
ORIGINAL ARTICLE

Double dye technique and fluid filtration test to evaluate early
sealing ability of an endodontic sealer

Luigi Generali1 & C. Prati2,3 & C. Pirani2 & F. Cavani4 & M. R. Gatto5 & M. G. Gandolfi5

Received: 29 January 2016 /Accepted: 6 June 2016 /Published online: 14 June 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Objectives The aim of the present study is to evaluate the
possible correlation between sealer penetration into dentinal
tubules and sealing ability both in presence and absence of
smear layer.
Materials and methods Fourteen maxillary central incisors
were treated with 5.25 % NaOCl +10 % EDTA to remove
the smear layer (SL-free group) or 5.25 % NaOCl without
EDTA (SL group). Root canals were filled using #25
Thermafil Obturators with Topseal sealer labelled with
0.1 wt% rhodamine B. Sealing ability was measured as fluid
filtration rate with a fluid-flow meter using water supplement-
ed with 0.3 % calcein fluorescent dye. Specimens were sec-
tioned, observed under confocal microscope to co-localize the

presence of sealer (rhodamine B labelling) into dentinal tu-
bules and gaps (calcein labelling) into the root canal. The
depth of sealer penetration into dentinal tubules and the per-
centage of sealer penetration around the root canal were mea-
sured at 3, 5 and 8 mm from the apex.
Results No significant differences between groups were ob-
served in fluid filtration rate nor in depth of calcein penetra-
tion. Sealer penetration depth and percentage into dentinal
tubules were not significantly different between groups, ex-
cept at 8-mm level in absence of smear layer.
Conclusion Sealer penetration at 3- and 5-mm levels was not
influenced by smear layer while it was significantly reduced at
8-mm level. Fluid filtration rate was not correlated either with
depth of calcein penetration nor with sealer penetration into
dentinal tubules.
Clinical relevance The sealing ability of Topseal sealer is not
affected by presence or absence of smear layer.

Keywords Confocal laser scanningmicroscope . Fluid
filtration . Sealing ability . Smear layer . Tubule penetration

Introduction

The main objectives of endodontic therapy are the eradication
or reduction in the number of microorganism from the root
canal system and the prevention of recontamination and re-
growth [1]. The tridimensional root filling could prevent cor-
onal infection or re-infection [2, 3]. However, root canal fill-
ings are affected by gaps that alter their sealing ability [4].
Gaps may be connected and may create a sort of complex
spiral network that affects the tridimensional morphology of
the root filling [5]. The interface between dentin and filling
material is usually the critical area where gaps are higher and
influenced by the presence of debris and dentin grooves [6, 7].
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For these reasons, there is a considerable interest of the related
literature in studying the techniques of root filling and mate-
rials. Especially, the ability of endodontic sealers to penetrate
into dentinal tubules has been investigated [8–12].

Endodontic sealers are normally used in association with
gutta-percha to create a stable bond between dentinal wall and
core material; moreover, they fill up potential gaps and irreg-
ularities. The sealer penetration into dentinal tubules is con-
sidered a reliable outcome of root filling materials, because in
theory, it could improve the seal of the root filling [13, 14].
Nevertheless, in literature, there is no agreement on the corre-
lation between the sealer penetration into dentinal tubules and
sealing ability [8, 15, 1, 16] and a positive correlation has
never been established [17–21].

All endodontic instrumentation techniques produce smear
layer [6, 7, 22], and its presence and its thickness may affect
the penetration and adhesion of the sealer inside dentinal tu-
bules. Moreover, smear layer and smear plug presence could
reduce the sealer fluidity along the root canal and its adapta-
tion and may increase the number of porosities and voids [13,
23, 24]. Therefore, its removal is possible by using EDTA or
other chelating agents [25, 26] that open dentinal tubules
allowing the sealer penetration inside the tubules. On the other
hand, the endodontic literature is not univocal on the advan-
tages that the removal of smear layer would bring to the qual-
ity of the seal preventing micro-leakage. The obstruction of
dentinal tubules by smear layer and smear plug may restrict
bacterial penetration even if it allows fluid filtration [27–29].

The aims of the present study are (1) to investigate the
sealing ability of a resin based sealer associated with gutta-
percha core-carried technique in presence/absence of smear
layer by means of fluid filtration test, (2) to detect the presence
of gaps between the root walls and the fillingmaterial bymeans
of the addition of a fluorescent dye (calcein) to the fluid of the
filtration apparatus, (3) to evaluate the depth and percentage of
penetration into dentinal tubules of the sealer labelled with
rhodamine B in the presence or absence of smear layer by
means of confocal laser scanning microscopy (CLSM) and
(4) to investigate the possible correlation between the
presence/absence of smear layer and the sealing ability and
sealer penetration into dentinal tubules of a resin based sealer.

Materials and methods

Root canal preparation and filling

Fourteen maxillary central incisors with mature apices were
selected from a pool of extracted human permanent teeth.
Teeth had been extracted for surgical reasons and stored in dis-
tilled water at 4 °C. Radiographs were taken in a mesio-distal
and bucco-lingual plane to determine canal anatomy, to establish
the canal shape (circularity of cross-section) and to determine

the presence of any root curvature and lateral canals. Selection
criteria of the teeth were similar size of canal at apex, similar
circular cross-section of canal and no elliptic section, absence of
caries and previous fillings, absence of lateral canals and root
curvature and no sclerotic dentine. Roots were inspected with an
endodontic optical microscope (OMPI Pico; Carl Zeiss Meditec
Inc., Jena, Germany) to detect crack formation or resorption
areas. Teeth with root fractures, root caries, evidence of
periapical resorptive processes or multiple canals were exclud-
ed. The crown of each tooth was removed at the cement enamel
junction (CEJ) using a size 701 high-speed fissure bur under
water spray to obtain aworking length of 13 ± 1mm.One single
operator was responsible for all procedures. The coronal part of
each canal was pre-flared using Gates Glidden drills (Dentsply
Maillefer, Ballaigues, Switzerland) sizes 1 to 4 inserted in the
middle and coronal third. The working length (WL) was mea-
sured by insertion of a 21-mm #10 K file (Dentsply Maillefer,
Ballaigues, Switzerland) until its tip appeared at the apical fora-
men under microscopic vision at ×10.

Samples were divided into two experimental groups (n = 5
for group) and two control groups (n = 2 for group) that had a
comparable canal width. One control group was used for sub-
sequent confocal laser scanning microscopic analysis and one
for fluid filtration test. All groups resulted homogeneous ac-
cording to canal width, measured on radiographs at 5 mm from
the apex, using the analysis of variance (Anova, P > 0.05).

All root canals were shaped by using NiTi WaveOne
Primary reciprocating files (size #25 and 8 % taper, Dentsply,
Maillefer, Ballaigues, Switzerland) up to 1 mm from the WL,
then WL was re-checked with a #10 K file and eventually
WaveOne Primary file was used at full WL [30]. All instru-
ments were used in a slow in-and-out pecking motion accord-
ing to the manufacturer’s instructions mounted on an X Smart
plus engine (Dentsply, Maillefer, Ballaigues, Switzerland).

In SL-free group, every time theWaveOne Primary file was
pulled out, the canal was irrigated with 1mL of 5.25%NaOCl
pH 12 (Ogna, Muggiò, Italy), as antibacterial and tissue-
dissolving agent for 30 s, followed by 0.5 mL of 10 %
EDTA pH 6.8 (Ogna, Muggiò, Italy), as calcium chelating
agent to remove the smear layer for 30 s using different syrin-
ges supporting a 27-gauge needle (Molteni, Firenze, Italy).

In SL group 2, the same protocol was used but without
EDTA.

A final irrigation of 2.0 mL 5.25 % NaOCl left in place for
3 min was performed for each group. After preparation, all
canals, except one positive control for subsequent fluid filtra-
tion analysis, were dried with paper points (Dentsply
Maillefer) and filled by Thermafil Obturators #25 (Dentsply,
Tulsa Dental Specialities, Johnson City, TN, USA) (lot. n°
1250047501) with Topseal sealer (Dentsply, Tulsa Dental
Specialities, Johnson City, TN, USA) (lot. n° 1207000709).

One additional tooth was subject to protocol of SL-free
group and one to protocol of SL group in order to verify by
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means of ESEM analysis (EVO50 EP, Carl Zeiss NTS GmbH,
Oberkochen, Germany) the removal of the smear layer (Fig. 1).

Sealer with rhodamine B preparation

The root canal sealer was mixed manually according to the
manufacturer’s directions. Rhodamine B dye (Carlo Erba
Reagenti, Arese, Italy) was added to the Topseal sealer in
approx. 0.1 wt% in order to mark the sealer and make it visible
as red colour under confocal laser scanningmicroscope (CLSM)
observation (Leica TCS SP2 AOBS, Mannheim, Germany).

The sealer was placed in the canal bymeans of a size 21-mm
#15 K file to 1.0 mm short of the WL in a pumping motion for
5 s. After obturation, a portion of coronal Thermafil Obturator
was removed using a Thermacut bur (Dentsply, Maillefer) to
allow the insertion of the stainless-steel tubing for fluid-flow
test. Each sample was exposed to X-ray detection to check the
placement of root filling material to theWL, to verify the thick-
ness of the apical filling and to detect the presence of voids
inside the filling material. All filled roots were washed with

distilled water for 5 s and then lightly dried with gently air
blasting. The coronal portion of each root was fixed with cya-
noacrylate adhesive (Rocket, Corona, CA, USA) to a
Plexiglass block 2.1 × 2.1 × 0.6 cm crossed by a segment of
18-gauge stainless-steel tubing. The stainless-steel tubing was
directly connected to the root canal opening. Finally, the exter-
nal surface of all roots was double coated with nail varnish,
except for the canal orifice and the apical foramen (2 mm from
apical surface free from varnish) and allowed to dry as previ-
ously described by Gandolfi and Prati [31].

As negative control for confocal laser scanning microscopic
analysis, two roots were prepared as described earlier and filled
with #25ThermafilObturator and sealerwithout rhodamineBdye.

The teeth were stored in simulated body fluid (Hank’s
Balanced Salt Solution, HBSS) at 37 °C for 7 days. The fluid
flow rate was measured 1 week after root filling.

Fluid filtration and calcein tests

A high-precision digital fluid-flow meter was used for
microleakage measurements [31–33]. Each sample was con-
nected to the filtration apparatus with polyethylene tubing
(Fisher Scientific, Pittsburg, PA, USA). A water-filled syringe
suspended at 70 cm height provided a hydrostatic pressure of
6.895 kPa to the coronal portion of the canal. The deionized
water inside the system was supplemented with 0.3 % calcein
(Sigma-Aldrich, Saint Louis, MO, USA) to detect the fluid pen-
etration into the root canal by the successive analyses with laser
confocal microscope. Calcein was evidenced under confocal
microscope as green colour.

A Gilmont microsyringe (Gilmont Instruments, Great
Neck, NY, USA) was used to position the air bubble in the
hydraulic system [31, 32]. After system stabilization (3 min),
the fluid filtration rate of each sample was measured for 3 min
(test period) and repeated three times in succession. The
micrometric forward movement of a 1.0-mm air bubble inside
a microcapillary was measured in micrometres using a micro-
scope connected to a digital camera. Linear measurements
were converted to microlitres per minute.

As positive control, one root was prepared as described ear-
lier and filled with #25 Thermafil Obturator without sealer and
uncoated with varnish. As negative control, one root was pre-
pared as described earlier and filled with #25 Thermafil
Obturator and sealer; moreover, its apex was sealed with a
dentin bonding system and entirely covered with nail varnish.
Positive and negative control samples were examined at the
beginning of the experimental session.

Sectioning and confocal laser scanning microscopic
analysis

After fluid filtration testing, whole roots were embedded in
cold curing methacrylate resin (Technovit 3040, Heraeus

Fig. 1 ESEMmicrographs showing a dentinal tubules opening visible in
a specimen subject to protocol of SL-free group (5.25 % NaOCl +10 %
EDTA) and b smear layer presence on the wall surface in a specimen
subject to protocol of SL group (5.25 % NaOCl only)
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Kulzer, Wehrheim, Germany) and serially and transversally
sectioned with a saw microtome (Leica SP 1600, Nussloch,
Germany) under continuous water irrigation to obtain approx-
imately 24 different root section from CEJ to apex of 200 μm
thickness. Every section was examined on a confocal laser
scanning microscope (Leica, Mannheim, Germany), using
the specific excitation wavelengths for rhodamine B (red)
and calcein (green). An Ar laser was used as the light source
for calcein excitation at a wavelength of 496 nm and the emis-
sion was collected at 515 nm while a HeNe laser was used for
rhodamine B excitation at a wavelength of 540 nm and the
emission was collected at 590 nm. Each section was observed
using a ×10 lens and the images were obtained performing 20
scans of 7 μm step size under both excitation wavelengths in

order to co-localize the potential presence of the sealer (rho-
damine B) and of a gap (calcein). The images were acquired
with LCS Lite 2.61.1537 software (Leica) (Fig. 2).

Calcein penetration along the root canal was measured
from CEJ considering the number of sections positive to
calcein and multiplying this number for the thickness of each
section (200 μm) plus that of the saw blade (300 μm), i.e. if
the number of positive section is 10, the depth of calcein
penetration is 10 × 500 = 5000 μm.

The penetration of the sealer labelled with rhodamine B
into dentinal tubules was measured using the straight-line tool
of ImageJ software (National Institutes of Health, USA) at 8
standardized points starting from the inner side of canal wall
(Fig. 3a) only at 3-, 5- and 8-mm levels from the apex [34].

Fig. 2 CLSM images of one single sample without smear layer. a
Coronal section showing the green fluorescence of calcein labelling a
gap between the filling material and canal wall and some dentinal
tubules. b–d section at a more apical level: b the green fluorescence

shows calcein labelling a void not filled by sealer; c the red
fluorescence shows rhodamine B labelled sealer around the root in the
same section. d Merged images
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The percentage of sealer penetration (Fig. 3b) was calculated
by measuring the rhodamine B-stained surfaces of the canal
wall and dividing these values for the circumference of the
root canal itself [8]. To perform the measurements, the
segmented-line tool of ImageJ software (U.S. National
Institutes of Health, Bethesda, MD, USA) was used. Data
were recorded and averaged. Representative sections were
obtained with additional zoom to confirm the presence of
sealer tags (Fig. 4). Table 1 reports an overview of the actions
taken during the study of each group.

Statistical analysis

Assuming a difference in fluid filtration rate between groups of
0.004 μL/min, with a standard deviation of 0.002 μL/min (data
obtained in a pilot study) at an a-level of 0.05 for a two-sided
test with a power of 0.80, a size of four specimens for each
group was required. Mean, standard deviation and range were
used to describe the data. Shapiro-Wilk test was performed to
verify the fitting of the parameters studied to Gaussian distri-
bution. According to the distribution, Mann-Whitney U test

Fig. 3 The straight-line tool of ImageJ software was used on the CLSM
image to measure the depth of sealer penetration at eight standardized
points starting from the inner side of canal wall (a). The segmented-line

tool of ImageJ software was used to measure the circumference of the root
canal and the surface (blue lines) where the sealer penetrate into dentinal
tubules to calculate the percentage of sealer penetration (b)

Fig. 4 CLSM images showing the rhodamine B labelled sealer inside dentinal tubules (sealer tags) at increasing magnifications (a, b)
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and t test, after controlling for the homoscedasticity of the var-
iances bymeans of Levene test, were carried out to compare the
fluid filtration rate, in the presence or absence of smear layer.
Kendall tau correlation coefficient was used to associate fluid
filtration rate with depth of calcein penetration, depth and per-
centage of sealer penetration. α-level was a priori set at 0.05.

Results

Fluid filtration evaluation

After the fluid filtration test, the negative control root exhib-
ited no leakage, while the positive control root showed a high
level of leakage. In SL-free group, the average fluid filtration
rate was 0.073 ± 0.027 μL/min while in SL-group was
0.065 ± 0.011 μL/min but no significant difference between
the groups was observed (P = 0.567).

As for depth of calcein penetration, no significant differ-
ence of distribution from Gaussian model was evidenced
(Shapiro-Wilk test: P = 0.222). Depth of calcein penetration
along the root canal was higher in SL-group than SL-free
group (Table 2) even if no significant difference was observed
(P = 0.318).

Sealer penetration into dentinal tubules

No rhodamine B fluorescence was observed in the negative
control group. The depth of sealer penetration into dentinal
tubules increased, not significantly, from 3- to 8-mm level
from the apex in both groups (Table 3). Only for 8-mm level
from the apex, the mean was significantly higher in absence of
smear layer (P = 0.022).

Table 4 presents the percentage of sealer penetration
around the root canal at 3-, 5- and 8-mm levels from the apex.
The value of the percentage of sealer penetration increases,
not significantly, from the 3-mm level to the 8-mm level in
both groups. Average values in SL-free group were always
higher than SL group at 3- and 5-mm levels, but the difference
was not significant; only at 8-mm level, this difference was
significant (P = 0.006).

Correlation analysis

No correlation has been found between fluid filtration rate and
depth of calcein penetration both in presence or absence of
smear layer (Fig. 5).

Table 1 Overview of the experimental setup

One extra specimen was employed for SEM analysis at this point of the procedurea

Table 2 Mean ± SD (μm) of depth of calcein-labelled fluid penetration
along the root canal

SL-free group SL group P value

Depth 4500 ± 1246 5800 ± 2361 0.318

Table 3 Mean ± SD (μm) of depth of rhodamine B-labelled sealer
penetration into dentinal tubules at 3-, 5- and 8-mm level from the apex

Distance from the apex (mm) SL-free group SL group P value

3 4.65 ± 6.75 1.48 ± 1.20 0.530

5 53.20 ± 47.48 11.73 ± 9.53 0.076

8 109.95 ± 50.76 33.66 ± 32.32 0.022
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No significant correlations were observed between fluid
filtration rate, percentage of sealer penetration around the root
canal and depth of sealer penetration into dentinal tubules both
in presence or absence of smear layer.

Discussion

Few studies have provided information about the distribution
of endodontic sealer within the dentinal tubules and the po-
tential presence of voids using Thermafil Obturator technique
by using confocal laser scanner microscopy [16, 35, 36].

CLSM sample preparation is a non-destructive process and
does not require dehydration of the specimens compared to
scanning electronic microscopy. Rhodamine B was used with
Topseal in order to make the sealer fluorescent. Rhodamine B
does not affect the chemical-mechanical behaviour of the seal-
er considering the small amount used (0.1 wt%) [36].
Moreover, CLSM allows the study of a volume of dentin; in
fact, it permits the visualization not only of the sample surface

but also in depth within the section [37], and in particular, it
allows to observe the dentinal tubules not perpendicular to
canal walls [16].

This is the first in vitro study that used two dyes at the same
time (rhodamine B and calcein) to evaluate their penetration
along the root canal from coronal to apical area. Other re-
searchers used multiple dyes simultaneously to evaluate the
morphology of the tooth restoration interface [38–40].

From a methodological point of view, it is important to
emphasize that in the present study, the same samples were
used to analyse different areas. Rhodamine B and calcein can
be analysed separately by using CLSM since they have differ-
ent excitation and emission wavelength. In this study, rhoda-
mine B was used as a marker for the sealer to determine the
penetration of the sealer into dentinal tubules.

Laboratory leakage models have been questioned in recent
years [41]. To our knowledge, this is the first study that em-
ploys calcein, a fluorescent chelating agent, dissolved into the
water of the fluid filtration apparatus. Therefore, this allows to
observe where the fluid penetrates and to verify if a correlation
exists between fluid filtration rate and penetration depth along
the root canal of the calcein-labelled fluid. A noteworthy find-
ing of this study is the appearance of calcein along the canal;
the correlation analysis showed that fluid filtration rate and
depth of calcein penetration are not correlated. The lack of
correlation might be ascribed to the fact that the same amount
of fluid might fill, for example, a large gap located in the
coronal third or fill small gaps that might connect to create a
fine network into the root canal Bfilled^ space; therefore, a

Table 4 Mean ± SD of the percentage of the rhodamine B-labelled
sealer penetration at 3, 5 and 8-mm levels from the apex

Distance from the apex (mm) SL-free group SL group P value

3 7.38 ± 10.20 5.87 ± 8.05 0.738

5 40.70 ± 17.15 21.37 ± 16.41 0.106

8 73.42 ± 21.66 31.08 ± 12.94 0.006

Fig. 5 Correlation analysis
between fluid filtration rate (as
sealing index) and depth of
calcein penetration along the root
canal
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high value of fluid filtration does not necessarily mean deep
penetration of the fluid itself.

The present study shows that calcein may penetrate in a
short time (12 min) large portions of interface and may pene-
trate into the root canal for 4500 μm in absence of smear layer
and 5800 μm in presence of smear layer. Therefore, in these in
vitro conditions, 12 min is a sufficient time to create a deep
infiltration.

If calcein can reach deep dentin and medium/apical root
third, it can be assumed that hydrolytic enzymes and other
toxic/bacterial substances may penetrate into the canal and
may affect the integrity of sealer/gutta-percha system.

The presence of smear layer can increase the risk for
fine porosities and may create alteration at sealer interface
[25]. Published researches state that open tubules may cre-
ate condition to increase the penetration of sealer into the
tubules, while the presence of smear layer obstructs the
sealer penetration [42, 43].

In this study, sealer penetration into the tubules was similar
at 3- and 5-mm levels of the root canal both in presence or
absence of smear layer. This result is in agreement with Kuçi
et al. [12] who evaluated the dentinal tubules penetration of
the sealers AH26 and MTA Fillapex either in the presence or
absence of smear layer. Zhou et al. [44] showed that some
commercially available sealers, among which AH Plus
(Topseal) was present, have similar flow ability, that is they
have a pseudoplastic behaviour with an increased flow when
shear rate is increased during obturation; this physical proper-
ty influences the ability to fill voids, gaps or accessory canal
and to penetrate into dentinal tubules. The presence of smear
layer limits the sealer penetration but not completely blocks its
penetration [10]. Even an in vivo study has shown that the
sealer penetration into tubules also takes place in presence of a
thick smear layer [45]. In the present study, only at 8-mm
levels from the apex penetration depth is significantly higher
in absence of smear layer. This is probably due to the progres-
sive increase of density of dentinal tubules from apical fora-
men toward the crown [46].Moreover, it is likely that at 8-mm
level, since the root canal is wider with respect to lower levels,
the amount of irrigant is greater compared to 3- and 5-mm
levels; therefore, the higher the quantity, the lesser the satura-
tion of the irrigant solution, especially that EDTA might be
more effective in the removal of smear layer.

No correlation has been found between sealer penetration
into dentinal tubules and sealing ability (fluid filtration rate)
both in presence and absence of smear layer using the same
core-carrier-based technique.

Unexpectedly, the distribution of the sealer around the root
canal, in most samples, was greater in the bucco-lingual direc-
tion and there was no penetration in the mesio-distal direction.
This phenomenon, described in the past as Bbutterfly effect^
[47–49], is due to the dentinal tubular sclerosis that differs in
the mesio-distal and bucco-lingual direction [50, 51]. Root

sections with the butterfly effect have a lower density of tu-
bules in mesio-distal direction, corresponding to the wings of
the butterfly [49].

Conclusions

According to the experimental conditions and results obtained
in this in vitro study, it is possible to conclude that:

1. The sealing ability of Topseal sealer measured using fluid
filtration rate and the penetration depth along the root
canal of calcein-labelled fluid were not affected by pres-
ence or absence of smear layer.

2. No correlation was found between fluid filtration rate and
depth of calcein penetration along the root canal.

3. The presence or absence of smear layer does not influence
the penetration percentage and depth of the rhodamine B-
labelled sealer into dentinal tubules at 3- and 5-mm levels
from the apical foramen. Conversely, at 8-mm level, the
presence of smear layer significantly reduces the sealer
penetration percentage and depth into dentinal tubules.

4. No correlation was found between fluid filtration rate,
percentage, and depth of sealer penetration into dentinal
tubules both in presence or absence of smear layer.
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