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Abstract

INTRODUCTION. The majority of endodontic failures are caused primarily by inadequate sealing of the root
canal. Seepage of fluids is likely to occur if apical seal is not properly established.

AIM. This in-vitro study was to evaluate the apical seal and tubular penetration of a novel bioactive glass seal-
er: NISHIKA CANAL SEALER BG, bioceramic sealer: CERASEAL and epoxy resin—based sealer: AH PLUS.
MATERIALS AND METHODS. 49 extracted human single rooted mandibular 1st premolar teeth with fully
formed apices were taken and decoronated at the Cemento Enamel Junction for standardized working
length of 14 mm. All samples were instrumented upto size F3 of ProTaper Gold files. After complete irrigation
protocols with Sodium Hypochlorite, Saline, Ethylene diamine tetra acetic acid and Chlorhexidine, samples
were divided into 3 groups according to the sealers used. Obturation was done using single cone technique.
All the specimens were put in 1% methylene blue dye for 72 hours after keeping them in incubator for 48
hours. Teeth were split into two halves, one visualised for dye penetration and other for tubular penetration
and scoring was done.

RESULTS. Kruskal Wallis test revealed that there were significant differences in microleakage and tubular
penetration between all the groups (p = 0.01). Nishika Canal Sealer BG had better apical sealing ability and
tubular penetration followed by CeraSeal and AH Plus.

CONCLUSIONS. Within the limitations of the study, it was concluded that, Nishika Canal Sealer BG has the
maximum apical sealing ability and tubular penetration when compared to CeraSeal and AH Plus
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OueHKa anMKanbHOro repMeTU3Ma U TybynapHoi neHeTpauumn
HOBOIro 6M0AKTMBHOr0 CTEK/10-repMeTHKa,

6MoKepaMMUECKOro repMeTMKa U repMeTMKa Ha OCHOBE CMOJIbl:
3KcnepuMeHTanbHoe In-Vitro uccnepgosaHue
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Pesiome

BBEAEHME. BonblUIMHCTBO Heyaa4 SHAOLOHTUYECKOrO Sle4eHns 06yCnOBIEHO HEAOCTATOYHOW repMmeTn3a-
Lumen KOPHEBOro kaHana. Mpu OTCyTCTBUM HAAEXHOIr0 annukanbHOro Yrj0THEHNS BO3MOXHO NpocaynsaHne
XMOKOCTEN, YTO MOXET NPMBECTU K HEeyaaye NevyeHuns.

LLENIb. HacTosiwee in vitro nccnegoBaHve HanpaBiieHO Ha OLLEHKY anuKanbHOro repMeTnama v TyoynsapHom
neHeTpaumn HoBoro 6moakTuBHoro crekno-repmetmka NISHIKA CANAL SEALER BG, 6uokepamMnyeckoro
repmeTuka CERASEAL n repmeTurka Ha OCHOBe anokcugHown cmonsl AH PLUS.
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MATEPUAbI U METOAbI. ns nccnenoBaHms 6bino 0Tob6paHo 49 yaaneHHbIX OAHOKOPHEBbLIX HUXHUX Nep-
BbIX MPEMOJIIPOB C MOJIHOCTbLIO CHOPMUPOBAHHBIMU anuKabHbIMU OTBEPCTUAMU. Bce 3yObl Oblnv nogeep-
rHYTbl AeKanuTauMm Ha YPOBHE LLEMEHTHO-3MaNieBoro CoeaAnHeHuns, obecneymBas cTaH4APTUSNPOBAHHYIO
pabouyio anmHy 14 mm. NMoarotoBka KOPHEBbLIX KaHANOB NPoOBOAMach C NnpuMmeHeHnem dainos ProTaper
Gold pno pasmepa F3. [Nocne BbINONHEHUS CTAHAAPTHOrO NPOTOKOMA MPPUrauum ¢ CMNoJib30BAHNEM TMMOX-
nopwuta HaTpusi, GM3N0NOrN4Yeckoro pacTeopa, aTuneHagnaMmHTeTPaykCycHom kncnotol (SATA) n xnoprek-
cuanHa, o6pasubl Obln pas3aeneHbl Ha TPY FPYNMbl B 3aBUCUMOCTU OT NPUMeEHsAeMoro repmeTtumka. O6Typa-
LMs NpoBOAMAaCk METOAOM OAHOIO KOHyCa.

Mocne 3aBeplieHns 00Typaumm Bce o6pasLbl Obiv NOMeLLeHbl B 1% pacTBOp METUIEHOBOrO CUHErO Ha
72 yaca nocne npeaBapuTenbHOro BblaepXnBaHus B MHKybaTope B TedeHme 48 yacoB. 3aTtem 3ybObl Obinn
pacLLensieHbl Ha ABe NOJIOBMHbI: O4HA UCMONb30Banachb A5 OLEHKM NPOHUKHOBEHUS! KpacuTens, apyras —
ONs aHanu3a TyoynspHOM NeHeTpaLuum ¢ nocneanyoLien 6annbHON OLEHKON.

PE3YJIbTATbI. AHanna ¢ npumeHeHnem kputepus Kpackena-Yonnuca nokasan HanMyne cTaTUCTUYECKU
3HAYMMBbIX Pa3NYMIA B NOKaA3aTENSAX MUKPONOATEKAHNSA U TYBYNSPHOM NEHETPaLMN MEXAY BCEMU Fpynnamm
(p =0,01). Nishika Canal Sealer BG npoaeMOHCTpUpoBan Hanny4lire nokasarenn no anukasabHOMy repme-
TU3MYy 1 TYOYNspHOW NeHeTpauumn, 3a HuMm cnepoBann CeraSeal u AH Plus.

BbIBObI. C yueToM OrpaHMyeHnin 4aHHOro nccnenoBaHmsa 6bi10 caenaHo 3aknodeHune, 4to Nishika Canal
Sealer BG o6nagaeTt MakcumaibHOM anukasnbHOW repMeTUYHOCTbIO 1 rNyBMHON TyOyNnspHOM neHeTpaumm no
cpaBHeHuio ¢ CeraSeal u AH Plus.

Kniwouesble cnoBa: CTEPEOMUKPOCKON, FePMETUK, CKaHUPYIOLLINIA 3IEKTPOHHbIN MUKPOCKONM, MUKPOMNOATEKA-
Hue, buokepamuka, 6MOaKTUBHOE CTEKIIO.

UHdopmauumsa o ctatbe: noctynuna — 03.01.2025; ucnpasneHa — 29.01.2025; npmHata — 10.02.2025
KoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GUHAHCUPOBAHME U MHANBUAYASIbHbIE 611arofapHOCTY A5 AEKNAPUPOBaHUS OTCYTCTBYIOT.

Ana uutupoBaHua: bunan M., NMawa L., Kymap C., Apud C., Tagx L., Canum A. OueHka annkanbHOro rep-
MeTuama u TyOynsipHOW neHeTpaunnm HOBOro OGUOaKTUBHOIO CTEKJIO-repMeTunka, GMokepaMmmnyeckoro rep-
MeTuKa U repMeTrnka Ha OCHOBE CMOJIbl: aKcnepuMeHTanbHoe In-Vitro nccnepgosaHne. 3HgoaoHTUS Today.
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INTRODUCTION

Endodontic treatment is fairly predictable in nature
with reported success rates up to 86-98% [1]. The
majority of endodontic failures are caused primarily by
inadequate sealing of the root canal. Ideally, the root
filling material should seal the root canal system and
favour tissue repair [2]. Seepage of fluids is likely to
occur if apical seal is not properly established [1]. For
good sealing, the filling material must be able to ad-
here to the dentinal wall while preventing invasion of
microorganisms [3].

To ensure the long-term effectiveness of root canal
treatment, three-dimensional root canal obturation is
crucial [4]. When considering a three-dimensional filling
of the root canal system, the capacity to seal imperfec-
tions and penetrate dentinal tubules is necessary [5].
This capability is influenced by the material’s fluidity,
that enables the sealers to access the regions that in-
struments might not have reached [6]. Apart from the
apical and coronal leakage, micro gaps between the
sealer and dentinal tubules also play an important role
in clinical success of the treatment.

Good tubular penetration and adaptation of the
sealer ensures adequate stability, reduced microleak-
age, increased fracture resistance and effectively pre-
vent bacteria from entering into the tubules [7]. It also
reduces the micro-gaps between the material and the
dentinal walls. Adequate tubular penetration can also
three dimensionally fill the root canal system. Creating
a fluid tight apical seal prevents any ingress of microor-
ganisms into the root canal system.

dHdodoHmus
————TLT

Endodontic treatment approaches have evolved
in response to technology improvements and this has
led to significant rise in success rates of the root ca-
nal treatment [8]. Root canal sealer along with gutta-
percha, have been demonstrated to be necessary for
a successful obturation, as the sealer needs to bond
with dentin along the canal wall. However, standard root
canal sealer based on Grossman’s formula is barely
ideal because it is neither adequately adhesive nor
binds completely with dentin [8].

The purpose of this in vitro study was to compare
the sealing ability and tubular penetration of new bioac-
tive glass sealer NISHIKA CANAL SEALER BG (Nippon
Shika Yakuhin), along with commonly used bioceramic
sealer — CeraSeal (META BIOMED) and epoxy resin —
based sealer AH Plus (DENTSPLY) in oval canals.

MATERIALS AND METHODS

Samples of 49 extracted human single rooted man-
dibular 1st premolar teeth with fully formed apices which
were extracted due to orthodontic reasons were taken
for the study after obtaining ethical clearance from the
institution. These were analyzed for any anatomical
variations and internal resorption by taking RVG. All the
samples were inspected under magnification for any
cracks along the tooth surface to avoid other routes of
leakage. Standardization of root length to 14 mm were
done by decoronating them near the cemento-enam-
el junction (CEJ). Only apical foramen with diameter
smaller or equal to size #10 K-files were selected. In or-
der to standardize the samples for preparation, the file
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was introduced into the canal and pushed beyond the
apex until the tip of the file was seen through it.

The working lengths were determined using a #10 K
files upto the apical foramen for standardization. Instru-
mentation of the root canals were instrumented up to
size F3 of ProTaper Gold rotary files using Crown down
technique.

The canals were irrigated with a disposable syringe
and a 30 G side vented needle using 2 ml of 3% NaOCI
throughout the instrumentation. A #10 K-file was used
to maintain apical patency throughout the preparation.
Subsequent to instrumentation with files saline irriga-
tion was done and upon completing instrumentation,
the canals were rinsed with 2.5 ml of 17% EDTA solution
followed by agitation with EndoActivator (EA) for 30 sec
and was flushed with saline. The canals were then irri-
gated with NaOCI. Lastly irrigation was performed with
2 ml of saline. Master cone was selected for all the sam-
ples (size F3 GP) and this was confirmed using RVG. All
the canals were then dried with paper points.

Samples were then divided into 3 experimental
groups. Group 1: Obturation was done by using a F3 GP
cone and Canal Sealer BG with a single cone technique,
following the manufacturer’s instructions. Group 2: Ob-
turation was done by using a F3 GP cone and AH Plus
sealer with a single cone technique. Group 3: Obtura-
tion was done by using a F3 GP cone and CeraSeal with
a single cone technique, following the manufacturer’s
instructions. CeraSeal was pumped into the canal and
the master cone was fitted till the working length.

The positive control group included two teeth that
had a single cone with no sealer. The negative control
group included two teeth that were unobturated and
coated fully with nail varnish.

The access of all the samples was then sealed with
intermediate restorative material. All the samples were
then coated with two layers of fingernail varnish lea-
ving only 1 mm of the apical foramen to remain exposed.
Negative controls were completely coated with finger-
nail varnish including the apical foramen portion.

All the samples were then allowed to set in the in-
cubator at 37° C for 42 hours and were then immersed
in 1% methylene blue dye for 72 hours. After removal
from the dye, the roots were rinsed in tap water, and the
fingernail varnish was completely removed by scraping
with a Bard-Parker number 11 blade in order to facilitate
easy splitting of the roots.

The buccal and lingual portion of the roots were
grooved longitudinally with a cylindrical diamond point
in a high-speed handpiece and with the help of a chisel
and mallet they were split into halves. Out of two halves,
one half was used for leakage evaluation, and the other
half was used for tubular penetration evaluation.

The amount of microleakage on the fractured side of
the spilt root was measured from the apexto the highest
extent of dye penetration in the coronal direction. Sco-
ring was performed by using a stereomicroscope at 10X
magnification to examine the dye’s full extend.

For scanning electron microscopy (SEM) evaluation,
all the specimens were vacuum dried, sputter coated
with gold, and viewed under SEM. The penetration
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depth of sealer into dentinal tubules were examined at
cervical, middle, and apical third of the root and scoring
was done according to the depth of penetration of seal-
ers into the tubules by an independent observer. Scor-
ing for microleakage and tubular penetration was given
according to Attur et al. [9] (Table 1).

Statistical Analysis

Kruskal Wallis Test followed by Dunn’s post hoc test
was used to compare the mean penetration depth for
micro leakage & sealer penetration into dentinal tu-
bules scores between 3 groups. The level of signifi-
cance was set at p < 0.05.

RESULTS

The mean Dye penetration score for Group 1 was
0.47+0.64, for Group 2 was 1.47+1.06 and for Group 3
was 0.67+0.72. These differences in the mean Dye pen-
etration scores for Micro Leakage between 3 groups
was statistically significant at p = 0.01 (Table 2).

The mean Penetration depth of sealer for Group 1
was 3.53%0.64, for Group 2 was 2.60+0.91 and for
Group 3 was 3.20+0.94. These differences in the mean
Penetration depth of sealer into dentinal tubules be-
tween 3 groups was statistically significant at p = 0.02
(Table 3).

Table 1. Scoring criteria according to Attur et al. [9]
Ta6nuua 1. Kputepun oueHkm cornacHo Attur n ap. [9]

Index Score Value
Dye penetration 0 No visible dye on the root canal walls
for microleakage
in root canal 9 1 Dye visible on the root canal walls
walls 2 | Penetration of dye up to half of the
length longitudinally
3 Penetration of dye more than half
of the root surface longitudinally
Penetration 0 No penetration
depth of sealer
into dentinal T [1-20m
tubules 2 21-40
3 41-60
4 More than 60 u

Table 2. Comparison of mean Dye Penetrations scores
for Micro leakage between 3 groups

using Kruskal Wallis Test

Tabnuua 2. CpaBHeHMe CpeHNX NokasaTenemn
MPOHNKHOBEHUA KpacnTena aJsid OoueHKn
MUKPOMNOATEKAHNA MEXAY TPEMS rpynnamm

C ucnonb3oBaHneM kputepus Kpackena-Yonnumca

Groups N Mean SD Min Max |P-Value
Group 1 15 0.47 0.64 0 2 0.01*
Group 2 15 1.47 1.06 0 3

Group 3 15 0.67 0.72 0 2

*Statistically Significant
*CTaTUCTUYECKU 3HAYMMO
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Table 3. Comparison of mean Penetration depth

of sealer into dentinal tubules between 3 groups

using Kruskal Wallis Test

Ta6nuua 3. CpaBHeHue cpeaHen ryobuHbl
NMPOHNKHOBEHUA repMmeTka B AE€HTUHHbIE KaHaJ1bL,bl
MeXay Tpemsa rpyrnnamm ¢ UCnoJib30BaHUEM KPUTEPUA
Kpackena-Yonnuca

Groups N Mean SD Min Max | p-Value
Group 1 15 3.53 0.64 2

Group 2 15 2.60 0.91 1 0.02*
Group 3 15 3.20 0.94 1

*Statistically Significant
*CTaTUCTMHECKU 3HAYMMO

DISCUSSION

The root canal filling materials prevent microbes and
its exudates from communicating into the periradicular
tissues. A significant proportion of failures in endodon-
tic treatment and retreatment is attributed to the dif-
ficulty in obliterating accessory canals, apical deltas,
anastomoses, fins, and irregularities of the root canal
system and failure to get a fluid tight apical seal [9].

Among various types of sealer used today AH plus
has gained popularity due to its radiopacity, biocom-
patibility, ease of use and availability. AH Plus is an
epoxy-bis-phenol resin—-based sealer that also con-
tains adamantine and bonds to root canal [10]. As a kind
of epoxy resin—based sealer, AH Plus is used frequently
in clinical work and is usually chosen as the control in
studies on the properties of new sealers because of its
long track record.

CeraSeal is calcium phosphate based bioceramic
sealer dispenced using a pre-mixed syringe. CeraSeal
sealers have excellent sealing adaptation and biocom-
patibility, as well as rapid tissue recovery [11]. Calcium
silicate produces Calcium Aluminate Hydrate gel and
Calcium Silicate Hydrate gel by absorbing the moisture
from surrounding tissues in the root canal and some
crystallization of Calcium Hydroxide.

Nishika Canal Sealer is developed from BG-based
biomaterials and originally intended for both dental pulp
and bone regeneration therapies. This is a two-phased
paste; Paste A containing silica dioxide, bismuth sub-
carbonate, and fatty acids, wherein Paste B contains
calcium silicate glass, magnesium oxide and silica diox-
ide, etc. this two-paste system hardens when exposed
to heat or moisture [10].

Bioceramic root canal sealers can promote physi-
cal and chemical bonding with dentin by creating hy-
droxyapatite precipitates at the dentin sealer interface
after it sets. Conventional sealers can shrink as they
harden and dissolve in tissue fluids, creating a space
that allows microbes to escape [12]. It is well known that
bioceramic interact with dentin along the root canal to
provide biomineralization and forms a hybrid layer along
the dentine which is rich in mineral. [13; 14]. A big ad-
vantage for bioceramic sealer is the ability to bond in
moist dentin. This property was evaluated and bioce-
ramic sealers showed high bond forces in moist dentin,
over epoxy resin sealers [15; 16].

dHdodoHmus
————TLT
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The tubular penetration of endodontic sealers ma-
jorly depends on their physico-chemical properties,
complete smear layer removal and permeability of the
tubules, depending on the anatomical root canal zone
of the teeth. Number and diameter of dentinal tubules
decrease apically in the root canal. To achieve good
amount of tubular penetration, the particle size of the
material must be smaller than the tubule diameter for it
to be well suited for penetration.

This present study evaluated the penetration ability
using SEM. Even though micro-CT can produce better
3D imaging, SEM is still preferred for tubular penetration
studies. This is because micro-CT observations might
be less sensitive compared with the sectioning method
in terms of void detection. This is in accordance with
a study by Kim et al. [17]. Volumetric 3D analysis is bet-
ter with micro-CT wherein magnification is better with 2D
SEM. SEM was preferred over sealer staining using fluo-
rescent dyes because dyes have shown to be unsuitable
in precisely indicating sealer penetration depth accor-
ding to recent study by Sina Schmidt et al. [18].

Likewise, many techniques are employed to assess
root canal sealer capacity for apical sealing. One popu-
lar, simple, and quick way to test the sealers microleak-
age is through the linear measurement of dye penetra-
tion. Endodontic microleakage happens at the coronal
or apical part of the root canal obturation, each having
its own repercussions. Muliyar et al. discussed the role
of microleakage in endodontic failures and the impor-
tance to address and control it properly to ensure a suc-
cessful endodontic outcome [4; 19].

In this present study AH Plus Sealer has showed the
maximum score for microleakage and the least score
for tubular penetration. Even though previous studies
have proved that epoxy resin-base AH Plus has supe-
rior adaptation and provides tight seal to prevent mi-
croleakage, the results of the present study, contra-
dicted this. This might be due to the use of single cone
obturation which was used in all three groups. AH Plus
combined with warm vertical compaction method of
obturation has shown better seal and tubular penetra-
tion [16]. Bioceramic based sealers are preferably used
along with single cone obturation methods as high tem-
peratures from warm vertical compaction can interfere
with the interaction between the sealer and moisture
content which help in forming the mineral infiltration
zone as the warm vertical compaction desiccates the
root canal because of its high temperature.

The newer generation bioceramic sealers have par-
ticle size averaging 0.2 um whereas epoxy resin — based
AH Plus has a particle size of about 8 um. This can be
an attributing factor for the sealer penetration into the
tubules in this present study. Bioactive glass and bioce-
ramic sealers flow better even in the presence of mois-
ture, but in case of AH Plus sealer it is not the same.

Stereomicroscopic images revealed linear dye pen-
etration of the samples. Digital images were acquired
from the stereomicroscope. Samples were scored ac-
cording to the presence of dye along the walls of the ca-
nals. If the dye is seen on the tip of the walls of the canal,
then they were scored 1 (Fig. 1). If the dye is seen at half
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the length of root canal, then it is scored 2. If dye has  tubular penetration of sealers in which the particles
leaked into more than half the length of the root canal, were seen to penetrate in to the tubules at different
thenitis scored as 3 (Fig. 2). depths. Sealer particles were seen penetrated and

Under SEM evaluation, Nishika Canal Sealer and scattered into the dentinal tubules at 1000X magnifi-
CeraSeal showed higher sealer penetration into the cation. Sealer particles were seen into the dentinal tu-
dentinal tubules than AH Plus. SEM images revealed bules at 1000X magnification (Fig. 3).

Fig. 1. Dye seen on the tip and walls of the canal Fig. 2. Dye is seen in more than half the length
Puc. 1. KpacuTesb BUAEH Ha BEPXYLLKE of the root canal
M CTeHKax KaHana Puc. 2. Kpacutenb BuaeH 6onee 4eM B NONOBUHE

AJINHbI KOPHEBOIo KaHana

e — -~ P
SED  150kV WD134mm  Std.-P.C40.0 HighVac. ; SED 150kV WD14.2mm  Std.-P.C40.0 HighVac.  x1,000 NS 10um
11ISC AFMM SEM JSM-IT300 3777 Aug 05 2022 1ISC AFMM SEM JSM-IT300 Aug 05 2022

Fig. 3. Sealer particles into the dentinal tubules at 1000X magnification
Puc. 3. HacTuubl cunepa B AEHTUMHHbIX KaHanbuax npu ysenmyeHnm 1000X

Tom 23 N2 1/2025 ‘ Endodontl.cs



44 |

GP-sealer-tubule interface was also analysed by
the SEM. Some of the images were discarded due to
inability to calculate the penetration depth because
of debris over the tubule surface.

SEM images revealed that sealers were well adap-
ted to the dentinal walls in most of the specimens.
Agitation of the sealers could have helped the sealers
for better penetration and should be tested in future
studies. This present study also revealed that, greater
the penetration depth, lesser the microleakage and
vice versa.
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CONCLUSION

Within the limitations and experimental conditions
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