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A comparative in vitro study of sealing ability of
bioceramic and resin based sealer using two

protocols of irrigation
Gyulbenkiyan E.', A. Gusiyska?, R. Vassileva?, E. Dyulgerova®

CpaBHumeaHo uH Bumpo uscaegBaHe Ha
cnocobHocmma Ha XxepMmemusupaHe Ha
KopeHoBume KaHaAu ¢ buoKkepamuKka u
€NOKCUJgEH CUABP NPU npuAaz2aHe Ha gBa
upu2auuUOHHU NPOMOKOAA

MonbeHKusH E.', A. Tyculicka?, P. BacuneBa?, E. AtonzepoBa®

Summary

Aim: To compare the sealing ability of the bioceramic sealer Total Fill BC and the resin based
sealer AH Plus using two protocols of irrigation — classic and modified with chitosan-citrate 0.6%
as a final irrigating solution.

Materials and Methods: Forty one-rooted human teeth (n = 40) were used for the purpose of
this in vitro study. All teeth were prepared using crown-down technique with rotary nickel-titanium
instruments ProTlaper Universal (Dentsply, Sirona, USA). Two irrigating protocols are used for the
purpose of this in vitro study: first (classical) protocol - 10 ml 2.0% NaOCl, 10 ml 17% EDTA and
10 ml saline, and second (modified) protocol - 10 ml 2.0% NaOCl, 3 ml 0.6% chitosan-citrate and
10 ml saline. All teeth are randomly allocated into four groups: group I (n = 10) — the first (clas-
sical) irrigating protocol was applied and the root canals were obturated with AH Plus (Dentsply
Sirona, USA); group Il (n = 10) — the second (modified) irrigating protocol was applied and the
root canals were obturated with AH Plus (Dentsply Sirona, USA),; group III (n = 10) — the first
(classical) irrigating protocol was applied and the root canals were obturated with Total Fill BC
(FKG, Germany) and group IV (n = 10) — the second (modified) irrigating protocol was applied
and the root canals were obturated with Total Fill BC (FKG, Germany); The teeth were immersed
in dye (1 % methylene blue) for 72 hours. All teeth were sectioned longitudinally and the penetra-
tion depth of the dye (in millimeters) was observed under light microscope (magnification x 40).
Measurement of the dye penetration was realized using the software program Image-Pro Plus 6.0
(Media Cybernetics, USA).

Results: There was a statistically significant difference between groups with different protocol of
irrigation and between groups with different protocol of obturation.

Conclusion: It was found that the application of chitosan-citrate 0,6% as final irrigating solu-
tion contributes high sealing ability both of the premixed bioceramic sealer Total Fill BC and the
epoxy based sealer AH Plus.

Keywords: bioceramic sealer, resin based sealer, apical microleakage, chitosan-citrate.
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Peziome

Ien: Jla ce cpasnu xepmemusupawama cnocoonocm na ouoxepamuynus curvp TotalFill BC
¢ enokcuonus cunvm AH Plus kamo ce uznonzeam dea npomoxona Ha upueayus — KiacudecKu u
Mooughuyupan, exnousawy xumoszan-yumpam 0,6% xamo gunanen upuearm.

Mamepuanu u memoou: Yemupedecm eonokopenosu yogewiku 3vou (n = 40) ca uznonssanu
3a yeama Ha Hacmoaujemo uscieosame. Bcuuku KopeHosu Kamamu ca npenapupani upe3 crown-
down mexnuxa ¢ nHuxer-mumanosu uncmpymenmu ProTaper Universal (Dentsply, Sirona, USA).
Hea npomokona na upueayus ca u3NOI36anU 3a yeiume HA U3CIE08AHEMO — NbPEU (KAACU4ecKu)
—10ml 2,0% NaoCl, 10 ml 17% EDTA u 10 ml ¢puzuonocuuen pazmsop u emopu (mooughuyupat)
- 10 ml 2,0% NaoCl, 3ml xumosan-yumpam 0,6% u 10 ml ¢pusuonoeuuen pasmeop. Bcuuku 3v6u ca
pasnpeoenenu Ha ciyyaer npunyun ¢ yemupu epynu: 1 epyna (n = 10): npunodscen e nvpsu (knacu-
yecKu) npomoKon Ha upueayus u kopenosume kananu ca oomypupanu ¢ AH Plus (Dentsply Sirona,
USA; Il epyna (n = 10): npunosicen e mopu (Moouguyupar) npomoxon Ha upueayusi U KOpeHosuU-
me xkananu ca oomypupanu ¢ AH Plus (Dentsply Sirona, USA); Il epyna (n = 10): npuroicen e
nupeu (Kracudecku) npomoxo.n Ha upueayus u kopenogume kauau ca oomypupanu ¢ Total Fill BC
(FKG, Germany) u IV epyna (n = 10): npunocern e mopu (Moouguyupan) npomoxos Ha upueayusl
u xoperosume xaunanu ca oomypupanu ¢ Total Fill BC (FKG, Germany). 3v6ume ca nomonenu 6
oazcpuno (1% memunenoso cunvo) 3a 72 u. Ced mosa 8cudku 30U ca pa3pA3aHU HAOTbAHCHO KAMO
ANnUKAIHOMO NPOCMYKBAHEe HA OAZPULIOMO e OYEeHeHO upe3 C8emIuHen MUKpOCKon (yeerudeHue X
40). H3uucnenuemo na nenempayusma e upes cogpmyepuama npocpama Image-Pro Plus 6.0 (Me-
dia Cybernetics, USA).

Pezynmamu: Ycmanogena e cmamucmuyecky 3HAYUMA PA3IUKA MeXCOy epynume ¢ pasiuyeH
NPOMOKON HA UPUSAYUS U MENCOY PYRUME C PA3IUYeH Memoo Ha 0OMypayus.

3aknrouenue: YcmanoseHo e, ue npunodxcenuemo Ha pazmeop Ha xumosan-yumpam 0,6% xamo
Qunanen upueayuonen pasmeop, noonomaza 3aneyameauia CROCOOHOCM KaKkmo Ha O6uoxKepamut-
nus cunvp Total Fill BC, maka u na enokcuonus cunvp AH Plus.

Knwouoeu dymu: buoxepamuier cunvp, enokcuoeH CUuibp, AnuKaiHo MUKPONPOCMYKEAHe, XUMO-
3an-yumpam.

Introduction single cohesive unit within the root canal [3].

A main purpose of endodontic treatment is to
prevent microbial contamination of the root ca-
nal system and/or to remove as much as possi-
ble microbes to ensure clinical and radiographic
success. Numerous endodontic filling materials
have been developed for achieving good seal-
ing ability and adhesion to the root canal dentin.
An ideal root canal sealer should adhere firm-
ly to both dentin and core filling materials [1].
The strong bond of the endodontic sealer to the
dentin is extremely important for preserving the
integrity of the obturation material, which is di-
rectly related to the prevention of microleakage
[2]. Various adhesive obturation systems have
been introduced in endodontics in an attempt to
obtain a “monoblock” in which the core mate-
rial, sealing agent and root canal dentin form a

Previous research demonstrated ability of
chitosan to enhance the mechanical properties
of dentin collagen and to reinforce collagen
constructs [4]. Chitosan is a natural linear poly-
saccharide obtained by the deacetylation of chi-
tin, which is found in crab and shrimp shells.
Biocompatibility, biodegradability, bioadhesion
and lack of toxicity of chitosan are of a great
importance in dental medicine [5,6].

AH Plus (Dentsply Sirona, USA) is an
epoxy-based sealer, which used with gutta-per-
cha is suitable for lateral and vertical condensa-
tion techniques [7].

With both antimicrobial and sealing proper-
ties, premixed bioceramic materials are one of
the few materials available in endodontics that
contribute to endodontic treatment success [8].
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Total Fill BC (FKG, Germany) is a bioceramic
sealer recognized for its biological properties
such as biocompatibility, bioactivity and an-
tibacterial activity, as well as for its excellent
physico-chemical properties [9, 10, 11].

The study hypothesis was that the use of chi-
tosan-citrate solution 0.6% as a final irrigant
could contribute to a better adhesion of the bio-
ceramic sealer to the root canal dentine.

Aim

To compare the sealing ability of the bioce-
ramic sealer Total Fill BC and the resin based
sealer AH Plus using two protocols of irriga-
tion — classic and modified with chitosan-citrate
0.6% as a final irrigating solution.

Materials and Methods

Sample selection and preparation

Forty one-rooted human teeth (n = 40) were
used for the purpose of this in vitro study. All
teeth were mechanically cleaned of any dental
deposits and/or calculus by curettes and stored
in saline at 4°C temperature. All teeth were se-
lected with straight root canals which were type
I based on Vertucci’s classification [12]. Before
root canal preparation the crown was cut in the
zone of the cement-enamel junction (CEJ) and
the root length was standardized about 12 mm
(+/- 1 mm). The working length (WL) is stand-
ardized with K-file #10 per 1 mm from the apex
of the tooth as the instrument is inserted into
the root canal until its tip is slightly protruded
from the apex of the tooth and then was reduced
with 1 mm. The tips of the roots are sealed with
sticky wax for maximum simulation of the clin-
ical situation [13]. All teeth were prepared using
crown-down technique with hand steel instru-
ments K-files #10 and #15 (Dentsply, Sirona,
USA) and with rotary nickel-titanium instru-
ments ProTaper Universal (Dentsply, Sirona,
USA). The final preparation of the root canals
is with file F4 (ProTaper Universal, Dentsply,
Sirona, USA).

Two irrigating protocols are used for the pur-
pose of this in vitro study.

» first (classical) protocol - 10 ml 2.0%

NaOCl, 10 ml 17% EDTA and 10 ml sa-
line

» second (modified) protocol - 10 ml 2.0%

NaOCl, 3 ml 0.6% chitosan-citrate and
10 ml saline

Preparation of solution chitosan-citrate
0.6%

A method for preparation of solution chi-
tosan-citrate 0.6% has been developed. Low
molecular weight chitosan (with high bioadhe-
sive capacity) was used as 0.6 mg of chitosan
was dissolved in 100 mL 1% citric acid. The se-
lected concentrations of both reagents fulfil the
requirements for dissolving chitosan at pH 4.5.

All teeth are randomly allocated into four
groups:

Group I (n = 10) — the first (classical) ir-
rigating protocol was applied and the root ca-
nals were obturated with AH Plus (Dentsply
Sirona,USA);

Group II (n = 10) — the second (modified)
irrigating protocol was applied and the root
canals were obturated with AH Plus (Dentsply
Sirona, USA);

Group III (n = 10) — the first (classical) irri-
gating protocol was applied and the root canals
were obturated with Total Fill BC (FKG, Ger-
many);

Group IV (n = 10) — the second (modified)
irrigating protocol was applied and the root ca-
nals were obturated with Total Fill BC (FKG,
Germany);

All root canals were obturated with single
cone technique using standartized gutta-percha
cones (F4) and with the specified for the group
sealer. After the root canal obturation all teeth
were coronary obturated with the composite
material Filtek Z250 (3M ESPE, USA). Finally
all samples were imbedded in wet sponge which
simulated the periapex and forced the hardening
process.

Sample preparation for light microscopy ob-
servation

The entire root surface was painted with two
coats of varnish to within 2 mm of the apex (fig-
ure 1). The teeth were immersed in dye (1 %
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methylene blue) for 72 hours. All samples were
then rinsed with distilled water and the varnish
was removed. All teeth were sectioned longitu-
dinally and the penetration depth of the dye (in
millimeters) was observed under a light micro-
scope (magnification x 40). Measurement of the
dye penetration was realized using the software
program Image-Pro Plus 6.0 (Media Cybernet-
ics, USA) (figure 1). The comparative statistical
analyses were performed with Bootstrap for In-
dependent Samples t-test, SPSS 19 (IBM, USA).

T L

Fig. 1. Assessment of the dye penetration between the
root canal obturation and the dentin wall using the sofi-
ware program Image-Pro Plus 6.0

In group I the microleakage mean values of
AH Plus and the classic protocol of irrigation
were 1,80 +/- 0,12. In group II (modified pro-
tocol of irrigation and obturation with AH Plus)
mean values were 0,84 +/- 0,14. In group III
(classic irrigating protocol and obturation with
Total Fill BC) mean values were 0,97 +/- 0,29
and in the last group I'V (modified protocol of ir-
rigation and obturation with Total Fill BC — 0,25
+/- 0,11 (figure 2).

There was a statistically significant differ-
ence between the groups with different proto-
col of irrigation (between group I and Il — p =
0,046, between group Il and IV —p <0,001). It
has been also determinate a statistical difference
between the groups with different protocol of
obturation and classic protocol of irrigation (be-
tween group [ and III — p < 0,001). Between the
groups with different protocol of obturation and
same protocol of irrigation — modified it has not
been determinate a significant change (between
group Il and IV — p = 0,478) (table 1).

Tab. 1. Comparison of mean value of vertical apical
microleakage between all groups

I group IIT group I group IT group
Il group | IV group | III group | IV group
p p p p
0,046 <0,001 <0,001 0,478

Light microscope analyzls of vertical apical microleakage (milimeters)
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Fig. 2. Light microscope analysis of vertical apical microleakage in millimeters (SD — Standard Deviation)
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Next light microscopic images represent the
apical vertical penetration of the dye methylene
blue 1% in all four groups (figures 3 — 6).

Discussion

Fig. 3. Light microscopic image of a longitudinal sec-
tioned root canal, irrigated with the classic irrigation pro-
tocol, and obturated with AH Plus (magnification x 40)

Fig. 4. Light microscopic image of a longitudinal sec-
tioned root canal, irrigated with the modified irrigation

Fig. 5. Light microscopic image of a longitudinal sec-
tioned root canal, irrigated with the classic irrigation pro-
tocol, and obturated with Total Fill BC (magnification x 40)

Fig. 6. Light microscopic image of a longitudinal sec-
tioned root canal, irrigated with the modified irrigation pro-
tocol, and obturated with Total Fill BC (magnification x 40)

The aim of creating an endodontic monob-
lock after removal of the dental pulp is not a
new concept in endodontics. After pulpectomy
the root canal must be filled and a high prior-
ity is the obturation material to achieve a good
adhesion to the dentine walls [14, 15]. The mi-
croleakage - coronary, lateral and / or apical,
is a major clinical problem that subsequently
leads to failure of endodontic treatment. Endo-
dontically treated teeth have significantly re-
duced mechanical strength due to creating an
endodontic access, the instrumental shaping of
the root canals, as well as due to desiccation of
dentine tissues [16, 17]. Various factors, such
as root canal anatomy, the apical diameter, the
chemical and mechanical preparation, the final
irrigation and the degree of root canal contami-
nation can be predispositions for microleakage
into the root canals [14, 15].

In this study the sealing possibility of two
root canal sealers was analyzed — an epoxy based
and a bioceramic sealer, using two irrigating
protocols - classic and modified (with chitosan-
citrate solution 0,6%). The chitosan-based irri-
gants showed a satisfactory ability to remove
the smear layer and open the dentin tubules for
subsequent sealing of the root canal system [4].
Due to its high chelating ability for various met-
al ions in acidic conditions, it has been applied
widely in the removal or recovery of metal ions
in different industrial areas. The structure of




18 PROBLEMS OF DENTAL MEDICINE

Vol. 45 « 2019/2

chitosan is similar to that of extracellular ma-
trix proteins, such as proteoglycans and glycos-
aminoglycan. Some studies showed that chi-
tosan and their derivatives interacted with and
neutralized matrix metalloproteinases (MMPs),
which improved the resistance of dentin to deg-
radation [5, 6].

In previous study as a consequence of SEM
investigation with different concentrations of
chitosan-citrate (from 0.1 — 0.6%), the chi-
tosan-based irrigant solution (at a concentration
0f 0.6%) showed a satisfactory ability to remove
the smear layer and open the dentin tubules for
subsequent sealing of the root canal system [4].

The bioceramic sealers are hydrophilic, they
do not shrink and are insoluble in tissue fluids.
Adhesion between bioceramic sealers and root
canal dentine is influenced by the moisture pres-
ent in the tooth. As the components of the bioce-
ramic material enable the formation of calcium
hydroxide and hydroxyapatite, they ensure an
excellent bond to both the dentin and the filling
material. Meanwhile they allow the practitioner
to perform the microbial control without remov-
ing dentin unnecessarily and leaving a stronger
root for restorative reconstruction [8]. One rea-
son for the hardening of premixed bioceramic
sealers could be the lack of moisture in the root
canal system, especially at already endodonti-
cally treated teeth [18]. Epoxy resin based seal-
er have good adhesive properties to the root ca-
nal dentin, have excellent biocompatibility and
minimum risk of a postoperative inflammatory
reaction. AH Plus has many advantages over
other sealers, but the ability to ensure a hermet-
ic root canal obturation is debatable in the liter-
ature [19, 20]. This sealer showed better long-
term sealing ability compared to conventional
sealers due to its reported expansion over time.
It is biocompatible and more radiopaque, has a
shorter setting time (approximately 8 h), lower
solubility, and a better flow characteristics com-
pared with AH26 [7].

The data from the light microscopic analy-
sis distributed in the four groups in this in vitro

study are as follows — in group I the microle-
akage mean values of AH Plus and the clas-
sic protocol of irrigation were 1,80 +/- 0,12,
in group II (modified protocol of irrigation and
obturation with AH Plus) mean values were
0,84 +/- 0,14, in group III (classic irrigating
protocol and obturation with Total Fill BC)
mean values were 0,97 +/- 0,29 and in the last
group IV (modified protocol of irrigation and
obturation with Total Fill BC) — 0,25 +/- 0,11
(figure 2). Statistically, there was a significant
change between the groups with different pro-
tocol of irrigation (between group I and II — p
= 0,046, between group Il and IV —p <0,001).
It has been also determinate a statistical differ-
ence between the groups with different proto-
col of obturation and classic protocol of irri-
gation (between group I and III — p < 0,001).
Between the groups with different protocol of
obturation and same protocol of irrigation — a
significant change has not been determined
(between group II and IV — p = 0,478) (table
1).

In the study, we confirm the good sealing
ability of the bioceramic sealer Total Fill BC
(mean 0,97 +/- 0,29) (figure 5), while at the
same time confirming the hypothesis of better
adhesion of the bioceramic sealer to the root ca-
nal dentine using solution chitosan-citrate 0,6%
as final irrigating solution (mean 0,25 +/- 0,11)
(figure 6). We confirm the high conditioning
ability of the chitosan citrate solution 0,6% as
a chelator of the root canal dentin. The results
were in agreement with another study in which
solution of chitosan-citrate 0,2% was used, with
high efficiency in eliminating the smear layer
that should enable a better three-dimensional
root canal sealing [21].

Conclusion

In the limitations of this in vitro study, it was
found that the application of chitosan-citrate
0,6% as final irrigating solution contributes to
the high sealing ability of both the premixed
bioceramic sealer Total Fill BC and the epoxy
based sealer AH Plus.
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