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ABSTRACT

Background and Aim: The purpose of this in vitro study
was to evaluate the penetration of four different endodontic
sealers into radicular dentinal tubules via confocal microscopy.

Materials and Methods: Forty single-rooted teeth were
prepared using MTwo rotary files. 2.5% sodium hypochlorite
(NaOCl) and 17% EDTA were used as irrigation solutions.
Teeth were then allocated into four groups, containing 10
teeth in each. Before the obturation, sealers were labeled
with 0.1% Rhodamine B. After that, the teeth were obturated
with AH Plus, iRoot SP, MTA Fillapex or MetaSEAL using with
gutta-percha as a core material. The roots were sectioned
horizontally and examined under confocal laser scanning
microscope to determine the depth of penetration, penetration
area and percentage of penetration of the sealers into the
dentinal tubules. Data were analyzed using Kruskal Wallis and
Bonferroni tests.

Results: MetaSEAL did not show any significant difference
than other sealers.

Conclusion: The findings showed that there was no
significant difference among the groups regarding the depth of
penetration, penetration area and percentage of penetration of
the sealers.
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Amac: Dort farkli endodontik kanal dolgu patinin radikdler

dentin  tubUllerine  penetrasyonunu konfokal mikroskop
yardimiyla degerlendirmek.

Gerec ve Yontem: Bu calismada kirk adet tek koklU disler
kullaniimistir,. MTwo doner ege sistemleri ile kemomekanik
preparasyon tamamlanmistir. Irrigasyon soliisyonu olarak %
2.5 sodyum hipoklorit (NaOCl) ve % 17 EDTA kullanilmistir.
Disler daha sonra her birinde 10 dis iceren dort gruba ayrilmis,
kanal dolgu isleminden o©nce, patlara % 0.1 Rodamin B
karnistirlmistir. Daha sonra dislerin kanal dolgulari sirasiyla AH
Plus, iRoot SP, MTA Fillapex veya MetaSEAL patlan kullanilarak
tamamlanmistir. Kokler yatay olarak kesilmis ve penetrasyon
derinligi, penetrasyon alani ve dolgularin penetran ylzdesinin
dentin tUbullerine olan penetrasyon yUzdelerini belirlemek icin
konfokal lazer tarama mikroskobu altinda incelenmistir. Veriler
Kruskal Wallis ve Bonferroni testleri kullanilarak analiz edilmistir.

Bulgular: MetaSEAL, diger patlardan anlamli bir farklilik
gostermedi.

Sonug: Penetrasyon derinligi, penetrasyon alanive penetrasyon
ylzdesi acisindan gruplar arasinda anlamii bir fark olmadigini
bulunmustur.
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INTRODUCTION

The success of root canal treatment depends largely on
the root canal system being thoroughly cleansed and
disinfected, followed by three-dimensional obturation of
the prepared canal space with a biocompatible and inert
material.! Since the first description of the smear layer in
instrumented root canals,’ accumulating evidence has
demonstrated the importance of smear layer removal, which
results in a more thorough disinfection of the root canal
system and the dentinal tubules that would ensure a better
dentinal tubule penetration of root canal sealers.” Sealer
penetration into dentinal tubules increases the interface
between the filling material and dentin, thus improves
the sealing ability of filling material and prevents bacterial
colonization and re-infection by emtombing any residual
bacteria within the tubules.*>

Today, most root canal filling methods continue to utilize
different formulations of gutta-percha in conjunction with
a minimum amount of sealer. Numerous materials have
been developed to improve the sealing ability and stability
of the root canal filling. Despite not presenting ideal tissue
response, AH Plus (Dentsply Delrey GmbH, Konstanz,
Germany), still be considered as the gold standard in terms
of its biocompatibility.® iRoot SP (Innovative Bioceramix,
Vancouver, Canada) and MTA Fillapex (Angelus Solucoes
Odontologicas, Londrina, PR, Brazil) are contemporary
bioceramic sealers, that are biocompatible, bioactive and
osseoconductive.” iRoot SP is an injectable, calcium silicate
based bioceramic sealer that hardens with water® MTA
Fillapex is paste-paste MTA-based bioceramic sealer, it has
proper working time and proper biocompatibility.®
MetaSEAL (Parkell Inc, Farmington,NY) is a new dual-
curable fourth generation methacrylate resin-based,
4-methacryloyloxyethyl trimellitate anhydride (4-META)
containing polymethylmethacrylate-based (PMMA) sealer.
According to manufacturers, it can both be used either
resilon (Resilon Research LLC, Madison, CT) or gutta percha
and should not be used with hot obturation techniques.
Additionally, it has been reported that MetaSEAL bonds to
dentin via hybrid layer and creates monoblock formation.®
According to recent studies MetaSEAL shows greater
bond strength!*** and higher fracture resistance!®> when
compared with the methacrylate resin-based, epoxy resin-
based and bioceramic based sealers. To date there are no
reported studies that have investigated the dentinal tubule
penetration of MetaSEAL.

COMPARISON OF FOUR DIFFERENT ROOT CANAL SEALERS

In the light of these observations, the purpose of this in-
vitro study was to compare the dentinal tubule penetration
of different root canal sealers. The null hypothesis tested
was that there is no difference in the dentinal tubule
penetration of root canal sealers.

MATERIALS AND METHODS

Forty periodontally involved, freshly extracted single-
rooted human teeth with straight roots were selected for
this study after Ethics Committee approval (GO 14/305 -
04/06/2014). The crowns of all teeth were removed using
a water-cooled, slow-speed diamond precision saw (Isomet
1000; Buehler, Lake Bluff, IL), so as to adjust the length of
the roots to a standardized length of 11mm.

Specimen preparation

A size 10 K-file was introduced into each canal until it was
seen through the apical foramen and glide path was verified.
Working length was established by subtracting 0.5 mm from
apical foramen. Then, the root canals were prepared using
MTwo rotary files (VDW, Munich, Germany) up to master
apical rotary size 25.06 in conjunction with 2 ml of 2.5%
NaOCl (sodium hypochlorite) irrigation between each file.
After preparation, the root canals were irrigated with 5 ml
17% EDTA for 1 minute to remove smear layer, followed
by a final rinse of 2 ml distilled water. The specimens were
randomly divided into four groups (n= 10 each) according
to root canal sealer used: 1. AH Plus; 2. iRoot SP; 3.MTA
Fillapex; 4. MetaSEAL. Each root was dried with paper
points. All sealers were mixed according to manufacturer
instructions. Before mixing, 0.1% Rhodamin B added to all
sealers, in order to get fluorescent view. Thereafter, the
roots were obturated with 25.06 taper gutta-percha cone-
sealer combinations by using the single-cone obturation
technique. Following root filling procedures, the specimens
were stored at 37°Cand 100% humidity for 1 week to allow
complete set of the test materials.

Sectioning and image analysis

The roots were embedded in a block of acrylic resin and
left until the resin was set. Each root was sectioned
horizontally at the distance of 6 mm from the apical tip with
a diamond saw rotating at 800 rpm and under constant
water-cooling.  Segments were mounted onto glass
slides and were assessed under a confocal laser scanning
microscopy (CLSM) (LSM Pascal, Carl Zeiss, Jena, Germany)
by using the 543 nm wavelength of helium laser under x2.5
magnification (Figure 1). Each image was imported into LSM
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Figure 1. Representative confocal laser scanning microscopic
images. A: AH Plus B: iRoot SP C: MetaSEAL D: MTA Fillapex (2,5X)

image Examiner (Carl Zeiss) software and the percentage
of the sealers was obtained in a method similar to that used
by Gharib et al.*® In each image, the circumference of the
root canal wall was outlined and measured with “closed
free shape curve drawing” measuring tool. Next, areas along
the canal walls, which the sealer impregnated into dentinal
tubules were outlined and measured using the “open free
shape curve drawing” tool. Outlined distances were divided
by the canal circumference to calculate the percentage
of sealer (Figure 2). The maximum penetration depth was
measured by using “open arrow drawing” tool, from the root
canal wall to the point of deepest penetration (Figure 3).
Penetration area was measured by using “closed free shape
curve drawing” tool. First, sealer impregnated areas were
outlined and measured, then circumference of the root
canal wall was outlined and area of that chamber measured.
Area of the root canal was then substracted from the total
sealer penetration area in each section (Figure 4).

Statistical Analysis

The data were analysed statistically using Kruskal-Wallis
test with Bonferroni correction at p= 0.05. (IBM SPSS for
Windows Version 22.0).

RESULTS

The percentages of sealer penetration to the canal walls in
micrometers are shown in Table 1. Based on that, iRoot SP

Figure 2. Measurement of percentage of penetration of sealer using
LSM Image Examiner Software (Carl Zeiss)

1636.74 ym, 32.3

Figure 3. Measurement of maximum depth of penetration of sealer
using LSM Image Examiner Software (Carl Zeiss).

group showed the highest percentage of penetration, while
AH Plus group showed the lowest percentage but there
was no significant difference among the groups (p> 0.05).
Results also demonstrated that MTA Fillapex, iRoot SP,
AH Plus, MetaSEAL groups showed maximum penetration
depths respectively without any significant difference



6952094.10 pm x ym

Figure 4. Measurement of sealer penetration area using LSM Image
Examiner Software (Carl Zeiss).

(p> 0.05), showed in Table 2. In terms of penetration area,
iRoot SP group showed highest values, followed by MTA
Fillapex, AH Plus and MetaSEAL Groups (Table 3). There
were no significant differences among all groups (p> 0.05)
regarding all investigated parameters,

DISCUSSION

In the present study, we compared penetration of four
different root canal sealers into radicular dentinal tubules
via CLSM. So far, investigators have used different methods
10 evaluate the penetration of sealers into the dentinal
tubules including light microscope'’"'® and scanning
electron microscope (SEM)2>19 These methods have
some disadvantages over CLSM; the difficulty with light

Table 1. Percentage (%) of sealer penetration into the canal wall.

COMPARISON OF FOUR DIFFERENT ROOT CANAL SEALERS

microscope is the inability to distinguish the sealer from
the radicular dentin. De Deus et al.'’ tried to use a digital
software and Weis et al.'® used a histologic stain in order
to overcome this disandvantage. The main disadvantages
of SEM are to be inability to obtain a total view at low
magnification and producing artifacts during the sample
preparation. On the contrary, CLSM analysis can provide
3-dimensional interpretations without special specimen
processing which leads to produce artifacts.® Furthermore,
it allowed the quantitative evaluation and interpretation of
the penetration that was directly related to the penetration
of the fluorescently labeled materials.?*

Labeling of a sealer with Rhodamine B is mandatory
for obtaining fluorescence view, and observing sealer
penetration via CLSM. According to American Dental
Association specifications, 0.1% Rhodamine B has no effect
on sealers flow properties and any concentration greater
than 0.1% resulted in excessive fluorescence that made the
specimens difficult to visualize® Therefore, in this study,
sealers were labeled with 0.1% Rhodamine B prior to CLSM
evaluation.

According to the literature, sections in the sealer penetration
studies were performed and compared apically, middle
and coronally.’e1822-23 Some of these studies showed that
greater sealer penetration was found in the middle third of
theroot canals, and they stated that it might have been due
to large diameter of the tubule orifices and greater forces
might be applied during lateral condensation at this part of
the root.?*?3 Therefore, in this study, middle sections of the
roots were selected.

The previous studies showed that the penetration
differences of root canal sealers might be influenced by
different physical and chemical properties of the sealers,?>16
However, in the present study, CLSM evaluation showed
that there was no significant difference between four

_“m Upper sound

AH Plus 75.57 18.88 62.06 89.06
iRoot SP 10 89.68 15.49 78.59 100.75
MTA Fillapex 10 85.52 12.69 76.44 94.60
MetaSEAL 10 84.31 26.23 65.55 103.07
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Table 2. Maximum depth of penetration into the dentinal tubules (um)

_nm 3t deviation Upper sound

AH Plus 1856.00 204.39 1709.79 2002.21
iRoot SP 10 2003.26 254.97 1820.86 2185.65
MTA Fillapex 10 2168.95 381.90 1895.76 244215
MetaSEAL 10 174272 633.65 128943 2196.00

Table 3. Penetration Area (um?2)

-“m Upper sotind

AH Plus 7419642.20 3143322.66 5171044.62 9668239.78
iRoot SP 10 10179975.16 3549544.73 7640783.83 12719166.50
MTA Fillapex 10 9964246.42 3357623.82 7562347.03 12366145.82
MetaSEAL 10 7344835.39 415971413 4369155.16 10320515.63
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different sealers in terms of maximum penetration depth.
Based on the results, the null hypothesis was accepted. The
difference between the present finding and previous studies
might have been related to the type of the methodology. In
all these studies sealer penetrations evaluated with SEM,

In our study, AH Plus displayed higher penetration values
than MetaSEAL without any significant difference. This
finding confirms the results of previous study that reported
that AH plus showed similar penetration results when
compared with an another methacrylate based sealer.?%?*
On the other hand, Kara Tuncer et al> revealed that AH
Plus and MTA Fillapex showed greater percentage of
penetration to the canal wall than iRoot SP. In the present
study, there was no significant difference amongst AH
Plus, iRoot SP and MTA Fillapex sealers. Also, Kara Tuncer
et al.®> used only maxiller incisors in their study, but in the
present study, all single rooted teeth were used as similar
Gharib et al® It is difficult to standardize the amount and
distribution of sclerotic dentin and irregular secondary
dentin which may have influence on the sealer penetration.
Even a careful sample selection does not guarantee a
homogeneous penetration pattern among the specimens.
Possible differences might be attributed to teeth selection.
Although evaluated sealers showed ability to penetrate

into dentinal tubules in these studies, the penetration was
not continuous along the entire canal perimeter. There
is two possible reasons of this finding. First, compaction
forces of the spreader might leave areas without sealer
after the filling?® Another reason is a phenomenon called
"butterfly effect”?” Sealer penetration was found to be
greater in the buccolingual direction as compared with that
of mesiobuccal direction. This findings are in line with that
of previous studies.'®8 Butterfly-like appearance seen on
the root cross-sections that occurs as a result of increased
sclerosis along the tubules located on the mesio-distal
direction of the canal lumen.”®

The depth of penetration on previous studies has shown
great variation. De Deus et al!’ reported between
79-136 pm, Kokkas et al.*® reported 17-59 ym and Kouvas
et al? reported between 1-77 um penetration values. In
these studies longitudinal sectioning techniques were
used. Mamootil & Messer® on the other hand, reported the
maximum penetration as 1337 pm. They used horizontal
sections in their study and samples being observed with
SEM. In the present study, we found higher maximum
penetration depth values up to 3101 pm. Mamootil &
Messer® stated that the disadvantage of the longitudinal
sectioning technique is that it could not provide a complete



observation of all of the dentine surrounding the canal and
there is potential to miss areas of deep penetration. Also, it
should be kept in mind that one of the main disadvantages
of SEM is inadequate observation of sample area in low
magnifications.

CONCLUSION

Under the limitations of this study, it can be concluded that
MetaSEAL did not show better results in terms of dentin
penetration from other groups.
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