
croscope (50x). SEM images of EFP surfaces after different surface treatments (250x); (D-F) SEM
images of EFP surfaces after different surface treatments (250x); (D) control sample showing no
surface alteration on EFP surface; (E) SCA sample shows non-homogenous deposition on EFP
surface; (F) PDA sample shows a rough surface with random orientation of E-glass fibers increasing
micro-retention. (G-1) Representative EFP samples after push-out bond strength tests (50x). SEM
images confirm a mixed type of failure in PDA group with remnants of resin cement, dentin and EFP.
(J-L) Cement-dentin inter-diffusion zone of various samples (1000x). (J) The smoother surface of
control post, (K) well-defined hybrid layer or formation of resin tags was not discernible in SCA treated
EFP. (L) PDA treated EFP surfaces showed long and continuous resin tags.

Stereomicroscopic analysis (Fig 1A-C)
revealed that the numbers of dentin-ce-
ment interface failure were significantly
more of mixed type in both the groups.
There was no significant difference in the
number of adhesive failure between silane
and PDA treated groups.

Sem analysis of surface treated post

SEM image of untreated post (Fig 1D)
shows revealed smooth surface without
any irregularities. However, SCA and PDA
surface treated posts (Fig 1E, F) showed a
rough surface, creating spaces for micro-
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mechanical retention. Comparatively PDA
treated EFP resulted in relatively higher
irregularities.

As shown in Fig. 1K-L, SEM images of SCA
and PDA functionalized EFP samples
showed cement-dentin inter-diffusion zone
with long and continuous tags. PDA treat-
ed samples showed more homogenously
functionalized surface creating spaces for
micromechanical retention with residual
adhesive cement depicting superior bond-
ing ability. However, adhesive interface of
SCA treated samples showed smooth and
regular orientation of resin tags.
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Table 2
Mean comparison of push-out bond strength values following surface treatment of EFP in middle third
95% Confidence Interval for Mean
Group N | Mean | Std Deviation Minimum | Maximum
Lower Bound Upper Bound
Pda middle 20 | 4.44 0.66 3.97 4.91 3.48 5.47
Silane middle 20 | 2.75 0.39 2.47 3.03 1.99 3.16
Control middle | 20 | 1.82 0.44 1.50 2.13 1.05 2.39
it is used to cement indirect ceramic and
Table 3

metallic crown, ceramic laminates and
repair E-glass fiber reinforced resin com-
posites, and filler reinforced resin com-

Failure patterns of tested specimens (%)

Cohesive (%)

Adhesive (%)

Mixed (%)

Pda

10

40

50

Silane

25

35

40

Control

15

50

35

Discussion

The results of the present study shows that
surface treatment of posts either with SCA
or PDA had enhanced the PBS of post/
dentin interface significantly compared to
the control group. Moreover PDA showed
significantly higher PBS than other exper-
imental groups thus rejecting the null
hypothesis. EPS with 48% of its volume
with fiber in its composition has different
cross section, which was not always sym-
metrical and round, as distinct from the
other two posts. This was supported by the
SEM observation of the present investiga-
tion. The pre-treated post removes the
resin matrix from the surface of the posts,
resulting in an enhancement of the surface
roughness and in a greater exposure of the
fibres when compared to comparison to the
untreated post. This attributes the lower
PBS seen in control group.

Despite an abundance of literature evidence
on the various pre-treatment strategies, no
surface treatment agent has proven to show
effective adhesion (1). SCA is one of the
most common pre-treatment strategies and

posites (24). Prado et al reported greater
performance of SCA compared to 24%
H,0O, pre-treatment on fiber posts surfaces
based on push-out bond strength (25). A
systematic review of 178 studies conclud-
ed that SCA with post surface pre-treat-
ment alone cannot improve the retention
and clinical survival of fiber posts (26).
Two studies reported that the silane treat-
ment of fiber posts did not prevent dislo-
cation (27,28). Therefore, SCA alone is
insufficient for attaching to non-silica
based materials.

When considering the PBS, middle third
of the root was significantly lesser than
the coronal third. This can be attributed
to the less degree of conversion which
leads to incomplete polymerization due to
lesser accessibility of the curing light (29).
Also, the reduced dentinal surface area
for adhesion compared to coronal third
accounts for lesser PBS. Moreover, SCA
have proven to favour methacrylate based
systems rather than epoxy based systems
(30). Gradually overtime the volatility of
the solvent in SCA could also influence
the bond performance of the same. Fur-
thermore, the key step in the action of SCA
is hydrolysis which is strongly pH depend-
ent (31).

Moreover, the silanization performance is
affected by its silane concentration, simi-
larity in their functional groups with the
resin monomer functional groups, blend-
ing with cross-linking silanes, their pH,
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nature of the solvent mixture (24). Also,
surface treatment with hydrofluoric acid
or sandblasting with aluminium oxide
particles were not found to be effective
methods for improving the bonding of
resin core materials to EPS (1).

PDA is a recently emerging bio-coating
material generated from the catechol de-
rivative dopamine which has been devised
with the capacity to bind to universal
substrates (19). Dopamine oxidation pro-
duces a polymer that contains indole and
dopamine units in various oxidation
states, as well as pyrroles to a lesser
amount. The chemical properties of PDA
is attributed to the presence of oxidised
o-quinone and o-hydroquinone groups in
its chemical structure (32,33). In addition,
PDA possesses functional groups like
imine, amine and thiol which enhance
the hydrophilicity and wet adhesion. PDA
coatings have been shown to be highly
effective and biocompatible adhesives with
enhanced action especially in protein
bonding. Moreover, it has been used to
increase the interfacial adhesion in a range
of different fiber-reinforced composites,
achieving significant improvements in dry
strength and modulus for carbon, glass
and polymer fibers. Chen et al. designed a
novel PDA pre-treatment approach involv-
ing dopamine functionalization to increase
the adhesion of glass fiber post surfaces to
luting cements. He also demonstrated that
hydrogen peroxide and PDA combination
of surface treatment of prefabricated FPS
resulted in higher bond strength (23).
However, this was the first kind of com-
parative study between PDA and SCA
coated EFP system on PBS. The higher PBS
contributed by PDA surface treatment
compared to the SCA group can thus be
attributed to the presence of various func-
tional groups and superior wet-adhesion
ability of PDA (34, 35). The stronger adhe-
sive ability with the substrate could be
due to the higher the dopamine content
and immersion time. Fiber posts treated
with dopamine solution for longer time
might have resulted in a surface modifi-
cation of post with various functional
groups such as hydroxyl, carboxyl and
amino groups. This could have reacted
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with organic functional monomers im-
proving hydrophillicity and chemical
combination attributing to higher bond
strength of this group.

On PDA intragroup comparison, middle
third and coronal did not show any statis-
tical significant difference on PBS due to
the wet adhesion ability, increases in the
hydrophillicity of the post surface thus
providing a better chemical bond to the
resin cement (19, 20). PDA does not destroy
the structures or material properties of the
substrate at the same time by stabilizing
the bond strength. Shari et al showed that
PDA incorporated self-etch and total etch
adhesives resulted in higher degree of
conversion, bond strength and durability
due to its biomimetic remineralization and
MMP inhibition activity (36). This can be
attributed to the effective resin-dentin
bond in both the coronal and middle thirds
of the root.

On SEM analysis, the most common type
of failure observed was mixed. In general,
considering the post-cement-dentin inter-
face, mixed failure is considered more
favourable when compared to adhesive
failure. The relationship between surface
treatment and failure modes agrees with
previous studies (26, 30).This could be due
to various factors such as incompatibility
between the adhesive and resin, inade-
quate mechanical properties of EFP or
cementation protocol. PDA group showed
more percentage of mixed failure than SCA
group. Also, SEM images confirmed the
presence of an irregular and rough surface
accounting for better micro-mechanical
retention thereby enhancing the better
bond with resin cement.

PDA functionalization on EFP also causes
random orientation of fibers which can
provide an isotropic reinforcement effect
on post system (37). On the other hand,
SCA treated post samples showed com-
paratively smoother surface, which might
be the cause for more adhesive failures.
Control group also showed comparatively
more mixed failures with much smoother
surface on SEM findings. This could be
the reason for the debonding failure seen
in fiber post system.

The limitations of the study include high-
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er immersion time in PDA affecting the
clinical simulation, and a mild staining
of the PDA treated EFP surface from
opaque to light brown compromising
aesthetic requirement (32). Hence, further
evaluation on the effect of PDA on long
term resin dentin bond strength after aging
protocol and longevity of EFP system can
also be evaluated in future studies . More-
over, it has been demonstrated in various
studies that PDA produces bactericidal
action against both Gram-positive and
Gram-negative bacteria so which antibac-
terial studies can also be analysed for long
term durability of EFP systems (38, 39).

Conclusions

Within the limitations of this study, it can
be concluded that PDA surface pre-treat-
ment resulted in significantly higher PBS
values than SCA on the middle third of the
root. SEM images also revealed good ho-
mogenization and surface deposition of PDA
on the EFP surface causing random orien-
tation of the E-glass fibers. Hence, PDA can
be an effective surface pre-treatment
strategy to prevent the debonding of flexi-
ble fiber post systems thereby improving
the success rate of post endodontic resto-
ration.

Clinical Relevance

The surface treatment with PDA on flex-
ible fiber post systems can prevent debond-
ing of post thereby improving the success
rate of post-endodontic restoration.
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ORIGINAL ARTICLE

Response of non-differentiated pulp cells (OD-21)
to a novel bioceramic for dental pulp capping

ABSTRACT

Aim: To evaluate an experimental bioceramic (QCP5) effect on undifferentiated pulp cells
(OD-21 cell lineage).

Methodology: Cells were divided into three groups: control (untreated cells), QCP5 (cells in
indirect contact with biomimetic ceramic (QCP5), and Mineral Trioxide Aggregate (cells in
indirect contact with [MTA]). Cell viability, biochemical ALP activity, fast red in situ, and
mineralization were evaluated. The proteins Alp, Col1A1 and DMP1 were detected by im-
munofluorescence. The data were analyzed by a variance analysis with 5% significance
level.

Results: The cell viability test at 3 and 7 days was similar between the groups, but at 10
days there was a significant increase in both the MTA and the QCP5 groups. It was observed
that at 3 and 10 days there was no significant difference in ALP activity, but at 7 days the
expression of ALP was greater in the control group compared with QCP5 and MTA exposure
groups. The fast red technique at 3 and 10 days showed no significant difference, but at 7
days it was significantly lower for the control group compared with QCP5 (P = 0.0477) and
MTA (P = 0.0217). Mineralization was significantly higher in the control group (P = <0.0001).
ALP protein marking was similar in all three groups, Collal presence was significantly
decreased in the MTA group, and DMP1 was more marked in the QCP5 group.
Conclusion: The bioceramic QCP5 promoted cell viability, expression of ALP, mineralization
and expression of proteins ALP, Collal, and Dmpl. Similar behavior was observed with
cells exposed to MTA.
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Introduction

ital pulp therapy (VPT) has
been proposed to preserve and
promote integrity of the min-
eralized tissue barrier of the
pulp vitality of deciduous or
young permanent teeth with immature
roots affected by caries and without evi-
dence of radicular pathology. Nowadays,
treatment options of VPT are represented
by indirect pulp treatment (namely indi-
rect pulp capping), direct pulp capping
and pulpotomy. In addition, the success of
this technique would avoid pulpectomy
and subsequent root canal obturation by
several materials, that, in turn, could pre-
vent the radicular resorption of the prima-
ry molars and alter the development of the
permanent teeth (1).
Properties like cytocompatibility are ex-
pected from the biomaterials used for such
purpose, meaning that when placed in
direct contact with the cellular component
of vital tissues, these will express physio-
logical levels of proliferation, migration,
and survival. In addition, the materials
used in VPT should exhibit bioactive
properties, i.e., induce the formation of a
mineralized hydroxyapatite-like attach-
ment to the dentine substrate through the
ionic interchange with tissue fluids in the
process of biomineralization. Lastly, bio-
materials placed in contact with the den-
tin—pulp complex should ideally influence
cell plasticity, inducing the osteo/odonto-
genic differentiation of local human dental
pulp stem cells (HDPSCs) and, consequent-
ly, promote the process of tissue repair
upon damage (2).
The most frequently used agents for VTP
are calcium hydroxide (CH), di- and trical-
cium silicates (mineral trioxide aggregate
(MTA), Biodentine (BD) (1) and calcium
phosphates with silicon dioxide, tricalci-
um phosphate (TCP) Cement®, Bioglass®
or phosphates without silica. CH was one
of the first materials with bioactive char-
acteristics (introduced in the 1920s) used
to promote the formation of a dentinal
bridge on exposed pulp tissue (3), although
CH has been successfully used for its bio-
logical and antimicrobial properties, its
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disadvantages include low mechanical
properties, cytotoxicity, poor sealing, lack
of adhesion to substrate, microfiltration
and high solubility (4-9). The above men-
tioned materials arose as an alternative to
CH because it is a biocompatible material
with antibacterial properties, excellent
sealing over time, and formation of a thick
and homogeneous dentinal bridge that is
not reabsorbed. However, these cementi-
tious materials also exhibit several draw-
backs such as being difficult to manipulate,
long setting time, high cost, difficult
storage, uncorrectable discoloring effect
associated to the iron ion, and their cyto-
toxicity by the presence of metallic ions
such as Al y Bi**** (5, 7, 10-15).
Currently, ceramic materials based on
calcium phosphates are popular among
dental practitioners because they are bio-
mimetic, biocompatible, bioinductive, and
have better physical and mechanical
properties than MTA. Bioceramics have a
composition similar to the human miner-
al component (16), and they are able to
stimulate components of the extracellular
matrix and induce odontoblastic differen-
tiation (17) and hydroxyapatite formation
(5). QCP5 is a ceramic material made from
eggshell comprising several phases, and
several alkaline phosphates, like apatites
and tricalcium phosphate (TCP) suitable
for inducing rapid mineralization.
Recent advances in tissue and cell engi-
neering have been contributing to repair
injured tissues by using mesenchymal
stem cells, which have been known to
foster self-renewing properties (i.e., prolif-
eration without a change in phenotype)
and the capacity to differentiate into one
or many different specialized cell types
(i.e., changing into a new phenotype). In
the Dentistry field, stem cells derived from
dental pulp have been isolated and inves-
tigated as possible sources for regeneration
of injured tissues. Immortalized murine
pulp cells (OD-21) are undifferentiated
mesenchymal stem cells derived from fetal
molar papillae. It has been suggested that
OD-21 lineage has potentiality to differen-
tiate into odontoblast-like cells, under
appropriate conditions, which might be a
favorable source for pulp therapy (18).
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The objective of our study was to evaluate
the effect of the experimental biomimetic
ceramic, QCP5, on OD-21 cells. The null
hypothesis was that the QCP5 doesn’t
promote cell viability, alkaline phos-
phatase (ALP) expression, formation of
mineralization nodules, or protein expres-
sion to reach a statistical significance
greater than the MTA group.

Materials and Methods

This project was approved by the Ethics
Committee B-CIEFO 178-17 of the School
of Dentistry of the Universidad Nacional
de Colombia-Sede Bogota.

Preparation of QCP5

Calcium phosphate was biomimetically
synthesized from chicken eggshells dried
at 140°C in an oven without affecting the
structure or stoichiometry and was then
used to manufacture QCP5.

The dried eggshell material was fired in a
furnace to obtain basic calcium oxide,
which was then subjected to aqueous or-
tho-phosphoric acid solution to produce
calcium phosphates. The detailed proce-
dure and the instrumental characterization
as well as the results are described in
reference (19). The starting material and
final product were controlled by X-ray
diffraction (The X-ray diffraction (XRD)
patterns were obtained using an X'Pert Pro
MPD® (PANalytical) diffractometer with
CuKa radiation (A=1.5406 nm), produced
at 40 mA and 45 kV. Scans were performed
between 26 values of 5% and 60° with an
angular step of 0.0042¢, and 5.08 s counting
time per step); infrared spectra were ob-
tained using a FT/IR Nicolet iS10 spec-
trometer (Thermo Fisher Scientific ®) and
collected between 600 to 4000 cm™ in
absorbance mode, 124 scans at 1 cm™
resolution) (20) and SEM-EDS data were
obtained with a Tescan Vega 3 scanning
electron microscope at 15,0 KV. The prod-
uct was packed in transparent pharma-
ceutical glass vials, marked, sealed with
pharmaceutical quality rubber stoppers
and aluminum flip-off caps, and then ex-
posed to 25 kGy of gamma radiation for 55
minutes for sterilization.

Preparation of materials

ProRoot MTA (Dentsply®) and QCP5 ma-
terial were prepared in a laminar flow
booth following the manufacturer’s in-
structions.

Cell culture (OD-21 lineage)

The undifferentiated pulp cells, derived
from the dental papilla of first molars of
lab mice (OD-21 lineage) (21), were seeded
by Prof. Jaques Eduardo Nor, of the School
of Dentistry in the University of Michigan,
USA. Cells were cultivated in 75 cm?® vials
with 10 mL of D-MEM culture medium,
bovine fetal serum (10%), penicillin (100
Ul/mL), streptomycin (100 pg/mL) and
plasmocin (5 pg/mL). Then cells were
cultured in 24-well plates at a density of 1
x 10* cells per well. Next, 50 g of ascorbic
acid was added to the culture medium, to
favor the formation of collagen and extra-
cellular matrix (22) and 2 mM of beta-glyc-
erolphosphate was added last (23). The
cells were immediately exposed to the
materials using transwell inserts with 0.4
pm pores in the following groups:
-Control (-): OD-21 cells without material
(n=5).

-QCP5: OD-21 cells with QCP5 (n=5).
-Control (+): MTA OD-cells with MTA
(n=5).

Cell viability

After 3, 7, and 10 days of culture cell via-
bility was evaluated by means of the MTT
colorimetric assay ([3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium] bro-
mide) (Sigma). Aliquots of 150 pL were
transferred to a plate of 96 wells for spec-
trophotometer reading (nQuant, Bio-tek
Instruments Inc., Winooski, VT, USA) at a
wavelength of 570 nm (24).

ALP activity

The detection of ALP at 3, 7, and 10 days
was determined by the release of thymol-
phthalein by hydrolysis of the thymol-
phthalein monophosphate substrate, using
the Labtest commercial kit (Diagnostica
SA, Lagoa Santa, MG, Brazil) and following
the manufacturer’s instructions. Absorb-
ance was determined in the spectropho-
tometer (Bio-Tek) with a wavelength of 590
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Figure 1

QCP5 Characterization:

(A and B) SEM-EDS, (C) FTIR
and (D) Diffractogram.

nm. ALP activity data were normalized
with total protein content.

In situ ALP analysis by fast red

The analysis was performed at 3, 7, and 10
days, after removing the culture medium
the wells were washed twice with phos-
phate-capped saline (PBS) at 37°C. A
solution was prepared with trizma (Sig-
ma-Aldrich), dimethylformamide (Merck),
naphthol (Sigma-Aldrich) and nuclear fast
red reagent (Sigma-Aldrich). 1 mL of this
final solution was placed in each well for
30 min. When the time had expired, pho-
tographic documentation and quantitative
analysis was performed with the Image J®
program.

Detection and quantification of mineral-
ized matrix

After 14 days, the wells were washed three
times with PBS (Gibco) at 37 °C. 2 mL of
10% formalin was added for fixation and
then the solution was stored at 4 °C for 24
hours. Formalin was removed from the
wells and then dehydrated at room tem-

perature with alcohols (309, 509 702 and
1009). After drying, the wells were stained
with alizarin red 2%, pH 4.2 (Sigma). The
protocol of Gregory et al. was followed to
quantify mineralization nodules (25).

Immunofluorescence

After 5 days, the cells cultured in the wells
were fixed in paraformaldehyde at 4%, pH
7.2. The cells were processed for indirect
immunofluorescence. Three separate an-
tibodies were used: monoclonal ALP an-
tibodies (Sigma-Aldrich, USA) type I and
Dmp1 collagen (Larry Fisher, USA), fol-
lowed by secondary antibodies such as
fluoride 594 for red fluorescence, and
phalloidine 488 for green fluorescence
(Molecular Probes, USA). The cells’ nuclei
were marked with 4,6-diamidine-2-phe-
nylindole, dihydrochloride (DAPI, Molec-
ular Probes). The images were examined
under a fluorescence microscope attached
to a camera (Leica, Germany).

Statistical analysis
The variance analysis was performed using
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Figure 2

(A) Cell viability assessed by
MTT assay at 3, 7, and 10
days of cell culture. (B)
Activity of alkaline phospha-
tase through the release of
thymolphthalein by hydrolysis
of the thymolphthalein
monophosphate substrate.
(C) Qualitative detection of
alkaline phosphatase by
nuclear fast red in situ
technique. (D) Quantitative
detection of alkaline
phosphatase by nuclear fast
red in situ technique. (E)
Qualitative and quantitative
extracellular matrix mineral-
ization. Control group, QCP5
(experimental ceramics), MTA
(conventional material).
Different letters represent
statistical differences.
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GraphPad Prism 6.0e software (Graph Pad
software, Inc., San Diego, CA). The estab-
lished significance level was 5%.

Results

Physicochemical characterization

Particles shown in the SEM-EDS figures
are amorphous, round-edges, of multidis-
perse sizes composed of a submicrometric
fraction but also a range of small particles

aggregates of sizes up to 5 pm and large
amorphous particles of around 5-10 pm
figure 1A and 1B.

The following observations refer to figure
number 1C containing the FTIR in which
the band located at 3.642 cm™ originates
in the water OH stretch. The wide band at
3.433 cm™ depicts adsorbed humidity
water. At 1424 cm™ the absorption is due
to v, the A-type substitution on carbonate
anion. The 1.044 cm™ strong absorption
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peak is the bending mode of the PO, and
the small shoulders are librations v, and v,
of the same anion. The sharp weak absorp-
tion at 874 cm™ comes from a calcium-de-
ficient apatite (26), also from original
phosphates anions substituted by carbonate
B-type position after the research by Ber-
zina-Cimdina (20) or from HPO,*(27). All
three sources seemingly different express
the same structural finding. The peaks at
602 y 561 cm™ arise from the v, PO, libra-
tion or may also stem from the B-TCP fol-
lowing the findings reported by Elliot (26)
fact to be taken into account since TCP is
added to the QCP5. These findings are
somewhat logical and compatible with the
composition of the studied powder because
the synthesis was conducted in air without
excluding atmospheric CO, and the product
was also kept in air and therefore there are
B and A substitutions for carbonate. As
indicated in the paper Berzina-Cimdina et
al, these peak assignments are subjected to
position and strength changes caused by
synthesis route, chemicals employed, ther-
mal treatments, treatment duration, parti-
cle size, crystallinity and final composition
(20). This material coming from eggshell
contains magnesiuem and therefore besides
TCP it may contain some true whitlockite
that may also exert an effect on the FTIR
results.

In the diffractogram there are several me-
dium to strong peaks originated in calcium
hydroxide, it must be remembered that
there is no direct relation between the
counts per second or peak intensity and
the concentration of two or more com-
pounds since the instrumental sensitivity
for each compound is different. Some
other peaks such as those at 26, 32, 33, 47
and 49.5 belonging to different types of
apatites. Some smaller peaks correspond
to beta TCP and other phosphate phases
(figure 1D).

Cell viability

At 3 and 7 days there was no statistically
significant difference between the groups
(P=0.1585, P=0.1202 respectively), while at
10 days there was a significant increase in
cell viability in the MTA group in compar-
ison to the control group (P=0.0099); how-
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ever, there was no difference between the
QCP5 group in comparison to the control
group (P=0.2180) or MTA group (P=0.2126)
(Figure 2A).

Analysis of ALP

At 3 days there was no significant differ-
ence between all three groups (P=0.5337).
At 7 days the expression of ALP was
higher in the control group in comparison
to the other groups QCP5 (P=0.0008) and
MTA (P=0.0003), however, no difference
was observed between the latter two
(P=0.8324). At 10 days there was no statis-
tical difference between all three groups
(P=0.9102) (Figure 2B).

In situ ALP analysis by nuclear fast red
Both qualitatively (Figure 2C) and quan-
titatively (Figure 2D) it was observed that
at 3 days there was no significant differ-
ence between the groups (P=0.5337), and
at 7 days the expression of ALP was sig-
nificantly lower for the control group
compared to the QCP5 (P=0.0477) and
MTA (P=0.0217) groups, and between the
latter two there was no difference
(P=0.8991). At 10 days there was no statis-
tical difference between all the groups
(P=0.0910).

Detection and quantification of mineral-
ized matrix

Figure 2E shows qualitatively and quan-
titatively that mineralized matrix deposits
at 14 days of culture were similar between
the QCP5 and MTA groups (P=0.0845). The
control group showed a significantly ele-
vated presence of mineralization nodules
compared to the QCP5 and MTA groups
(P=0.0001).

Immunofluorescence

Figure 3 shows the 3-day immunolocation
of Alp, Col1a1, and DMP1 proteins in the
control, QCP5, and MTA groups. Cell
contour and/or cytoskeleton is evidenced
by green coloration (phalloidine marking),
blue nucleus (DAPI marking), and red
protein presence (antibody marking). In
the first row we can observe that the Alp
protein was marked in a similar way for
the three groups; it was present in the
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Figure 3

Immunolocation of Alp,
Collal, and DMP1 proteins
in OD-21 cells placed in
indirect contact with QCP5
and MTA. Actin filaments
marked in green (phalloidin),
cell nucleus marked in blue
(DAPI), and protein marked in
red (antibody).

/ / A novel bioceramic for pulp capping

cytoplasm and adjacent to the nucleus.
The presence of Collal is noticeably di-
minished in the MTA group; the opposite
occurs in the cells of the control group and
QCP5, which present a similar expression.
However the immunolocation of DMP1 is
more highlighted in the QCP5 group com-
pared to the other groups.

Discussion

The cell viability results of this paper show
that at 3 and 7 days there is no significant
difference between the groups (control,
QCP5, MTA) while at 10 days there was
an increase in cell viability in the MTA
and also the QCP5 groups in comparison
to the control group; however, the QCP5
viability fell in between the control and
the MTA groups showing non meaningful
difference between the QCP5 group in
comparison to the control group or MTA
group. This result seems to indicate that
MTA and QCP5 provide a good environ-
ment for cell survival, possibly due to bi-
oavailability of mineral ions in concentra-
tions larger than those of the control group.
One of the most important proteins for the

formation of a mineralized matrix is ALP,
this must present a gradual increase in the
initial phase of odontoblastic differentia-
tion and indicates the potential for cell
differentiation (28, 29). Therefore, the
evaluation of this enzyme determines the
bioactivity of the material and its potential
to promote the onset of repair with the
formation of mineralized tissue (8). The
ALP biochemical method outcome shown
in figure 2B displays a similar response at
3 days in all groups. At 7 days there is a
net difference between the control group
and the QCP5 and MTA groups. In a sense,
the control group largely outperformed the
two synthetic materials. A possible reason
behind this odd behavior is probably once
again the bioavailability of mineral ions.
The ions in the culture broth are dissolved
and readily available while the ion stock
in both QCP5 and MTA are solid and must
dissolve and diffuse a certain distance
through the well bottom. This explanation
is supported by the observation that at 10
days, the bioactivity of all three treatments
is equivalent because the ion availability
has overcome the solubilization and dif-
fusion barriers. In figure 2C and 2D nucle-

Control

ALP

Col1a1

DMP1
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ar fast red quantitative results show that the
three groups express differently at 7 days.
At this time point, the QCP5 and MTA
groups are clearly superior to the control
group and QCP5 performs better than the
MTA group as shown in figure 2C.
Experimental tests with alizarin red shows
that the QCP5 promotes the formation of
mineral nodules in a similar way to MTA;
this implies that an intracellular deposi-
tion of calcium occurs and is subsequent-
ly released into the extracellular space.
The control group showed a significantly
elevated presence of mineralization nod-
ules compared to the QCP5 and MTA
groups probably because the cells in their
natural state tend to mineralize.

The images obtained from the immuno-
fluorescence assay showed similar expres-
sion of ALP in the three groups. The
qualitative results at the three experimen-
tal times indicated that the MTA and QCP5
behave similarly. These results echo those
found in a study with murine cells ex-
posed to Biodentine, which found no
significant differences between the groups
treated with Biodentine and the control,
favoring the odontoblastic pathway and
the association with an intense secretory
activity of the cell (17, 30).

The biological response depends on calci-
um which is the main component of ce-
ramics and is related to bioactivity, osteo-
blastic survival, modulation of osteopon-
tine levels, bone morphogenetic protein-2,
and activation of ATP, which is important
in the mineralization process (14, 31-33).
Odontoblastic differentiation and the
formation of mineralized tissues is regu-
lated by the expression of proteins such
as Col1al and Dmp1 (28) in the images
obtained from our immunolocation obser-
vations, the presence of Col1al is notably
diminished in the MTA group, and DMP1,
is more marked in the QCP5 group com-
pared to the other groups. This shows that
proteins play a role in intracellular sign-
aling which leads to the differentiation of
mesenchymal cells as nucleating proteins
in the extracellular matrix, and aids in the
orientation and reinforcement of nanocrys-
tals, which are essential properties for
dentin regeneration (34).
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Conclusions

Based on our results, we conclude that the
bioceramic QCP5 promoted cell viability,
the expression of ALP, Collal, and DMP1
and the formation of mineralization nodules.
This indicates it is a promising material for
dental pulp capping to conserve vital dental
pulp tissue and, by extension, the natural
tooth structure surrounding it.

Clinical Relevance

In office practice dental pulp injuries are
treated with calcium hydroxide, calcium
tri/disilicate and polymers. These materi-
als differ largely from enamel composition
(calcium phosphates). The ceramic QCP is
mainly based on biomimetic calcium
phosphates that closely emulate enamel
electrolytes composition (Mg, chlorides,
carbonates), it is biocompatible and has
better physical and chemical properties.
Its composition is like the human mineral
component precursors. This paper presents
some assays that demonstrate the QCP
performance and usefulness.
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ORIGINAL ARTICLE

Is it safe to use YouTube™ to learn about root
canal preparation? Analysis of content and quality

of videos

ABSTRACT

Aim: This study assessed the quality, educational content, and demographics of root canal
preparation videos on YouTube™,

Methodology: The study was performed for root canal preparation using the keywords “root
canal shaping,” “root canal preparation,” and “root canal instrumentation” on YouTube™. In
total, 108 English language videos shorter than 15 minutes were acquired. After evaluating
the demographic characteristics, the viewing rates of the videos were estimated. The qual-
ity of the videos was assessed using DISCERN, the Global Quality Scale (GQS), and the
Video Power Index (VPI). Statistical analyses of the evaluated results were performed.
Results: Endodontists uploaded the most videos (32%), mainly shot on the teeth of patients
(30%). The number of views and the VPI were significantly higher for the videos uploaded
by commercial companies than by endodontists (p<0.05), with no significant difference
between videos uploaded by dentists or endodontists. As the DISCERN (reliability) value
increased, the number of views/likes and the VPI increased, even though these values were
not statistically significant (p>0.05). While a positive and meaningful relationship was found
between DISCERN and the GQS (p<0.05), a negative and significant association was found
between the VPl and the interaction index (p<0.05). When dentists, commercial companies,
and others were considered as a single group and compared with endodontists, no signifi-
cant difference was found between the two groups in terms of GQS and DISCERN (p>0.05).
Conclusion: It was highlighted that a high-quality contribution from uploaders is needed for
videos posted on YouTube™ about root canal preparation. It is crucial to refer to high-qual-
ity sources of information.

KEYWORDS Education, endodontics therapy, root canal preparation, YouTube™
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Introduction

haping the root canals is one of
the most critical procedures for
a more successful treatment
outcome (1). For long years, stain-
less-steel K and H hand files have
been used for root canal shaping. Unfortu-
nately, shaping the root canal is difficult
with hand files, especially in curved ca-
nals. Nickel-titanium (NiTi) file systems
have steadily increased among endodon-
tists and general dentists for shaping root
canals (2). It has been stated that there are
many advantages of using NiTi systems in
root canal shapings, such as fewer proce-
dural errors (3), a shorter treatment time
(4), and potentially better clinical outcomes
(5). Because of these advantages, with the
support of technology, Gavini et al. stated
that more than 160 NiTi file systems were
available in 2018 (6). For this reason, den-
tists should follow up-to-date information
to use the new NiTi systems in the clinic
successfully. Recently, surveys have been
conducted on attitudes towards root canal
treatment procedures and adopting new
technologies in general dental practice. The
results show differences between general
daily practice and academic teaching (7);
therefore, dentists need continuous profes-
sional development to update and expand
their knowledge and skills (8). Additional-
ly, many dental students find endodontic
procedures difficult and stressful. They
also lack confidence while performing
endodontic procedures (9, 10). Because of
the risk of transmission of coronavirus
disease 2019 (Covid-19), social media and
websites may be valuable in providing new
educational opportunities (11).
YouTube™ is one of the largest video-based
sharing platforms. Monthly, more than a
billion hours of video are watched by peo-
ple internationally (12). It enables easy
access to information, collaborative content
creation and storage, sharing, and visual-
ization. Because the visualization of learn-
ing via learning materials is a significant
input for educational development, the
YouTube™ platform also aims to provide
information to educators with the help of
videos (13) and to be considered a learning

tool by learners (14). Despite many advan-
tages of YouTube, unrelated commercials,
some opprobrious content, long videos, and
lack of uncertainty are among the main
disadvantages of YouTube™ videos (15). In
a survey study conducted among third- and
fourth-year dental students in the USA,
endodontics was found to be one of the
most preferred disciplines in terms of
YouTube™ use (16), and, although educa-
tion was not the primary purpose for using
YouTube™, these students were likely to
use it as a resource to learn and prepare for
clinical dental procedures. This situation
draws attention to the importance of the
content and quality of the videos shared
on YouTube™.

Although the quality and precision of
YouTube™ videos have been researched on
different topics in endodontics (12, 17-20),
no data is available on inspecting You-
Tube™ videos as inquiries for root canal
preparation. Thus, this study aimed to
evaluate the quality and content of the
information videos available on YouTube™
regarding root canal preparation. The al-
ternative hypothesis of this study was that
most of the relevant videos evaluated
contained low educational quality or in-
complete information.

Materials and Methods

Publicly available data were used in this
study, and ethical approval was not ob-
tained from the research ethics committee
as any material collected from humans or
animals was not included in the study.

The authors followed the PRISMA flow
diagram for the video selection process in
the present study (21) (Figure 1). The key-
words “root canal shaping,” “root canal
preparation,” and “root canal instrumen-
tation” were searched, and “sort by rele-
vance” was used as the default filter. A
total of 260 videos were analyzed by two
researchers who were specialists in endo-
dontics. Of these videos, 152 were exclud-
ed: non-English language videos, videos
longer than 15 minutes; videos with poor
visual and sound quality; videos irrelevant
to the search terms; and duplicated videos.
The remaining 108 videos meeting the
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Figure 1
PRISMA flow diagram for the
video selection process.

1

instrumentation’ (n =260)

Identificatio

Videos were identified through the YouTube™ platform using three search
terms ‘root canal shaping’, ‘root canal preparation’, ‘root canal

r

Videos after stated criteria
were excluded (n=143)

¥

Videos were assessed for
eligibllity (n =108 )

= Irrelevant videos (n=90)

- Mon-English videos (n=13)

- Lasting longer than 15 min
(n=36)

- Poor visual and sound guality
(n=4)

= Duplicates videos (n=3)

Videos were included in study (n =108)

inclusion criteria were analyzed further.

Each video’s demographics, duration (s),
number of views, viewer rating (likes and
dislikes) and timespan (day) were evaluat-
ed. The source of the videos was classified
as a dentist, endodontist, commerical
company, or other. The tooth/model (ex-

tracted human tooth, artificial tooth mod-
el, patient’s tooth, topic description, no
model), instrumentation file (hand file,
NiTi file systems, hand and NiTi file sys-
tems), and preparation technique were
determined for content classification. The
reliability of the content in the videos was

Table 1

The DISCERN index consists of five questions

DISCERN - Reliability of information (1 point for every Yes, 0 points for No)

Are the objectives clear and achieved?

Are reliable sources of information used?

Is the information presented balanced and unbiased? Is there any reference to other treatment choices?

Are additional sources of information listed for patient reference?

Are areas of uncertainty mentioned?

Giornale Italiano di Endodonzia June 2023, 37(1)
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evaluated using DISCERN (22) and where
the answers were scored as “yes” or “no”,
1 point was given for the “yes” answer

Table 2
Demographic features of videos [Frequency (n) and percent (%)]

and 0 points for the “no” answer. DIS-

Parameter n % CERN consists of five questions, the an-

Uploader swer to each of which was determined

between 1 and 5 points as a result of the

Dentist 21 19 evaluation (Table 1). The quality of video

information was evaluated using the

Endodontist 35 32 Global Quality Scale (GQS), which is

. based on the quality of information avail-

Commercial comparny 23 21 able and evaluates the extent to which

Other 29 27 the observed video is helpful (23). The

GQS scores are given in Table 2. The

The used tooth/model Video Power Index (VPI) was used to

evaluate the popularity/preference rate

Extrated human tooth 6 6 of the videos: [(View Ratio x Like Ra-

Artificial tooth model 16 15 tio)/100], where View Ratio = views/day

] and Like Ratio = [(Likes x 100)/(Likes +
Patient’s tooth 32 30 Dislikes)] (24, 25).
Topic description 29 27 o .
Statistical analysis

No model 21 19 SPSS software package version 20 (IBM

_ Corp, Armonk, IL) was used for statistical

Topic analysis. Descriptive statistics (mean,

Hand file 5 5 standard deviation, median, frequency,

percentage, median, minimum and

NiTi file systems 73 68 maximum) were obtained, and the da-

- ta distribution was calculated using the

Hand and NiTi file systems 2 2 Shapiro-Wilk and Kolmogorov-Smirnov

Preparation technique 28 26 tests. The Kruskal-Wallis test was used

to compare three or more non-normal-
ly distributed quantitative data groups,
and the Mann-Whitney U test was used

b ; tatist vid Tah[.:\‘lel 3 Standard Deviation (SD) to compare two non-normally distrib-
escriptive statistics of videos [Mean * Standard Deviation ) -
Median (Minimum-Maximum)] ’ uted groups. Spearman’s test was per

formed for the correlation of data.

Parameter Mean + SD Median (Min - Max) Significance was evaluated at the p<0.05
level.
Duration (sec) 337£193 309 (40-884)
Results
View 60.291+325.303 3.025 (5-3.253.704)
_ The kappa test results indicated no
Like 440£1.605 27(1-15.000) statistically significant differences
] ] between inter-examiner values for scor-
Video timespan (day) 1.295+ 04 1.003 (7-3.692) ing the GQS and DISCERN (kappa=

0.923 and 0.930, respectively).

+ -,

DISCERN 1+ 104 Table 2 shows the topic described in
the video, the video’s uploader, and the

VPI 6.320+46.944 283 (1-487.812 ’ ’
( ) tooth or model used. Table 3 shows the
Interaction index 346 2 (0-50) duration time, views, likes, video time-
span, and video scale/index (DISCERN,
DISCERN, Quality Criteria for Consumer Health Information; VPI, video power index. VPI, interaction index). In terms of
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Table 4
Distribution of videos by global quality scale (GQS) [Frequency (n) and percent (%)]

GQs n %

1 (Poor quality, poor flow of the video, most information missing, not at all useful for patients) 68 63

2 (Poor quality, poor flow of the video, most information missing, not at all useful for patients) 28 26

3 (Moderate quality, suboptimal flow, some important information is adequately discussed but others 1 10

poorly discussed, somewhat useful for patients)

4 (Good quality and generally good flow. Most of the relevant information is listed, 1 1
but some topics not covered, useful for patients)

5 (Excellent quality and flow; very useful for patients) 0 0

GQS, global quality scale.

video uploaders, endodontists uploaded
the most videos (n=35; 32%), mainly
shot on the teeth of patients (n=32; 30%).
NiTi file systems were the most men-
tioned (n=73; 68%). In terms of quality,
most of the videos were of low quality
and unlikely to be useful to clinicians
because many important topics were not
discussed in their content (n=68; 63%). In
the videos uploaded by the commercial
company, brief information was given about
the files’ kinematics, cross-sections and
size. According to the overall GQS score,
none of the 108 videos evaluated were in

the “excellent quality and flow” category
(Table 4).

In Table 5, there was no significant differ-
ence between video uploaders in terms of
video duration, number of likes or the
DISCERN score. The number of views and
the VPI were significantly higher for the
videos uploaded by commercial companies
than by endodontists (p=0.005, p=0.026),
respectively. There was no significant
difference between dentists and endodon-
tists concerning the number of views and
the VPI parameters (p=0.177, p=0,199), re-
spectively. The commercial companies’

Table 5

Analysis of variables by video uploader

Dentist

Endodontist

Commercial compa-
ny

Other

Duration (sec)

456 (64-705)

230 (56-884)

279 (75-593)

374 (40-767)

View 3881 (30-3.253.704) @ 953 (5-803.778)° 10.282 (8-485.294)? 3350 (8-335.580)%*
Like 53 (1-15.000) 16 (1-1.600) 32 (1-1.900) 22 (1-4.200)
Video a a a
timespan (day) 790 (144 2.986) 834 (43 - 3359)® 1819 (467-3.285)° 855 (7-3.692)*
VPI 588 (4-487.812)® 166 (1-25.476)° 615 (1-16.757)? 179 (1-18.645)*

Interaction index 2 (0-7)? 2 (0-20)2 1 (0-13)° 1 (0-50)2

VPI, video power index.
#bThere is no difference between the values expressed with the same letters in the same row.
Kruskal Wallis H test
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other words, the reliability and quality of
the videos were better. Also, as the DIS-
CERN score increased, the interaction index

Table 6
Reliability-based comparison of popularity and visibility

decreased significantly (p<0.05) (Table 6).
DISCERN (0-1 DISCERN (2-5
Parameter n=76( ) n=32( ) Regarding the educational aim of videos,
_ for evaluating DISCERN and GQS, dentists,
View 2728 (8-204.168) 7086 (5-3.253.704) commercial companies, and others were
. considered a single group and compared
Like 24 (1-2.600) 47 (1-15.000) with endodontists. No significant difference
was found between the two groups in terms
GQs* 1(1-2) 2 (1-4) of GQS and DISCERN (p>0.05) (Table 7).

VPl 249 (1-18.645) 646 (1-487.812) Table 8 shows a positive and significant
relationship between duration time, num-
Interaction Index 2 (0-50) 1 (0-20) ber of views/likes, and the VPI (p<0.001).

Mann Whitney U test, *p<0,05
DISCERN, (Quality Criteria for Consumer Health Information); GQS, global quality scale; VPI, video

power index.

Table 7

Comparison of GQS and DISCERN values of three uploaders with

those of endodontists

While there was a positive and significant
relationship between the views/likes,
video timespan, and the VPI, a significant
negative correlation was found with the
interaction index (p<0.001). A positive and
significant relationship was found between
the number of likes and the VPI (p<0.001),
but a negative and significant relationship

TR S was found between the video timespan
Uploader Endodontist (n=35) entist - (:=n1,%a)ny - Other and the interaction index (p<0.001). Fur-
Meoan * Median Mean Median thermore, a positive and significant rela-
SD ~ | (Min-Max) +SD (Min-Max) tionship was found between DISCERN and
the GQS (p<0.001), but a negative and
GQS 1.51+0,61 1(1-3) 1.48+0,77 1(1-4) significant relationship was found between
the VPI and the interaction index (p<0.001).
DISCERN | 1.34+0,68 1 (0-3) 1.19+0,84 1(0-4)

DISCERN, Quality Criteria for Consumer Health Information; GQS, global quality scale.
Mann Whitney U test

videos were a significantly longer video
timespan than those uploaded by dentists
(p=0.031). There was no significant differ-
ence between dentists, endodontists, and
other uploaders concerning video timespan
(p>0.05).

The interaction index of the commerical
companies was significantly lower than the
other three uploaders (p=0.001). There was
no statistically significant difference in
interaction index value between the other
three uploader types (p>0.05).

As the DISCERN (reliability) value in-
creased, the number of views/likes and the
VPI increased even though they were not
statistically significant (p>0.05). There were
no dislikes in our searching. Furthermore,
as the DISCERN score increased, the GQS
value increased significantly (p=0.001). In

Discussion

The current study highlighted the quality
and content of the information videos
available on YouTube™ regarding root
canal shaping. The alternative hypothesis
of this study was accepted because the
videos were mainly of poor quality and
unlikely to be helpful to clinicans as many
important topics were not discussed in
their content (63%). Furthermore, most of
the content was incomplete or irrelevant,
as professionals did not review the upload-
ed videos, and the quality was checked
only by those who watched the videos.

Some study reports suggested that You-
Tube™ could be considered the power of
e-learning because of its visual demonstra-
tion of clinical procedures (26-28). Burns
et al. performed a survey study on the use
of YouTube™ among dental students for
learning clinical procedures: 95% of re-
spondents rated YouTube™ videos on
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Table 8
Correlation analysis between parameters
: Video
Parameter D‘(';gﬂ)"“ View Like Tir?de%[;an DISCERN VPI (imterac- | @as
Duration r 1
(sec) p
r 0.339 1
View
p <0.001* -
r 0.35 0.826 1
Like
p <0.001* <0.001*
Video r 0.01 0.398 0.125 1
Timespan
(day) p 0.918 <0.001* 0.198 -
r -0.084 0.055 -0.001 0.026 1
DISCERN
p 0.389 0.57 0.995 0.787 -
r 0.349 0.927 0.847 0.076 0.085 1
VPI
p <0.001* <0.001* <0.001* 0.433 0.384
Interaction | -0.06 -0.483 -0.055 -0.585 -0.055 -0.294 % * 1
Index |, | 0538 | <0.001* | 0568 | <0.001* | 0.568 | <0.001* :
r 0.01 0.161 0.113 0.114 0.729 0.166 -0.144 1
GQS
p 0.919 0.096 0.246 0.241 <0.001* 0.086 0.136 -

Spearman’s correlation test, *p<0.05.

DISCERN, (Quality Criteria for Consumer Health Information); GQS ,global quality scale; VPI, video power index.

clinical guidelines as a helpful learning
tool, and 89% requested dental schools to
post informative videos on YouTube™/
social media (16). Some research also high-
lighted the positive aspects of YouTube™
users, like encouraging discussion and
critical analysis (26, 29). Among dental
students, YouTube™ was often used to
learn about different ways to clinical pro-
cedural techniques and improve the visu-
alization and understanding of abstract
concepts (16). However, it is also a fact that
YouTube™ is not a substitute for first-hand
experience.

One of the challenges with easily accessi-
ble information is that the content of the
videos may lack certainty about the qual-
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ity and veracity (26, 29). Findings from this
study supported the uncertainty of the
quality of readily accessible information
on YouTube™ regarding root canal prepa-
ration. Regarding video content, mainly
the following were not disclosed: proce-
dural errors, estimated frequency of file
separation in the root canal, what to do to
avoid file separation, and treatments that
would be applied after the complications.
It is essential to consider that low prior
knowledge of the subject, especially among
dental students, may negatively affect the
video search process on YouTube™ (30). A
survey study by Fu et al. (28) reported that
not all feedback was positive concerning
YouTube™ as a learning tool for clinical
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endodontics, stating a lack of understanding
of the techniques and the procedural infor-
mation to be followed after possible compli-
cations during root canal treatment.

The findings of the present study also sup-
port these results. Information sharing about
the problems that preparation procedures
clinicians may encounter was lacking.
Studies in the literature suggest that few
faculties recommend YouTube™ as a learn-
ing procedures tool for clinical dentistry (16)
and that faculty recommendation or valida-
tion is an essential factor influencing stu-
dents’ perception of the reliability of external
resources (31).

In this study, there was no significant dif-
ference between video uploaders in terms
of video duration, number of likes, and
DISCERN, and the number of views and the
VPI were significantly higher for the videos
uploaded by commercial companies than
those uploaded by endodontists. There was
no significant difference between dentists
and endodontists for these two parameters.
Also, the videos were mostly shot on the
teeth of patients. Uploaded videos could
enhance the fame of the owner/brand of the
videos. In addition, Cuddy et al. (32) report-
ed that the videos could be intended for
uploaders’ commercial purposes rather than
educational content. The results of this study
also support this conclusion.

Endodontists uploaded more videos about
root canal preparation that met the inclusion
criteria on YouTube™ in this study. In this
study, when dentists, commercial compa-
nies, and others were considered as a single
group and compared with endodontists, no
significant difference was found between
them in terms of GQS and DISCERN. How-
ever, this may be because the number of
endodontists uploading videos was about
half the others. Although not statistically
significant, the mean values of endodontists
were higher. Therefore, it can be concluded
that GQS and DISCERN will increase as the
number of endodontists uploading videos
increases. In addition, as the DISCERN score
increased, the GQS value increased signif-
icantly. This result supports the data in the
literature that professionals and communi-
ties supply more credible health information
(12, 17, 20, 33). With higher DISCERN scores,

the veracity and content quality of the vide-
os were considered to be almost high (33).
As the length of the video increases, it may
provide more detailed information to the
viewer, but it may also cause a loss of con-
centration in the subject. In the present study,
there was a significant relationship between
duration time, number of views/likes, and
the VPI, in agreement with the results of the
previous study (12). The instructional pur-
pose is essential in determining the length
of a video intended to be used as a teaching
tool. It has been stated that the shorter the
video, the higher its impact on the subject
(34). However, the subject’s content and
complexity can affect the video’s length to
impart the correct information to the target
viewer productively (35). Therefore, for all
videos rated by their viewers, there were
many “likes” and no “dislikes,” suggesting
that viewers generally view videos as helpful.
The videos evaluated here did not have
“dislikes.” Such video rating is unscientific
and subjective but could be used to show
that the viewer approves of the video and
thus attracts more viewers in the future (20).
The methodology of this study had some
limitations. Uploaders can modify and edit
videos, comments, and delineative data on
YouTube™. Such tampering with the videos
may lead to different search results in dif-
ferent time zones (33). Moreover, while en-
dodontic treatment is widely performed
worldwide, only English videos were eval-
uated. Thus, our findings are limited as
English is not the primary language in most
countries.

Conclusion

Within the limitations of this study, the
content of the videos on YouTube about root
canal preparation was not reliable and suf-
ficient. However, videos with high content
and quality that professionals prepare for
educational purposes may help to reduce
incomplete information intake over the In-
ternet.

Clinical Revelance
In light of these findings, it is essential for

dentists and dental students to be aware of

Giornale Italiano di Endodonzia June 2023, 37(1)



Falakaloglu S*, Ozata MY, Karaagac B, Giindogar M

current and critical information, to direct
endodontists to appropriate resources (pro-
fessional or commercial) and to obtain ac-
curate and up-to-date information.
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ORIGINAL ARTICLE

Effect of smear layer removal using different
chelators on push-out bond strength of bioceramic

sealer

ABSTRACT

Aim: The aim of this study was to evaluate the effects of phytic acid (IP6), ethylenediamine-
tetraacetic acid (EDTA) and glycolic acid (GA) used as a final irrigation solution on the push-
out bond strength (POBS) of a bioceramic-based root canal sealer.

Methodology: The study included 60 single-root human mandibular premolars. After the
teeth were decoronated, they were cleaned and shaped using the #25.08 Reciproc R25
single file system. Throughout preparation, each canal was irrigated using 20 ml 5.25%
sodium hypochlorite (NaOClI). The teeth were divided into 4 group, each consisting of 15
(n=15) according to the final irrigation agent [1% IP6, 10% Cl, 17% EDTA, and distilled water
(DW)]. The final irrigation protocol consisted of application of 5 ml chelating agent for 1
minute followed by 5 ml 5.25% NaOCI application. Root canals were filled using Well Root
ST canal sealer and Reciproc R25 gutta-percha, based on the single-cone technique. A
2-mm section was extracted from the middle part of the roots to test for POBS. Values were
recorded in MPa and fracture types were examined. Groups were compared using one-way
ANOVA (Welch'’s) test.

Results: The GA, EDTA, and IP6 groups showed no significant intergroup differences (p>0.05).
EDTA and GA groups had significantly higher POBS than the DW group (p<0.05). No signif-
icant difference was observed between IP6 and DW groups (p>0.05).

Conclusion: GA increased the bond strength of the bioceramic-based canal sealer to the
root canal dentin at least as much as EDTA; IP6 exhibited similar strength to these chelators,
it was not better than DW.

KEYWORDS Phytic acid, glycolic acid, EDTA, push-out bond strength, Well Root ST
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Introduction

oot canal sealers are used to
provide a bond between the
root canal wall and the core
filling material. A strong and
long-lasting bond between the
root canal wall and the filling material is
an important factor in preventing root
canal infection caused by proliferation of
microorganisms or reinfection owing to
coronal/apical leakage (1, 2). Push-out bond
strength (POBS) is considered a prognostic
factor relevant to assess the bond provided
by a root canal sealer between the canal
wall and core filling material (3).
Root canal instrumentation causes the
formation of a smear layer (SL), which
contains organic and inorganic compo-
nents that occlude the orifices of dentinal
tubule and remarkably prevent irrigants
and medications from reaching the dentin
surface (4). Furthermore, SL creates an
interface between the filling material and
dentin, preventing the sealer from adher-
ing to the dentin (5). Chelating agents are
recommended for use during root canal
treatment to improve chemo-mechanical
preparation by removing SL and deminer-
alized and softened dentin from the root
canal. To some extent, this procedure ex-
poses a large number of dentinal tubules,
which increases the contact zone and
provides stronger bonding between the
sealer and root canal dentin (6). Removal
of SL using this procedure may improve
the adhesion of sealers to dentin. An ef-
fective chelating agent should remove SL
by acting only on the superficial dentin
without damaging the interior region of
the root dentin. Ethylenediaminetetraacet-
ic acid (EDTA) has good SL-removal ca-
pacity, but (7) has some undesirable effects
when used for more than 3 minutes, in-
cluding denaturation of collagen fibrils (8),
and erosion of peritubular and intertubu-
lar dentin (7). This resulted in a need for
searching alternative irrigants that are
biocompatible and effective in removing
SL without damaging the structure and
properties of the root dentin to ensure a
successful root canal treatment. Phytic
acid (inositol hexaphosphate-IP6), recog-
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nized in the endodontic literature as an
alternative to EDTA, is a chelating agent
that is biocompatible with osteoblasts, able
to remove SL and release TGF Beta in re-
generation (9, 10). Glycolic acid (C,H,O,
-GA) is an organic chelator that is highly
soluble in water and that induces collagen
and fibroblast proliferation. Furthermore,
this acid is suggested as a substitute for
phosphoric acid, which is abrasive on
enamel and dentin (11). Additionally, GA
is relatively less toxic than EDTA and
readily biodegradable (12).

However, various chelating agents may
cause different superficial dentin modifi-
cations (removing different parts of major
inorganic elements such as calcium [Ca**
1 (13, 14) and this may give rise to variable
interference with the bonding of calcium
silicate-based sealers to dentin. Against
this background, the aim of this study was
to evaluate the effect of IP6, EDTA and GA
used as chelating agents on the bonding
strength of calcium silicate-based root
canal sealer (Well Root ST) to root canal
dentin. The DW group was used as the
reference agent for comparison purposes.
The null hypothesis tested was that various
chelating agents would not affect the bond-
ing strength of the calcium silicate-based
root canal sealer.

Materials and Methods

This study received approval from Ethi-
cal Committee of Dicle University, Fac-
ulty of Dentistry, Diyarbakur, Tiirkiye (no:
2021-39).

Calculating the sample size

The sample size was calculated based on
a previous study (15). According to this
study, the minimum sample size for each
group was found to be 6 observations. In
the present study, we used 15 teeth per
group and 60 teeth in total.

A total of 60 single-root mandibular pre-
molar teeth were used; these teeth had
completed their apical development, had
been extracted for periodontal or ortho-
dontic reasons, and had no fractures or
cracks on them. The teeth were decoronat-
ed to a root length of 15+1 mm using a
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diamond disk under water cooling. Then,
working length was determined using a
15 K-type (VDW, Munich, Germany) hand
file for standardization. The working
length was determined such that it would
be 1 mm short of the file going beyond the
apical foramen. Root canal preparation
was performed using a Reciproc R25 (VDW,
Munich, Germany) single file system in
accordance with the manufacturer’s in-
structions. Irrigation was performed using
30 gauge irrigation needles (Dentsply
Sirona, Maillefer, Ballaigues, Switzerland)
with two lateral vents. Throughout the
preparation, each canal was irrigated using
20 ml 5.25% NaOCl (Promida, Eskisehir,
Turkey). Following enlargement, the teeth
were randomly divided into 4 groups for
final irrigation (n=60). The groups were as
follows:

EDTA Group (n=15): The root canals were
irrigated with 5 mL 17% EDTA (Promida,
Eskigehir, Turkey) (1 minute) and 5 ml
5.25% NaOCl.

GA Group (n=15): The root canals were
irrigated with 5 mL 10% GA (Sigma Al-
drich Co. LLC, St Louis, MO, USA) (1
minute) and 5 ml 5.25% NaOCl.

IP6 Group (n=15): The root canals were
irrigated with 5 mL IP6 (Sigma Aldrich Co.
LLC, St Louis, MO, USA) (1 minute) and 5
ml 5.25% NaOCl.

DW Group (n=15): The root canals were
irrigated with 5 mL DW (1 minute) and 5
ml 5.25% NaOCl.

After final irrigation procedures were
performed according to the irrigation
regimen for each group, all teeth were
rinsed using 5 ml DW and dried with
paper points. Root canals were filled with
bioceramic-based Well Root ST (Vericom,
Gangwon-Do, South Korea) sealer using
Reciproc R25 gutta-percha cones based on
the single-cone technique. The coronal

chamber was obturated using a temporary
restorative material. The teeth were em-
bedded in square silicone molds filled with
cold-curing acrylic (Imicyl, Konya, Tiirki-
ye). After acrylic polymerization, the
samples were stored at 37 °C and 100%
humidity for 7 days to ensure that the
canal sealer was fully cured.

The acrylic was marked with an acetate
pen 4 and 6 mm above the apical section.
Then, samples were cut using the ISOMET
device (Isomet, Buehler, Lake Bluff, IL,
USA), with a blade rotating at 200 rpm
(ATM GmbH, Mammelzen, Germany)
under water cooling to obtain a sample of
approximately 2 mm from the middle 1/3
of each sample. Section thickness was
measured with a digital caliper (Mitutoyo
Corp, Tokyo, Japan) with 0.01 mm preci-
sion. The push-out bonding strength of the
samples was tested using the Instron de-
vice (Instron 3382, Instron Corp., Mem-
mingen, Germany). A stainless-steel cylin-
drical tip with a diameter of 0.75 mm was
mounted on the device and positioned to
touch only the canal filling. The prepared
device was used to apply a load at a con-
stant speed of 1 mm/min until debonding
of the root canal filling and dentin was
achieved. Owing to the increasing taper
of the sections in the apico-coronal direc-
tion, the load was applied to the canal
filling material in the apico-coronal direc-
tion. Fracture strength values were record-
ed in Newton (N) and converted to Mega-
pascals (MPa) to calculate the bond
strength. After the bond strength test,
samples were examined to identify their
fracture types (Figure 1). Adhesive failure
is the type of failure that occurs at the
interface between the filling material and
dentin, whereas a cohesive failure is the
failure that occurs within the filling ma-
terial itself. Mixed failure indicates frac-

Figure 1

Visualization of failure types
after POBS testing under a
stereo microscope

A) Adhesive failure, B)
Ccohesive failure, C) mixed

failure. “
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ture both at the filling material-dentin
interface and within the filling material.

Statistical analysis

Data were analyzed using SPSS 21.0 Soft-
ware (IBM Corp, Armonk, NY) and were
normally distributed according to the
Shapiro-Wilk test. The variances were not
found to be homogeneous according to
Levene’s test, and the data were compared
using the one-way ANOVA (Welch’s) test.
Multiple comparisons were performed
using Tamhane’s test. Inter-rater agreement
was calculated using Cohen’s Kappa sta-
tistic. The alpha type error was set at 0.05.

Results

Descriptive statistics of the push-out test
are given in Table 1. No significant differ-
ence was observed between the IP6 and
EDTA groups, and these two groups ex-
hibited significantly higher bond strength
than the DW group. Although the IP6
group showed lower bond strength than
the GA and EDTA groups, this difference
was not statistically significant. No signif-
icant difference was observed between the
IP6 group and the DW group.

The graph of intragroup values by type of
failure is given in Figure 2. Kappa test
results showed statistically high inter-rat-
er agreement in determining types of
failure after bond strength test in each
group (Kappa value=0.824). Mixed failure
was more common in the IP6 group

(53.3%), while cohesive failure was more
common in the EDTA group (46.7%). The
rate of adhesive failure was higher in the
GA group (40%) and DW group (66.7%).

Discussion

Removing the inorganic component of SL
using EDTA and the organic component
using NaOCl is generally considered a
standard clinical practice. However, this
combined irrigation protocol causes abra-
sion on the dentin surface (16). Further-
more, prolonged exposure of the root
dentin to EDTA can reduce dentin's mod-
ulus of elasticity and flexural strength (17).
Therefore, there is a search for alternative
chelating agents with less or no harmful
effect on root dentin. The effect of chelat-
ing agents is generally not limited to SL;
these agents also change the ratio of Ca**/
phosphate present in the dentinal walls
(18). Furthermore, they expose collagen
fibers and reduce dentin hardness (19).
These changes may affect the bonding
between dentin to calcium silicate-based
sealers, which use Ca** ions in dentin for
biomineralization. The results showed no
significant difference in the bond strength
of the Well Root ST bioceramic sealer to
root dentin after removal of SL with dif-
ferent chelation solutions, therefore, the
null hypothesis of the study was accepted.
Compared to the samples treated with
chelating agents, DW-treated (control)
samples had significantly lower bond

Table 1
Descriptive statistical values for push-out bond strength in groups

Group n Mean £ SD Median (Min-Max) p
GA 15 3.9+1.19% 4.31 (1.71-5.56)
EDTA 15 4,1241.45* 4.13 (1.79-6.73)
0,004*
IP6 15 3.39+1.19% 3.17 (1.955.71)
DW 15 2.83+0.598 3.02 (1.72-3.54)

*BGroups with the same letter have no significant difference between them.]
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strength values. This finding strongly
suggests that the presence of SL has a
negative effect on adhesion between dentin
and the Well Root ST. The increase in
surface roughness caused by removal of
SL may be clinically beneficial because
retention is achieved by the micromechan-
ical interaction of the sealer with the
dentinal tubules (20). The fact that the
bonding between bioceramic sealer and
radicular dentin is reportedly brought
about by mechanical interlocking of the
sealer plug in the dentinal tubules rather
than chemical interaction (21). All chelat-
ing agents used were kept in the canal for
1 minute. 1 minute of EDTA application
has been reported to be effective in remov-
ing SL (22). A longer contact time may
result in excessive peritubular and inter-
tubular erosion and destruction of root
dentin (22, 23).

In this study, the highest POBS value was
observed in the GA and EDTA groups. This

may be owing to the fact that GA at 10%
concentration has an SL-removal ability
similar to EDTA at 17% concentration. In
addition, its acidic pH (2.36 and 2.18) re-
portedly causes demineralization of den-
tin, and this may result in increased sur-
face roughness, which has a clinical
benefit in micromechanical bonding of
adhesive materials (24). The results of our
study are in line with that of a POBS eval-
uation by Veeramachaneni et al. (25) con-
ducted with a similar method. This study
evaluated the POBS of bioceramic (Bio C
sealer) and epoxy resin (Dia-Proseal) seal-
ers after using a variety of final irrigants
and found that both sealers exhibited
higher push-out bond strength after treat-
ment with GA with no significant differ-
ence between 5% and 17% GA has been
demonstrated. Furthermore, bioceramic
sealer with GA as final irrigant showed
higher bond strength than epoxy resin.
Our study only used bioceramic-based

Giornale Italiano di Endodonzia June 2023, 37(1)



Ozata MY, Kaya S, Falakaloglu S* et al.

Well Root ST sealer, and could not make
any comparison with other sealers.

IP6 contributes to various cellular func-
tions, has multiple negative charges, mak-
ing it an effective chelator of polyvalent
cations such as Ca++, magnesium and iron
(26). Studies have found IP6 to be effective
in removing SL (10, 27). A confocal laser
scanning microscopy study by Eskander et
al. (28) found deeper sealer penetration
with 17% EDTA, compared to 1% IP6 and
reported that the IP6 group had moderate
tubular penetration. In contrast, Nassar et
al.(10) reported that both IP6 and EDTA
removed SL, but the 1% IP6 group exhib-
ited cleaner surfaces. This study found no
significant difference between the IP6
group and the other groups, including the
control group. We think that the discrep-
ancy in the findings is due to the different
amounts of irrigants used and the size of
contact with the dentin surface. There is
no other study with a similar methodology
that investigated the effect of IP6 on the
POBS of bioceramic sealer.

Well Root ST is a tricalcium silicate-based,
premixed and injectable bioceramic sealer.
The zirconium oxide, calcium silicate,
filler and hydrophilic thickeners it contains
initiate the setting reaction by using the
moisture in the canal (29). A study with a
similar methodology to ours investigated
the effect of 17% EDTA, 18% etidronic
acid (HEPB) and 0.2% chitosan on the
POBS of AH Plus and Well Root ST sealer
and found that the bond strength of Well
Root ST sealer was affected by chelating
agents (15). Our study achieved a similar
result in that the POBS of Well Root ST
sealer did not differ significantly with three
different chelators. A study by Kaki and
Geng Sen (15) mostly observed adhesive
failure in all experimental groups, this
study achieved a different result. The con-
trol group using DW exhibited mostly ad-
hesive failure (66.7%), the samples using
chelator had 42.22% mixed failure. Accord-
ing to the authors of the study, the greater
proportion of adhesive failure in the DW
group may be the result of insufficient
sealer-dentin bonding. The greater propor-
tion of mixed failure in the samples using
chelators compared to the control group
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can be attributed to the fact that seal-
er-dentin bonding has an effect compara-
ble to sealer-gutta-percha bond (30). There
was no significant relationship between
the effect of different chelating agents and
the types of fracture.

Using sealer without a core filling materi-
al is not an appropriate representation of
actual clinical conditions and the absence
of gutta-percha in the root canal filling
may affect the results of the POBS test (31).
The bond between gutta-percha and seal-
er is weak, and this low adhesion reduces
the mechanical properties of root canal
filling materials compared to the use of
endodontic sealers alone and exhibits low
resistance to elastic deformation (32).
Concerning obturation techniques, lateral
condensation and warm filling techniques
can have an impact on POBS and are less
reproducible than the single-cone tech-
nique (33, 34). Therefore, in this study,
obturation was performed using gutta-per-
cha cones suitable for the enlarged canals,
based on the single-cone technique. Be-
cause standardization of the POBS test is
important to investigate bonding issues in
the sealer-dentin interface (35). This study
investigated the effect of three different
chelating agents on the bonding between
bioceramic sealer and dentin, and there-
fore, the use of core material should be
considered invariant.

POBS test determines dislocation resist-
ance of materials and thus provides an
effective and reliable measure of adhesion
of sealers to root canal walls (36). The
density of dentinal tubules and the strength
of sealer bonding to dentin decrease along
the root from the coronal to the apical third
(37). Therefore, this study only used sec-
tions obtained from the middle third of
each root for POBS testing. One of the
limitations of this study is thus the use of
sections from only the middle third of the
roots, instead of the coronal or apical third.

Conclusion

GA exhibited a POBS that was significant-
ly higher than DW and similar to EDTA.
IP6, on the other hand, exhibited a POBS
similar to GA, but had no significant dif-
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ference with DW, which is unable to re-
move SL. Therefore, GA, as an alternative
chelator, can increase the POBS of bioce-
ramic-based Well Root ST root canal
sealer. Further studies are needed to in-
vestigate the chelating effect of IP6.

Clinical Relevance

The knowledge about the influence of the
chelator on POBS of bioceramic-based root
canal sealers is essential. Also, GA, an
organic chelator, increased POBS as much
as EDTA.
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ORIGINAL ARTICLE

Effects of different irrigation solutions on the
accuracy of electronic apex locators in curved
and straight root canals

ABSTRACT Dide Tekinarslan
Damla Erkal
Aim: To evaluate the effects of different irrigation solutions on the accuracy of Burcu Pehlivan
4 different electronic apex locators (Propex I, Propex-Pixi, Dentaport ZX, DTE .
Dpex V) (EALs) in curved and straight root canals. Elif Unal
Methods: A total of 20 extracted human teeth; 10 maxillary incisors with straight Goknur Kayar
root canals and 10 mandibular molars with curved root canals, of which the
curvature angles were between 30-50 degrees were selected. A #10 K-type file Simay Koc*
was advanced under a stereomicroscope at X15 maghnification until the file was Kiirgat Er
seen apically and the measured value was recorded as actual length (AL). Then,
electronic length (EL) was determined using the selected EALs in different irri- 1Department of Endodontics, Faculty of Dentistry,
gation solutions. Group 1 was the control group. 1% NaOCl, 2.5% NaOCl, 5% Akdeniz University, Konyaalti, Antalya, Turkey.

NaOCl, 2% CHX, 17% EDTA and EDTA gel was used for groups 2-7, respectively.
After each measurement, the roots were washed with 5 mL of distilled water
and dried with a paper point before the same teeth were used in the next group.
The difference was calculated by subtracting each tooth’s AL from EL.
Results: When EALs accuracy was compared, there was a significant difference
for Propex-Pixi and DTE Dpex V. When EALS’ accuracy was compared in presence
of different irrigation solutions, there was a significant difference in the Control
group and Group 5.

Conclusions: All EALs performed more successfully in straight canals than in
curved canals. Electronic measurements of molars with curved root canals were
affected in the presence of CHX and when the root canals were dry.
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Introduction

he establishment of correct
working length (WL) has a
critical role and can affect the
success of root canal treatment
(RCT). Appropriate shaping,
disinfection, and filling of root canal could
not complete without an accurate WL (1).
Cemento-dentinal junction (CDJ) is a his-
tologic landmark that determines where
the pulp tissue ends and periodontal tissue
begins (1). However, studies showed that
most of the time CDJ and apical foramen
are not at the same location (2, 3). The lo-
cation of CDJ is accepted as 0.5-0.75 mm
coronally to the apical foramen (4).
All the pulp tissue, necrotic materials, and
microorganisms should be removed from
entire root canal surfaces (4). Preparation
and filling of root canal system at shorter
than CDJ can increase undisinfected bac-
terial area causing failure of RCT. On the
other hand, over-instrumentation beyond
the WL damages apical constriction, mak-
ing filling of the root canal system difficult
jeopardize the apical seal (1).
While determining the WL operator can
use radiographic methods, tactile sensa-
tion, and electronic apex locators (EALS)
(5). Manual tactile sensation depends on
the operator’s skills, age of the patient and
teeth type (6). The radiographic apex can
be seen on the radiograph and identifies
as anatomical end of the root (7). The dis-
tance between anatomical apex and radi-
ographic apex distance can vary due to
secondary dentin deposition. Disadvan-
tages of using radiographs for determining
WL are difficulty to set proper projection,
radiation exposure and lack of possibility
to reflect correct length of root. Both these
methods are not objective and highly re-
peatable (8). For these purposes EALs, that
use the resistance of electronic current
passing, designed many years ago (9).
In the world of modern endodontics, EALs
consider as valuable additions to determine
WL (5). The development of EALs has
helped to obtain more accurate WL and
this method is highly predictable when
combined with radiographs (10).
In 1918, Cluster suggested that the root
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canal length can be assess by using elec-
trical conductance (11). In 1942, Suzuki
reported a device that can measure elec-
trical resistance between oral mucosa and
periodontal ligaments (12). He discovered
electrical resistance between file in the
root canal and electrode positioned on the
oral mucosa recorded a consist value of 6.5
kQ. Later on, Sunada performed extensive
experiments on patients and discovered
that the electrical resistance between
mucous membrane and periodontium was
stable regardless of patients age, shape, or
type of teeth (9).

First generation EALSs, use resistance meth-
od for determining WL. Initially alternat-
ing current was 150 Hz sine wave and
patients often felt pain due to this high
current (7). Second generation EALs iden-
tify as single frequency impedance, that
use impedance measurements instead of
resistance. However, the impedance de-
pends on vary factors and their biggest
disadvantage was the need of constant
calibration between each root (13). Third
generation EALs use multiple frequency
impedance different than second genera-
tion, it measures the impedance difference
between 2 frequencies (7). Fourth genera-
tion EALs use multiple frequencies (2-5
frequencies), utilize resistance and capac-
itance measurements at the same time and
allow more accurate measurement of WL
different than third generation (14).
Propex II, and Propex-Pixi are the fifth
generation EALs, Dentaport ZX is a third
generation EAL, and Dpex V is a sixth
generation EAL, all of which were used in
this study. Propex Il measures the capac-
itance and resistance seperately, Propex
Pixi measures the square root of the im-
pedances, Dentaport ZX uses two different
frequencies simultaneously and calculate
the ratio of impedance and DTE Dpex V
has multi-frequency apical position tech-
nology for accurate measurement.

In addition, irrigation solutions are essen-
tial for disinfecting the root canal system
(15). Usage of these solutions provide lu-
brication, debridement and dissolution of
tissues. However, presence of any kind of
electrolytes can affect determination of
WL of EALSs (16). In particular, presence of
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electroconductive solutions such as sodi-
um hypochloride (NaOCl) reduces im-
padence, resulted in determining shorter
WL (17).

Although there are limited studies in the
literature showing the accuracy of EALs
in teeth with curved roots, no study has
been found investigating the comparison
of the accuracy of different EALs in deter-
mination of WL in straight and curved root
canal (10, 18).

The aim of this in vitro study was to eval-
uate the effects of different irrigation
solutions on the determination of WL using
with 4 different EALs (Propex II, Propex-
Pixi, Dentaport ZX, DTE Dpex V) in teeth
with straight and curved root canals were
evaluated. The null hypothesis tested was
that the irrigation solutions and canal
curvatures do not affect the accuracy of
different generation EAL measurements.

Materials and Methods

The Clinical Research Ethics Committee
of Akdeniz University, Turkey reviewed
and approved the study design with deci-
sion number KAEK-475. G*Power 3.1.9.7
program was used to the determine sample
size. When the minimum clinical signifi-
cant difference between success rate by
EALs for each solution is predict to be 30%,
the minimum number of samples to be
included in this study with a .05 alpha
value and 80% power is 41 for each EAL.
A total of 20 extracted human teeth; 10
maxillary incisors with straight root canals
and 10 mandibular molars (mesial roots)
with curved root canals, of which the
curvature angles were between 30-50 de-
grees were used.

After the teeth were examined under the
operating stereomicroscope (Zeiss Stemi,
CarlZeiss, Germany), teeth with cracks or
fracture lines, or RCT were excluded from
the study. Radiographs were taken in
buccolingual direction from the mandib-
ular molar teeth, and the angle of curvature
of the root canal was determined according
to the Schneider’s method (19). Teeth with
the curvature angles were between 30-50
degrees were selected.

Hard and soft tissue residues on the teeth

were cleaned with a scaler. During the
study to prevent the teeth from drying out,
the teeth were stored in saline solution.
The endodontic access cavities were pre-
pared in all teeth. After checking the
apical patency with the #8 K-file, the teeth
with the #10 K-file stuck apically were
selected. To create a stable and reliable
coronal reference point incisal edges and
cusps of included teeth were flattened.

Determination of Actual Length (AL)

#10 K-type file advanced under a stereom-
icroscope (Zeiss Stemi, CarlZeiss, Germa-
ny) at X15 magnification until it can be
seen apically. The rubber stopper was fixed
to the incisal edge at the first moment when
the file was seen apically, and then the
distance between the rubber stopper,
which was removed from the canal, and
the tip of the file, was measured with an
endometer. This process was repeated 3
times by the same operatér for each tooth
to prevent operator failures. The avarage
value were calculated and recorded as the
actual length (WL).

Determination of Electronic Length (EL)
Alginate was mixed according to the man-
ufacturer’s instruction. The lip clip of the
EALs remained in the alginate and the
teeth were embedded in the alginate mod-
el at the enamel-cement margin. Electron-
ic length (EL) was determined using 4
different EALs (Propex II, Propex- Pixi,
Dentaport ZX, DTE Dpex V).

The #10 K- file was advanced through the
canal until the signs of ‘Apex’ for Propex
II (Dentsply, Ballaigues, Switzerland), 0.0’
for Propex Pixi (Dentsply, Ballaigues,
Switzerland), 0.0’ for Dentaport ZX (Mori-
ta, Kyoto, Japan) and ‘0.0’ for DTE Dpex V
(Woodpecker, Guangxi, China) were seen
on the screen of EALs.

After seeing these signs remained constant
for 5 sec on the screen of the devices, the
rubber stopper was fixed. Then the dis-
tance between the rubber stopper and file
tip was measured with an endometer and
the EL was recorded. This procedure was
repeated for 7 groups for different irriga-
tion solutions at different days. All meas-
urements were performed by a single op-
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erator by repeating 3 consecutive times for
each tooth.

The irrigation solutions were freshly pre-
pared and groups were divided according
to the irrigation solution to be used. Meas-
urements of ELs were obtained under dry
condition and after irrigation with 5 mL
of the solutions:

Group 1 (Control Group). In this group,
after each teeth were dried with pa-
per-points measurements of EL were re-
corded using 4 different EALs.

Group 2 (1% NaOC]l). 5 mL of 1% NaOCl
was used as irrigation solution in this
group. EL measurements were recorded
for this group using the same electronic
measurement method.

Group 3 (2.5% NaOCl). 5 mL of 2.5% NaO-
Cl was used as irrigation solution in this
group. EL measurements were recorded
for this group using the same electronic
measurement method.

Group 4 (5% NaOCl). 5 mL of 5% NaOCl
was used as irrigation solution in this
group. EL measurements were recorded
for this group using the same electronic
measurement method.

Group 5 (2% CHX). 5 mL of 2% chlorhex-
idine (CHX) was used as irrigation solution
in this group. EL measurements were re-
corded for this group using the same
electronic measurement method.

Group 6 (17% EDTA solution). 5 mL of 17%
EDTA was used as irrigation solution in
this group. EL measurements were record-
ed for this group using the same electron-
ic measurement method.

Group 7 (17% EDTA gel). 5 mL of 17%
EDTA gel was used as irrigation solution
in this group. EL measurements were re-
corded for this group using the same
electronic measurement method.

After each irrigation solution, the roots
were washed with 5 mL of distilled water
and dried with a paper point before using
the next solution.

Statistical Analysis

The difference was calculated by subtract-
ing the WL from the EL for each tooth.
Negative values (-) indicated a shorter re-
sponse than recorded value, and positive
values (+) indicated a more advanced re-

Giornale Italiano di Endodonzia June 2023, 37(1)

sponse from recorded value. In the statis-
tical evaluation, it was investigated how
much the differences between recorded
value and EALs value and the obtained
WL deviated from the resorption area (*0
points) and whether this deviation was
significant. The accuracy of WL determi-
nation methods was compared within the
tolerance range of +0.5 mm. The possible
differences between the percentages of
acceptable measurements obtained by
EALSs was analysed by the chi-square test.
In order to control for type 1 error, Bonfer-
roni correction was used in pairwise
comparisons using standard statistical
software (SPSS 25.0). For all tests, the
significance level was set to 5%.

Results

In this study, 10 mandibular molars with
mesial root canal curvatures between 30-
50 degrees and 10 maxillary incisors with
straight root canals were evaluated with 4
different EALs. As shown in Table 1, a
total of 70 measurements were recorded
for 10 molars and 10 incisors in the pres-
ence of 7 different solutions. A significant
difference was found for Propex-Pixi and
DTE Dpex V. Propex-Pixi and DTE Dpex
V were more successful in straight root
canals than curved ones (P <0.05). There
was no significant difference for Propex II
and Dentaport ZX. Propex Il and Dentaport
ZX had more successful measurements in
straight root canals than curved ones, with
the success rate of 57.1% and 64.3%, re-
spectively.

When EALSs accuracy was compared in 40
measurements in presence of different
irrigation solutions, there was a significant
difference in the Control group and Group
5 (2% CHX) as is shown in Table 2. In these
groups, EALs were found significantly
more successful at incisors with straight
root canals than at molars with curved
canals (P <0.05). In other groups there was
no significant difference. For incisor teeth,
Group 7 (EDTA gel) had the most success-
ful results with a success rate of 77.5% and
Group 2 (1% NaOCl) had the lowest success
rate (55%). For molars, Group 7 (EDTA gel)
had the most successful results with a
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Table 1

Comparison of the accuracy of four different EALs in curved molar and straight incisors in * 0.5 mm
tolerance range (with each device, 70 measurements were made for 10 molars and 10 incisors
in the presence of 7 different solutions)

Molar Incisor
EAL p-value
% n % n
Propex Il 41.4% 292 57.1% 402 0.063
Propex-Pixi 54.3% 382 74.3% 52 0.014
Dentaport ZX 55.7% 39° 64.3% 452 0.301
DTE Dpex V 48.6% 34° 70.0% 490 0.010

*The lowercase letters indicate the difference between the molars and incisors for each EAL.

Table 2

Comparison of the accuracy of EALs in curved molar and straight incisors in £ 0.5 mm tolerance
range according to the presence of different irrigation solutions (in each group, 40 measurements were made for
10 molars and 10 incisors with 4 EALSs)

Molar Incisor
Group p-value
% n % n

Control 42.5% 172 67.5% 27° 0.025
1% NaOCl 42.5% 172 55.0% 222 0.263
2.5% NaOCl 57.5% 23° 62.5% 252 0.648
5% NaOCl 52.5% 21° 57.5% 23° 0.653
2% CHX 37.5% 157 75.0% 30° 0.001
17% EDTA 52.5% 21° 70.0% 28° 0.108
EDTA gel 65.0% 26° 77.5% 31° 0.217

*The lowercase letters indicate the difference between the molars and incisors within each group.

success rate of 65% and Group 5 (2% CHX)
had the lowest success rate (37.5%).

Discussion

Apical constriction is generally a narrow-
est portion of the root canal system and
may vary widely in shape. CDJ, the point
where pulp tissue ends and periodontal
tissue begins, is the ideal point for working
length. However, CDJ and apical constric-
tion could not always coincide. Therefore

operators use various methods to obtain
an accurate working length such as tactile
sense, radiographic methods, or EALs (5).
For this reason to evaluate the accuracy of
EALs, the + 0.5 mm tolerance range was
accepted. This tolerance range is consid-
ered highly accurate and clinically accept-
able by previous studies (20-23).
Materials used for the embedding of ex-
tracted human teeth should have similar
electroconductive and colloidal consist-
ency as the periodontal ligament.
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Many studies used agar-agar, gelatin, algi-
nate, or saline solution for in vitro EAL
studies (16, 18, 34). Alginate models have
favored materials because of their firm
consistency that prevents intrusion of ma-
terial, good electroconductive property,
inexpensive and easy preparation. Also, the
stiffness of alginate prevents fluid movement
inside to canal that can cause premature
electronic readings (18). Due to these advan-
tages, alginate mold was used in this study
to mimic as much as possible the periodon-
tal tissue.

Irrigation solutions take an important role
in RCT. However, there are still concerns
that solutions may affect EALs accuracy (5,
24-29). NaOCl is the most popular and uni-
versally accepted irrigation solution with
the capacity for disinfection and dissolution
of organic tissue. NaOCl is commonly used
in concentrations between 0.5% and 6%
(30). On the other hand, CHX is generally
used to disinfect the root canals and is
commonly used in 0.2-2% concentrations
and 17% EDTA is used as a chelator to re-
move the smear in routine RCT (31). There-
fore, the most commonly used irrigation
solutions were preferred in this study.
Khattak et al. (24) have reported CHX has a
lesser effect than NaOCl on ProPex II. Oz-
sezer et al. (5) showed that in the presence
of CHX solution, closer measurements to
AL were obtained with ProPex II than in
the presence of NaOCI. In another in vitro
study by Jain et al. (26) evaluated the effica-
cy of Root ZX and Propex I in the presence
of 1% NaOCl and 2% CHX, CHX had more
successful measurements. Also, Khursheed
et al. (25) obtained the best results in pres-
ence of CHX. In this study, successful
measurements were obtained with the
presence of CHX solution for incisors with
straight root canals as well. However, the
lowest success rate was obtained in Group
5 for molar teeth with curved root canals.
This inconsistency may be explained by
anatomical variation of molars.

In the presence of NaOCl solution, regardless
of the concentration of the solution, WL
measurements were the least successful. A
possible explanation of these short meas-
urements could be the high electroconduc-
tive property of NaOCl (27). Previous studies
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showed that solutions with high electrocon-
ductive properties reduce the impedance of
EALs and cause a decrease in WL whereas
low electroconductive solutions are caused
by over-instrumentation (32, 33). Altunbag
et al. (34) have been reported similar results
that the percentage of accurate results was
found decreased in the presence of NaOCl
solution. Kobayashi et al. (35), and Fan et al.
(16) reported that high electroconductive
solutions such as NaOCl can cause short
measurements. On the other hand, previous
in vitro studies (24, 29) indicated that the
accuracy of EALs was not influenced by the
concentration of NaOCl which is consistent
with the results in this study.

Oliveira et al. (36) tested 5 different EALSs
including Propex-Pixi and ProPex II and
indicated that the best results were obtained
when the file reached to apical foramen
without passing beyond this point. There-
fore, the EL measurement was recorded at
the point where the signal to reach the
apical foramen was seen on the screen of
EALs.

Somma et al. (37) compared the accuracy
of Dentaport ZX, Raypex 5, and ProPex II
and reported that there was no significant
difference among EALs. This result for
Dentaport ZX and ProPex II was in accord-
ance with the present study. However,
Mancini et al. (38) reported that Dentaport
ZX showed less accuracy than ProPex Il in
the study that evaluated the accuracy of
EALs in anterior and posterior teeth. In the
present study, there was no significant dif-
ference between Dentaport ZX and Propex
II. This inconsistency could be explained
by the different experimental set-ups and
conditions of the root canal system.
Sadeghi et al. (18) reported that successful
measurements of actual WL with + 0.5 mm
tolerance range were 70% for straight canals
and 35% for curved canals. Also, Wrbas
et al. (39) reported that the determination
of WL in anterior teeth with + 0.5 mm
tolerance range was 80%. These results are
consistent with the present study. The
accuracy of EALs decreased in curved
posterior teeth. This situation can be clar-
ified by reducing the taper and the diam-
eter of an apical foramen in curved root
canals affect the EL measurements.




[
4

/ / EALs Accuracy in Solutions

Mandibular molar teeth are considered to
have more apical variations and deltas.
Keles et al. (40) reported that mesial roots
of mandibular molar teeth have apical
deltas that can reach up to 2 mm. These
anatomical variations are difficult to dis-
infect, later on can cause reinfection of the
root canal system and also can affect
working length determination of EALs.
In this study, there were statistically dif-
ferent results obtained among the irrigation
solutions, canal curvatures, and EAL
measurements. Therefore, the null hypoth-
esis was rejected.

This study has some limitations such as
the absence of intraoral electroconductive
fluids and periodontal ligament due to its
in-vitro setup. Although teeth had occlu-
sion reduction in order to obtain a refer-
ence point, it is challenging to obtain
similar WL within each tooth. Other
limitations of this study are anatomical
variations of extracted teeth and the diffi-
culty of standardization of curvature an-
gles. Even though the curvature angles are
standardized with Schneider’s method, it
is difficult to obtain exactly a 30°-50° angle
with extracted teeth.

In literature, there are few studies that
focused on the accuracy of EALs on curved
and straight root canals. Therefore, the
results of this study should be verified by
clinical studies.

Conclusions

All EALs used in the present study per-
formed more successfully in straight ca-
nals than in curved canals, even though
the only significant difference was found
for Propex-Pixi and DTE Dpex V. In addi-
tion, electronic measurements of molar
teeth with curved canals are adversely
affected in the presence of CHX and when
the root canals are dry.

Clinical Relevance

The accuracy of electronic apex locators is
the most commonly used method for deter-
mining the working length in endodontic
treatments, in the presence of different ir-
rigation solutions and tooth types.
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ORIGINAL ARTICLE

Immunohistochemical analysis of Biodentine
versus MTA in repair of furcation perforation:

an animal study

ABSTRACT

Aim: This study compared Biodentine (BD) and mineral trioxide aggregate (MTA Angelus) in
repair of furcation perforation (FP) in terms of inflammation and new hard tissue formation.
Methodology: Ninety-six teeth in six adult mongrel dogs were divided into two equal groups
(48 teeth/3 dogs each) according to the time of repair; inmediate and delayed repair of
the induced FP. These groups were divided into three subgroups (16 teeth each) according
to the evaluation period; 1, 2, and 3 months. Each subgroup was further subdivided into
four subdivisions according to the FP repair material used; MTA Angelus (6 teeth), BD (6
teeth), negative control (2 teeth) and positive control (2 teeth). Instrumentation, obturation
and FP were performed in the experimental and positive control teeth. The perforations
were sealed according to the groups and subdivisions. Histopathology and immunohisto-
chemical analysis using Osteonectin antibodies were performed for assessment of the in-
flammatory cell count and new hard tissue formation. All data were statistically analyzed.
Results: In all groups and subgroups, there were no significant differences between MTA
and BD in the inflammatory cell count and new hard tissue formation (P>0.05).
Conclusion: Compared to MTA Angelus as a FP repair material, Biodentine induces similar
degree of inflammation and new hard tissue formation.

KEYWORDS Biodentine, furcation perforation, MTA, new bone formation, osteonectin
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Introduction

urcation perforation (FP) may
happen during opening an end-
odontic access as a result of a
bad direction of the bur, or at
post space preparation and lo-
calization of the calcified canals (1).
The prognosis of FP depends mainly upon
its size, site, the duration between the
defect creation and repair, and the degree
of periodontal damage. Therefore, imme-
diate therapy using suitable filling mate-
rial is essential to avoid the complications,
and to enhance favorable prognosis. (2).
The ideal filling material used for treat-
ment of the FP should have an efficient
sealing ability and enhance the new hard
tissue formation. Numerous filling mate-
rials have been used for FP repair. These
materials include both manufactured ce-
ments such as; MTA, Bioaggregate and
Biodentine and natural biological materi-
als such as; platelet rich plasma and plate-
let rich fibrin (3-6).
MTA is commonly applied FP repair ma-
terial because it has good biocompatibility
and sealing ability as well as low bacteri-
al leakage and cytotoxicity (7). However,
MTA has few shortcomings such as de-
layed setting (3h), less applicability, dis-
coloration and expensiveness (3-6).
Recently, BD has been developed for en-
dodontic repairs like perforations, apex-
ifications, resorptive tissues and retro-
grade filling cement (8). BD has the same
characteristics of MTA, but it has faster
setting time and better applicability (5-8).
To improve the physical properties of BD,
a modified chemical constitution, addi-
tion of setting accelerators and softeners,
and a predosed capsule were carried out
(8,9). There are scarce studies on BD as a
treatment for the FP, mostly in vitro stud-
ies (6,10). The hypothesis of this study
was that Biodentine can alternate MTA
for treatment of the FP. Therefore, the
present study compared BD and MTA in
repair of furcation perforation in dogs in
terms of inflammation and new hard
tissue formation through histological as
well as immunohistochemical evalua-
tions.
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Material and Methods

Animal model

This study was accepted by the Ethics
Committee at Faculty of Dentistry, Ain
Shams University, Egypt (Protocol number
15-12-13-Endo). All international and in-
stitutional guidelines for animal use and
care were followed up in the current study.
Ninety-six premolar and molar teeth in six
adult mongrel dogs were selected. These
dogs were 2-3 years old, 15-20 kg, and
clinically normal. All selected teeth were
healthy with complete root development.
These dogs were randomly divided accord-
ing to the time of repair into two groups
(48 teeth/three animals each); immediate
(group I) and delayed repair (group II).
Based on the evaluation periods, the main
groups were divided into three subgroups
(16 teeth each); one month (subgroup 1),
two months (subgroup 2), and three months
(subgroup 3). Each subgroup was further
subdivided into four subdivisions accord-
ing to the material used; MTA Angelus
(subdivision A, n=six teeth), BD (subdivi-
sion B, n=six teeth), negative control (sub-
division C, n=two teeth) and positive
control (subdivision D, n=two teeth).

Creation of furcation perforations

The dogs were pre-medicated with subcu-
taneous Atropine sulphate (Atropine sul-
phate 1%®, ADWIA, Egypt) at a dose of 0.05
mg/kg and intramuscular Xylazine HCI
(Xylaject 2%®, ADWIA, Egypt) at a dose of
1mg/kg. The anesthesia was induced by
intravenous Ketamine HCI (Keiran®, EIMC
Pharmaceuticals Co., Egypt) at a dose of
5mg/kg. The anesthesia was then main-
tained by intravenous Thiopental sodium
2.5% solution (Thiopental sodium®, EPICO,
Egypt) at a dose of 25 mg/kg (dose to effect).
Access cavity and exposure of the pulp
chamber were carried out in both experi-
mental and positive control teeth by using
a #4 round bur (Dentsply maillefer, Ballai-
gues, Switzerlad) with conventional speed
hand piece mounted on an electric micro-
motor. Removal of the pulp tissue by a large
spoon excavator and instrumentation of
the root canals by hand files and crown
down technique were performed. A K-file
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#15 (Root ZXII — ] Morita — Japan) was
placed until the limit of cemento-dentinal
junction with watch winding motion and
working length was confirmed by apex
locator (Dentsply Maillefer, Balaigues,
Switzerlad). The mechanical preparation
was done by step back technique until
master apical file ranging 40-55 according
to the size of the initial file. Irrigation of
the root canal with normal saline solution
was carried out after each file. Master
cones were placed. Obturation of the root
canal was performed by the cold lateral
condensation technique with Gutta percha
core and Endo-fill cement as a sealer (Dent-
sply Maillefer, Balaigues, Switzerlad).

A 1.4 mm-diameter furcation perforation
was done by a #4 round bur at low speed
hand piece in the center of the pulp cham-
ber floor in both experimental and positive
control subgroups until the hemorrhage
was noted. The perforation depth was
limited to 2 mm into the alveolar bone by
a rubber stopper. Hemostasis was per-
formed by irrigation with normal saline
solution and drying by the paper points.
For confirmation of the furcation perfora-
tion, radiographs were taken.

In the group II (delayed repair), the perfo-
ration sites were left open for a month to
induce bacterial infection and inflamma-
tory lesion in the furcation area (4). The
perforation sites were immediately sealed
in group I (immediate repair).

Perforation repair

e Subdivision IA

Angelus MTA (Angelus, Londrina, PR,
Brazil) was mixed according to the man-
ufacturer’s instructions. One part of water
was mixed gradually to 3 parts of the
powder using MTA mixing plastic stick.
The paste was carried out into the perfo-
ration sites by a small amalgam carrier and
compacted with a suitable size plugger.
The access cavity was closed by chemical
cured Glass ionomer (Ivoclar vivadent pvt.
Ltd., India). Radiographs were taken to
confirm the perforation repair.

e Subdivision IB

Biodentine (Septodont, USA) was mixed
according to the manufacturer’s instruc-
tions. The capsule was tapped on a hard

surface then, opened and placed on the
white capsule holder. Five drops of the
liquid were poured into the capsule then;
the capsule was closed and placed on the
amalgamator at a speed of 4000 rotations/
min for 30 seconds to obtain a thick con-
sistency. The material was transferred to
the perforation sites by a small amalgam
carrier and compacted with a suitable size
plugger. The same steps for filling of the
access cavity and radiography were carried
out as in subdivision IA.

e Subdivisions IIA and IIB

At the end of the infection time, the dogs
were re-anesthetized, and radiographs
were taken for confirmation of the induced
furcal lesion. The perforation site was
cleaned by using a small spoon excavator
for removal of necrotic and inflamed tis-
sues. Cleaning of the perforation site was
carried out with normal saline. After
drying the sites with paper points, the
perforations were treated with angelus
MTA and BD as previously described
subdivisions IA and IB.

e Positive control subdivision

The perforations were kept open with no
filling.

e Negative control subdivision

Intact teeth were left without perforation
to show the normal histology.

Histological evaluation

At the end of each observation time, each
dog was sacrificed by anesthetic overdose
(20 mL of 5% Thiopental sodium solution).
Each experimental and control tooth was
sectioned with its surrounding bone for
preparation for histological evaluation.
Fixation of the blocks was carried out in
10% buffered formalin solution for 2
weeks. After decalcification of the samples
in17% EDTA solution for 120 days, the
samples were prepared as usual for histo-
pathology. The blocks were cut in buc-
colingual sections of 6um thickness. These
specimens were stained by hematoxylin
and eosin dye for assessment of the inflam-
matory cell count as follows: three repre-
sentative fields in each slide were evalu-
ated at x200 magnification power. These
fields had well-preserved architecture, no
artifacts and intense inflammatory cells.
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Image analysis software was applied to
count the total inflammatory cells.

Immunohistochemical evaluation
Immunohistochemical staining was per-
formed using Osteonectin antibody. Im-
munohistochemical analysis was applied
by using anti-Osteonectin antibody to
identify the new hard tissue. The sections
were deparaffinized in xylene. Antigen
retrieval was carried out using citrate (pH
6.0) in a microwave oven followed by
blocking of endogenous peroxidase using
a solution of 50% Methyl alcohol and
Hydrogen peroxide (1:1). The samples were
incubated in bovine serum albumin (BSA)
for 1h inside a moist chamber to block
nonspecific antigens. Samples were incu-
bated with the primary antibodies (1:400,
overnight at the room temperature) fol-
lowed by incubation with a secondary
antibody (Universal LSAB TM Kit, DAKO,
Carpinteria, CA, USA) for 30 min. A final
incubation was performed using the ter-
tiary complex Streptavidin peroxidase
(Universal LSAB TM Kit, DAKO, Carpin-
teria, CA, USA) for an additional 30 min.
The reaction was seen using diaminoben-
zidine (Universal LSAB TM Kit, DAKO,
Carpinteria, CA, USA). Counterstaining
was performed using Mayer’s hematoxylin,
and the specimens were mounted in Per-
mount. The new bone formation was
evaluated according to Alhadainy et al.
(11). Briefly, Scores 0, 1, 2 and 3 represent-
ed no, slight, moderate and heavy bone
formation, respectively.

Statistical analysis

Numerical data were presented as mean and
standard deviation (SD) values. Inflamma-
tory cell count data showed normal (para-
metric) distribution. One-way ANOVA was
applied for comparison between the inflam-
matory cell counts in the groups, subgroups
and subdivisions. Tukey’s post-hoc test was
applied to pair-wise compare between the
groups when ANOVA test was significant.
For non-parametric data, Kruskal-Wallis
test was applied for comparison between
the groups, subgroups and subdivisions.
Mann-Whitney U test was applied for pair-
wise comparisons between the groups
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when Kruskal-Wallis test was significant.
Prevalence of new hard tissue formation
was presented as frequencies and percent-
ages. The significance level was set at
P<0.05. The statistical analysis was carried
out with SPSS statistics version 20 for
windows (IBM Corporation, NY, USA).

Results

Histological findings

The data are presented in table (1) and figure
(1). A significant difference was seen in the
inflammatory cell count between the group
I (immediate repair) and group II (delayed
repair) in all subgroups (P<0.05).

No significant difference was noticed in the
inflammatory cell count between subdivi-
sion A (MTA Angelus) and subdivision B
(BD) in both groups (P>0.05). There was a
significant difference in the inflammatory
cell count between subgroup 1 (one month),
subgroup 2 (two months) and subgroup 3
(three months) in groups I and II (P<0.05).
In positive control, there was a significant
difference in the inflammatory cell count
between subgroup 1 and each of subgroup
2 and subgroup 3 (P<0.05). However, no
significant difference was found between
subgroup 2 and subgroup 3 (P>0.05).

In negative control, no significant differ-
ence was seen in the inflammatory cell
count between subgroup 1, subgroup 2 and
subgroup 3 (P>0.05).

A significant difference was noticed in the
inflammatory cell count between subgroup
1, subgroup 2 and subgroup 3 in both MTA
Angelus and BD subdivisions (P<0.05).

Immunohistochemical findings

The data are presented in Table (2) and
figures (2-4). Both positive and negative
control exhibited zero score in the new
hard tissue formation. A significant dif-
ference was recorded in the new hard
tissue formation between group I and
group II in both MTA Angelus and BD
subdivisions (P<0.05).

In group I and group II, no significant
differences were reported in the new hard
tissue formation between MTA Angelus
and BD subdivisions (P>0.05).

A significant difference was seen in the
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Figure 1

Representative photomicro-
graphs of group Il showing
mild (A), moderate (B) and
severe (C) inflammatory
reaction in the MTA subdivi-
sion after 1, 2 and 3 months,
respectively. Representative
photomicrographs of group I
showing mild (D), moderate
(E) and severe (F) inflamma-
tory reaction in the Bioden-
tine subdivision after 1, 2
and 3 months, respectively
(H&E, X 200).

Table 1

The mean and standard deviation (SD) values of the inflammatory cell count in different groups,
subgroups and subdivisions

g Group | (Immediate sealing) Group Il (Delayed sealing)

B

% Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 1 Subgroup 2 Subgroup 3 Prvalue

A (One month) (2 months) (3 months) (One month) (2 months) (3 months)

MTA 714.1747.88° | 511.67+14.3% | 296.67+6.41% | 755.67+10.23% 546.00+£10.64% 311.6749.33% | <0.001"

BD 702.50£16.33%* | 504.50£7.89% | 292.83+8.95% | 735.17+10.80% 536.1719.64°% 317.6715.20% | <0.001"
Positive | 842.50+3.54% | 922.00+14.14% | 962.50+3.545% 860.50+4.54™ 945.00+15.14% 992.51+3.54% | <0.001"
Negative |  61.02+1.42% 69.00+1.41% 64.0311.44% 65.02+1.62" 71.00£1.61" 74.0311.64
P-value <0.001" <0.001" <0.001" <0.001" <0.001" <0.001" o

Means with different capital letters in the same row indicate significant difference.

Means with different small letters in the same column indicate significant difference.

*Significant at P<0.05.
NS: non significant.

Giornale Italiano di Endodonzia June 2023, 37(1)



Figure 2

Representative photomicro-
graphs of Osteonectin
section of group | showing
mild (A), moderate (B) and

dense (C) new bone

formation at the FP site in
the MTA subdivision after 1,
2 and 3 months, respective-
ly. Representative photomi-
crographs of Osteonectin
section of group | showing
mild (D), moderate (E) and

dense (F) new bone

formation at the FP site in
the Biodentine subdivision
after 1, 2 and 3 months,

respectively.

Table 2

The mean and standard deviation (SD) values of the new hard tissue formation scores in different groups,

subgroups and subdivisions

%’ Group | (Immediate sealing) Group Il (Delayed sealing)
;‘é P-value
2 Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 1 Subgroup 2 Subgroup 3
o (One month) (2 months) (3 months) (One month) (2 months) (3 months)
MTA 1.67£0.52% | 2.50+0.55°2 3.00+0.00¢ 1.00+0.00 1.67+0528 2.17£0.41% | <0.001*
BD 1.67£0.52% | 2.83+0.41°B 3.00+0.00¢88 1.00+0.00% 2.00+0.63% | 2.33+0.528 | <0.001*
P-value 1 Ns 0.241 Ns 1 Ns 1 Ns 0.336 Ns 0.523 Ns

Means with different capital letters in the same row indicate significant difference.
Means with different small letters in the same column indicate significant difference.
*Significant at P<0.05).

Ns: non-significant at P>0.05.
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A

Figure 3

Representative photomicro-
graphs of Osteonectin
section of group Il showing
mild (A), moderate (B) and
dense (C) new bone
formation at the FP site in
the MTA subdivision after 1,
2 and 3 months, respective-
ly. Representative photomi-
crographs of Osteonectin
section of group Il showing
mild (D), moderate (E) and
dense (F) new bone
formation at the FP site in
the Biodentine subdivision
after 1, 2 and 3 months,
respectively.

Figure 4

Representative photomicro-
graphs of Osteonectin
section showing no bone
formation at the FP

site in the control positive
subdivision in group | (A) and
group Il (B).

new hard tissue formation between sub-
group 1, subgroup 2 and subgroup 3 in
MTA Angelus subdivision of group I
(P<0.05). Significant differences were re-
ported between subgroup 1 and subgroup
2 and subgroup 3 in BD subdivision of
group I (P<0.05). However, no significant
difference was noticed between subgroup
2 and subgroup 3 in BD subdivision of

group I (P>0.05). In group II, significant
differences were recorded in the new hard
tissue formation between subgroup 1 and
subgroup 2 as well as subgroup 3 in both
MTA Angelus and BD subdivisions
(P<0.05). There was no significant differ-
ence between subgroup 2 and subgroup 3
in both MTA Angelus and BD subdivisions
(P>0.05).
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Discussion

During treatment of FP, using of an ideal
repair material is an important factor for
good prognosis. The FP repair material
should have the abilities of good sealing
and induction of new hard tissue (3, 4).
This study compared BD against MTA as
a FP repair material. According to the
present results, the hypothesis of this study
is accepted and BD can alternate MTA in
the repair of FP.

In last few years, BD has been simplified
the clinical techniques due to its superior
mechanical properties and faster setting
time compared with other calcium sili-
cate-based materials (12).

MTA is considered as a gold standard
material for the FP repair because it has
favorable biocompatibility and sealing
ability (7). Therefore, we compared BD with
MTA in the present study.

The iatrogenic FP is considered as one of
the most serious complications of endo-
dontic therapy that may lead to unsuccess-
ful treatment of the root canal. Also, FP
may occur pathologically by dental caries
or resorption (13). Therefore, the present
study assessed both immediate and de-
layed sealing of the FP to simulate both
types of clinical cases.

Biocompatibility and bioactivity of the FP
repair materials are major properties that
should be taken in consideration because
the material is in close contact with the
vital tissues during the procedure and can
affect the viability of the periradicular
cells (10,14). Therefore, this study evaluat-
ed the inflammatory cell count and new
hard tissue formation induced by both
MTA and BD.

The selection of dogs in the present study
is based on the facts that the dog has a
comparative apical repair mechanism with
human in shorter duration and the good
accessibility and visibility of their dental
roots and roots furcation (15,16). However,
the roots furcation is present at 1-2 mm
from the cemento-enamel junction (CE]J)
in dogs (17). Therefore, any technique
produces acceptable outcome in dogs may
produce a more acceptable result in hu-
mans because the distance from the CEJ to

Giornale Italiano di Endodonzia June 2023, 37(1)

the furcation is more prominent (17).
Similarly to previous studies, the perfora-
tion size in this study was standardized at
1.4 mm (3, 4, 18, 19). The alveolar bone was
penetrated for 2 mm to induce the inflam-
matory response. Also, leaving the FP open
for one month for saliva contamination was
another cause for induction of inter-radic-
ular lesion in the group II (4, 20).

Two evaluation methods (Histological and
immunohistochemical methods) were
applied in the current study to overcome
the shortcomings of each method. These
methods showed various degrees of oste-
oblastic and osteoclastic reactions that
indicate a bony reaction to the various
treatments. Immunohistochemical analy-
sis was performed using Osteonectin an-
tibody. Osteonectin is a non-collagenous
protein of bone that shares in the osteoid
maturation and mineralization (21). There-
fore, immunohistochemistry with poly-
colonal Osteonectin antibodies shows a
high specific marking of actively ma-
trix-producing osteoblasts (21).
Biodentine has almost similar physico-
chemical properties of MTA (10, 22, 23).
Therefore, it was not surprising that there
were no significant differences in the in-
flammatory cell count and new hard tissue
formation between the MTA and BD when
used as FP repair materials in the present
study. Similar findings were recorded in
arecent study (24). MTA was able to repair
the FP due to its antimicrobial action and
its high pH (12.5) that enhances the cemen-
togenesis and osteogenesis (25).

It was not surprising that no significant
difference was recorded between the group
I (immediate sealing) and group II (delayed
sealing). The time of repair plays an im-
portant role in the repair of FP due to the
crucial role of infection (3,4).

After one month, both MTA and BD sam-
ples exhibited high inflammatory cell
count but statistically less significant than
that in the positive control. This was ex-
plained by the inadequate time for repair
of the defect. Similar findings were record-
ed before in several studies (26, 27).

After two and three months, the positive
control samples exhibited significant high-
est mean of inflammatory cell count com-
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pared to MTA and BD samples. This could
be attributed to the presence of microor-
ganisms and continued inflammatory re-
action in the positive control samples due
to direct communication with the oral
cavity. On the other hand, MTA and BD
samples exhibited a significant lower mean
of inflammatory cell count than that of the
positive control due to the sealability,
biocompatibility, and alkaline pH of the
repair materials. This is in agreement with
several previous results (24, 28-32). Quan-
titative field emission gun-scanning elec-
tron microscope (FEG-SEM) observations
illustrated that there is no significant
difference between Biodentine™ and
ProRoot MTA in the mean gap at the den-
tin—furcation repair material interface (29).
Moreover, calcium silicate materials have
excellent effects on human periodontal
ligament stem cells regarding cell adhesion
and morphology (33).

The main limitations of this study were
the small number of used teeth and rela-
tively short times of evaluation. Therefore,
future studies are recommended to eval-
uate the efficacy of BD as a furcation
perforation repair material on a large
sample size and for longer duration.

Conclusion

Compared to MTA as a FP repair material,
Biodentine induces similar degree of in-
flammation and new hard tissue formation.

Clinical Relevance

Biodentine is an alternative to MTA when
used as a furcal repair material.
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Hot modified technique: a novel modified
obturation technique using biosealers

ABSTRACT Dina Abdellatif**
Alfredo landolo?
Aim: This research aimed to test the actual temperature inside the root canal while the Massimo Calapaj3
obturation phase was ongoing. Specifically, the obturation was done by the proposed heat- )
based technique with bioselaers. Alessandra Amato
Materials and Methods: This study tested the temperature evaluation. In the experiment, Massimo Amato?

two premolars were utilised, and thermocouples of K-type one for each tooth were used.
The Bonferroni method was conducted to compare the data collected from temperature.
Results: The experiment results showed that using the new obturation method, the heat
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Introduction

chieving short and long-
term success, the root ca-
nal treatment is chiefly
founded on good three-di-
mensional (3D) cleansing
of the endodontic system after complet-
ing the mechanical shaping. Afterwards,
it is crucial to seal the complex endo-
dontic system with complete 3D obtu-
ration (1-5).
When the anatomy of the endodontic
system is described, it shows anatomical
areas that can be accessible for the hand
and rotating files (the main root canals)
(6, 7). Contrarily, many researchers have
shown that the endodontic system con-
tains areas beyond the reach of mechan-
ical tools (lateral canals, loops, ramifi-
cations, apical isthmuses, deltas, and
dentinal tubules) (8-10). Therefore, more
than mechanical shaping is required to
reach all zones of the root endodontic
system. Moreover, whatever the ap-
proach used in shaping the canal, leav-
ing parts of the root canals untreated
can occur (11, 12).
Accordingly, it is necessary to perform
root canal chemical cleaning to disin-
fect both the accessible and unreachable
spaces) (13, 14). Immediately when the
zones mentioned above are cleansed
(15-17), they can be obturated with gut-
ta percha and sealer or the recently in-
troduced sealers, the biosealer (18).
Certainly, when the biosealers were
initially marketed, it was with guidance
to be utilised with only the single cone
cold technique.
The biosealers can harden immediately
when coming in contact with heat, hence,
the recommendation mentioned above.
Conversely to the cold technique, the
System-B-based approach implies heat-
ing to melt the gutta-percha after apply-
ing traditional sealer.
Eventually, the melted filling material
will flow into the lateral anatomies and
fill deeper the complex endodontic space
better.
This research aimed to test the actual
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temperature inside the root canal while
the obturation phase was ongoing using
a new obturation method: Hot Modified
Technique. The technique was devel-
oped to avoid causing any risk of chem-
ical alteration of the bioseal. In addition,
it aims to show some clinical cases
where it is possible to see the difference
between the single-cone and the
hot-modified techniques.

Materials and Methods

Recently extracted human mandibular
premolars (n=2) with intact coronal
surfaces were selected for this study.
The selected teeth were extracted for an
orthodontic treatment plan and were
irrelevant to the current experimenta-
tion. The inclusion criteria were patients
with age (18-25 years). On the contrary,
the exclusion criteria were the existence
of any root resorption, incomplete api-
ces, any type of fracture or previous root
filling. Before starting the experiment,
informed consent was obtained from the
patients.

The soft tissues connected to the teeth’
exterior surface were pulled utilising a
curette. Next, the samples were saved
in separate vials containing 5 mL of 10%
formalin till usage.

The teeth were prepared for the study
by de-coronating them at the level of the
cementoenamel junction to get the roots
of a standardised length (18 mm). Then,
a file size 10 K-type (Colténe/Whaledent,
Altstdtten, Swiss) was introduced in
each root canal till it was visible from
the apex.

The final working length was set by
deducting 0.5 mm from that measure-
ment. The canals were shaped with
nickel-titanium rotating Ni-Ti files (Hy-
flex files EDM, Colténe/Whaledent,
Altstatten, Swiss).

The files used in this study to prepare
the canals were 10/0.05, 20/0.05, and
25/0.08 rotary files of Hyflex EDM were
used till the full working length. After
the final apical instrumentation, the size
and taper of the apical area were 25/0.08.
During canal instrumentation, irrigation
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was performed with 5,25% NaOClI solu-
tion (Canal pro, Coltéene/Whaledent,
Altstédtten, Swiss). The irrigation was
done with a 30G needle in the syringe
type (Canal pro irrigating tips, Colténe/
Whaledent, Altstdtten, Swiss).

The amount of NaOCl used for each tooth
was 5 mL and refreshed each minute.
Later, each canal was flushed using
sterile saline and then irrigated with 3
mL of chelating agent 17% of ethylene-
diaminetetraacetic acid (EDTA) (the
canal pro EDTA, Colténe/Altstétten,
Swiss); this step lasted for 1 min and
aimed to get rid of the formed smear
layer. Finally, all canals acquired the
last rinse of 3 mL of sterile saline.

The temperature evaluation

Regarding the experimentation of tem-
perature evaluation, two-second man-
dibular premolars were appointed.
Then, two K-type thermocouples (Ther-
moWorks, Salt Lake City, Utah, US) were
used for each tooth.

Regarding the thermocouples’ fixation
in teeth, the examiner drilled cavities
utilising a diamond bur Type
196D.644.110 (Komet Dental, Trophage-
ner Weg 25, 32657 Lemgo, Germany), the
preparation was done from the external
root surfaces until the root canals. The
holes were positioned one at the apical
foramen (Ta) and the other at 3 mm away
from the apex (T3) (8). After the attach-
ment of the thermocouples, the teeth
were mounted using Duralay resin
(Henry Schein Dental, Melville, New
York, United States) in an aluminium
tube. The temperature of the tooth en-
vironment was controlled and main-
tained at 37 °C using a thermally con-
trolled heater (Jiu Tu, Baoan District,
Shenzhen, China) supplied with an al-
uminium block.

To register the signals, the thermocou-
ples were attached to the NI DAC inter-
face (MOD National Instruments Corpo-
ration, Austin, TX, USA). The LabView
system (National Instruments Corpora-
tion) registered the signals at a pace of
10 points per second for 300 s.

After fixing the thermocouples in place,

the canal was obturated utilizing the
System B appliance (Kavo Dental, Or-
ange, California, United States). The
master cone gutta-percha was standard-
ized at the same lengths and size for
both premolars (25/0.08 Colténe/
Whaledent Altstatten, Swiss).

The biosealer chosen for the current
experiment was bioseal (Colténe/
Whaledent, Altstiatten, Swiss), the bio-
seal syringe tip was placed 10 mm from
the working length, and 2 mm of bio-
sealer was injected in each tooth.

A single cone obturation technique was
used in the first premolar (experiment
A). The procedure included the inser-
tion of the gutta-percha cone till the
working length.

In Experiment B, the second premolar
was obturated with the proposed hot
modified technique, where the heat
carrier tip X-Fine (30/04) (Kerr Dental,
Orange, California, United States) at 180
°C was inserted 6 mm shorter than the
working length. The time of down pack-
ing was of 4 s.

Data were statistically analyzed
Experiment analysis of variants through
the OriginLab Pro7 software (Northamp-
ton, MA, USA) at a significance level of
0.05 utilizing the Bonferroni method
was performed to compare the temper-
ature data.

Some clinical cases done with this new
technique are shown in Figures 1, 2 and 3.

Results

Using the novel obturation method, the
results demonstrated that no heat reached
the final apical 3 mm of the canal. The
last apical 3 mm stayed at 37 °C.

Discussion

The current work aimed to compare the
impact of the new obturation technique
to the single cone method on the exist-
ing temperature in the apical region and
its penetration in the lateral complex-
ness of the root canal system.

Initially, when the Biosealers were pre-
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Figure 1

Endodontic treatment of 2.5
with irreversible pulpitis
caused by a distal cavity.

A) Pre-operative x-ray.

B) Intra-operative x-ray
where the gutta-percha cone
was inserted with the
biosealer using the single
cone technique without heat
and pressure. €C) Hot
modified technique, it's
possible to see in the apical
third, after the new
obturation method, how the
biosealer reached all the
complexity.

Figure 2

Endodontic treatment of 4.6
with necrosis caused by a
deep occlusal cavity.

A) Pre-operative x-ray.

B) Intra-operative x-ray
where the gutta-percha cone
was inserted with the
biosealer using the single
cone technique without heat
and pressure. C) Hot
modified technique, it's
possible to see in the apical
thirds, after the new
obturation method, how the
biosealer reached all the
complexity.

Cold Singe Cone

sented, they came up with the recom-
mendation to use the single-cone tech-
nique (18). Otherwise, the sealer can set
faster if it comes in contact with heat.
The newly proposed obturation tech-
nique, described as the “hot modified
technique”, implicates utilising the bio-
ceramics sealers in a 3D manner (19). The
purpose was to push the sealer by creat-
ing coronal pressure to penetrate deeper
than the single cone technique, the lat-
eral anatomies.

Furthermore, the technique was done by
first inserting the biosealer and the gutta
percha cone inside the root canal. Then,
the technique should follow similarly to
the system B technique but with some
modifications. Specifically, the difference
was performing a faster down-packing
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Hot Modified Technique

movement at a decreased temperature of
180° to a maximum penetration depth of
6 mm away from the working length.

Compared to the single cone technique,
the proposed hot-modified technique
permits a better fill of the biosealer into
the lateral anatomies such as lateral ca-
nals, isthmuses, loops, or even the den-
tinal tubules (20, 21). Furthermore, this
work established that the heat does not
approximate the apical third using the
new approach. Thus, no alteration can
occur to the biosealer created by the heat.

Conclusions
In conclusion, Bioceramics could lead

to greater clinical success thanks to
their beneficial characteristics such as




Hot Modified Technique

4

Non-surgical Endodontic
Retreatment of 2.5 with
periapical lesion.

A) Pre-operative x-ray.

B) Post-operative x-ray
where the Hot Modified
Technique was used: it's
possible to see in the
apical thirds, after the new
obturation method, how the
biosealer reached all the
complexity.

C) 2 years follow-up
showing good healing.
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Assessment of irrigation dynamics comparing
syringe needle irrigation with various other
methods of irrigation using computational fluid

dynamics: a systematic review

ABSTRACT

The irrigation dynamics between conventional needle irrigation and other irrigation
techniques were evaluated using computational fluid dynamics (CFD) in the current
systematic review. Following the inclusion and exclusion criteria, three electronic
databases (PubMed, Scopus and Cochrane) were searched until June 2022. Studies
comparing conventional needle irrigation with various other techniques of irrigation
were included. Two reviewers independently evaluated the retrieved articles. A total
of 329 articles were obtained, from which 23 papers were included for full-text review.
After exclusion of 18 studies, 5 articles were considered and included in the present
systematic review. The risk of bias for in vitro studies was reported following modified
JBI criteria and CRISS recommendations. The parameters assessed were shear stress,
irrigant replenishment, velocity, turbulence, and apical pressures. It was observed that
negative pressure irrigation technique was superior to positive pressure syringe nee-
dle irrigation, although the latter provided higher apical pressures.
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Introduction

he success of a root canal ther-
apy largely depends on thor-
ough disinfection. Syringe
needles are most frequently
used in daily practice for root
canal irrigation (1, 2). When root canals
are irrigated with traditional syringe
needle irrigation, positive pressure is
applied inside the canals (3). There are
potential risks of irrigant extrusion beyond
the periapical tissues in circumstances
when an inadvertent breach of the apical
foramen occurs, which could result in
problems (4, 5)
Evidence from the literature stated that
root canal disinfectant might not always
reach the apical part of the canal when
syringe needle irrigation techniques are
employed (6-8). Additionally, studies re-
vealed that the disinfectant solution has
a very limited ability to penetrate canal
complexities such as isthmus, lateral,
and accessory canals (9, 10). Endodontic
biofilm within the root canal should also
be considered during the root canal treat-
ment (11, 12). Dislodging the biofilm and
improving disinfection are both crucial
during root canal irrigation. Complete
dislocation of the biofilm is impossible
with the syringe needle irrigation solely
(13). Since irrigation activation devices
are negative pressure systems, they have
been employed for better canal disinfec-
tion (14). Negative pressure irrigation de-
vices improve the effectiveness of antimi-
crobial activity by enhancing the irrigant
penetration into the apical third (15) and
improving the biofilm dislodging with-
in the root canal (16, 17). Additionally,
studies have revealed that the root canal
irrigant can reach the lateral, auxiliary ca-
nal, and isthmus by using the activation
devices (18).
Although the aforementioned concepts
are well accepted and documented in the
literature, more studies are still needed to
fully understand how different techniques
of irrigation affect irrigation dynamics.
Apical pressure, wall shear stress, turbu-
lence, irrigant flow pattern, and exchange
of irrigating solution are all components
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of irrigation dynamics (19). The dynam-
ics of irrigation change depending on the
type of root canal disinfection technique.
Numerous techniques have been used in
the literature to evaluate the dynamics of
the irrigant, including apical pressure as-
sessment devices (20, 21), dye clearance
techniques (22-24), recovery trap devices
(25), and computational fluid dynamics
(CFD) analysis (26).

The CFD model provides thorough infor-
mation on the dynamics of irrigant eval-
uating the various key parametrs (27).
Therefore, the current systematic review
aimed at assessing positive pressure sy-
ringe needle irrigation with other tech-
niques evaluating irrigation dynamics
using CFD.

Review

Data collection

The current systematic review was reg-
istered in Openscienceframework (OSF)
registry (Identifier: DOI 10.17605/OSF.
I0/YHF9X). Mesh terms and keywords
were used during the electronic search
in PubMed, SCOPUS, and Cochrane da-
tabases. The search was carried out until
June 2022. To find more papers, a manual
search and reference linking were con-
ducted. Keywords used were “extracted
teeth”, “simulated root canal model”,
“computational fluid dynamics”, “sy-
ringe needle irrigation”, “manual root
canal irrigation”, “irrigation activation
system”, “positive pressure irrigation”,
“negative pressure irrigation”, “fluid
dynamics”, and “irrigation dynamics”.
The review was prepared following the
Preferred Reporting Items for Systemat-
ic Reviews and Meta-Analyses (PRIS-
MA 2020) standards. Basic information
about study, characteristics, and assess-
ment methods were all collected by two
independent authors. In addition, data
on variables such as study design, irrig-
ant type, concentration, depth of needle
placement and irrigant inlet flow rate
were assessed.

Study questiosn
e Popultaion: studies assessing the sim-
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ulated root canal models or extracted
human teeth.

¢ Intervention: positive pressure irriga-
tion systems.

e Comparison: other irrigation delivery
methods.

e QOutcome: assesment of irrigant dy-
namics and apical pressures.

Inclusion and exclusion criteria

This comprehensive review considered
studies conducted on extracted teeth or
simulated root canal models that evalu-
ated irrigation dynamics analysed using
CFD. Case reports, case series, review
articles, and animal research were not
included. The present systematic review
was unable to pool data for a meta-anal-
ysis due to the heterogeneity of the in-
cluded articles.

Risk of bias

The Joanna Briggs Institute (JBI) and
Checklist for Reporting In-vitro Studies
(CRISS) criteria were adapted to analyse
the bias for in vitro studies. Different do-
mains were considered to report the risk
of bias such as experimental consition,
blinding, incomplete data, standardi-
zation of specimen, standardization of
preparation, reporting data. Based on the
aforementioned standards, research was
categorised across all fields as “low risk,”
“moderate concerns,” or “high risk.”

Search outcomes

Literature search resulted in 239 articles
and 17 were excluded because of dupli-
cation. The rest of the 222 records were
screened for applying eligibility criteria
and 199 were excluded. Twenty-three ar-
ticles were retrieved for full-text analysis
according to inclusion and exclusion cri-
teria. Because of no full-text access, 18
articles were not considered for review.
Ultimately, five articles were considered
for further analysis. The PRISMA flow-
chart summarizes the article selection
process (Figure 3).

Study characteristics
Characteristics of included studies are
presented in Table 1. Two studies were

in vitro studies (28, 29) and three were
ex vivo investigations (30-32). Three
research articles evaluated the fluid dy-
namics in extracted teeth (28, 29, 31),
whereas two studies assessed a model
with simulated root canals (30, 32). Three
studies included extracted teeth with
varied morphologies (28-30). The maxil-
lary canine was used in one study (28),
mandibular premolars and oval canals of
mandibular molars were considered for
other studies (29, 31).

Fluid dynamic analysis comparing nee-
dle irrigation with various activation
methods were assessed within included
articles. Negative pressure systems were
the majority of the activation devices
evaluated in the included studies. Most
of the articles used passive ultrasonic
activation, v pro safe endo, endovac and
aspiration cannula (28-32). Except for
one study, which utilised pure water,
the rest of papers utilised 1% to 5.25%
sodium hypochlorite. The irrigation nee-
dle utilised was mostly positioned 1-3
mm from working length. One study has
standardised the irrigant’s inlet velocity
at 6 ml/minute (29). Regarding the evalu-
ation area, two studies (28, 29) analysed
the fluid dynamics in the primary canal
alone, whereas the apical ramification
was assessed in one study (31). Two
studies evaluated the irrigation dynam-
ics in the primary, secondary, and isth-
mus regions (30, 32). Table 2 reports the
outcome of the included studies.

Risk of bias

For in vitro research, the risk of bias was
evaluated using modified JBI and CRISS
criteria. The assessment of each domain
was made as high, low, or with some con-
cerns based on the signalling questions.
In terms of reporting experimental con-
ditions, four out five papers received a
low risk of bias rating. When reporting
blinding, all studies revealed a signifi-
cant bias risk. Three out five studies that
evaluated the uniformity of specimen and
preparation reported insufficient data. As
a result, all included papers had an over-
all high risk of bias (Figure 1 and 2).

The disinfection of the apical part of
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Table 1
Study characteristics
Simulation
Author and Parameters Study | using CFD N An inlet flow Region of | The concentration
year evaluated design (Teeth Study groups Needle insertion rate of needle | assessment of the irrigant
selection)
Group 1: syringe irrigation
openended needle, Group . -
" . 2: syringe irrigation with a Group 1 and 2: 3 Distilled water
rrigant velocity, sidevented needle mm short of apex | Groups 1 and Simulation of with a density
Chen et al turbulence, . Root canal Group 3: Apical negafive Group 3: paint 2: 0.15 mL/s- the primary and r=998.2 kg m3
2014 (30) Shear wall stress, | Exvivo simulation bressure before binding inlet flow rate secondary and a constant
intensit, EndoVac using the micro- Group 4: 1 mm canal, isthmus _ V'SCOS'E¥
overall flow patterns cannula from the apical m=1.0x10"3 kg/
Group 4: Passive ultrasonic- terminus ms.
assisted irrigation.
Turbulence of Group 1: ultrasonic
irrigants. irrigation
Comparing passive (3 min continuous flow)
ultrasonic and Group 2: ultrasonic Flowinlet at 2% Sodium
’ syringe. 75 extracted irrigation (1.5 min ’ : hypochlorite
Dgllggori ft [rrigation. Invitro single-rooted | continuous flow) Group 3: 3 mm short of tOI{éLt%/r;ﬁ?enni S'ml;t'org o%f with a density
(28) Assessment of maxillary ultrasonic irrigation (3min working length intensity was p canyal equal to 1.04
continuous and canines intermittent flow) Group 4: set aty0<y g/cm? and viscosity
intermittent. 1.5 min intermittent flow ° 0.986x10-2.
irrigating methods ultrasonic irrigation
Removal of dentin Group 5: needle irrigation
debris. for 1 min.
Controlgroup: positive
pressure irrigation system
with side vented (closed-
ended) needle.
- . 27 extracted- | Group 1: positive-pressure i ;
Widjiastuti . . . ook Simulation of .
Fluid dynamics : single-root irrigation (open-ended . ' ; 2.5% Sodium
et a(l2%§)18 simulation Invitro mandibular needle). Not mentioned | Not mentioned pnn;::]yalroot hypochlorite
premolars | Group 2: Negative pressure
irrigation system [V pro
Endo Save].
. . . 1% sodium
. Groups 1: Positive pressure | Group 1 and 2: 3 Simulation of L
Lorono et al Irrlgacélgg?fsure, Exvivo Root canal needle. mm short of apex | Inlet flow rate primary, qy%‘jf*g"/‘)g;;% ‘gr']tg
2020° (32) Shear str)éss simulation | Group 2: negative pressure 0.18 mL/s | secondary canal .O 9998 Pa-S
(aspiration cannula). and isthmus RS
viscosity
Positive pressure: 1
rrigant flow, irrigant Mandibular | Group 1: Positive pressure | mm from working Inlet flow rate
Lorono et al velocity, ExVivo molar with needle length 0.1g/s (6 ml/ Apical 5.25% sodium
2020b (31) | shear wall stress, oval root Negative pressure: 3 | ™ min) ramification hypochlorite
apical pressure canal Group 2: Negative pressure | mm from working
length

the root canal system is crucial for the
treatment’s success (33). It’s not optimal
to only rely on the conventional needle
for root canal irrigation, as the irrigant
cannot reach the canal complexities
(34). This systematic review compared
syringe needle irrigation to other tech-
niques of irrigant activation to evaluate
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the differences in irrigation dynamics.
Different fluid dynamics are elicited by
various activation systems, eventually
altering the debridement outcome. It’s
widely known that the use of syringe
needle irrigation causes a vapour lock ef-
fect, which prevents irrigant penetration
(35, 36). On the contrary, reports showed
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Table 2
Outcome evaluation
Aut;):;rand Shear wall stress Irrigant flow Velocity Turbulence | Irrigant exchange | Apical pressure Outcome
The needle with an open
Group1: 7.0 ms-1 end had a higher wall
. ; at the exit of the Group 1: shear stress than the
Grouptol 'niéiilr:rtTi] apical needle 70% needle with a side vent.
Group 1: 185 Pa Groun 2: 0.5 mmpa ical Group2: 1.0ms-1 | Group 2: Passive-ultrasonic
Chenetal | Group 2: 425 Pa pto needle t P Group 3: Not <10% Parameter not Parameter not irrigation had the
2014 (30) Group 3: 45 Pa Groun 3: not men‘iioned mentioned Group 3: not addressed addressed highest velocity
Group 4: 875 Pa Grr)oub 4reported Group 4: Not measurable magnitude and the least
negligible mentioned Group 4: amount of wall shear
>96% stress compared to the
apical negative pressure
method of irrigation.
Group 5- The needle should be
Highest kept loose in the canal
Dhingra et turbulence and kept short of the
al 2014 Not addressed Not addressed Not addressed at the apical Pa;g(rﬂgéesregot Pa;g(;r:gtsiregot working length, as
(28) one-third of evidenced by the fact
the root that the exit had the
canal highest turbulence.
Mean (SD) of the
distance between
the apical end and The negative pressure
the peak of the irrigation system can
Widjiastuti Parameter irrigation solution Parameter not reach the apical end
etal 2018 Not addressed Not addressed Not addressed not Control: 2.209 :
addressed more effectively than
(29) addressed (0.001) positive pressure
Group 1: 0.441 iigation
(0.005)
Group 2: 0.068
(0.015)
FE-1628.44 Pa FE-8.44 FE-131100 Pa
FEC-1256.87 Pa FEC-8.59 Parameter FEC-168328 Pa FE and FEM, showed
Lorono et al | FEM-1185.69 Pa Parameter not FEM-8.63 not Parameter not FEM-171748 Pa | irrigation flow through
2020° (32) LE-1298.24 Pa addressed LE-8.48 addressed addressed LE-130893 Pa | the isthmus in the most
LEC-1355.24 Pa LEC-8.61 LEC-144932 Pa apical section
LEM-1261.36 Pa LEM-8.61 LEM-149647 Pa
SV needle- reduced
in thg\ﬁglsc;v;;l)ci)y;rarea positive pressure and
& apical ramification. SV1 & 3the flow mcreas;?:;;ear wall
SV1-generalized fluid o ) g
flow in the main canal velguty is Ipyv in an Fvi r]eedle-mcreased
but not near apical apical ram|f|calt|0.n apical pressure.
ramification FV 3How velocity in The notched needle
SV1-4.5 mmHg FV3-reduced row.in the | @ apical direction SV1-12 mmHg showed least irrigant
SV3-0.9 mmHg apical 2 mm Fv 1—m_edium— High SV3-1.5 mmHg flow at phe apical
Lorono et al FF\\% 13 18 mmIH-Ig Vi-flow in apicallfew Veflo?ty.:?St ftew Paramteter Parameter not g%ﬁg mm:g raryﬂca(}lorﬁ and tthz
20200 (31) LIMMAE | millimeters of the main | 2Pica! mitimeters no addressed -La.3 mmrig reduced shear wa
N1-0.9 mmHg 100t canal and the N3-low velocity in | addressed N1-19.5 mmHg stress was reported
N3-0.4 mmHg avical ramification the two most apical N3-8.3 mmHg with positive pressure
MiC-0.6 mmHg N3—r%duced flow with'no millimeters. MiC-3.4 mmHg needles
evidence in apical area Nl—medium velocity Microcgr]nula geneyated
NL-irrigant reached the. in the main canal. better irrigant flow in the
main canal but no flow MiC-velocity was rqm|f|cqt|on with
in apical ramification. low negative apical pressure
MiCirrigant flows the values but, had reduced
entire canal shear wall stress and
' irrigant velocity.

LE-Lateral Exit Needle, FE-frontal exit needle, LEC-Lateral Exit and cannula in the crown, FEC-frontal exit and cannula in the crown, LEM-LE and cannula in middle third, FEM-
Frontal exit and cannula in the middle third.

SV1-side vented 1mm from working length, SV3- side vented 3mm from working length, FV1- front vented 1mm from working length, FV3- front vented 1mm from working
length, N1- notched needle 1mm from working length, N3- notched needle 3mm from working length, MiC- Microcannula.
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Figure 2 that the use of activation devices elim- shear stress at pressures of -35 mmHg

inates vapour locks (36). Study results
showed that dislodging a vapour lock
that had formed may be accomplished
by irrigating at 0.260 mL/s (35).

Previous researches discussed the signif-
icance of wall shear stress (26, 37). The
effectiveness of irrigant agitation is in-
versely proportional to the extent of an
irrigant’s wall contact (38). Although the
pressure created in the canal varies, pre-
vious study reported an increased wall
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and flow rates of 0.5 to 8 mL/min. Ac-
cording to Lorono et al. (31), passive ul-
trasonic activation demonstrated a high-
er apical pressure compared to needle ir-
rigation, whereas micro-cannula showed
a reduced value.

The shear wall stress is significantly influ-
enced by the root canal’s taper. Studies
demonstrated that even a small amount
of taper preparation can increase wall
shear stress (26, 37). Preavius reports
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Figure 3
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indicated that shear wall stress may
be generated with a preparation size of
25/04 (26, 37). Three included studies
reported canal taper and sizes between
35/06 and 40/06 (28, 29, 31). However, it
became clear that larger preparation siz-
es allowed better irrigant replenishment
as compared to 25/06 when evaluating
the replacement or exchange of irrigant
in the apical third (39-41). Wall shear
stress helps in the biofilm detachment
from the root canal walls. Whereas in

cases of larger canal preparation, the ef-
fect is negligible as a result of decreased
wall shear stress (42).

It’s questionable to maintain the balance
with the flowing liquid and created api-
cal pressures during root canal irrigation.
Increasing taper to more than 35/06, re-
duces the apical pressure and wall shear
stress. One of the included study showed
a reduced shear stress when comparing
a negative pressure micro-cannula to a
positive pressure syringe needle (31).
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In addition, when a negative pressure
method was used as opposed to syringe
needle irrigation, there was a noticeable
increase in shear stress in the isthmus area
(32). Endovac showed lesser shear stress
compared to passive ultrasonic irrigation
while contrasting two negative pressure
systems (30). Shear wall stress is elicited
better with the side-vented needle types as
compared to the open-ended ones (30).
Teeth with increased diameters and tapers
reduce irrigation extrusions (43, 44). The
apical pressures and irrigant flow are also
influenced by the canal’s curvature (45)
and the root canal’s morphology (46). The
vent of the needle being utilised typically
affects the pressures that are created (21,
47). Compared to a side-vented needle, an
open-ended needle generates more apical
pressure. It was clear that an open-ended
needle could irrigate the apical end more
effectively than a closed-ended needle. It’s
been reported that front-vented needles
increased apical pressure as compared to
micro-cannula irrigant disinfection (31).
In addition, needle with a side vent report-
ed lower apical pressure than one with a
front vent (31).

Apical pressure is reported to be directly
proportional to the irrigation flow rate.
Indeed, a flow rate of 4 ml/min can effec-
tively reach the apex and generate enough
apical pressure (23, 26, 48); moreover, the
flow rate varies depending on the needle
type (49). Only five articles have com-
pared syringe needles to other methods
of irrigant activation within the scientific
literature.

Another important parameter of irrigation
dynamics is the turbulence of the flowing
fluid. Clinically various irrigating solu-
tions help in adequate debris removal and
canal contents (50, 51). However, the tur-
bulence of flowing liquid helps in enhanc-
ing the ability of the disinfectant solution.
The inlet velocity has a significant impact
on the irrigant’s turbulence. The irrigant
inlet velocity in three of the included ar-
ticles was kept at 6 ml/min. Only two arti-
cles have compared the turbulence on us-
ing syringe needle irrigation with irrigant
activation systems (28, 30). Comparing the
various syringe designs, open-ended sy-
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ringes were found to produce more turbu-
lence than side-vented needles. Addition-
ally, it was noted that the irrigant velocity
was high with an open-ended needle (7
m/s) and low with a side-vented needle (1
m/s). Endovac had the least turbulence as
compared to passive ultrasonic activation
(30). It was stated that, to accomplish max-
imal disinfection, it is imperative to sus-
tain maximum turbulence at the outflow
where the needle does not bind the canal.
Syringe needle irrigation had the least tur-
bulence, according to Dhingra et al. (28)
that assessed the turbulence of fluid in ul-
trasonic irrigation and syringe irrigation.
Overall the results of the present system-
atic review showed favourable results in
terms of fluid flow with least recorded
pressures in negative pressure irrigation
systems. The negative pressure irrigation
system outperformed the syringe needle ir-
rigation in terms of irrigant replenishment
because it allowed adequate irrigant pene-
tration to the apical third.

The main limitation of the current system-
atic review was represented by the inclu-
sion of in vitro studies that reported a high
risk of bias and might have questionable
translation on clinical settings. In addi-
tion, since multiple factors and parameters
were evaluated, a meta-analysis was not
possible. Future high quality laboratory re-
searches are more warranted on this topic
to get a conclusive evidence.

Conclusions

Negative pressure irrigation technique
was superior to positive pressure syringe
needle irrigation, mainly in terms of ir-
rigant replacement and enhanced flow,
that may reduce the irrigant extrusions.
However, higher apical pressures were
demonstrated by the positive pressure
irrigation systems.

Clinical Relevance

Current systematic review assessed the
irrigation dynamics on using various
irrigation systems. Negative pressure ir-
rigation system showed better irrigant
replacement and enhanced flow. So con-
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sidering the clinical scenario, negative
pressure irrigation systems shown to
reduce the irrigant extrusions with en-
hanced flow.
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CASE REPORT

Extensive external-internal root resorption 22
years after trauma and inadequate endodontic
treatment: a case report with 20-year follow-up

ABSTRACT

Aim: This paper describes the management of an extensive external-internal root resorption
(EIRR), 22 years after dental trauma and inadequate endodontic treatment, with a 20-year
follow-up.
Summary: A 30-year-old Caucasian female patient was referred to evaluate the right max-
illary central incisor, which presented a sinus tract with mild suppuration. The tooth had
been compromised by a trauma, and it was endodontically treated 22 years before. There
was no periodontal involvement, mild pain on vertical percussion and apical palpation, and
no response to the cold sensitive test. Radiographic analysis showed poorly performed
endodontic treatment, EIRR, and asymptomatic apical periodontitis. After performing root
canal filling material removal and chemomechanical preparation, a calcium hydroxide paste
was used for 45 days. Then, the apical root canal third, and the resorptive lesion were filled
with gutta-percha/sealer and MTA, respectively. Longitudinal follow-ups (2, 9 and 20 years)
were conducted, and confirmed the success of the intervention.
Key learning points:
* Dental trauma is a relevant public health problem due to its high incidence, mainly in children
and adolescents.
¢ One of the main sequelae resulting from more aggressive dental trauma is root resorption.
When an external root resorption (ERR) reaches the walls of the pulp cavity, or an internal
root resorption (IRR) reaches the root surface, an external-internal root resorption (EIRR)
process ensues, and represents one of the most challenging clinical situations faced by the
clinician.
e In cases of EIRR, MTA allows endodontic treatment and tooth restoration to be completed
more quickly, thus contributing to the longevity of teeth.

KEYWORDS Dental trauma, endodontic treatment, MTA, root resorption.
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Introduction

ental trauma is a relevant
public health problem due to
its high incidence, mainly in
children and adolescents.
According to Dogramaci et al.
(1), the prevalence of traumatic injuries in
the permanent dentition of children aged
8 to 14 years ranges from 6.1 to 27.6% (2-4),
with a higher incidence at ages 9 to 11
years (5, 6). The most commonly affected
teeth are the maxillary central incisors
(53.2 to 88.1% of all compromised teeth)
(2, 4), especially in male patients (1, 3, 4).
One of the main sequelae resulting from
aggressive dental trauma is root resorption,
which is basically divided into external
and internal. External root resorption
(ERR) is characterized by the loss of struc-
ture from a mineralized and/or cementless
area located on the root surface, and
evolves toward the pulp cavity. On the
other hand, internal root resorption (IRR)
is a less frequent insidious inflammatory
process, which can start at any point of the
pulp cavity and progress toward the root
surface (7). When an ERR reaches the walls
of the pulp cavity, or an IRR reaches the
root surface, an external-internal root re-
sorption (EIRR) process ensues, and rep-
resents one of the most challenging situa-
tions faced by clinicians (8).
Teeth affected by EIRR are subjected to
root canal treatment to eliminate the fac-
tors stimulating bone resorption (microor-
ganisms and bacterial toxins), and inter-
rupt the pathological process. These
measures prevent further damage to the
root, and recover the integrity of periradic-
ular tissues (9). The use of calcium hydrox-
ide (Ca(OH),) as an intracanal dressing has
been recommended in cases of post-trau-
matic EIRR, in an effort to dissolve the
remaining pulpal debris, alkalinize the
dentin complex, control periodontal bleed-
ing (if occurring), enhance the cleaning
and disinfection process of the root canal
system (RCS), and stimulate the formation
and deposition of hard tissue (10).
However, the permanence of Ca(OH), in-
side the root canal for long periods of time
has been linked to the occurrence of cor-
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onal and/or root cracks or fractures (11),
and possible recontamination of the RCS
between appointments (12). Therefore,
other alternatives have been developed and
investigated.

Mineral trioxide aggregate (MTA) has been
recommended for several clinical situa-
tions, such as pulp capping (13), root-end
filling (14), and root canal filling material
to induce apexification in open-apex teeth
(15), as well as reparative material in cases
of root perforation (16) and root resorption
(17). Its main advantages are sealing abil-
ity, biocompatibility, antimicrobial effect,
radiopacity, and modulation of cytokine
production (16, 18, 19). Specifically in
cases of EIRR, MTA allows endodontic
treatment and tooth restoration to be com-
pleted more quickly, thus avoiding possible
root cracks or fractures and recontamina-
tion of the RCS — both associated with the
long-term use of Ca(OH), — between ap-
pointments (12, 20).

Longevity is one of the most important
factors related to success in Endodontics,
and most case reports published to date
about non-surgical management of EIRR
have mentioned follow-ups of 6 (21), 12
(22), 13 (9) and 17 months (23), and 2 (24),
3 (25), 5 (26), 6 (27) and 11 years (28). Bear-
ing this mind, the aim of this paper was
to describe an approach to treating exten-
sive EIRR 22 years after dental trauma and
inadequate endodontic treatment in a right
maxillary central incisor, with a 20-year
follow-up. Therefore, this is the case report
with the longest follow-up period ever
recorded after a non-surgical intervention
performed to treat a tooth affected by EIRR.

Case report

This case report has been written accord-
ing to Preferred Reporting Items for Case
Reports in Endodontics (PRICE) 2020
guidelines (29). A 30-year-old Caucasian
female patient was referred to the clinic
of one of the authors (C.M.) to evaluate the
right maxillary central incisor endodon-
tically treated 22 years before, which
presented a sinus tract with mild suppu-
ration. Her medical history was non-con-
tributory. The following information was




Extensive external-internal root resorption

’

A) Initial radiography of the
right maxillary central incisor,
which had been poorly
endodontically treated, and
which was affected by both
EIRR and asymptomatic
apical periodontitis. B)
Radiographic analysis of the
main gutta-percha cone. C)
Apical root canal third and
resorptive lesion filled with
gutta-percha/sealer and
MTA, respectively. D-F) 2, 9
and 20-years follow-ups,
respectively

provided by the patient during anamnesis:
the tooth in question had been compro-
mised by a traumatic injury caused by a
fall when she was 8 years old. It changed
color, and was subjected to root canal
treatment a few months later. Some years
after, the coronal portion of the tooth was
fractured and replaced with a metal-ce-
ramic crown. The clinical exam showed
no periodontal involvement, mild pain on
vertical percussion and apical palpation,
and no response to the cold sensitive test
(Endolce, Coltene/Whaledent, Cuyahoga
Falls, OH, USA). Radiographic analysis
showed poorly performed endodontic
treatment, EIRR, and asymptomatic apical
periodontitis (Figure 1A). The patient was
given a detailed explanation about the
particularities and limitations of her case,
she agreed to the proposed endodontic
retreatment, and signed an informed con-
sent form.

In the first visit, buccal infiltrative anes-
thesia (2% mepivacaine with adrenaline

- 1:100.000, DFL, Rio de Janeiro/R], Brazil)
was administered, the crown was flat-
tened, the metal post was removed by ul-
trasonic energy, and a provisional crown
was made. In the next visit, the same an-
esthetic was given, the provisional crown
was removed, a rubber dam was placed,
and the operative field was cleaned with
2.5% NaOCl (Biodindmica, Ibipord, PR,
Brazil). Next, root canal filling material
removal was conducted by means of Hed-
strom files (Dentsply, Petrépolis, R], Brazil).
The working length was determined radi-
ographically 1 mm short of the root apex,
and minimal instrumentation was per-
formed with manual stainless-steel K-files
(Dentsply), by gently brushing the root
canal walls. Irrigation was performed with
2.5mL of 1% NaOCI (Biodindmica) at each
file use or change.

A chelating solution (17% EDTA, Herpo
Produtos Dentédrios, Rio de Janeiro, R]J,
Brazil) was applied for 3 minutes, after
which the root canal was dried with ab-

Giornale Italiano di Endodonzia June 2023, 37(1)



Musso C, Machado R*

sorbent paper cones (Tanari Industrial, Sdo
Paulo, SP, Brazil), and filled with a Ca(OH),
paste as an intracanal dressing (Calen — SS
White, Rio de Janeiro, R], Brazil). The pro-
visional crown was fixed temporarily with
Dycal (Dentsply).

After 45 days, the same previous procedures
were undertaken, and the intracanal dress-
ing was removed with 2.5ml of 1% NaOCl
(Biodindmica), and the last file was used
during the biomechanical preparation.
Then, the root canal was flushed with 2.5
mL of 17% EDTA (Herpo Produtos Dentdri-
os) for 3 minutes, irrigated with 5 ml of sa-
line solution, and dried with absorbent
paper cones (Tanari Industrial). The main
gutta-percha cone was inserted into the root
canal and checked radiographically for
adequate positioning (Figure 1B), after
which the apical third was filled using the
Schilder technique and Endofill sealer
(Dentsply). Afterwards, the MTA (ProRoot,
Dentsply-Maillefer) was prepared on a ster-
ile glass plate, and introduced into the root
canal with Paiva condensers (Golgran, Sdo
Caetano do Sul, SP, Brazil) to completely fill
the resorptive lesion (Figure 1C), followed
by once again fixing the provisional crown
(as previously described). The patient was
given a clear explanation of the importance
of frequent follow-ups before the definitive
prosthetic rehabilitation of the tooth, and
was urged not to neglect this advice. The
first follow-up could not be conducted before
2 years (Figure 1D). Figures 1E and F show
the 9- and 20-year follow-ups, respectively,
thus proving the therapy success (absence
of pain, swelling and other symptoms, no
sinus tract, no loss of function and radio-
logical evidence of a normal periodontal
ligament space around the root) (30).

Discussion

One of the main factors for achieving fa-
vorable prognosis is early diagnosis fol-
lowed by adequate treatment, regardless
of the type of root resorption. If correct
diagnosis and/or treatment are not ob-
tained in a timely manner, potential dam-
age caused by the resorptive process can
make the recovery of periradicular tissues
unfeasible, and indicate tooth extraction
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(7). The aim of this paper was to describe
the management of extensive EIRR, 22
years after dental trauma and inadequate
endodontic treatment of a right maxillary
central incisor. The success of the inter-
vention was proven by the longest fol-
low-up ever recorded in the literature — 20
years (Figure 2).

In cases of EIRR, clinical procedures are
considered extremely complex because ef-
fective disinfection must be performed
without causing further damage to the
periradicular tissues, which are normally
already compromised. Moreover, as much
remaining tooth structure as possible should
be maintained, and an attempt made not to
weaken it even further, hence leaving it at
greater risk of coronal and root fracture. In
the current case report, cleaning and shap-
ing of the root canal were carefully conduct-
ed by manual stainless-steel K-files to cause
as little damage to the remaining dentin as
possible, and 1% NaOCI was used as the
irrigation solution.

The final flushing was undertaken with a
chelating solution (17% EDTA) to remove
the smear layer, thus increasing the disin-
fection process through the use of Ca(OH),
as an intracanal medication. Passive ultra-
sonic irrigation was not used, because the
risks and potential injuries had to be
weighed to determine if they outweighed
the benefits of the procedure.

The use of Ca(OH), as an intracanal dressing
has been recommended in cases of EIRR
resulting from traumatic injuries, because
this substance: i) shows excellent antimi-
crobial action and ii) acts as a physicochem-
ical barrier to prevent proliferation of resid-
ual microorganisms, RCS reinfection, or
invagination into the root canal of the
granulation tissue present in the resorptive
lesion. Furthermore, Ca(OH), can promote
the necrosis of the resorptive cells located
in the Howship’s lacunae, thus neutralizing
clastic cell acids, preventing the mineral
dissolution of the root, and rendering the
region unsuitable for acid hydrolases (10).
These actions invariably predispose toward
a better prognosis (7); however, the time
required for Ca(OH), to achieve them,
whether directly or indirectly, is a contro-
versial issue.
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Studies have reported that Ca(OH), can be
used from 4 weeks to several months (7, 10).
However, some studies have discouraged
its long-term use due to the likely occur-
rence of coronal and/or root cracks or frac-
tures, and possible RCS recontamination
between appointments (12, 20). In the
present case report, Ca(OH), was used for 45
days (3 changes every 15 days), because this
was the time required to completely stanch
the intracanal bleeding resulting from EIRR.
Right after the bleeding stopped, the apical
third and resorptive lesion were filled with
gutta-percha/sealer and MTA, respectively.
In cases of EIRR, MTA has been singled out
as the material of choice, owing to its excel-
lent sealing ability and biocompatibility,
antimicrobial effects, and radiopacity, as
well as its ability to regenerate periodontal
attachment, and induce both osteogenesis
and cementogenesis (16, 18, 19). The patho-
logical changes that occurred in the perio-
dontal tissues close to the EIRR increased
the risk of overfilling. As already mentioned
in previous papers, one of the most chal-
lenging steps of the present case report was
to prevent MTA extravasation to the peri-
radicular tissues (22). However, had this
situation occurred, it would not have been
so critical as to compromise the prognosis
of the treatment, owing to MTA biocompat-
ibility (19).

Conclusions

The findings of the current case report let
us infer that MTA is effective in cases of
EIRR and asymptomatic apical periodon-
titis. However, more robust research is
required to support this hypothesis, par-
ticularly randomized clinical trials.

Clinical relevance

In cases of EIRR, MTA allows endodontic
treatment and tooth restoration to be com-
pleted more quickly, thus avoiding possible
root cracks or fractures and recontamina-
tion of the RCS —both associated with the
long-term use of Ca(OH), — between ap-
pointments, and contributing to the lon-
gevity of teeth.
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CASE REPORT

Combined orthograde 3D navigation

microsurgical endodontic retreatment for the
management of persistent apical periodontitis

in a mandibular molar

ABSTRACT

Aim: This case report shows a combined, orthograde and 3D navigation, microsurgical
endodontic treatment of an element with persistent apical periodontitis (PAP), due to an
inadequate endodontic treatment and a separated instrument beyond apical foramen of
the mesio-buccal canal of the tooth 3.6. A targeted minimally invasive ostectomy with 3D
navigation system was performed to localize the apex and remove the broken instrument,
then completing the root end management and filling.
Summary: After previous renewal of the existing restoration and non-surgical retreatment,
microsurgery was carried out using the Navident. CBCT dicom data and stl files obtained
from intraoral scans were uploaded into the software and matched together. The preoper-
ative digital planning defined the direction and depth of the ostectomy with 5.2 mm cilin-
drical bone mill drill. On the day of surgery an optic support was placed adhesively at the
mandibular level, detected by the Navident camera.
After the calibration of handpiece and the drill, a mucoperiosteal flap was performed. The bone
mill drill was guided by the navigator, conducting a selective osteotomy. The removed bone block
was stored in a Hank’s buffered salt solution. The root end was resected and removed around the
broken instrument. After the removal of the separated instrument, the retrocavity was prepared
and filled with RRM fast set putty. A collagen sponge was placed to support the cortical block. The
suture was made with 6.0 Vycril. Radiological images demonstrated the healing process. 3D
navigation allowed to create a precise and targeted osteotomy. The 3D navigation seems to be
predictable in complex cases, requiring accurate execution technique.

Key learning points

e The use of 3D navigation is a valuable aid in complex cases, in which the proximity to ana-

tomical structures.
¢ This technology allows a selective and rapid ostectomy, even by operators with less clinical
experience

KEYWORDS Endodontics, microsurgical endodontics, Navident, persistent apical periodontitis
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Introduction

ersistent apical periodontitis
(PAP) is a chronic inflammation
of the periradicular tissues
caused by etiological agents of
endodontic origin. The main
causes of PAP may include complex anat-
omy, reduced opening of the pulp chamber,
forgotten or untreated canals, complica-
tions in instrumentation and extrusion of
material beyond the apex (1).
The persistence of endodontic lesions after
treatment may also be due to biological
factors not directly related to the treatment:
root infection due to the complexity of the
root canal system, extraradicular infection
due to actinomycosis, accumulation of
cholesterol crystals, cystic lesions and
wound healing with scar tissue (1).
Surgical micro-endodontics (EMS) is a
highly predictable treatment option for the
resolution of cases of endodontically treat-
ed teeth with persistent apical periodonti-
tis (2). Retrograde surgical treatment is
recommended when orthograde retreat-
ment is not successful or demonstrates an
increased risk than the microsurgical ap-
proach (3).
In recent years, thanks to the use of new
technologies and the development of in-
creasingly performing materials and equip-
ment, we have witnessed a significant in-
crease in the success rate of surgical mi-
cro-endodontics (4-6).
The Buffalo Study (5) showed a success rate
after surgical micro-endodontic treatment
of 94% with intraoral radiographs fol-
low-up and 91% with cone beam CT (5).
Errors during the osteotomy and apicoec-
tomy phases, that compromise the apical
seal or the integrity of the support struc-
tures, are considered the first cause of
failure of microsurgical treatment (5).
A study analyzed the causes of failure of
surgical endodontic interventions, corre-
lating the failures to a poor technique of
preparation and filling of the retrograde
cavity (7); on the contrary, the use of a
microsurgical technique and the use of
new biocompatible cements allows to ob-
tain 92.9% of success in cases of reopera-
tion (7).
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Surgical micro-endodontics involves sev-
eral phases including flap creation, ostec-
tomy, apical root resection (RER), retrograde
cavity preparation (RECP) and retrograde
obturation (REF) (2, 3).

Ostectomy and apical resection can some-
times be complicated procedures because
of the difficult access to the affected site
due to an intact and thick cortex or to the
high risk of damage the noble anatomical
structures near the operative site.

The anatomical structures to pay particular
attention to are the floor of the nasal cavity,
the maxillary sinus, the mental foramen
and the mandibular canal (2, 3).
Although CBCT allows the operator to
identify the precise position of the root apex
(8), freehand procedures (FH) are often
linked to the operator’s dexterity, experi-
ence, ability to interpret CBCT images (7).
The introduction of new guided technolo-
gies, through the use of digitally created
and then 3D printed static guides (7-9) and
3D dynamic navigation (10) have improved
the accuracy and efficiency of this thera-
peutic procedure.

Dynamic navigation systems (3D-DNS)
represent an emerging technology that
allows the implementation of minimally
invasive procedures, increasing accuracy,
safety and reducing the possibility of iat-
rogenic damage (11, 12).

The dynamic navigation system is a com-
puter-based system similar to a satellite
guidance system, which uses an optical
stereo video camera and optical sensors to
align the patient’s real anatomical struc-
tures to the cone beam CT data, allowing
to carry out an operation by navigating in
time real through the monitor vision of the
patient’s CT images during the operating
session.

The application protocol requires careful
planning by the operator, starting from the
CBCT images. This system makes use of
optical cameras that track movement and
CBCT images for immediate virtual feed-
back from the operator.

The match of these two technologies allows
immediate intraoperative feedback of the
surgical maneuvers.

The guided navigation system has found
greater use in the implant field for the past




Dynamic navigation in endodontics

Figure 1

Orthograde retreatment: A)
initial periapical x-ray, B)
x-ray after the orthograde
retreatment, C) long term
restauration.

decade (12); this technology has allowed
the planning and finalization of implant
cases even in unfavorable anatomical con-
ditions, allowing to highlight and avoid
noble anatomical structures near the cho-
sen rehabilitation site.

In orthograde endodontics, this system has
been used for the localization of calcified
canals (8-10), for access cavity planning (15,
16), for the removal of root canal posts (15),
for orthograde retreatments (17) and for
intraosseous anesthesia (18).

Recently 3D-DNS has been used for surgi-
cal micro-endodontics with excellent re-
sults, but the literature on this subject is
still limited (10-18).

The advantages of this technology are
mainly linked to the possibility of carrying
out a correct apical resection and with a
favorable bevel angle; operating times are
shorter, reducing patient and operator
discomfort; the operator can also modify
his own operating strategy during the
operation (17, 18-26).

The objective of this case report is to
demonstrate how the use of dynamic nav-
igation technologies in surgical micro-en-
dodontics facilitates the operator in the
ostectomy and apicectomy phases even in
the vicinity of noble anatomical structures.

Case Report

A 32 years old female patient, with medical
history of chemotherapy for breast cancer,
was referred for consultation before antire-
sorptive therapy with oral bisphosphonates
in order to reduce the risk of secondary
osteoporosis. Chief complaint was pain in
chewing and tenderness to percussion on
tooth 3.6. Radiological periapical exam

evidenced apical periodontitis, secondary
caries and inadequate previous endodontic
treatment with a separated instrument
beyond the apical foramen in the mesial
root (Figure 1).

The patient performed a cone beam com-
puter tomography (CBCT) (Morita,Accui-
tomo) that highlighted the root anatomy,
the buccal plate and the relationships with
the inferior alveolar nerve.

First and foremost, the orthograde retreat-
ment of the element 3.6 was performed. We
carried out the removal of the gutta-percha
with solvent (OGNA, Muggio, Italy) and the
canal system was re-shaped with Protaper
Next System (Dentsply Maillefer, Bail-
lagues, Switzerland).

The canal system was obtured with warm
vertical condensation and the element was
filled with a fuji long-term temporary filling
(Figure 1).

Dicom data were uploaded on the Navident
software to plan the navigated microsur-
gical endodontic procedures.

Since there are not yet commercially avail-
able software dedicated to navigated sur-
gical micro-endodontics, we have planned
the ostectomy in correspondence with the
mesial root of the element 3.6. For the exe-
cution of this operation, we selected the
cilindrical bone mill drill with diameter
of 5.2 mm which in a single surgical act
would have allowed to perform the ostec-
tomy and the apicectomy (Figure 2).

We started with the planning of the surgi-
cal approach with the CBCT image data in
order to verify the movement of the burs
in the three levels of the space.

Trough the registration phase we matched
the patient’s CBCT images to the patient’s
anatomical structures.
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Figure 2
Digital planning
with Navident system.

At the mandibular level we blocked a par-
ticular recognition tool called “butterfly”
with silicone which allowed the stereovid-
eocamera of the Navident system to identi-
fy the chosen anatomical site.
Subsequently, thanks to the calibration
phase, we verified the exact correspondence
between the patient’s six dental landmarks,
chosen on the visualization software, and
the same points in the patient’s mouth.
The dental handpiece and the burs have
been calibrated, through the optical rec-
ognition system.

Through the tracing phase we checked
that the operator’s movements in the three
planes of space corresponded to what we
were viewing on the screen, checking the
degree of accuracy.

We checked that the previously fixed
support did not move in any way to avoid
losing the calibration.

Two percent mepivacaine with 1:100,000
epinephrine local anesthesia was admin-
istered for the inferior alveolar nerve
block; a triangular papilla-based muco-
periosteal flap was made from the element
3.7 to the element 3.4 with a medial re-
lease incision (Figure 3).
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The minimal invasive ostectomy (& 5.2
mm) was performed using a round bone-
mill (Nobel Biocare, Yorba Linda, CA,
USA) mounted on a high-speed handpiece
surgical motor Kavo (Biberach, Germany)
at 900 rpm. The removed bone block was
stored in Hank’s buffered salt solution.
Once the ostectomy phase was completed,
it was possible to immediately visualize
the mesiobuccal root with the fractured
instrument beyond the apical foramen.
Hemostasis was obtained with an innova-
tive hemostatic glue, utilized in general
surgery (Ifabond™, Peters Surgical®).

We carried out the root resection by con-
suming the dental tissue around the in-
strument with a fine grain with a size #4
carbide round bur and a surgical length
#702 carbide fissure bur (SS White Dental,
Lakewood, NJ, USA) on a high-speed hand-
piece at 40,000 rpm.

The instrument was removed, after mobi-
lization, with low-power angled ultrason-
ic tips (Acteon (Acteon Group, Olgiate
Alona, Va, Italy).

A conventional 3 mm retrograde prepara-
tion was performed and the isthmus were
prepared with low-power ultrasonic tips
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(Acteon Group, Olgiate Alona, Va, Italy), and subsequently finished with diamond

o Figure 3 using the microscope (ProErgo, Zeiss, burs filled.
stectomy phase with e s e
bone mill drill. Oberkochen, Germany). After positioning a fibrin sponge as a sup-
The retrograde cavity was filled with En-  port, we repositioned the bone block; then
dosequence (Brasseler USA, Savannah, GA) the surgical wound was sutured with re-
Figure 4

Dinamic microsurgical
procedures: A) end of the
ostectomy, B) bone after
ostectomy, C) retrograde
cavity preparation with
ultrasound low power tip, D)
suture with 6.0 Vycril.
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Figure 5

Follow up: A) end of the
microsurgical endodontics,
B) 4 months follow up and C)
12 months follow up.

sorbable 6.0 Vicryl Plus (Ethicon, J&] Med-
ical, Somerville, NJ) (Figure 4).

The suture at the mesial release incision
was removed after 3 days, while the suture
at the papillae was removed one week
later.

The restorative build up was realized two
weeks after surgery. Radiographic assess-
ment was performed at the end of surgery, at
4 months and 12 months after surgery (Figure
5). It is possible to observe that there is a good
healing of soft tissue; the lesion is in regres-
sion phase (Figure 6). The patient no longer
has signs and symptoms.

Discussion

Surgical endodontics represents a valid
and decisive technique in cases of teeth
presenting persistent apical periodontitis,
where the orthograde endodontic retreat-
ment has not allowed to resolve the initial
problem (2).

In recent decades, the concept of surgical
endodontics has evolved further, through
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the use of increasingly performing operat-
ing techniques dedicated to a minimally
invasive approach that respects the initial
anatomical situation of the patient, to the
point of defining this type of treatment as
“microsurgical” (3, 12, 19).

The operating microscope, the micromirrors,
the dedicated instrumentation, the ultra-
sonic tips for root canal preparation and the
marketing of new cements for the filling of
the retrograde cavity represent the founda-
tions for the success of these interventions.
However, the indications for microsurgical
endodontic retreatment have not changed:
persistent apical periodontitis with or
without symptoms in elements with ade-
quate prosthetic restorations, correction of
problems due to extrusion of material or
fracture of root canal instruments and the
need for histological analysis of the peri-
radicular tissue (20).

However, in some clinical situations, sur-
gical micro-endodontic treatment is com-
plicated by proximity to noble anatomical
structures that represent an obstacle for the

Figure 6
Clinical situation 12
months after surgery




[
4

/ / Dynamic navigation in endodontics

clinician: the maxillary sinus, the inferior
alveolar nerve, the mental foramen or the
floor of the nose.

For this reason, in recent years the use of
surgical procedures has spread, similar to
those used in guided implantology for the
creation of templates dedicated to osteoto-
mic procedures. This procedure is called
guided surgical micro-endodontics and has
already been described in numerous sci-
entific publications (19-22).

Guided surgical micro-endodontics in-
volves several operating phases; through
an intraoral scan of the patient and the
execution of a level II radiographic inves-
tigation (CBCT), a template is created which
presents a dedicated invitation to perform
the osteotomy (22).

The operator, by positioning the surgical
template, carries out the operation guided
by the slot created during the digital plan-
ning of the operation (22). This technology,
which allows a selective ostectomy, makes
the operator’s maneuvers safer, preserving
the anatomical structures close to the site
to be treated (22).

In the last 5 years, however, dynamic nav-
igation systems have been presented and
marketed on the dental market.

There are several dynamic navigation
systems with decidedly different charac-
teristics and costs; dedicated software
often have different fields of application.
Dynamic navigation, through a system
of tracking stereo cameras, allows you to
perform surgical interventions by follow-
ing the operator’s movements in real time
on a dedicated video. The doctor, after an
accurate planning phase, can carry out
the treatment and eventually modify his
therapeutic strategy in progress (13).
These systems are already used in robot-
ic surgery in medicine and find the
greatest field of application in orthopedic
surgery, otorhinolaryngology, ophthal-
mology, vascular surgery, neurosurgery
and oncological surgery (13).

Their applications in odontostomatology
are many and under study. Guided nav-
igation systems are mainly used in im-
plantology, for planning and carrying out
operations in safety, in the vicinity of
noble anatomical structures.

In orthograde endodontics, guided nav-
igation systems have proved to be useful
for finalizing treatment cases of dental
elements with calcified canals (10) and
for planning and performing intraosseous
anesthesia (23). Our clinical experience
is in agreement with the literature; dy-
namic navigation in orthograde endodon-
tics has allowed us to finalize several
cases of highly calcified teeth.

The navigation system was recently used
for planning and fabricating the pulp
chamber opening in a group of extracted
maxillary and mandibular incisors pre-
viously scanned with a CBCT (REF nr
Jain).

In half of the elements the pulp chamber
was opened with the free hand method
and in half with the 3D-DNS method;
subsequently the teeth were subjected to
a control CBCT.

The results showed that there are no
differences between the two techniques
as regards the mandibular incisors, while
the openings made with dynamic navi-
gation in the upper incisal group were
decidedly more conservative than with
the freehand method (15).

The creation of virtual models for the
simulation of orthograde dental retreat-
ments with this method has been pro-
posed, defining it as optimal for the re-
treatments of elements restored with
glass fiber posts (12).

The applicability of this system for sur-
gical micro-endodontic operations has
recently been applied.

In a case of persistent apical periodonti-
tis in the frontal sector; the treatment
was performed by an undergraduate
student, under the supervision of an
expert operator (17). However, this case
was conducted in the frontal sector,
where the traditional microsurgical ap-
proach could have been used in complete
safety.

Some authors have used the dynamic
navigation system on anatomical prepa-
rations to compare the skills of expert
and non-expert operators in surgical
micro-endodontic operations, hypothe-
sizing that the method would allow the
results to be equalized between operators;
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the results obtained from this study refer
to a comparison between the operators,
highlighting in both groups a high accu-
racy in the execution of the osteotomy
and apicectomy maneuvers, a greater
speed of intervention, but highlights the
need for a steeper learning curve long,
especially for non-expert operators (24).
Ex vivo cadaver study design applied this
technology on anatomical preparations
reaching the conclusion that this meth-
od allows an accurate, rapid ostectomy
with a lower bone volume removed,
defining it as safe and very useful in the
posterior mandibular sector (11, 25).

To date, a dedicated software to perform
endodontic ostectomies with this navi-
gation system has not yet been patented.

Conclusion

Dynamic navigation technology can be
used in areas close to noble anatomical
structures, avoiding damage. A more
conservative osteotomy allows for fast-
er healing, fewer anesthesias, reduces
bleeding; this technology reduces op-
erator and patient fatigue.

Dynamic navigation systems still have
a high cost and require a period of
training to speed up the learning curve.
Further studies are needed to deepen
and validate this method.

Clinical Relevance

This new technology can be a valid re-
source to retreat persistent periapical
lesions, allowing the maintenance of
tooth in the oral cavity.
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CASE REPORT

Maxillary lateral incisor with Vertucci’s
type V root canal configuration

ABSTRACT Hugo Bastos?
Ricardo Machado?*

Aim: To describe and discuss the procedures adopted during the endodontic treatment of
a maxillary lateral incisor with Vertucci’s type V root canal configuration.
Summary: A 30-year-old Caucasian male patient was referred for analysis of his left max- *Clinical practice limited to
illary incisors, both compromised by a traumatic injury occurred seven days prior. His Endodontics, Brazil
medical history was non-contributory. The root of tooth 21 presented a vertical root fracture,
thus indicating its extraction. Tooth 22 showed no periodontal involvement or response to
the cold sensitive test, but presented mild pain on both vertical percussion and apical
palpation. The initial radiographic exam showed asymptomatic apical periodontitis, and
suggested apical root fracture or apical root canal bifurcation. A cone-beam computed
tomography (CBCT) was requested, and revealed no apical root fracture, but the presence
of apical root canal bifurcation. The 12-month clinical and radiographic follow-up evidenced
the partial success of the established therapy. Technological resources were relevant to
the successful management of the complex case report described herein. However, patience,
perseverance and clinical experience were also essential factors.
Key learning points
e \Vertucci’s type V classification is considered one of the rarest and most challenging root canal
configurations among the existing anatomical complexities.
* This paper describes and discusses the procedures adopted during the endodontic treatment
of a maxillary lateral incisor with Vertucci’s type V root canal configuration.
* Besides the technological resources, patience, perseverance, and clinical experience were
essential for performing a predictable endodontic treatment in a tooth affected by a diagnosis
posing a great difficulty such as that presented herein.

2Clinical practice limited to
Endodontics, Navegantes, Santa
Catarina, Brazil
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Introduction

he main goal of endodontic

treatment is to maintain or

restore the health of periapical

tissues. In vital teeth, the pulp

is removed, and the root canal
is emptied, cleaned, shaped, and hermet-
ically filled with biocompatible material.
Considering that the inflammation pro-
cess is restricted to the pulp, and that the
periapical tissues have not yet been
compromised, the endodontic interven-
tion is performed basically to maintain
their integrity. On the other hand, in
necrotic teeth, the pulp cells are definite-
ly compromised, thus triggering the
microbial colonization of the root canal
system (RCS), and the development of
apical periodontitis (1). A periapical le-
sion may be present even without being
radiographically visible (2); therefore,

endodontic treatment aims to restore the
local tissue (1).

Endodontic infection cannot be eliminat-
ed, mainly due to the anatomical complex-
ity of the RCS (3, 4). The substantial success
rates of endodontic treatment in necrotic
and infected teeth — 78,9% (5), 82,64% (6),
84,7% (7) and 86% (8) — are explained by
the reduction in the microbial contingent,
i.e., infection control (3), achieved mainly
by effective chemomechanical preparation
(9). Although chemical and mechanical
cleaning occur together, it is understood
didactically that they are performed by
chemical substances and by endodontic
instruments in contact with the root canal
walls, respectively. Moreover, both are
complemented by the physical cleaning
mechanism of the irrigation process, per-
formed by the flow and reflux of the irrig-
ant (10). Nevertheless, knowledge of the
root canal anatomy is essential for proper
chemomechanical preparation (11).

In general, anterior teeth have a single root
and canal (12, 13). Nonetheless, in the
upper arch, endodontic treatments per-
formed on central (14, 15) and lateral inci-
sors with 2 canals (16, 17), and lateral in-
cisors with 3 (18, 19) and 4 canals (20), have
already been reported in the literature.
Among the existing anatomical complexities,
Vertucci’s type V (21) classification is con-
sidered one of the rarest and most chal-
lenging root canal configurations. The aim
of this paper was to describe and discuss
the procedures adopted during the endo-
dontic treatment of a maxillary lateral
incisor with Vertucci’s type V (21) root

Figure 1

A) Initial periapical radiograph. B) and C)
Sagittal and axial tomographic views, respec-
tively (white arrow: start of bifurcation/purple
arrow: buccal canal/yellow arrow: palatal canal).
D) Initial clinical view. E) Coronal opening after
initial exploration with #15 K-FlexoFile (Dentsp-
ly-Maillefer) and preparation of the root canal
orifice and cervical and middle root canal thirds
with #2, and #2 and #3 Largo and Gates-Glid-
den drills (Dentsply-Maillefer), respectively. F)
Access to the apical bifurcation by using C-Pilot
#10 (VDW) precurved files. G) Root canal filling
with calcium hydroxide paste (Ultracal XS,
Ultradent). H) Temporary coronary sealing with
glass ionomer cement (lonoseal, VOCO).
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canal configuration. The 12-month clinical
and radiographic follow-up evidences the
partial success (repair in progress) of the
established therapy.

Case report

This case report was written according to
the Preferred Reporting Items for Case
Reports in Endodontics (PRICE) 2020
Guidelines (22). A 30-year-old Caucasian
male patient was referred to the clinic of
one of the authors (H.B.) for analysis of his
left maxillary incisors, both compromised
by a traumatic injury caused by his falling
from a horse seven days prior. His medical
history was non-contributory. The anam-
nesis and clinical exam revealed that tooth
21 had a metal-ceramic crown that was
lost due to the accident. Analysis of the
root of this tooth using a dental operating
microscope (DOM) showed a vertical root
fracture, thus indicating its extraction.
Tooth 22 showed no periodontal involve-
ment or response to the cold sensitive test
(Endolce, Coltene/Whaledent, Cuyahoga
Falls, OH, USA), but presented mild pain
on both vertical percussion and apical
palpation. The initial radiographic exam
showed asymptomatic apical periodontitis,
and suggested apical root fracture or apical
root canal bifurcation (Fig. 1A). Therefore,
a cone-beam computed tomography (CBCT)
was requested, and revealed no apical root
fracture, but the presence of apical root
canal bifurcation (Fig. 1B and 1C). The
patient was given a detailed explanation
about the particularities and limitations
of his case, and agreed to undergo the
proposed endodontic treatment, for which
he signed an informed consent form.

In the first visit, the patient received buc-
cal infiltrative anesthesia (2% mepivacaine
with adrenaline - 1:100.000, DFL, Rio de
Janeiro, R]J, Brazil), and was fitted with a
rubber dam. The surgical field was cleaned
with 2.5% sodium hypochlorite (NaOCl)
(Biodinamica, Ibipord, PR, Brazil) (Fig. 1D),
and the coronal opening was performed
with #1014 and #3083 drills (KG Sorensen,
Barueri, SP, Brazil). The root canal orifice
and the cervical and middle thirds were
explored initially with #15 K-FlexoFile
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(Dentsply-Maillefer, Konstanz, Germany),
and then prepared with #2, and #2 and #3
Largo and Gates-Glidden drills (Dentsp-
ly-Maillefer), respectively (Fig. 1E), apply-
ing 2.5 mL of 5.25% (Férmula & Agdo, Sdo
Paulo, SP, Brazil) after each use or change
of file, and a NaviTip needle coupled to a
5 mL plastic syringe (Ultradent, Indaiatu-
ba, SP, Brazil). After numerous attempts,
the apical root canal bifurcation was ac-
cessed by using several C-Pilot #10 (VDW,
Munich, Germany) precurved files (Fig.
1F). Subsequently, the cervical and middle
root canal thirds were irrigated with 2.5
mL of a chelating solution (17% EDTA,
Biodinadmica) for 3 minutes, dried with
sterile absorbent paper points (Endo Points,
Manacapuru, AM, Brazil), and filled with
calcium hydroxide paste (Ultracal XS,
Ultradent) as an intracanal dressing (Fig.
1G). The pulp chamber was obturated with
a small sterile sponge, and the coronal
opening was sealed with glass ionomer
cement (Ionoseal, VOCO, Cuxhaven, Ger-
many) (Fig. 1H).

In the second visit, the patient received
buccal infiltrative anesthesia (2% mepiv-
acaine with adrenaline - 1:100.000, DFL),
and was fitted with a rubber dam. The
surgical field was cleaned with 2.5% NaO-
Cl (Biodindmica), and after removing the
temporary restoration and calcium hydrox-
ide paste with a #1014 drill (KG Sorensen)
and 2.5mL of 5.25% NaOCl (Biodindmica),
respectively, an ultrasonic tip (The Finder,
Helse, Santa Rosa de Viterbo, SP, Brazil)
was used to facilitate access to the apical
root canal bifurcation (Fig. 2A and B).
Afterward, both canals' working length
(WL) was determined with an electronic
apex locator (Root ZX 11, J. Morita, Kyoto,
Japan). Chemomechanical preparation was
performed by using manual K-FlexoFiles
from #15 to #30 (Dentsply-Maillefer), and
applying 2.5 mL of 5.25% NaOCl (Férmu-
la & Acgdo) after each use or change of file.
Subsequently, 2.5 mL of 5.25% NaOCl and
17% EDTA (Biodindmica) were activated
for 30 seconds by using both passive ultra-
sonic irrigation (PUI) (Irrisafe, Helse) and
Easy Clean (Easy Equipamentos Odon-
tolégicos, Belo Horizonte, MG, Brazil), al-
ternately. The root canals were then rinsed
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Figure 2

A) and B) Ultrasonic tip (The
Finder, Helse) used to
facilitate access to the apical
root canal bifurcation. C)
Optical fiber (MMOptics)
positioned to perform
irradiation. D) Root canal
filling with calcium hydroxide
paste (Ultracal XS, Ultra-
dent). E) Small sterile
sponge filling the pulp
chamber. F) Temporary
coronary sealing with glass
ionomer cement (lonoseal,
VOCO).

with 1 mL of 5% sodium thiosulfate and
1 mL of 0.85% saline solution for 60 sec-
onds each, and dried with sterile absorbent
paper cones (Endopoints). Next, 0.5 mL of
25 pg mL* methylene blue (Vetec Quimica,
Sigma Aldrich-Merck, Darmstadt, Germa-
ny) was injected into the root canals with
a NaviTip needle coupled to a plastic sy-
ringe (Ultradent) up to the level of the ac-
cess cavity, and left there 5 min for pre-ir-
radiation. Then, the canals were irradiated
with a low-power diode laser (Twin laser,
MMOptics, Sdo Carlos, SP, Brazil) through
an optical fiber (MMOptics) with a diam-
eter of 0.3 mm. The light was applied for
5 min at a wavelength of 660 nm and
power of 40 mW without the optical fiber.
The optical fiber was inserted into both
root canals up to the WL (Fig. 2C). The root
canals were again flushed with 10 mL of
sterile 0.85% saline solution to remove the
photosensitizer (23), dried with sterile
absorbent paper cones (Endopoints), and
filled with calcium hydroxide paste (Ult-
racal, VDW) as an intracanal dressing (Fig.

2D). The pulp chamber was obturated with
a small sterile sponge (Fig. 2E), and the
coronal opening was sealed with glass
ionomer cement (Ionoseal, VOCO) (Fig. 2F).
In the last visit, the same initial procedures
were performed as described above. Next,
the calcium hydroxide paste was removed
by using a #30 manual K-FlexoFile, PUI
and Easy Clean, as previously described.
The root canals were then flushed with 2.5
mL of 17% EDTA (BiodinAdmica) for 3
minutes, irrigated with 2.5 mL of saline
solution, and dried with sterile absorbent
paper cones (Endopoints). The main gut-
ta-percha cones (30/.02) (Endopoints) were
placed and checked radiographically for
accurate positioning (Fig. 3A), then re-
moved from the canals, labeled with AH
Plus sealer, and reinserted. Additionally,
4 B8 accessory gutta-percha cones (Endo-
points) were inserted, and #60 gutta-con-
denser (Dentsply-Maillefer) and #3 Paiva
condenser were used to perform the ther-
momechanical and vertical compactions,
respectively (Fig. 3B). The pulp chamber
was cleaned with a small sterile sponge
moistened with 70% alcohol, and the
coronal sealing was performed with SDR
bulk-fill resin (Dentsply-Maillefer) (Fig.
3C). Periapical radiography (Fig. 3D) and
CBCT (Fig. 3E and F: sagittal and axial
tomographic views, respectively) were both
performed 12 months after treatment, and
showed the healing in progress (Fig. 4).

Discussion

For a long time, diaphanization techniques
were the main means used to analyze the
root canal anatomy. Currently, other meth-
ods are used, such as CBCT and micro-
computed tomography (micro-CT), which
evidence in greater detail how changes in
standard anatomical patterns can affect
all the teeth (24). Anterior teeth typically
have a single root and canal. Nonetheless,
in the upper arch, endodontic treatments
in central (14, 15) and lateral incisors with
2 canals (16, 17), and lateral incisors with
3 (18, 19) and 4 canals (20) have already
been reported in the literature. Among the
existing anatomical complexities, Vertuc-
ci’s type V (21) classification is considered
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Figure 3

A) Periapical radiograph of
the main gutta-percha cones.
B) Periapical radiograph after
thermomechanical and
vertical compactions. C)
Final periapical radiograph
after coronal sealing with
SDR bulk-fill resin (Dentsp-
ly-Maillefer). D) Periapical
radiograph performed 12
months after the treatment.
E) and F) Sagittal and axial
tomographic views, respec-
tively, taken 12 months after
the treatment, showing
partial success (healing in
progress) (white arrow: start
of bifurcation/purple arrow:
buccal canal/yellow arrow:
palatal canal).

one of the rarest and most challenging root
canal configurations. The aim of this paper
was to describe and discuss the procedures
adopted during the endodontic treatment
of a maxillary lateral incisor with Vertuc-
ci’s type V (21) root canal configuration.
The 12-month clinical and radiographic
follow-up evidences the partial success
(repair in progress) of the therapy.

Although the success of endodontic treat-
ment mainly depends on the cleaning and/
or disinfection of the RCS (1), it is imper-
ative to be knowledgeable about anatomi-
cal complexities, including extra- and
intracanal variations (14-20, 25). This un-
derstanding is required to accurately
identify anatomical landmarks before and
during the treatment, associated with
normal and aberrant anatomy situations
observed in daily clinical practice. Accu-
rate diagnosis and careful analysis of
periapical radiographs could provide rel-
evant anatomical information. Should the
clinician judge this information not suffi-
cient for conducting the correct endodon-
tic treatment, a CBCT may be useful (13,
14). In the present case report, a CBCT was
requested to investigate the presence of
both apical root fracture and apical root

Giornale Italiano di Endodonzia June 2023, 37(1)

30-year-old Caucasian male patient

Tooth 21 presented a metal-ceramic crown that had been lost due to an accident. Analysis of the
root by DOM showed vertical root fracture indicating tooth extraction.

wed no periodontal involv
tensive restoration with co

Valid informed consent for treatment
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Treatment outcomes: symptom-free patient and
radiographic evidence of healing in progress.

ment of the complex case
o essential factors for

The authors deny any conflict of interest related to this
article.

Figure 4
PRICE 2020 flowchart.
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canal bifurcation, in a previously trauma-
tized maxillary lateral incisor, following
a suspicion established after careful anal-
ysis of the initial radiograph.

An adequate initial radiograph can show
anatomical complexities directly or indi-
rectly. A sudden break, or the narrowing
or change in the radiographic density of
the root canal, may indicate the presence
of additional canals (25). In the current
case report, a sudden break was not clear-
ly visible in the initial radiograph, because
of the bifurcation in the last millimeters
of the root canal. A CBCT exam clearly
revealed the absence of apical root fracture,
and the presence of apical root canal bi-
furcation, thus providing an accurate di-
agnosis, and enabling more predictable
treatment planning.

According to Perrin et al. (26), although
complex root canal configuration poses a
serious endodontic challenge, visualiza-
tion of the pulp chamber under DOM
(mainly) (27), or loupes, and subsequent
exploration help decrease the risk of iat-
rogenic errors, increase the likelihood of
discovering extra canals, and facilitate
canal negotiation. Yadav et al. (28), report-
ed that it is important to extend the access
opening carefully, particularly over the
lingual shoulder, in order to uncover any
additional canals. In the present case re-
port, this strategy was not used “for diag-
nostic purposes”, since the bifurcation was
identified by CBCT; however, it was im-
portant to facilitate the initial negotiation
of the canals, and accurately perform the
other treatment stages.

A more conservative instrumentation by
using manual files was chosen due to the
reduced dimensions of the root canals
beyond the bifurcation. This strategy could
only be performed based on the tactile
sensitivity provided by manual instrumen-
tation. Less root wear (i.e. less effective
mechanical cleaning) was “compensated”
by complementary antimicrobial strategies,
such as using calcium hydroxide paste as
intracanal dressing and photodynamic
therapy, both extensively reported in the
literature (23, 29).

Despite the metallurgical revolution expe-
rienced by Endodontics in recent decades

through the development of new instru-
ments, it is infeasible to complete an en-
dodontic treatment without using manu-
al files. They must be used during the
initial exploration of the root canal, the
investigation, location, and initial negoti-
ation of extra-canals, especially in cases
of high (anatomical) complexity, such as
the one presented herein, etc. In addition,
it is also important to reiterate that robust
scientific evidence has shown that using
endodontic instruments in an automated
way has provided greater comfort for both
patient and clinician and greater dyna-
mism to complete the treatment when
possible. However, the prognosis of endo-
dontic treatment was not changed from
the automation of biomechanical prepa-
ration (30).

Another important issue that must be
discussed is the root canal obturation
method. Tagger’s hybrid technique has
been shown to provide promising results
in terms of adaptation and adhesiveness
of filling materials to the root canal walls
(31, 32), and sealer penetration into den-
tinal tubules (33). This technique was used
in the present case report, because of these
advantages.

Lastly, it is important to emphasize that
all the measures highlighted herein were
relevant for the successful management of
this complex case report. However, pa-
tience, perseverance and clinical expe-
rience were also essential factors for
achieving this goal (34, 35).

Conclusion

Although most studies indicate the
presence of a single root and canal in
maxillary lateral incisors, the clinician
must be aware that there are anatomical
complexities that also affect this dental
group. An accurate initial radiograph,
and superior diagnostic imaging resourc-
es, such as CBCT and DOM, as well as
patience, perseverance and clinical ex-
perience are essential for performing a
predictable endodontic treatment in a
tooth affected by a diagnosis posing a
high level of difficulty such as that pre-
sented herein.
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Clinical Relevance

Vertucci’s type V classification is consid-
ered one of the rarest and most challenging
root canal configurations among the exist-
ing anatomical complexities. This paper
describes and discusses the procedures
adopted during the endodontic treatment
of a maxillary lateral incisor with Vertuc-
ci’s type V root canal configuration. The
12-month clinical and radiographic fol-
low-up evidences the partial success (repair
in progress) of the established therapy.
Besides the technological resources, pa-
tience, perseverance, and clinical experi-
ence were essential for performing a pre-
dictable endodontic treatment in a tooth
affected by a diagnosis posing a great dif-
ficulty such as that presented herein.
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CASE SERIES

Management of necrotic teeth with apical
periodontitis using sonically activated irrigation

ABSTRACT

Aim: To present root canal treatment using sonically activated sodium hypochlorite for
cases with necrotic pulp and apical periodontitis.
Summary: Four patients were scheduled for root canal treatment diagnosed with periapical
pathosis and bone resorption with a periapical index (PAl) score not less than 3. After access
cavity preparation and working length determination, the cleaning procedure was performed
using sodium hypochlorite (NaOCl) 2.5% irrigation activated by EndoActivator; then, teeth
were filled with gutta-percha. After a follow-up period with an average of four years, clinical
and radiographic findings showed complete healing and bone reformation.
Key learning points:
¢ Clinicians must appreciate the information gained from scouting about the average root
canal size; based on that; we can determine the shaping & disinfection strategy.
» Sonically activated irrigation can be a predictable approach for cleaning infected teeth
with ample root canal space without apical instrumentation.
« Activating irrigation can help to preserve dentine meanwhile achieving a successful
outcome.
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Introduction

icroorganisms and their
byproducts are the lead-
ing cause of inflamma-
tion of the pulp and
periapical tissues (1).
Therefore, the primary objective of root
canal treatment is to eliminate micro-
organisms and pathologic debris from
the pulp space (2) and prevent its rein-
fection (3).
Optimal apical preparation diameter
still has been a subject of controversy
(4); some authors suggested a pre-deter-
mined size beyond 35 or 40 (5), while
others recommended enlarging the canal
three sizes larger than the first apical
binding file would be adequate (6). On
the other hand, others reported that large
apical sizes remove more significant
amounts of the root dentine that, could
weaken the root and lead to fractures (7).
Besides, Literature showed that more
than half of the root canal walls remain
untouched (8).
Previous years have witnessed several
developments in the irrigation activation
procedures such as sonic or ultrasonic

activation, negative pressure, and laser
technologies (9). These devices dramat-
ically improve the antimicrobial and
cleaning abilities of the irrigants, in
addition to preserving the root dentine
and maintaining a high fracture resist-
ance (10, 11).

The EndoActivator® (Advanced Endo-
dontics, Santa Barbara, CA) is an elec-
trically driven unit operating at stated
frequencies of 33, 100, and 167 Hz (12).
It employs polymer tips of different
sizes (size 15, .02 taper, size 25, .04 taper,
size 35, .04 taper) to activate the irrigants
sonically (12).

This report presents a case series in
which a root canal cleaning procedure
was performed using sonic activation of
irrigation without apical instrumenta-
tion, leading to a successful radiograph-
ic & clinical outcome.

Report

A total number of four male patients
with an age range from 15 to 41 years
old were scheduled for root canal treat-
ment. Clinical and radiographic exam-
ination revealed that all teeth had ne-

Table 1
Preoperative evaluation and Diagnosis
Case | Tooth | Sex Sinus Preop. | Initial
oL oL /age Symptoms tract Swelling |Percussion | Palpation| Mobility Diagnosis PAl | binding
score file
Within Chronic apical
1 15 | M/15 No Yes | Intraoral No No normal limit abscess 5 #55
B #25
2 | 24 | M/17 | Pain | No | EXtraoral | y.o Yes | Gradel | Facial cellulitis | 3
/intraoral P #30
Within Asymptomatic
3 41 | M/30 No No No No No normal limit apical 4 #30
periodontitis
Within Asymptomatic
4 12 | M/41 No No No No No normal limit apical 4 #35
periodontitis
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Figure 1

A) A preoperative periapical
radiograph of tooth #15. B) A
photographic image showing
sinus opening. C) A postopera-
tive periapical radiograph. D) A
photographic image showing
healing of intraoral swelling. E) A
periapical radiograph of the
3.5-year follow-up showing
resolution of the periapical lesion
(Case 1, figure 2 in Appendix).
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crotic pulp and periapical pathosis with
bone resorption. Diagnosis for each case
is recorded in Table 1.

All cases had a clinical evaluation of
mobility, soft tissue lesions, percussion,
and palpation (Table 1). Radiographic
evaluation was done by periapical radi-
ograph using a film holder for parallel
technique (Rinn Dentsply Sirona, Wey-
bridge, UK). Bone resorption with PAI
score (13) not less than 3 was recorded
for all cases. The patient’s medical and
family history was noncontributory.
After explaining the treatment proce-
dure, written informed consent was
obtained from the patient or guardian.
The local anesthetic solution 2% lido-
caine containing 1:100,000 epinephrine
(Dentsply Sirona, York, PA) was admin-
istrated, and all teeth were isolated with
a dental dam (Crosstex, New York, USA),
followed by removal of caries and defec-
tive restorations (if present). Convention-
al straight-line access cavity preparation
after building the missing proximal wall
using chemical cure glass ionomer (Dent-
sply Detrey, Konstanz, Germany). A
stainless-steel K file size #10 (Dentsply
Maillefer, Ballagues, Switzerland) was

X

used to scout root canals to evaluate
internal canal anatomy, dimension, and
geometry. Then the canals were irrigat-
ed using 5 ccs of NaOCl 2.5% (Chlorax-
id, Cerkamed, Stalowa Wola, Poland).
The size of the scouting file was in-
creased until it binds at the provisional
working length. The initial binding file
was #25 or larger for all cases.

An electronic apex locator (X-SMART
DUAL, Dentsply Sirona, Ballaigues,
Switzerland) was used to measure the
final working length and confirmed by
a periapical radiographic image (Vix-
WinTM Platinum, Gendex Dental Sys-
tems, Illinois, USA) with parallel tech-
nique.

5 ccs of (NaOCl) 2.5% were delivered by
needle with gauge 30 (Prorinse Maillefer,
Ballaigues, Switzerland) at insertion
depth 1 mm from full working length
(FWL). The irrigation was activated by
Endoactivator tip size (15/.02) at 10000 CPM
(cycles per minute) for 1 minute while
moving the tip up & down with a vertical
amplitude of about 2 mm with maximum
insertion of 1 mm from FWL. The irriga-
tion cycle was repeated 3 times for each
canal, and the canal was irrigated with 5
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Figure 3 A) A preoperative
periapical radiograph of tooth
#24. B) A photographic image

showing intraoral swelling. C) A
postoperative periapical
radiograph. D) A photographic
image showing healing of
intraoral swelling. E) A periapical
radiograph of the 4-year follow-up
showing bone reformation

(Case 2, figure 4 in appendix).

ccs of NaOCl 2.5% to replenish the irrigant
and flush out debris after each cycle. An-
tibacterial medication (amoxicillin-clavu-
lanate, 1000 mg twice daily for five days)
was given only for one case with facial
cellulitis (Table 2).

Based on the initial binding file size mas-
ter gutta-percha cone was selected. A tug

Table 2
Treatment outcome
e T s TSty | Outcome
1 15 No 1 3.5 Healed
2 24 Yes 1 4 Healed
3 41 No 1 3.5 Healed
4 12 No 1 4 Healed

back (resistance while pulling) was felt
and confirmed radiographically. In case of
no tug back, the cone was trimmed by
surgical steel blade #15 (Swann-Morton,
Sheffield, England) and gutta-percha gauge
(Dentsply Sirona, Ballaigues, Switzerland)
till it was achieved. The warm vertical
compaction technique was selected for
filling root canal space and AH26 sil-
ver-free sealer (Dentsply Detrey, Konstanz,
Germany). The tooth was restored with
glass ionomer (Dentsply Detrey, Konstanz,
Germany), then referred to the general
dentist for a final restoration.

The patients were evaluated clinically and
radiographically in the follow-up visits.
The clinical examination assessed mobil-
ity, any remaining soft tissue lesions,
swelling (if present), percussion, and
palpation. The radiographic examination
comprises independent (PAI) scoring using
periapical radiographic images by parallel
technique.

After an average follow-up duration of four
years (Table 2), all cases were asymptomat-
ic clinically; furthermore, radiographic
examination showed complete healing of
peri-radicular radiolucency with a PAI

Giornale Italiano di Endodonzia June 2023, 37(1)



Figure 7
A) Preoperative periapical radiograph for tooth #12. B) A photographic image showing a discoloration of tooth #12. C) A postoperative
periapical radiograph. D) A periapical radiograph of the 4-year follow-up showing bone reformation (Case 4, figure 8 in appendix).
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score of 1, which is normal. Concerning
final restoration, all cases had direct ad-
hesive restoration except one case (case 1,
figure 2 in appendix) that did not comply
with the recommended treatment.

Discussion

Bacteria is the main reason for pulpal
and periapical infection (1, 14, 15), so
eliminating microorganisms is the main
target of root canal treatment to achieve
healing (16). In this report, complete
healing of four cases with necrotic pulp
& apical periodontitis was achieved by
sonic activation of (NaOCl) 2.5% using
EndoActivator to disinfect the root canal
space. EndoActivator enhances deple-
tion of bacteria and biofilm severance
(17-19). The tip oscillation creates a

Giornale Italiano di Endodonzia June 2023, 37(1)
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A) A preoperative periapical radiograph
of tooth #41. B) A postoperative
periapical radiograph of tooth #41.

C) A periapical radiograph of the
3.5-year follow-up showing bone
reformation (Case 3, figure 6 in
appendix).

powerful hydrodynamic phenomenon
(18), leading to effective cleaning of the
root canal space (20). Additionally, ir-
rigant replenishment after each activa-
tion cycle increases the antibacterial
effect of NaOCl (21).

The conjectural relation between an
irrigant or irrigation technique with a
clinical outcome is often deficient (22).
A well-known drawback in root canal
irrigation research is the rareness of
clinical studies, mainly those address-
ing the long-term treatment result.
Moreover, depending on laboratory
studies to recommend solutions or tech-
niques is considered the lowest evidence
level (23). To date there is no clinical
study correlated between apical prepa-
ration size & clinical outcome. In this
way, the present case series is trying to
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bridge the gap between laboratory stud-
ies & clinical application by presenting
the treatment outcome of cases treated
with sonically activated irrigation with-
out apical preparation after an average
of 4 years of follow-up. So, we can adopt
more conservative approach in root
canal treatment based on both research
& clinical evidences.

Nowadays, the primary role of instru-
mentation is to provide a way to the
apical third for the irrigants to carry out
the main bulk of cleaning and disinfec-
tion (24). Accordingly, large canals may
not require this shaping action as long
as the irrigant could be delivered to the
apical third & efficiently activated to
remove the remaining pulp tissues and
microorganisms (25).

The optimal apical preparation diameter
is a never-ending issue and one of the
most debatable topics in endodontics,
acknowledging the needed balance
between microbial reduction and pre-
serving tooth structure (26). Aminosh-
ariae & Kulild recommended enlarging
the apical size for patients with necrot-
ic pulps and periapical lesions to in-
crease healing outcome in terms of
clinical and radiographic evaluations
(27). however, the current case series
showed a successful outcome without
apical preparation.

Boosting root canal disinfection could be
achieved using more effective irrigation
activation methods (28). Therefore, it may
be recommended to keep the apical size
as minimal as possible, provided that
sufficient irrigation is feasible (29), and so
this will preserve root dentine (30).

The limitation of this case series is the
restricted application to large canals
with an initial binding file not less than
size #25.

Conclusion

In this case series, teeth with necrotic pulp
& apical periodontitis were treated with
non-instrumentation technique by sonic
activation of NaOCl 2.5% showed favorable
clinical and radiographic outcome. So, if
the average apical diameter is equal to or

greater than #25 and irrigation needle can
reach easily up to 1 or 2 mm from the full
working length, we can adopt more con-
servative approach like sonic activation of
irrigation to achieve efficient disinfection
meanwhile preserving the root canal den-
tine. Further clinical trials focusing on the
clinical outcome in relation to the irriga-
tion activation and apical preparation size
are recommended.

Clinical Relevance

Clinical and radiographic outcomes were
adequate after an average of 4 years of
endodontic treatment using activated irri-
gation. We can rely on the irrigant for
cleaning the root canal space if there is
sufficient space for proper activation. So,
we can successfully treat root canals with-
out or with minimal instrumentation and
preserve the root dentine.
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Appendix

Flow charts for all cases follows after
references.
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Root canal treatment by sonically activated irrigation

15 years old male patient. 17 years old male patient.

Referred for root canal treatment for tooth & 25.

1

| |

Previous dental history : dropped occluso distal

Previous dental history : Previously initiated treatment restoration

Intraoral swelling related to tooth # 25.

| |

Periapical radioraph showed radiolucency related to | Periapical radioraph showed radiolucency related to
: tooth # 25. tooth # 24.

Definitive diagnosis: Pt;“p necrosis, chronic apical Definitive diagnosis: Faclal cellulitis.
abscess.

Written informed, valid consent for treatment from Written informed, valid consent for treatment from
patient’ mother. patient’ mother.

Treatment outcome: Patlent symplom-free, radiographic

Treatmenl outcome: Patient symptom-free, radiographic evidence of resolution of periapical lesion.

evidence of resolution of periapical lesion.

Sonic activation of irrigation could be used efficiently to treat

Sonic activation of irtigation colild o used eficlemtiy o tront cases with large root canals without apical instrumentation.

cases with large root canals without apical instrumentation.

Author has stated explicitly that there is no co Author has stated explicitly that there is no conflict of
g " interest. interest.

Figure 2 Figure 4
Price 2020 flow chart for case 1. Price 2020 flow chart for case 2.
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Sharawy WW*, Aly Ahmed HM, Cohen S

30 years old male patient. 41 years old male patient.

Refered for root canal tratment for tooth # 41. Pain on bitting.
Medical history non contributory.

Previous dental history : No previous treatment.

Periapical radioraph showed radiolucency related to

Periapical radioraph showed radiolucency related to
tooth # 41,

tooth # 12,

T e ——
asymptomatic apical periodontitis.

Definitive ignnsi: 7 necrosis
symptomatic apical periodontitis.

Written informed, valid consent for treatment from

5 s Written informed, valid consent for treatment from
patient’ mother.

patient’ mother.

Follow-up period: 4 years.

Treatment outcome: Patient symptom-free, radiographic
evidence of resolution of periaplcal lesion.

Treatment outcome: Patient symptom-free, radiographic
evidence of resolution of pertapical lesion.

Sonic activation of irrigation could be used effcently to treat

Sonic activation of irrigation could be used efficiently to breat
cases with large root canals without apical instrumentation.

cases with large root canals without apical instramentation.

Author has stated itly that there is no conflict of

Author has stated explicitly that there is no conflict of
interest.

interest.

Figure 6 Figure 8
Price 2020 flow chart for case 3. Price 2020 flow chart for case 4.
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|l TRAUMI DENTALI

DECISION MAKING AL CONFINE TRA ENDODONZIA E CONSERVATIVA
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ENDOTUESDAY

APPROFONDIMENTI ENDODONTICI MONOTEMATICI
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@ PROF. MASSIMO AMATO

L)

LA RESPONSABILITA DEL CONSULENTE IN ENDODONZIA

Martedi 10 OTTOBRE 2023 dalle ore 20.00 alle ore 21.00

un anno tutto da scoprire e da vivere

in ul-}

APPROFONDIMENTI ENDODONTICI MONOTEMATICI

#inS/Emesulweb!
Biblioteca Virtuale SIE
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( : ari Amici,

siamo finalmente arrivati all’api-
ce del calendario culturale 2023
della Societa Italiana di Endo-
donzia e sono orgoglioso di con-
dividere con Voi il programma
del 38° Congresso Nazionale SIE
SMART ENDO - Certezze Vs In-
novazioni che si svolgera a Bolo-
gna il 9, 10 e 11 novembre.

La SIE ha, naturalmente, nel pro-
prio DNA I’Endodonzia che &
stata ed &, orgogliosamente uni-
ci, 'argomento monotematico dei
propri congressi; questo non si-
gnifica limitare la nostra visione,
ma piuttosto ampliarla e appro-
fondirla condividendo le cono-
scenze e le esperienze di tanti
Soci che hanno duramente lavo-
rato nella ricerca clinica e scientifica e che, come Relatori nelle varie ses-
sioni congressuali, possono mettere a disposizione della nostra crescita
professionale.

Quando cediamo alla multidisciplinarieta non perdiamo mai il punto di
vista endodontico e chiediamo a Relatori di altre Societa Scientifiche di
creare i giusti link fra la nostra e la loro specialita per offrire il miglior
aggiornamento possibile e quindi quella ricaduta reale di capacita clinica
che ciascuno di noi vuole portarsi con sé quando partecipa a un evento di
aggiornamento specialistico.

Questo congresso in particolare & stato progettato non per essere un evento
riservato a un’élite di super specialisti, ma per offrire ai Colleghi che af-
frontano la professione a 360° e soprattutto ai giovani che sempre di piu
operano come consulenti, una disamina semplice e lineare ma, come &
giusto, di altissima qualita su tecniche, materiali e strumenti di assoluta
attualita.

Abbiamo scelto il titolo SMART ENDO perché vogliamo condividere una
nostra certezza: 'Endodonzia attuale & enormemente piu facile e predicibile
del passato, anche recente, ma, proprio per questo, 'operatore deve costruire
un bagaglio aggiornato di conoscenze su strumenti, apparecchiature e
materiali, soprattutto quelli piti innovativi, nell’'ambiente certificato,
controllato e affidabile di una societa scientifica come la SIE.

11 sottotitolo rappresenta la filosofia del congresso, ovvero offrire una visio-
ne ragionata e approfondita di quali siano le Certezze Vs Innovazioni. Qua-
li sono i punti fermi, sotto I'aspetto clinico e scientifico, ormai validati?
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Quali sono le novita sulle quali ¢’® ancora molta strada da percorrere?

Il tema e il filo conduttore del congresso sono i materiali bioceramici, in
tutte le loro formulazioni e relative applicazioni cliniche, e le nuove varia-
zioni delle leghe NI-TI che applicate agli strumenti attuali ne hanno cam-
biato profondamente le caratteristiche tecniche, il modo di utilizzo e la
stessa clinica. Le diverse sessioni affronteranno queste tematiche in macro
aree cliniche: i Relatori non sono stati chiamati a fare una semplice rela-
zione, ma a confrontarsi in un gruppo di lavoro specialistico per analizza-
re I'argomento in modo completo ed esaustivo.

Il futuro quindi e gia nel nostro presente e il fatto che ancora, magari, non
utilizziamo alcune tecnologie non significa che non siano gia una realta
affidabile con cui dobbiamo acquisire familiarita. La SIE anticipa i tempi e
propone il corso pre-congresso che avra per tema Il work-flow digitale in
Endodonzia. Relatori esperti fonderanno sinergicamente conoscenze clini-
che, tecnologiche e informatiche per analizzare lo stato dell’arte attuale e
darci la possibilita di applicarle immediatamente nel nostro lavoro di tutti
i giorni.

Tutti noi sappiamo quanto sia fondamentale anche in Endodonzia un team
affiatato e preparato. La SIE ha deciso di dedicare specificamente alle assi-
stenti alla poltrona un’intera sessione di aggiornamento non solo sulle tec-
niche, i materiali, gli strumenti e le attrezzature endodontiche, ma, soprat-
tutto, sulle modalita e le posizioni di lavoro al microscopio operatorio per-
ché da sempre la nostra filosofia & che inSIEme si raggiungono i migliori
risultati!

Il Premio Garberoglio per la ricerca scientifica in Endodonzia, il Premio
Lavagnoli-Riitano per la clinica, i case report e i case series e il Miglior
Poster, offrono a giovani Colleghi e Studenti la possibilita di misurarsi in
un contesto di eccellenza per un risultato prestigioso e a noi tutti di valu-
tare quale sia l’evoluzione reale della nostra specialita.

Tutto questo, ma non solo questo... & il Congresso SIE 2023! La possibilita
di incontrarci e di confrontarci direttamente, gli eventi sociali, le tavole
cliniche SIE e quelle degli Sponsor, che a nome della Societa ringrazio per
il loro costante, attivo ed insostituibile supporto, lae mostra merceologica
per toccare con mano le novita, insieme con un programma scientifico e
culturale di altissimo livello costituiscono un mix di opportunita umane
e professionali veramente imperdibile.

Benvenuti al 38° Congresso Nazionale della Societa Italiana di Endodonzia!

Societa Italiana di Endodonzia
Il Presidente
Dr. Magjo Lendini
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Chiara Pirani ‘ Lucia Reggio ﬂ
Via Carlina, 12/2 Via San Secondo, 38
40055 Castenaso (BO) 10128 Torino (TO)
Tel. 051 6494868 Tel. 011 6610818
cel. 347 0961012 cel. 333 1927067
clairepirani@hotmail.com lucia.reggio84@gmail.com
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Sud
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Alessandra D’Agostino " Massimo Calapaj

Via Bellini, 5 Via N. Panoramica dello Stretto, 480
03043 Cassino FR 98168 Messina (ME)

tel. 0776 312378 Tel. 090 661462

cell. 328 3071792 cel. 333 2193009
alessandradagostino74@gmail.com calapaj.massimo@gmail.com
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SOCI ONORARI
Bresciano Dott. Bartolo
Cavalleri Prof. Giacomo
Pecora Prof. Gabriele
Perrini Dott. Nicola
Vignoletti Dott. Gianfranco

SOCI ATTIVI

Agresti Dott. Daniele
Altamura Dott. Carlo

Amato Prof. Massimo

Ambu Dott. Emanuele
Amoroso D’Aragona Dott.ssa Eva
Ascione Dott.ssa Maria Rosaria
Autieri Dott. Giorgio

Badino Dott. Mario

Barattolo Dott. Raniero
Barboni Dott.ssa Maria Giovanna
Beccio Dott. Roberto

Bertani Dott. Pio

Berutti Prof. Elio

Bonaccorso Dott. Antonino Maria
Bonacossa Dott. Lorenzo
Bonelli Bassano Dott. Marco
Borrelli Dott. Marino

Boschi Dott. Maurizio
Bottacchiari Dott. Renato Stefano
Botticelli Dott. Claudio
Brenna Dott. Franco

Bugea Dott. Calogero

Cabiddu Dott. Mauro

Calapaj Dott. Massimo
Calderoli Dott. Stefano
Campo Dott.ssa Simonetta
Cantatore Prof. Giuseppe
Capelli Dott. Matteo
Cardinali Dott. Filippo
Cardosi Carrara Dott. Fabrizio
Carmignani Dott. Enrico
Carrat Dott.ssa Paola
Carrieri Dott. Giuseppe
Cascone Dott. Andrea

Cassai Dott. Enrico
Castellucci Dott. Arnaldo
Castorani Dott. Giuseppe
Castro Dott. Davide Fabio
Cavalli Dott. Giovanni
Cecchinato Dott. Luigi
Cerutti Prof. Antonio

Cinelli Dott. Marco

Ciunci Dott. Renato Pasquale
Colla Dott. Marco

Coraini Dott. Cristian
Cortellazzi Dott. Gianluca
Cotti Prof.ssa Elisabetta
Cozzani Dott.ssa Marina
D’Agostino Dott.ssa Alessandra
D’alessandro Dott. Alfonso
Daniele Dott. Lucio

Del Mastro Dott. Giulio
Dettori Prof.ssa Claudia

Di Giuseppe Dott. Italo

Donati Dott. Paolo

Dorigato Dott.ssa Alessandra
Fabbri Dott. Massimiliano
Fabiani Dott. Cristiano
Faitelli Dott.ssa Emanuela
Fassi Dott. Angelo

Favata Dott. Pasquale Massimo
Fermani Dott. Giorgio
Ferraioli Dott. Gennaro
Ferrari Dott. Paolo

Ferrini Dott. Francesco
Forestali Dott. Marco
Fornara Dott. Roberto
Fortunato Prof. Leonzio
Franchi Dott.ssa Irene
Fumei Dott. Gianluca
Gaffuri Dott. Stefano
Gagliani Prof. Massimo
Gallo Dott. Roberto
Gallottini Prof. Livio
Gambarini Prof. Gianluca
Generali Dott. Paolo

Gesi Dott. Andrea
Giacomelli Dott.ssa Grazia
Giovarruscio Dott. Massimo
Gnoli Dott.ssa Rita

Gorni Dott. Fabio

Greco Dott.ssa Katia

Gulla Dott. Renato

Hazini Dott. Abdol Hamid
Tacono Dott. Francesco
Tandolo Dott. Alfredo

Ivaldi Dott. Luca

Kaitsas Dott. Roberto
Kaitsas Prof. Vassilios
Lamparelli Dott. Andrea
Lendini Dott. Mario

Libotte Dott. Fabrizio
Maggiore Dott. Francesco
Malagnino Dott. Giovanni Pietro Vito
Malagnino Prof. Vito Antonio
Malentacca Dott. Augusto
Malky Dott. Maher

Mancini Dott. Roberto
Mancini Dott. Mario
Mancini Dott. Manuele
Manfredonia Dott. Massimo Francesco
Manfrini Dott.ssa Francesca
Mangani Prof. Francesco
Martignoni Dott. Marco
Mazzocco Dott. Alberto
Messina Dott. Giovanni
Migliau Dott. Guido

Monza Dott. Daniele

Mori Dott. Massimo

Multari Dott. Giuseppe
Mura Dott. Giovanni
Natalini Dott. Daniele
Negro Dott. Alfonso Roberto
Olivi Prof. Giovanni

Ongaro Dott. Franco

Orsi Dott.ssa Maria Veronica
Padovan Dott. Piero

Palazzi Dott. Flavio

Palmeri Dott. Mario
Pansecchi Dott. Davide
Paone Dott. Pasquale
Papaleoni Dott. Matteo
Pappalardo Dott. Alfio
Parente Dott. Bruno
Pasqualini Dott. Damiano
Piferi Dott. Marco

Pilotti Dott. Emilio

Pirani Dott.ssa Chiara

Pisacane Dott. Claudio
Plotino Dott. Gianluca
Polesel Dott. Andrea
Pollastro Dott. Giuseppe
Pongione Dott. Giancarlo
Pontoriero Dott.ssa Denise Irene Karin
Portulano Dott. Francesco
Preti Dott. Riccardo

Pulella Dott. Carmelo

Puttini Dott.ssa Monica
Raffaelli Dott. Renzo

Raia Dott. Roberto

Rapisarda Prof. Ernesto Guido
Re Prof. Dino

Reggio Dott.ssa Lucia

Rengo Prof. Sandro
Riccitiello Prof. Francesco
Rieppi Dott. Alberto

Rigolone Dott. Mauro

Rizzoli Dott. Sergio

Roggero Dott. Emilio

Russo Dott. Ernesto
Santarcangelo Dott. Filippo Sergio
Shardella Dott.ssa Maria Elvira
Sberna Dott.ssa Maria Teresa
Scagnoli Dott. Luigi
Schianchi Dott. Giovanni
Schirosa Dott. Pier Luigi
Serra Dott. Stefano

Sforza Dott. Francesco
Simeone Prof. Michele
Smorto Dott.ssa Natalia
Sonaglia Dott. Angelo

Squeo Dott. Giuseppe

Storti Dott.ssa Paola

Strafella Dott. Roberto

Stuffer Dott. Franz

Taglioretti Dott. Vito
Taschieri Dott. Silvio
Tavernise Dott. Salvatore
Tocchio Dott. Carlo

Tonini Dott. Riccardo

Tosco Dott. Eugenio

Tripi Dott.ssa Valeria Romana
Uberti Dott.ssa Manuela
Uccioli Dott. Umberto

Vecchi Dott. Stefano

Venturi Dott. Giuseppe

Venuti Dott. Luca
Veralli Dott. Eduardo
Vittoria Dott. Giorgio
Volpi Dott. Luca Fedele
Zaccheo Dott. Francesco
Zaccheo Dott. Fabrizio
Zerbinati Dott. Massimo
Zilocchi Dott. Franco

SOCI AGGREGATI

Giovinazzo Dott. Luca

CONSIGLIO DIRETTIVO
BIENNIO 2023-24
Presidente

Lendini Dott. Mario

Past President

Fornara Dott. Roberto
Presidente Eletto
Cardinali Dott. Filippo
Vice Presidente

Coraini Dott. Cristian
Segretario

Greco Dott.ssa Katia
Tesoriere

Denise Dott.ssa Pontoriero
Coordinatore Culturale
Castro Dott. Davide
Coordinatore della Comunicazione
Polesel Dott. Andrea
Revisore dei Conti

Vecchi Dott. Stefano
Revisore dei Conti
Vittoria Dott. Giorgio

SOCl SCOMPARSI
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Attanasio Dott. Salvatore
Socio Attivo
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Socio onorario
Castagnola Prof. Luigi
Socio Onorario

De Fazio Prof. Pietro
Socio Attivo

Dolci Prof. Giovanni
Socio Onorario

Duillo Dott. Sergio

Socio Onorario
Garberoglio Dott. Riccardo
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Socio Onorario
Mantero Prof. Franco
Socio Onorario
Malvano Dott. Mariano
Socio Attivo

Pecchioni Prof. Augusto
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Riitano Dott. Francesco
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e COMIE DIVENTARE SOCIO ALTIVO /AGGREGATO

SOCI0 AGGREGATO

Per avere lo status di Socio Aggregato si dovra presentare
la documentazione descritta nel sito www.endodonzia.it
che sara valutata dalla Commissione Accettazione Soci. La
documentazione che verra presentata dovra mostrare con
rigore, attraverso casi clinici, 'interessamento del candi-
dato alla disciplina endodontica.

Un meccanismo a punti & stato introdotto per valutare 'am-
missibilita del candidato allo “status” di Socio Aggregato:
i punti saranno attribuiti in base al tipo di documentazione
presentata. Possono accedere alla qualifica di Socio Aggre-
gato tutti i Soci Ordinari della SIE, in regola con le quote
associative degli ultimi tre anni, che completino e fornis-
cano la documentazione alla Segreteria Nazionale (Via Pi-
etro Custodi 3, 20136 Milano) entro i termini che verranno
indicati all’indirizzo web: www.endodonzia.it.

La domanda dovra essere firmata da un Socio Attivo, in
regola con la quota associativa per I’anno in corso, il quale
e responsabile della correttezza clinica e formale della doc-
umentazione presentata.

DOCUMENTAZIONE NECESSARIA

PER DIVENTARE SOCIO AGGREGATO
Qualsiasi Socio Ordinario, con i requisiti necessari, pud
presentare la documentazione per ottenere la qualifica di
Socio Aggregato. Un meccanismo a punti & stato introdot-
to per valutare il candidato: un minimo di 80 punti & rich-
iesto per divenire Socio Aggregato.

La documentazione clinica per ottenere la qualifica di Socio
Aggregato dovra presentare almeno sei casi, di cui non pitt
di tre senza lesione visibile nella radiografia preoperatoria
e non piu di uno di Endodonzia Chirurgica Retrograda.
Nella domanda non potranno essere presentati casi la cui
somma superi i 120 punti per la qualifica di Socio Ag-
gregato.

L’aspirante Socio Aggregato potra presentare la documen-
tazione clinica in piu volte, con un minimo di 40 punti per
presentazione, in un arco massimo di tre anni. Il mancato
rinnovo della quota associativa, anche per un solo anno,
annulla l'iter di presentazione dei casi.

SOCIO ATTIVO

Per avere lo status di Socio Attivo si dovra presentare la
documentazione descritta nel sito www.endodonzia.it che
sara valutata dalla Commissione Accettazione Soci. La doc-
umentazione che verra presentata dovra mostrare con rig-
ore, attraverso documentazione scientifica e casi clinici,
I'interessamento del candidato alla disciplina endodonti-
ca.

Un meccanismo a punti & stato introdotto per valutare
l’ammissibilita del candidato allo status di Socio Attivo: i
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Scaricabile dal sito www.endodonzia.it

punti saranno attribuiti in base al tipo di documentazione
clinica e scientifica presentata. Possono accedere alla qualifi-
ca di Socio Attivo tutti i Soci Ordinari della SIE, in regola con
le quote associative degli ultimi tre anni, che completino e
forniscano la documentazione alla Segreteria Nazionale (Via
Pietro Custodi 3, 20136 Milano) entro i termini che verranno
indicati all'indirizzo web: www.endodonzia.it.

La domanda di ammissione allo status di Socio Attivo
rivolta al Presidente della SIE dovra essere firmata da
un Socio Attivo in regola con la quota associativa per
l’anno in corso, il quale dovra aver esaminato e appro-
vato la documentazione. Quest’ultimo & responsabile
della correttezza clinica e formale della documentazi-
one presentata.

DOCUMENTAZIONE NECESSARIA

PER DIVENTARE SOCIO ATTIVO

Qualsiasi Socio Ordinario, con i requisiti necessari, pud
presentare la documentazione per ottenere la qualifica
di Socio Attivo. Il Socio Aggregato che volesse pre-
sentare la documentazione scientifica e clinica a inte-
grazione di quella clinica gia approvata dalla CAS per
lo status di socio Aggregato, potra farlo gia dall’anno
successivo all’ottenimento della sua qualifica.

Un meccanismo a punti & stato introdotto per valutare
il candidato a Socio Attivo. Un minimo di 200 punti &
richiesto per divenire Socio Attivo.

Nella domanda non potranno essere presentati casi la
cui somma superi i 240 punti per la qualifica di Socio
Attivo.

La documentazione scientifica potra essere presentata,
a completamento della documentazione clinica, solo per
la domanda per divenire Socio Attivo e non potra super-
are i 80 punti.

La documentazione clinica dovra presentare un minimo
di sei casi, di cui almeno 4 di molari pluriradicolati con
delle precise tipologie: tra questi casi almeno uno deve
essere un ritrattamento con lesione visibile nella radio-
grafia preoperatoria e dei restanti tre almeno due devo-
no avere una lesione visibile nella radiografia preoper-
atoria.

La documentazione clinica non deve presentare piu di
un caso di Endodonzia Chirurgica Retrograda con im-
magini e non pitt di uno senza immagini.

La documentazione scientifica non potra presentare pit
di due articoli come coautore.

MODALITA DI DOCUMENTAZIONE

e RELCASLCLINICH

Criteri e modalita per la valutazione dei casi clinici idonei
ad accedere alle qualifiche di Socio Aggregato e di Socio
Attivo sono espressi nell’apposita sezione del Regolamento
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della Societa Italiana di Endodonzia (SIE) all’indirizzo
web: www.endodonzia.it.

CRITERI DI VALUTAZIONE

I casi clinici verranno valutati nel loro complesso, coerente-
mente con gli scopi e fini della SIE, e devono essere presentati
dai Candidati considerando non solo I'aspetto clinico, ma an-
che quello formale della documentazione presentata.

La documentazione scientifica verra valutata considerando la
classificazione ANVUR delle Riviste Scientifiche, i documen-
ti scientifici dovranno essere tutti di pertinenza endodontica.

ADEMPIMENTI DEL CANDIDATO

La domanda di ammissione allo status di Socio Aggregato/Atti-
vo, rivolta al Presidente della SIE, dovra pervenire, insieme alla
documentazione di seguito elencata, alla Segretaria della SIE
con un anticipo di 20 giorni sulle date di riunione della CAS,
sufficiente per poter organizzare il materiale dei candidati. Le
date di scadenza saranno rese note sul sito. La domanda dovra
essere firmata da un Socio Attivo in regola con la quota associ-
ativa per I'anno in corso, il quale dovra aver esaminato e appro-
vato la documentazione. Quest'ultimo & responsabile della cor-
rettezza clinica e formale della documentazione presentata.

PRESENTAZIONE

e RELCASLALLA COMMISSIONE

La presenza del Candidato & obbligatoria durante la riunione della
CAS; ¢ altresi consigliabile la presenza del Socio presentatore.

LA COMMISSIONE

e ACCETTAZIONE SOCI

La CAS (Commissione Accettazione Soci) & formata cinque
Membri di indiscussa esperienza clinica, quattro Soci At-
tivi con almeno cinque anni di anzianita in questo ruolo
eletti a ogni scadenza elettorale dall’Assemblea dei Soci
Attivi e Onorari e uno dei Past President della Societa in-
caricato dal CD a ogni riunione. Compito della CAS & quel-
lo di esaminare e valutare la documentazione presentata
dagli aspiranti Soci Aggregati e Soci Attivi. Per rispetto del
lavoro dei Candidati e per omogeneita di giudizio, in ogni
riunione CAS verranno valutati non piu di 12 candidati a
Socio Attivo; resta libero, invece, il numero dei candidati a
Socio Aggregato valutabile in una singola riunione. Il Con-
siglio Direttivo (CD) incaricando la Commissione Accettazi-
one Soci (CAS) larende responsabile dell’applicazione delle
regole descritte nell’articolo 2 del regolamento. Il giudizio
della CAS ¢ insindacabile.

e UGV BRLDELLA COMMISSIONE ACCETTAZIONE SOCIBIENNIO 202323 e
Francesco Riccitiello
Maurizio Boschi
Marco Colla
Claudia Dettori
Giuseppe Multari
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CeraSeal

Quality and ergonomics
for simple and predictable root canal fillings

Courtesy
of Dott. Filippo Cardinali

P .
sweden : martina

Role and aims of root canal obturation

Complete filling of the endodontic space combined with an airtight
seal of the foramen are essential prerequisites for a quality root canal
obturation and represent the goal the clinician must aspire to when
performing the obturation.

Pre-mixed bioceramic cements for root canal fillings have been in use
in clinical practice for more than 10 years and their use is becoming
increasingly popular due to their characteristics. The absence of shrink-
age and the interaction with the canal walls during the hardening re-
action allow the clinician to achieve the obturation goals using cold
gutta-percha techniques, which are easier and faster to perform than
hot techniques.

Ceraseal: ergonomics and safety

Ceraseal is a pre-mixed calcium-silicate bioceramic cement that can
be easily applied inside the canal with disposable tips: the absence of
powder-liquid mixing phases means that the cement components are
in the ideal percentages, eliminating the risk of contamination during
preparation and insertion of the cement into the canal.

Ceraseal has a high radiopacity that makes it clearly visible on post-op-
erative X-rays. During the setting reaction, high pH values are reached,
giving Ceraseal a powerful antibacterial action.

Hermetic Seal

Ceraseal requires moisture to start the setting reaction, which results
in a chemical bond between the bioceramic cement and the dentin of
the canal parts. This chemical reaction also occurs within the dentin-
al tubules where Ceraseal can penetrate due to its low particle size,
resulting in a high-quality hermetic seal that prevents bacteria from
percolating into the canal. The ability to harden in a moist environment
makes Ceraseal the cement of choice when complete drying of the
endodontic system is not possible for anatomical reasons.
Flowability and Stability

The high fluidity allows Ceraseal to penetrate even unshaped spac-
es such as isthmuses or lateral canals and fill the endodontic system
three-dimensionally. Ceraseal does not contract or expand: this unique
stability is the basis for its use with cold gutta-percha techniques such
as single cane, not to mention that it can also be used with convention-
al'hot root canal techniques.

Biocompatibility and Bioactivity

Biocompatibility is certainly one of the most important features of Cer-
aseal: in case of accidental extrusion, Ceraseal does not interfere with
the health status of healthy periapical tissues, nor does it interfere with
healing processes in case of periapical lesions, promoting instead peri
radicular bone regeneration.
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Simit Dental, azienda leader da piu di 30 anni nel settore dentale, in occasione di Expodental, presentera ufficialmente tre novita

della linea di sistemi di ingrandimento Orascoptic.

La prima novita € Dragonfly™, un innovativo sistema d'ingrandimento con alimentazione a batteria completamente integrata e

comandi incorporati per azionare il sistema di illuminazione.

Tutte le componenti elettroniche e le batterie sono completamente contenute all'interno del telaio, quindi non ci sono cavi visibili.

Un innovativo design offre comfort per tutto il giorno riducendo al minimo la pressione sul ponte nasale dell'utilizzatore.
Dragonfly™ ¢é disponibile in tre modelli diversi:

e Dragonfly™ PRO: il modello premium supporta la linea
completa di oculari Orascoptic ed é ricca di funzioni bonus
tra cui batterie extra, impostazioni multiple di intensita
della luce, finitura estremamente resistente;

¢ Il modello RDH: supporta gli oculari RDH Elite progettati
specificamente per igienisti dentali;

e Il modello NEO: entry-level & disponibile in un unico

colore e supporta i 4 poteri di ingrandimento pil popolari.

Dragonfly™ & il sistema integrato per eccellenza che garantisce una performance di livello superiore in totale liberta.

Orascoptic ¢ inoltre da sempre attenta alle nuove esigenze del mercato e alle richieste dei professionisti del settore dentale ed in
occasione della fiera principale del settore dentale Simit Dental presentera due ulteriori novita assolute nella sua gamma di sistemi
ingrandenti:

e Eyezoom Max™ ¢ il sistema della gamma Eyezoom™ ad
ingrandimento variabile da 3,5X a 6,5X piu potente di sempre.
Offre una risoluzione ad alta definizione ed una maggiore acuita

visiva.

Le generose dimensioni del campo dell'ingrandimento a 3,5X
combinate con la capacita di eseguire procedure impegnative
utilizzando l'ingrandimento a 6,5X, creano un’esperienza di

ingrandimento versatile per il professionista.

e Linea di sistemi ingrandenti ergonomici Ergo: gli occhiale Ergo
ad alta definizione consentono di lavorare in tutta comodita,
migliorando la postura del professionista senza sacrificare la visione.

La tecnologia Orascoptic utilizza prismi di rifrazione per consentire al professionista di stare seduto in posizione eretta e ridurre
I'inclinazione del collo. | sistemi ingrandenti Ergo sono un'opzione ergonomica che offre comfort per tutto il giorno e sono disponibili
in due ingrandimenti - RDH Ergo 3X ed HDL Ergo 3,5X.

Tutti i sistemi ottici sono realizzati con lenti in vetro con rivestimenti antigraffio e antiriflesso.

Vieni a provare le novita Orascoptic ad Expodental!

Expert

EX P 0 1 8—1 9—20 Venite a trovarci presso i nostri stand

DENTAL | MAGGIO 2023 Padiglione A1 corsia 4 stand 151
MEETING | RIMINI-ITALIA Padiglione A1 corsia 5 stand 191

— EIIIE | SITNEXT ——




EdgekEndo

PERFORMANCE. PRICE. TECHNOLOGY.

altissima qualita con tecnologie allavanguardia e un
ttimo rapporto qualita/prezzo.

Con le linee EdgeTaper, EdgeTaper Platinum, EdgeOne
Fire, EdgeFire X7, i fle EdgeEndo garantiscono velocita e
sicurezza nel trattamento endodontico e grandi vantaggi sia
per gli operatori che per i pazienti.
L'applicazione alla strumentazione rotante della nuova tec-
nologia FireWire™ rende il file piu flessibile incrementan-
done la resistenza alla fatica ciclica, elimina la memoria
elastica preservando I'anatomia del canale € la dentina e
permette allo strumento di seguire con precisione il per-
corso canalare in modo semplice ed efficace.
La linea di file reciprocanti EdgeOne Fire riduce il numero
di strumenti necessari per la sagomatura, presenta un
design conico variabile che riduce il diametro massimo
delle spire (MFD) e I'effetto di avvitamento e grazie al nuo-
vo trattamento FireWire™ gli strumenti risultano due volte
piu resistenti alla fatica ciclica rispetto agli altri.

EgeEndo offre prodotti e soluzioni endodontiche di

La parola ai clinici che usano con grande
soddisfazione i file EdgeEndo

“Ho recentemente paragonato i file EdgeEndo NiTi alla
mia sistematica attuale. Sono stato piacevolmente sorpre-
so dalla loro flessibilita, durevolezza e resilienza alla rottu-
ra. Vantaggio piu importante per me & stato poter conser-
vare la mia tecnica ottenendo un identico risultato e rispar
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miando denaro. EdgeEndo & entrato a far parte della quo-
tidianita del mio protocollo clinico.”
Prof. Gianluca Gambarini, Universita La Sapienza, Roma

“A mio parere X7 ¢ il miglior sistema di file rotanti per la
terapia endodontica mininvasiva. Lesclusivo trattamento
termico e il diametro ridotto delle spire conferiscono mag-
giore efficienza e sicurezza nei casi complessi.”

Prof. Gianluca Gambarini, Universita La Sapienza, Roma

File NITI trattati termicamente (Firewire™)

Conicita variabile

Serione a parallelogramma

Lunghezza manico 12 mm
(rivestimento dorato)

Codice colore 150

Stop in salicone e anelli di calibrazione

Disponibili in 3 hnghazza: 21, 25, 31 mm

Per info
Dental Trey srl | Via Partisani, 3 | 47016 Fiumana-Predappio (FC), ltalia
T +39 0543 929111 | F +39 0543 940659 | www.dentaltrey.it | commerciale@dentaltrey.it



http://www.dentaltrey.it/
mailto:commerciale@dentaltrey.it

MORITA

.( New Tri Auto ZX2+

Il nuovo Tri Auto ZX2+ ridefinisce ancora una volta la preparazione endodontica e porta il movimento
reciprocante ad un livello superiore. Con la nuova modalita OGP2 e la modalita OTR migliorata, potrete sfruttare
appieno il potenziale delle vostre lime preferite, sia reciprocanti che rotanti. La collaudata tecnologia Morita
contribuisce a ridurre la rottura e il bloccaggio delle lime, per una preparazione sicura.

Inoltre, la funzione OGP2 semplifica il trattamento: sondaggio, glide path e sagomatura in un unica modalita, che
consente di ottenere un flusso di lavoro ottimale senza perdite di tempo. Tutto, in combinazione con il
localizzatore apicale di Morita, leader mondiale per precisione e affidabilita. Il Tri Auto ZX2+ rendera ogni
dentista un fan del trattamento endodontico.

— www.jmoritaitalia.com

4
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3D Accuitomo 170 Veraview X800 Voraviewepocs +Dixel Veraviewepocs 2D Veraview IC5 HD Veraview iX
3D R100 Software

Veraview X800

la nuova tecnologia radiologica mette in evidenza ogni

minimo dettaglio con una risoluzione incredibili- mente nitida.
Per la sua altissima risoluzione ( voxel di 80 pm/2.5 LP mm) e
per le sue funzioni innovative, questa apparecchiatura fornisce
la base perfetta per diagnosi certe Veraview X800 combina la
qualita d’immagine ottimale con una bassa dose di radiazioni.
combinazione tra, Panoramico, cefalometrico e sistema
imaging 3D. Inoltre, con undici FOV disponibili, garantisce la
dose piu bassa con la migliore qualita di immagine.

11 FOV disponibili, da 4x4 fino a 15x14

Morita € riconosciuta in tutto il mondo per la sua grandissima
qualita delle immagini e tu, sei il prossimo ad averla ?
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Giornale Italiano di Endodonzia (GIE)

was founded in 1987 and is the official
journal of Societa Italiana di Endodonzia, SIE
(Italian Society of Endodontics) https:/www.
endodonzia.it/

It is a peer-reviewed journal, only available in
electonic format and publishes original scien-
tific articles, reviews, clinical articles and case
reports in the field of Endodontology. Scientif-
ic contributions dealing with health, injuries
to and diseases of the pulp and periradicular
region, and their relationship with systemic
well-being and health. Original scientific arti-
cles are published in the areas of biomedical
science, applied materials science, bioengi-
neering, epidemiology and social science rele-
vant to endodontic disease and its management,
and to the restoration of root-treated teeth. In
addition, review articles, reports of clinical cas-
es, book reviews, summaries and abstracts of
scientific meetings and news items are accept-
ed. Please read the instructions below carefully
for details on the submission of manuscripts,
the journal’s requirements and standards as
well as information concerning the procedure
after a manuscript has been accepted for publi-
cation in Giornale Italiano di Endodonzia. Gior-
nale Italiano di Endodonzia is indexed in Scop-
us, Science Direct, Embase and published on-
line by Ariesdue, Milan, Italy and hosted
by PAGEPress, Pavia, Italy. All articles are avail-
able on www.giornaleitalianoendodonzia.it.
We publish, monthly, new articles in the Early
View section while the full Journal is issued
twice a year, in June and November.

Authors are encouraged to visit www.
giornaleitalianoendodonzia.it for further
information on the preparation and submission
of articles and figures.

Ethical guidelines

Giornale Italiano di Endodonzia adheres to the
below ethical guidelines for publication and
research.

Authorship and Acknowledgements

Authors submitting a paper do so on the un-
derstanding that the manuscript has been
read and approved by all authors and that
all authors agree to the submission of the
manuscript to the Giornale Italiano di En-
dodonzia. Giornale Italiano di Endodonzia
adheres to the definition of authorship set
up by The International Committee of Med-
ical Journal Editors (ICMJE). According to
the ICMJE, authorship criteria should be
based on 1) substantial contributions to
conception and design of, or acquisiation of
data or analysis and interpretation of data,
2) drafting the article or revising it critic-
ally for important intellectual content and
3) final approval of the version to be pub-
lished. Authors should meet conditions 1,
2 and 3. It is a requirement that all authors

have been accredited as appropriate upon
submission of the manuscript. Contribut-
ors who do not qualify as authors should be
mentioned under Acknowledgements.

Manuscript preparation

Manuscripts should be uploaded as Word (.doc)
or Rich Text Format (.rtf) files (not write-pro-
tected) plus separate figure files: TIF, EPS,
JPEG files are acceptable for submission.

The text file must contain the abstract, main
text, references, tables and figure legends, but
no embedded figures or title page. The title
page should be provided as a separate file. In
the main text, please reference figures as for
instance figure 1, figure 2 etc to match the tag
name you choose for the individual figure files
uploaded.

Please note that manuscripts must be written
in English. Authors whose native language is
not English are strongly advised to have their
manuscript checked by a language editing ser-
vice or by a native English speaker prior to
submission.

Manuscript Types Accepted

Original Scientific Articles must describe sig-
nificant and original experimental observa-
tions and provide sufficient detail so that the
observations can be critically evaluated and, if
necessary, repeated. Original Scientific Art-
icles must conform to the highest international
standards in the field.

Review Articles are accepted for their broad
general interest; all are refereed by experts in
the field who are asked to comment on issues
such as timeliness, general interest and bal-
anced treatment of controversies, as well as
on scientific accuracy. Reviews should gener-
ally include a clearly defined search strategy
and take a broad view of the field rather than
merely summarizing the authors” own previ-
ous work. Extensive or unbalanced citation of
the authors” own publications is discouraged.
Mini Review Articles are accepted to address
current evidence on well-defined clinical,
research or methodological topics. All are
refereed by experts in the field who are asked
to comment on timeliness, general interest,
balanced treatment of controversies, and sci-
entific rigor. A clear research question,
search strategy and balanced synthesis of the
evidence is expected. Manuscripts are limit-
ed in terms of word-length and number of
figures.

Clinical Articles are suited to describe sig-
nificant improvements in clinical practice
such as the report of a novel technique, a
breakthrough in technology or practical ap-
proaches to recognised clinical challenges.
They should conform to the highest scientific
and clinical practice standards.

Case Reports or Case Series illustrating un-
usual and clinically relevant observations are
acceptable, but they must be of sufficiently
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high quality to be considered worthy of pub-
lication in the Journal. On rare occasions, com-
pleted cases displaying nonobvious solutions
to significant clinical challenges will be con-
sidered. Illustrative material must be of the
highest quality and healing outcomes, if appro-
priate, should be demonstrated.

Case reports should be written using the Pre-
ferred Reporting Items for Case reports in
Endodontics (PRICE) 2020 guidelines. A PRICE
checklist and flowchart (as a Figure) should
also be completed and included in the submis-
sion material. The PRICE 2020 checklist and
flowchart can be downloaded from: http://
pride-endodonticguidelines.org/price/. It is
recommended that authors consult the follow-
ing papers, which explains the rationale for the
PRICE 2020 guidelines and their importance
when writing manuscripts:

- Nagendrababu V, Chong BS, McCabe P, Shah
PK, Priya E, Jayaraman J, Pulikkotil SJ, Setzer
FC, Sunde PT, Dummer PMH. PRICE 2020
guidelines for reporting case reports in Endo-
dontics: a consensus-based development. Int
Endod J. 2020 Feb 23. Doi: 10.1111/iej.13285.
https://onlinelibrary.wiley.com/doi/10.1111/
iej.13285.

Nagendrababu V, Chong BS, McCabe P, Shah
PK, Priya E, Jayaraman J, Pulikkotil SJ, Dum-
mer PMH. PRICE 2020 guidelines for report-
ing case reports in Endodontics: Explanation
and elaboration. Int Endod J. 2020 Mar 28.
Doi: 10.1111/1ej.13300. https://onlinelibrary.
wiley.com/doi/abs/10.1111/iej.13300.

Manuscript Format

The official language of the publication is Eng-
lish. It is preferred that manuscript is profes-
sionally edited. All services are paid for and
arranged by the author and use of one of these
services does not guarantee acceptance or pref-
erence for publication.

Authors should pay special attention to the
presentation of their research findings or clin-
ical reports so that they may be communicated
clearly.

Technical jargon should be avoided as much
as possible and clearly explained where its use
is unavoidable. Abbreviations should also be
kept to a minimum, particularly those that are
not standard. Giornale Italiano di Endodonzia
adheres to the conventions outlined in Units,
Symbols and Abbreviations: A Guide for Med-
ical and Scientific Editors and Authors. If ab-
breviations are used in the text, authors are
required to write full name+abbreviation in
brackets [e.g. Multiple Myeloma (MM)] the first
time they are used, then only abbreviations
can be written (apart from titles; in this case
authors have to write always the full name).
If names of equipments or substances are men-
tioned in the text, brand, company names and
locations (city and state) for equipment and
substances should be included in parentheses
within the text.
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The background and hypotheses underlying
the study, as well as its main conclusions,
should be clearly explained.

Titles and abstracts especially should be writ-
ten in language that will be readily intelligible
to any scientist.

Structure

All manuscripts submitted to Giornale Italiano

di Endodonzia should include Title Page, Ab-

stract, Main Text, References, Clinical Rele-

vance, Conflict of Interest, Acknowledgements,

Tables, Figures and Figure Legends as appro-

priate.

Title Page should bear:

I Title, which should be concise as well as
descriptive (no more than 150 letters and
spaces);

I Initial(s) and last (family) name of each au-

thor;

. Name and address of department, hospital
or institution to which the work should be
attributed;

IV. Running title (no more than 30 letters and

spaces);

V. Three to five key words (in alphabetical

order);

Name, full postal address, telephone, fax

number and e-mail address of author re-

sponsible for correspondence (Correspond-
ing Author).

II

—

VI

—

Abstracts should be no more than 250 words giving

details of what was done.

Abstract for Original Scientific Articles should be

no more than 250 words giving details of what was

done using the following structure:

* Aim: give a clear statement of the main aim of the
study and the main hypothesis tested, if any.

o Methodology: describe the methods adopted in-
cluding, as appropriate, the design of the study, the
setting, entry requirements for subjects, use of
materials, outcome measures and statistical tests.

¢ Results: give the main results of the study, in-
cluding t%e outcome of any statistical analysis.

e Conclusions: state the primary conclusions of
the study and their imp}%icationsA Suggest areas
for further research, if appropriate.

Abstract for Review Articles should be non-struc-

tured, no more than 250 words giving details of what

was done including the literature search strategy.

Abstract for Mini Review Articles shoulg be

non-structured of no more than 250 words, includ-

inga clear research question, details of the literature
search strategy and clear conclusions.

Abstract for Case Reports and Case Series should

be no more than 250 words using the following

structure:

o Aim: give a clear statement of the main aim of
the report and the clinical problem which is ad-
dressed.

e Summary: describe the methods adopted includ-
ing, as appropriate, the design of the study, the
setting, entry requirements for subjects, use of
materials, outcome measures and analysis if any.

. Kefr learning points: provide up to five short,
bullet-pointed statements to highlight the key
messages of the report. All points must be fully
justified by material presented in the report.

Abstract for Clinical Articles should be no more

than 250 words using the following structure:

e Aim: give a clear statement of the main aim of
the report and the clinical problem which is ad-
dressed.

¢ Methodology: describe the methods adopted.

¢ Results: give the main results of the study.

¢ Conclusions: state the primary conclusions of
the study.

=== THE STRUCTURE

Main text for Original Scientific Articles
should include Introduction, Materials and
Methods, Results, Discussion and Conclusion.
Introduction: should be focused, outlining
the historical or logical origins of the study
and gaps in knowledge. Exhaustive literature
reviews are not appropriate. It should close
with the explicit statement of the specific
aims of the investigation, or hypothesis to be
tested.

Material and Methods must contain sufficient
detail such that, in combination with the ref-
erences cited, all clinical trials and experi-
ments reported can be fully reproduced.

(I) Clinical Trials: should be reported using the
CONSORT guidelines available at www.con-
sort-statement.org A CONSORT checklist and
flow diagram (as a Figure) should also be in-
cluded in the submission material.

(II) Experimental Subjects: experimentation
involving human subjects will only be pub-
lished if such research has been conducted in
full accordance with ethical principles, in-
cluding the World Medical Association Decla-
ration of Helsinki (version 2008) and the addi-
tional requirements, if any, of the country
where the research has been carried out. Man-
uscripts must be accompanied by a statement
that the experiments were undertaken with
the understanding and written consent of
each subject and according to the above men-
tioned principles. A statement regarding the
fact that the study has been independently
reviewed and approved by an ethical board
should also be included. Editors reserve the
right to reject papers if there are doubts as to
whether appropriate procedures have been
used. When experimental animals are used
the methods section must clearly indicate
that adequate measures were taken to mini-
mize pain or discomfort. Experiments should
be carried out in accordance with the Guide-
lines laid down by the National Institute of
Health (NIH) in the USA regarding the care
and use of animals for experimental proce-
dures or with the European Communities
Council Directive of 24 November 1986
(86/609/EEC) and in accordance with local
laws and regulations. All studies using hu-
man or animal subjects should include an
explicit statement in the Material and Meth-
ods section identifying the review and ethics
committee approval for each study, if appli-
cable. Editors reserve the right to reject pa-
pers if there is doubt as to whether appropri-
ate procedures have been used.

(I1I) Suppliers of materials should be named
and their location (Company, town/city, state,
country) included.

Results should present the observations with
minimal reference to earlier literature or to

possible interpretations. Data should not be
duplicated in Tables and Figures.

Discussion may usefully start with a brief sum-
mary of the major findings, but repetition of
parts of the abstract or of the results section
should be avoided. The Discussion section
should progress with a review of the method-
ology before discussing the results in light of
previous work in the field. The Discussion
should end with a brief conclusion and a com-
ment on the potential clinical relevance of the
findings. Statements and interpretation of the
data should be appropriately supported by
original references.

Conclusions should contain a summary of the
findings.

Main Text of Review Articles

should be divided into Introduction, Review
and Conclusions.

The Introduction section should be focused to
place the subject matter in context and to jus-
tify the need for the review. The Review sec-
tion should be divided into logical subsections
in order to improve readability and enhance
understanding. Search strategies must be de-
scribed and the use of state-of-the-art evi-
dence-based systematic approaches is ex-
pected. The use of tabulated and illustrative
material is encouraged. The Conclusion sec-
tion should reach clear conclusions and/or
recommendations on the basis of the evi-
dence presented.

Main Text of Mini Review Articles
should be divided into Introduction, Review
and Conclusions; please note that the Conclu-
sions section should present clear statements/
recommendations and suggestions for further
work. The manuscript, including references
and figure legends, should not normally ex-
ceed 4,000 words.

Main Text of Case Reports

and Case series

should be divided into Introduction, Report,
Discussion and Conclusion. They should be
well illustrated with clinical images, radio-
graphs, diagrams and, where appropriate, sup-
porting tables and graphs. However, all illus-
trations must be of the highest quality.

= IMPORTANT TO KNOW

Manuscript that do not conform to the general
aims and scope of the Journal will be returned
immediately without review. All other manu-
scripts will be reviewed by experts in the field
(generally two referees). Giornale Italiano di
Endodonzia aims to forward referees” com-
ments and to inform the corresponding author
of the result of the review process. Manuscripts
will be considered for fast-track publication
under special circumstances after consultation
with the Editor. Giornale Italiano di Endodonz-
ia uses double blinded review which menas
that the names of the reviewers will thus not
be disclosed to the author submitting a paper
and the name(s) of the author(s) will not be dis-
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closed to the reviewers. To allow double blind-
ed review, please submit your main manu-
script and title page as separate files.
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ments should be brief and should not include
thanks to anonymous referees and editors.
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References. It is the policy of the Journal to
encourage reference to the original papers rath-
er than to literature reviews. Authors should
therefore keep citations of reviews to the abso-
lute minimum. Names of products and/or com-
panies should not be added to references. To
cite a product and/or company add the same
inthe text, where mentioned.

References should be prepared according to
the Vancouver style. References must be num-
bered consecutively in the order in which they
are first cited in the text (not alphabetical or-
der), and they must be identified in the text by
Arabic numerals in brackets [example (34)].
References to personal communications and
unpublished data should be incorporated in
the text and not placed under the numbered
references [Example: (Wright 2011, unpub-
lished data) or (Wright 2011, personal commu-
nication)]. Where available, URLs for the refer-
ences should be provided directly within the
MS-Word document.

References in the References section must be

prepared as follows:
more than three authors cite 3 authors et
al. If the paper has only 4 authors, cite all
authors;

e.g. Prati G, Lotti M, Russo F et al.

I title style: please use a capital letter only
for the first word of the title;

III. journal titles mentioned in the References
list should be abbreviated according to the
following websites:

a. ISIJournal Abbreviations Index (https://
www.library.caltech.edu/journal-title-
abbreviations);

b. Biological Journals and Abbreviations
(http://home.ncifcrf.gov/research/bja);

c. Medline List of Journal Titles (https:/
www.nlm.nih.gov/bsd/serfile addedinfo.
html);

IV. put year after the journal name;

V. never put month and day in the last part of
the references;

VL cite only the volume (not the issue in
brackets);

VIL pages have to be abbreviated, e.g. 351-8.

We recommend the use of a tool such as End-
Note or Reference Manager for reference man-
agement and formatting. EndNote reference
styles can be searched for here: http://www.
endnote.com/support/enstyles.asp. To ensure
the correct citation format, please check your
references in the PubMed database (http://

www.ncbi.nlm.nih.gov/pubmed).

Examples of correct forms of reference follow.
Standard journal article

(1) Somma F, Cammarota G, Plotino G, Grande
NM, Pameijer CH. The effectiveness of manual
and mechanical instrumentation for the retreat-
ment of three different root canal filling mate-
rials. J Endod 2008;34:466-9.

Corporate author

British Endodontic Society - Guidelines for root
canal treatment. Giornale Italiano di Endodonz-
ia 1979;16:192-5.

Journal supplement

Frumin AM, Nussbaum J, Esposito M. Function-
al asplenia: demonstration of splenic activity by
bone marrow scan (Abstract). Blood 1979;54
(Suppl. 1):26a.

Books and other monographs

Personal author(s)

Gutmann J, Harrison JW. Surgical Endodontics,
1st edn Boston, MA, USA: Blackwell Scientific
Publications, 1991.

Chapter in a book

Wesselink P. Conventional rootcanal therapy I1I:
root filling. In: Harty FJ, ed. Endodontics in
Clinical Practice, (1990), 3rd edn; pp. 186-223.
London, UK: Butterworth.

Published proceedings paper

DuPont B. Bone marrow transplantation in se-
vere combined immunodeficiency with an un-
related MLC compatible donor. In: White HJ,
Smith R, eds. Proceedings of the Third Annual
Meeting of the International Society for Exper-
imental Rematology; (1974), pp. 44-46. Houston,
TX, USA: International Society for Experimen-
tal Hematology.

Agency publication

Ranofsky AL Surgical Operations in Short-Stay
Hospitals: United States-1975 (1978). DHEW
publication no. (PHS) 78-1785 (Vital and Health
Statistics; Series 13; no. 34.) Hyattsville, MD,
USA: National Centre for Health Statistics.

Dissertation or thesis

Saunders EM. In vitro and in vivo investigations
into root-canal obturation using thermally sof-
tened gutta-percha techniques (PhD Thesis)
(1988). Dundee, UK: University of Dundee.

URLs

Full reference details must be given along with
the URL, i.e. authorship, year, title of document/
report and URL. If this information is not
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available, the reference should be removed and
only the web address cited in the text.

Tables, Figures and Figure Legends
Tables should be submitted as word format,
numbered and cited in the text of the manu-
script. Units of measurements must be included
in the column title or in the figure legend or
caption. Figure files accepted: TIF, EPS, JPEG.
¢ color (saved as CMYK): minimum 300 dpi;
¢ black and white/grays: minimum 600 dpi;
¢ one column width (8.0 cm) or 1.5 column
widths (13.0 cm) or 2 columns widths
(17.0 cm).
A different caption for each figure must be pro-
vided at the end of the manuscript, not included
in the figure file. Authors must obtain written
permission for the reproduction and adaptation
of material which has already been published.
A copy of the written permission has to be pro-
vided before publication (otherwise the paper
cannot be published) and appropriately cited in
the figure caption. The procedure for requesting
the permission is the responsibility of the Au-
thors; PAGEPress will not refund any costs in-
curred in obtaining permission. Alternatively,
it is advisable to use materials from other (free)
sources.
Figure legends should begin with a brief title for
the whole figure and continue with a short de-
scription of each panel and the symbols used;
they should not contain any details of methods.

Authorship
All persons designated as authors should qual-
ify for authorship according to the ICMJE crite-
ria. Each author should have participated suffi-
ciently in the work to take public responsibility
for the content. Authorship credit should only
be based on substantial contributions to
i) conception and design, or analysis and in-
terpretation of data;
ii) drafting the article or revising it critically
for important intellectual content;
iii) final approval of the version to be published.
These three conditions must all be met. Partic-
ipation solely in the acquisition of funding or
the collection of data does not justify author-
ship. General supervision of the research group
is not sufficient for authorship. Any part of an
article critical to its main conclusions must be
the responsibility of at least one author. Authors
should provide a brief description of their indi-
vidual contributions.

Obligation to Register Clinical Trials
http://www.icmje.org/#clin_trials

The ICMJE believes that it is important to foster
a comprehensive, publicly available database of
clinical trials.

The ICMJE defines a clinical trial as any re-
search project that prospectively assigns human
subjects to intervention or concurrent compar-
ison or control groups to study the cause-and-
effect relationship between a medical interven-
tion and a health outcome. Medical interven-
tions include drugs, surgical procedures,
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devices, behavioral treatments, process-of-
care e changes, etc.

Our journals require, as a condition of con-
sideration for publication, registration in a
public trials registry.

The journal considers a trial for publication
only if it has been registered before the en-
rollment of the first patient.

The journal does not advocate one particular
registry, but requires authors to register their
trial in a registry that meets several criteria.
The registry must be accessible to the public
at no charge. It must be open to all prospec-
tive registrants and managed by a non-prof-
it organization.

There must be a mechanism to ensure the
validity of the registration data, and the reg-
istry should be electronically searchable. An
acceptable registry must include a minimum
of data elements.

For example http://www.clinicaltrials.gov,
sponsored by the United States National Li-
brary of Medicine, meets these require-
ments.

Protection of Human Subjects

and Animals in Research

When reporting experiments on human sub-
jects, authors should indicate whether the pro-
cedures followed were in accordance with the
ethical standards of the responsible committee
on human experimentation (institutional and
national) and with the Helsinki Declaration of
1975, as revised in 2013 (https:/www.wma.net/
policies-post/wma-declaration-of-helsinki-
ethical-principles-for-medical-research-involv-
ing-human-subjects). If doubt exists whether
the research was conducted in accordance
with the Helsinki Declaration, the authors
must explain the rationale for their approach
and demonstrate that the institutional re-
view body explicitly approved the doubtful
aspects of the study. When reporting exper-
iments on animals, authors should indicate
whether institutional and national stand-
ards for the care and use of laboratory ani-
mals were followed. Further guidance on
animal research ethics is available from the
World Medical Association and from the In-
ternational Association of Veterinary Edi-
tors” Consensus Author Guidelines on Ani-
mal Ethics and Welfare.

When reporting experiments on ecosystems
involving non-native species, Authors are
bound to ensure compliance with the
institutional and national guide for the
preservation of native biodiversity.

Open Jurnals System

An Open Access publication is one that

meets the following two conditions:

1. The author(s) and copyright holder(s)
grant(s) to all users a free, irrevocable,
worldwide, perpetual right of access to,
and a license to copy, use, distribute,
transmit and display the work publicly

and to make and distribute derivative
works, in any digital medium for any re-
sponsible purpose, subject to proper at-
tribution of authorship, as well as the
right to make small numbers of printed
copies for their personal use.

2. A complete version of the work and all
supplemental materials, including a copy
of the permission as stated above, in a
suitable standard electronic format is de-
posited immediately upon initial publi-
cation in at least one online repository
that is supported by an academic institu-
tion, scholarly society, government agen-
cy, or other well-established organization
that seeks to enable open access, unre-
stricted distribution, interoperability,
and long-term archiving.

Publishing your research as Open Access

gives a number of advantages:

o Higher and faster visibility: Open Access
articles are viewed on a global scale, and
contents are available to everyone.

o Wider impact: thanks to a permissive li-
cense like CC BY, scientists and scholars
are endowed to make progress on exist-
ing researches, thus facilitating the gen-
eration of new data.

* Increased citation: studies have shown
that Open Access articles are regarded
and cited more often than established
paywall journals/articles.

* Perpetual accessibility: Open Access ar-
ticles are hosted on dedicated servers,
being accessible to everyone endlessly.

e Funding opportunities: an increasing
number of funding bodies and agencies
requires their grant holders to publish
their researches as Open Access articles
to be comprehensively available, free and
without restrictions on re-use.

PAGEPress has chosen to apply the Creative
Commons Attribution - NonCommercial 4.0
International License (CC BY-NC 4.0) to all
manuscripts to be published under its name.

For authors

To make a submission to an OJS journal,
after registering to the website, the authors
will be required to follow a procedure via
the system. Once the paper has been sub-
mitted, the authors will receive a confirma-
tion email from the Managing Editor of the
Journal.

When receiving a new submission, the Man-
aging Editor assigns it to her/himself and to
the Editor-in-Chief (EiC). After a quick in-
house evaluation, if the EiC thinks that the
paper is compliant with the guidelines and
fits with the scope of the Journal, he/she
send it out for the peer-review phase (=he/
she assigns reviewers). Alternatively, the EiC
can assign a Section/Deputy Editor for the
paper.

Once the review process is completed (i.e.
all the assigned Reviewers have provided

their comments and recommendations on
the paper), the authors will be notified via
email by the editors of the editorial deci-
sion: Accepted, Rejected, Decline Submis-
sion, Minor revisions, Major revisions.
Depending on the editorial decision, and
basing on the reviewers’ comments, authors
are required to upload their revised version
(+ covering letter) within a specific dead-
line. At this point, they simply need to wait
to hear back from the editor as to whether
the revisions are acceptable.

If the editor’s decision is to resubmit for re-
view (=Major revisions or Minor revisons),
the revised paper may undergo a “second
round” of peer-review.

Once a paper is accepted for publication, the
authors will be notified via email and their
paper is moved to the “Copyediting phase”,
where it is improved by the work of a copy-
editor. Authors can be given the opportuni-
ty to review the copyedits.

Lastly, once the copyedits are completed
and approved, the submission moves to
“Production stage”. In Production, the copy-
edited files are converted to galleys (PDF).
Again, the authors have the opportunity to
proofread the galleys. Once everyone is sat-
isfied, the submission is scheduled for pub-
lication in a future issue.

The online journal management system that
we are using allows authors to track the pro-
gress of their manuscript through the edito-
rial process by simply logging into the Jour-
nal website.
***Peer-review policy***

All manuscripts submitted to our journal are
critically assessed by external and/or in-house
experts in accordance with the principles of
peer review (http://www.icmje.org/#peer),
which is fundamental to the scientific pub-
lication process and the dissemination of
sound science. Each paper is first assigned
by the Editors to an appropriate Associate
Editor who has knowledge of the field dis-
cussed in the manuscript. The first step of
manuscript selection takes place entirely
in-house and has two major objectives: i) to
establish the article appropriateness for our
journals readership; ii) to define the manu-
script priority ranking relative to other man-
uscripts under consideration, since the num-
ber of papers that the journal receives is
much greater than it can publish. If a manu-
script does not receive a sufficiently high
priority score to warrant publication, the
editors will proceed to a quick rejection. The
remaining articles are reviewed by at least
two different external referees (second step
or classical peer review). Manuscripts should
be prepared according to the Uniform Re-
quirements established by the International
Committee of Medical Journal Editors (ICM-
JE) (http://www.icmje.org/org/#prepare).
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