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Aim: To evaluate the effect of three different root canal sealers on dentinal tubule
penetration after ultrasonic passive irrigation and its assessment by confocal microscope.
Material and Method: A total of 30 single rooted extracted mandibular premolars were
prepared upto F3 (Size 30, 0.06 taper) using rotary Protaper Universal system and irrigated
with sodium hypochlorite along with passive ultrasonic irrigation. The specimens were
randomly divided into 3 groups and obturated using gutta percha cone with single cone
technique with sealers such as Group A: AH Plus, Group B: Gutta flow Bioseal,, Group C:
MTA Fillapex. Specimens were sectioned at 2mm, Smm and 8 mm from the apex and all
sections were examined under confocal microscope. Result: AH Plus sealer showed
significant difference in sealer penetration between 2mm and Smm, Smm and 8mm, and
2mm and 8mm . MTA Fillapex showed significant difference in sealer penetration between
2mm and 8mm, 5Smm and 8mm. Guttaflow Bioseal showed a significant difference
between 2mm and 8mm.

Conclusion: Within the limitations of the study it can be concluded that sealer penetration
in dentinal tubules is highest for AH Plus sealer and is highest in coronal third of canal and

lowest at the apical third.

Copyright©2020 Sunanda Gaddalay et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Success of endodontic treatment is mainly based on adequate
biomechanical preparation and three-dimensional obturation of
root canal system. Root canal sealers play a critical role in the
success of endodontic therapy by eliminating the space
between the root canal wall and core filling material.'
However, microscopic gaps between the sealer and dentin and
sealer and core material jeopardize the outcome of root canal
treatment, and marginal leakage through these gaps continues
to be a major reason for the failure of root canal therapy.”

To minimize marginal gaps between sealer and dentin, there
has been continuous search for the alternative endodontic
sealers which could adhere to dentin. In this study we have
compared the dentinal tubule penetration of AH-Plus sealer,
MTA Fillapex sealer and Gutta-flow Bioseal sealer and gutta-
percha is used as a core obturating material.

AH-Plus, an epoxy resin-based sealer, has shown to produce
high bond strength to the canal wall and adequate long term
dimensional stability.” However, tubular penetration and
adaptation to peritubular dentin of AH Plus sealer has been
reported in some studies.*’

*Corresponding author: Sharvaree Deshpande
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low solubility.® Because of its suitable physicochemical
properties and excellent biocompatibility and bioactivity, it has
attracted considerable attention. Hence this study was planned
to evaluate the depth of dentinal tubule sealer penetration of
MTA Fillapex sealer.

GuttaFlow 2 and later introduced Guttaflow Bioseal, a new
formulation of Gutta flow is a silicone-based root canal sealer
that combines sealer and guttapercha in powder form with a
particle size of less than 30 micrometer.” It consists of a
mixture of gutta-percha powder, poly-dimethylsiloxane,
platinum catalyst, zirconium dioxide, and micro-silver.
GuttaFlow 2 has been shown to be more biocompatible than
AH Plus Jet sealer and less toxic to human gingival fibroblasts
cells than AH Plus.*’

The aim of this in vitro study was to assess the dentinal tubule
penetration of the three various sealers after the application of
passive ultrasonic irrigation technique. The null hypothesis
was that there would be no difference among the sealer
penetration after passive ultrasonic irrigation technique.

MATERIALS AND METHOD

A total sample of 30 single rooted extracted mandibular
premolars without any defects were prepared upto F3 (size 30,
0.06 taper) using rotary Protaper Universal system (Dentsply
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Maillefer, Switzerland) and irrigated with 2 ml of 5% NaOCl
at each instrument change. Passive ultrasonic irrigation was
carried out by using 0.5 ml of NaOCl & Irri-Safe ultrasonic
tips (#25,25 mm; Acteon, France) placed 2 mm short of
working length and using up and down movement with
ultrasonic device for 1 minute. It was later rinsed with distilled
water. Final irrigation was done using 5 ml of 17% EDTA for
1 minute followed by 5ml of distilled water. The specimens
were randomly distributed into 3 groups (n=10) as follows:
Group A: AH Plus (Dentsply, DeTrey, Konstanz, Germany),
Group B: GuttaFlow Bioseal (Coltene/Whaledent AG,
Altstatten, Switzerland) and Group C: MTA Fillapex
(Angelus, Londrina, PR, Brazil). The root canals are then dried
using paper points. The canals were coated with the respective
sealers mixed with 0.1% fluorescent rhodamine B
isothiocyanate, 1 mm short of working length using
lentulospiral and obturated using single gutta-percha cone.
Specimens were incubated at 37°C for one week to simulate
oral conditions. Specimens were sectioned horizontally at 2, 5
and 8 mm from anatomic apex and all sections were examined
under confocal microscope to calculate dentinal tubule
penetration area.

Digital images were imported into the Fiji program (Fiji,
Image] software, NIH) to measure the total dentinal tubule
penetration area. The dentinal tubule penetration area was
measured as micrometers (mm) and converted to square
millimeters (mm?) for the statistical analysis.

Statistical Analysis

Statistical analysis was done within groups of sealer and
between groups of sealer at 2mm, 5Smm and 8mm using
ANOVA test. If statistically significant difference was
observed, further analysis was done using post hoc Tukey’s
test.

RESULTS

When comparison was made between the groups of sealers,
statistically highly significant difference (p<0.001) was
obtained at the 2 mm level for AH Plus, GuttaFlow Bioseal
and MTA Fillapex. On further applying Post-hoc Tukey’s test,
MTA Fillapex showed a significant difference with AH Plus,
Gutta Flow Bioseal sealers at 2mm. At Smm & 8mm levels,
the comparison was not significant between the three sealers.

When comparison was made within the groups, all sealers
showed a highly significant difference within themselves at the
2 mm, 5 mm and 8 mm levels. On further applying Post-hoc
Tukey’s test, AH Plus showed a significant difference in sealer
penetration between 2 mm and 5 mm, Smm and 8 mm and 2
mm and 8 mm. MTA Fillapex showed a significant difference
in sealer penetration between 2 mm and 8§ mm, 5 mm and 8
mm. GuttaFlow Bioseal showed a significant difference in
sealer penetration between 2 mm and 8 mm.

Table 1 Mean and standard deviation of sealer penetration area in
um2 for AH PLUS, GUTTAFLOW BIOSEAL and MTA FILLAPEX
AT 2 mm, 5 mm, 8 mm sections. Non-identical letters in superscript
indicate statistically significant difference between groups.

AT 2 mm (apical) AT 5 mm (middle) AT 8 mm(coronal)

AH plus (226527.64+38144.67)" (661841.50+429830.67)7  (1726630.24+350058.77)°
(ti]l;t"t’a (205365.50+19401.90)* (545127.58+£314470.97)*  (1399982.26+£929701.96)°
ﬁl:;[:;:x (118411.92+17355.68)°  (466148.11+218348.08)  (1544125.47+784912.64)°

. .
Figure 1 Representative images of sections scanned by confocal laser microscope for

specimens obturated with AH sealer at (A) 8 mm, (B) 5 mm and (C) 2mm level from the
root apex.

Figure 2 Representative images of sections scanned by confocal laser

microscope for specimens obturated with GuttaFlow Bioseal sealer at (A) 8
mm, (B) 5 mm and (C) 2mm level from the root apex.

..

Figure 3 Representative images of sections scanned by confocal laser microscope for
specimens obturated with MTA Fillapex sealer at (A) 8 mm, (B) 5 mm and (C) 2mm level
from the root apex.

Figure 4 Passive Ultrasonic irrigation being performed with Irrisafe Tips.

Figure 5 Specimens after transverse sectioning at 2mm, Smm and 8 mm from the apex.
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Graph 1 Comparison of sealer penetration area between AH Plus, GuttaFlow
Bioseal and MTA Fillapex at 2mm
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Graph 2 Comparison of sealer penetration area between AH Plus, Gutta Flow
Bioseal and MTA Fillapex at Smm

® Std. Deviation
2500000 -

2000000 17 35

1500000
(]
£
=
1000000 1" 172

500000

AH PLUS GUTTA MTA

FLOW FILLAPEX

Graph 3 Comparison of sealer penetration area between AH Plus, GuttaFlow
Bioseal and MTA Fillapex at 8mm

DISCUSSION

Adequate sealing of the root canal system is influenced by the
properties of flow and adhesiveness of the sealers. Flow is
essential to allow adequate time for the sealer to penetrate the
dentinal tubules and to set and whereas adhesiveness confirms
stability of the filling mass to the walls of the dentin."
Penetration of sealers in tubules confines the microbes by
entombing them and helps as an antiseptic.''

Removal of smear layer is a pre-requisite to allow for opening
of tubules to allow for ingress of the sealer.'’ Irrisafe tips
(Satelec Acteon Group, Merignac, France) were used for
passive ultrasonic irrigation (PUI) in our study. They are
attached to an ultrasonic device operating in the range of 25—
30 kHz that activates the irrigant solution. This occurs due to
acoustic streaming and microcavitation and it allows the
delivery of irrigants up to the working length of the root canal
unlike conventional endodontic needle." Its efficacy has been
proved in a study by Paragliola et al who showed that the use
of an ultrasonic agitation exhibited significantly more
penetration of irrigants in tubules than sonic agitation."*

The current study used the single cone obturation technique as
it is the common, simplest technique and ensures uniformity.
The use of a single-cone filling technique is often considered
inferior to more sophisticated three-dimensional compaction
techniques.'” However, it must be noted that the concept of the
single-cone technique has been recently re-visited by Wu et
al'® and the volume of the sealer used in the present study was
minimized because calibrated gutta-percha cones were used in
the prepared canal. Also a study conducted by Kok et al
showed that sealer penetration was not affected when different
filling techniques were used along with an epoxy resin sealer."”

CLSM was used in our current study as opposed to SEM
analysis as it presents with many advantages. CLSM uses high
contrast points to identify sealer distribution within dentinal
tubules.'” It works even with thick section where it collects
serial optical sections by making possible control over depth
and reducing background information. It also cause less
artifact as opposed to SEM which is notorious about producing
artifact during processing along with additional disadvantages
of the time consuming gold-sputtering and vacuum stages."®

Physical properties of sealers like flow, surface tension,
solubility, viscosity affect their penetration into critical areas.
The current study shows that greatest penetration was observed
for AH plus at all the three levels of examination. AH plus
belongs to group of epoxy resin based sealers. These sealers
have been known for their desirable properties of greater
dimensional stability, low rates of solubility, great radiopacity
and optimal adhesiveness to the root dentin than others
endodontic sealers and currently serve as gold standards for
comparison.'”***' The pseudoplastic behaviour of AH Plus is a
benefit which allow increased flow by reduction of viscosity
during filling procedures thus enhancing its penetration in
tubules.”

Guttaflow Bioseal is a newer product of the Roeokoseal,
Guttaflow and Guttaflow 2 family. It is a cold flowable system
that contains gutta percha particles in silicone based
polymethyl hydrogen siloxane. This system is known to
provide a linear setting expansion of 0.16% on obturation.” It
is rarely studied for its dentinal tubule penetration uptil date.
Another silicone-based sealer, RoekoSeal, was showed to have
a similar dentinal penetration as that of AH Plus sealer in a
confocal laser scanning microscope study by Chandra et al.**

MTA Fillapex is a based on tricalcium silicate cement
impregnated in a matrix of salicylate resin. They are known for
their ~ biocompatibility, adhesiveness, solubility and
antibacterial activity.”> The high solubility and presence of
hydrophilic characteristics may be the reason for inferior
results than other sealers used in this study. However this
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sealer has shown superior result in a study conducted by Kuci
et al where it was compared with AH 26 sealer using both cold
lateral and warm vertical compaction techniques. The result
concluded higher penetration for MTA Fillapex with cold
lateral compaction and for AH plus with warm vertical
compaction.”® Absence of consensus with this result may be
because of decreased viscosity and greater flow of MTA
Fillapex under compaction pressure which was absent in our
study due to single cone obturation technique used.

As previously investigated by Kok, the sealer penetration of
epoxy resins is not affected by the technique of obturation
used.” This implies that the hydraulic forces have no role in
pushing the sealers into tubules and the sealer penetrates the
tubule by virtue of capillary forces that draw it in.>* This may
also explain how AH Plus and Guttaflow Bioseal with higher
setting time are available for more penetration when in contact
with tubules as stated by Chandra et al.**

The results of this study showed that the maximum penetration
of all the sealers was seen at the coronal third, followed by the
middle third and least in the apical third. This is attributed to
variations in properties of radicular dentin majorly relating
first to its tubule density, size of tubules, and metamorphic
changes that undergo over time. Coronal dentin has the highest
tubule density and it decreases as one moves further, the least
found apically. The mean diameter of tubules is also greatest
in the coronal third and least occurring in the apical third of
root. This favours high penetration coronally. The tubules in
the apical third happen to show obliteration due to sclerosis as
a result of constant functional loading or ageing. Poor delivery
of irrigants and ineffectiveness of smear layer removal
techniques in the apical third is also a reasonable explanation
for the sealer unable to acquire the desired space.”®*” All these
predispose to the obtained pattern of result also demonstrated
by various other studies.”***°

For the dentinal tubule penetration evaluation in the confocal
laser scanning microscopy, generally, two parameters have
been measured, the maximum depth of penetration and the
percentage of the sealer penetration. ' However, these
methods have some limitations. Using one or multiple
measurements affected the overall depth, and the thick/loose
penetration changed the percentage. Therefore, in the present
study, the Image] program was used to measure the total
dentinal tubule penetration area as previously done by Ackay
et al* The program calculated the area of both user-defined
selections and intensity-threshold objects.

CONCLUSION

Within the limitations of the study it can be concluded that the
sealer penetration in dentinal tubules highest for AH Plus
sealer. It is highest at coronal third of the canal and lowest at
apical third. It is governed by anatomic features of dentin
pertaining to coronal, middle or apical thirds. It is also
dependent on the physical properties of the sealer.
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