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Abstract
Background
This study aimed to assess the dentinal tubule penetration of bioceramic sealer (DTPB) using
EndoSequence® Bioceramic Sealer HiFlow™ (BCHF). Three obturation techniques were compared, namely,
single cone (SC), cold lateral condensation (CLC), and warm vertical compaction (WVC) using scanning
electron microscopy (SEM).

Methodology
A total of 45 intact mandibular premolars were decoronated, instrumented, and irrigated with uniform
procedures. Subsequently, they were randomly assigned into the following three groups according to the
gutta-percha and BCHF obturation technique: Group 1 (n = 15) with the SC technique, Group 2 (n = 15) with
the CLC technique, and Group 3 (n = 15) with the WVC technique. Afterward, the roots were sectioned at
three levels (coronal, middle, apical) from the apex and examined using SEM to determine the maximum
distance of DTPB in µm. The collected data were analyzed using SPSS software (IBM Corp., Armonk, NY,
USA) using the one-way analysis of variance test and Bonferroni tests. The level of significance was set at α
of 0.05.

Results
Significant differences were observed in the maximum distances of DTPB values among the three levels
across groups (p < 0.05). Both the WVC and CLC groups exhibited higher values compared to the SC group (p
< 0.05). Specifically, the DTPB maximum distance at the apical third was significantly higher in the CLC
group than in the WVC and SC groups (p < 0.05). Additionally, the coronal third in each group demonstrated
significant DTPB maximum distance (p < 0.05) compared to the other groups.

Conclusions
BCHF with the WVC and CLC obturation technique showed the best performance in DTPB maximum
distance values at the three levels.

Categories: Dentistry
Keywords: bioceramic sealer hiflow, dentinal tubule penetration, maximum penetration depth, obturation technique,
scanning electron microscope

Introduction
Three-dimensional (3D) obturation of the root canal system provides a tight seal to prevent leakage that can
lead to subsequent failure of endodontic treatment [1]. Traditionally, gutta-percha (GP) is used in
combination with an endodontic sealer (ES) to ensure the adaptation and complete sealing of the root canal
system. The ES should create a sufficient seal with the GP and dentine surface to reduce gaps [2].

Microscopically, the root dentine consists of a large number of dentinal tubules. It is worth mentioning that
the dentinal tubules in human premolars are denser in the coronal and apical third of the canal compared to
the middle third [3]. Therefore, the sealing ability of the ESs into the dentinal surface may reflect how they
can penetrate dentinal tubules and form a physical barrier by chemical bonding and mechanical locking [4].
This procedure is affected by the root canal morphology, irrigation protocol, physiochemical properties of
the ES, ES activation, and obturation method used [5].

The resin-based sealer has been used as a golden standard ES due to its apical sealing ability, low solubility,
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and easy handling. However, since the 1990s, there has been an increasing focus on bio-materials such as
calcium silicate-based materials in endodontics. These materials have emerged as an area of research and
clinical applications in dentistry due to their biocompatibility, superiority, and comparable sealing ability
compared to resin-based sealers [6].

EndoSequence® BioCeramic Sealer™ (BS) (Brasseler USA, Savannah, GA, USA) was introduced in 2009. It is
a premixed injectable ES that consists of zirconium oxide, calcium silicates, calcium hydroxide, calcium
phosphate, filler, and thickening agents [7]. This product has been shown to have low cytotoxicity, adequate
bonding strength, and favorable sealing ability [8]. BS can be used with the single cone (SC), cold lateral
condensation (CLC), or warm vertical compaction (WVC) obturation techniques [9]. On the other hand,
Yamauchi et al. indicated that heating calcium silicate cement such as EndoSequence® BS in terms of the
WVC technique could affect the physical properties of this sealer, where heat can reduce the setting time,
decrease the flow, and increase the film thickness of EndoSequence® BS [10]. Therefore, a novel premixed
BC (EndoSequence® BC Sealer HiFlow™ (BCHF), Brasseler USA, Savannah, GA, USA) has been popularized
to fit with the WVC technique and overcome the heat drawbacks, where it showed better performance in
comparison with BS when using the WVC as a root canal obturation technique [11]. To our knowledge, there
were few published data on the dentinal tubule penetration of BCHF (DTPB) using SC and WVC obturation
techniques assessed under a confocal laser microscope (CLSM) [12-15], and one that assessed the overall
dentinal penetration under scanning electron microscope (SEM) [15]. Therefore, this study aimed to assess
the maximum distance of DTPB at three distinct levels of the root canal (apical, middle, and coronal third)
when employing BCHF with SC, CLC, or WVC obturation techniques under SEM examination. The null
hypothesis posits that there is no significant variance in DTPB following the utilization of the three
specified obturation techniques across the three levels.

Materials And Methods
Study design and ethical considerations
This experimental in-vitro study was conducted following the ethical guidelines of the Declaration of
Helsinki. The research project was approved by the Local Research Ethics Committee, Faculty of Dentistry,
Damascus University (approval number: UDDS-693-60122021/SRC-1550), and was funded by Damascus
University (funder number: 501100020595). Patients provided informed consent that their extracted teeth
would be examined in this study.

Sample size calculation
Drawing from the findings of a previous investigation [14], the sample size for this study was determined
utilizing G* Power 3.1.9.4 (Heinrich-Heine-Universität, Düsseldorf, Germany). In the analysis of variance
(ANOVA) analysis, sample sizes of 15 were derived for each of the three groups, resulting in a total sample
of 45 subjects. This configuration yielded an effect size (f) of 0.4811 (which was calculated according to the
change in the maximum penetration depth in mm), the maximum, and 80% power to discern disparities at a
significance level of 0.05.

Inclusion and exclusion criteria
This study involved 45 freshly extracted human, single-rooted, intact, mature, permanent, mandibular first
premolar that were extracted for orthodontic reasons. After extraction, the premolars were examined with a
2.5 magnification lens (Carson handheld, Ronkonkoma, NY, USA) to ensure that they were free of cracks.
Any visible calculus was removed using ultrasonic tips (Eighteeth, Changzhou, China). Two periapical
radiographs (buccolingual and mesiodistal) were taken for each premolar to ensure that it was free of
anatomical abnormalities with type I of Vertucci classification. Finally, the teeth were kept for two hours in
4% NaOCl (Shahabamed, Aleppo, Syria), and then stored in normal saline. Premolars with root resorption,
root curvature, immature apex, fracture, or previous obturation were excluded.

Sample preparation
The selected premolars were decoronated at 15 mm from the apex by a double-faced diamond disk (Hager &
Meisinger, Neuss, Germany) mounted on a low-speed straight handpiece to standardize sample lengths and
facilitate canal instrumentation. The canal orifice was prepared using an orifice opener (SX) file (ProTaper
Universal Rotary File; Dentsply, Maillefer, Ballaigues, Switzerland), and then the patency was checked with a
10 K-file (Mani, Utsunomiya, Japan) until the tip was visible at the apices. The working length (WL) was
established by subtracting 0.5 mm from this measurement. Afterward, the root canals were prepared up to F3
file (ProTaper Rotary File; Dentsply, Maillefer, Ballaigues, Switzerland) mounted on Endodontic Rotary
Motor (X-Smart; Dentsply Sirona, Charlotte, NC, USA) according to the manufacturer’s instructions (400
rpm, 4 Ncm). During instrumentation, the root canals were irrigated with 10 mL of 5.25% NaOCl. After
instrumentation, the canals were irrigated with 10 mL of 17% ethylenediaminetetraacetic acid (EDTA),
followed by 3 mL of 5.25% NaOCl with ultrasonic activation for one minute using an ultrasonic tip
(Woodpecker, Shanghai, China), and a final flush with 10 mL of normal saline. Irrigating solutions were
delivered using a 27-gauge side-vented needle (Ultradent Products, Inc., South Jordan, UT, USA). The root
canals were then dried with paper points (DiaDent, Chongju, Korea). Finally, each root was covered with soft
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modeling wax (Cera Reus SA, Reus, Spain) and embedded in an acrylic block (5 × 5 × 15 mm) to simulate the
periodontium during canal obturation and facilitate sample segmentation at three levels to be subjected to
SEM examination. During this procedure, a standard 30.06 master GP cone (DiaDent, Chongju, Korea) was
introduced into the canal to the WL to prevent wax penetration into the canal space, following which it was
removed.

Sample distribution and root canal obturation
Each premolar received a unique identifier number randomly assigned to the three study groups using the
randomization.org website.

Each canal was dried with (30.06) paper points and filled individually. Afterward, samples were randomly
divided into the following three groups according to the obturation technique: Group 1 (n = 15) was filled
with the SC technique, Group 2 (n = 15) was filled with the CLC technique, and Group 3 (n = 15) was filled
with the WVC technique. Within all groups, a standard 30.06 master GP cone (DiaDent, Chongju, Korea) was
chosen for each premolar, with each demonstrating tug-back at the WL. Moreover, BCHF was injected into
the root canal up to 4 mm short of the WL using plastic syringes and needles provided by the manufacturer
in all groups.

Single Cone Technique

After injecting BCHF, the master cone was slowly inserted into the canal to its WL. Then, the excess GP was
trimmed off with an electrical heat carrier 1 mm below the orifice and vertically compacted with a hand
plugger.

Cold Lateral Condensation Technique

A spreader (25.02) was pre-fitted to ensure that it could be inserted into 1-2 mm before the WL. After
injecting BCHF, a standard CLC technique was performed, where the spreader was placed into its maximum
depth and then removed by rotating it back and forth as it was withdrawn. The accessory cones (25.02 and
20.02) were placed in the space vacated by the spreader. The process was repeated until the spreader could be
inserted no more than 2 mm (from the orifice of the canal).

Warm Vertical Compaction Technique

The WVC technique was used, where the fastback tip was pre-fitted to reach 4-5 mm before the WL, and the
device temperature (Fast Fill; Eighteeth, Changzhou, China) was set at 200°C. After injecting BCHF, 0.5 mm
of the master cone was clipped to avoid exceeding the thermoplastic GP outside the apex. Then, it was
inserted into the canal, the fastback tip was inserted with a one-way insertion motion, and taken to a depth
of 4-5 mm before the WL. The tip was allowed to cool for 15 seconds, following which a single burst of heat
was applied for one second, and then the tip was removed. This procedure was repeated twice: the first to
the middle third of the canal, and the second to the coronal third of the canal. Finally, the excess GP was
removed from the canal orifice and then compacted with a 0.6 mm (No ½) hand plugger (Dentsply, Tulsa,
OK, USA).

Afterward, the canal orifice was restored using a temporary filling (Coltozol; Coltene, Raiffeisentrabe,
Germany). The samples were kept in a moist environment (100% humidity) in a special incubator (Binder,
Tuttlingen, Germany) at 37°C for 14 days. Subsequently, samples were cross-sectioned with a low-speed fan-
empty diamond disc with a thickness of 0.25 mm at a slow rotational speed of 25,000 cycles per minute
under heavy water cooling at three levels, namely, coronal, middle, and apical (5 mm for each level). A
thickness of 1.5 mm was adopted for each section, and the samples were placed in a water bath for one
minute at a 45°C temperature. This ensured minimal generation of the smear layer without causing damage
to the obturation material.

Scanning electron microscope analysis
The samples obtained were dehydrated using the following regime: 70% alcohol for 12 hours, 80% alcohol
for 12 hours, 90% alcohol for six hours, and 99.7% alcohol for three hours. Afterward, they were soaked in a
5% nitric acid solution for three minutes to obtain a clean surface residual debris (such as a smear layer),
following which they were rinsed with distilled water and left for 24 hours to dry [16].

Each section underwent an SEM (90-10,000× magnification) (VEGAII-XMU, Tescan, Czech Republic)
examination under different magnifications (Figure 1), capturing digital images of areas where sealer
penetration in the dentinal tubules was observed. This procedure was repeated within all sections for the
three levels in each group. Subsequently, the distance from the root canal surface to the deepest extent of
the visible sealer was calculated in µm using IC software (IC Measure, The Imaging Source, Charlotte, NC,
USA). The maximum distance in each section was considered the maximum DTPB (Figure 2). Measurements
were performed by two blinded operators (2 PhD Students in the Department of Endodontics) who were pre-
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trained in SEM analysis. This measurement method is similar to the one described by Schmidt et al. [17] and
Marissa et al. [18]. However, the sections were not divided into quadrants, as was done by Schmidt et al., to
avoid any further distortion of the sections.

FIGURE 1: The investigation of DTPB observed in the same sections
(the lower magnification at the left to the higher magnification at the
right).
DTPB: dentinal tubule penetration of bioceramic sealer
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FIGURE 2: Multi-measures of dentinal penetration depth (um) using the
IC Measure software of some samples under SEM to determine the
DTPB maximum distance.
A: apical third; B: middle third.

DTPB: dentinal tubule penetration of bioceramic sealer; SEM: scanning electron microscopy

Statistical analysis
The collected data were tabulated and analyzed using SPSS software (Version 13, SPSS Inc., Chicago, IL,
USA). Kolmogorov-Smirnov and Shapiro-Wilk tests indicated the normal distribution of DTPB in µm among
the three groups at each third (p > 0.05). Moreover, homogeneity of variance was assessed using the Levene
test which indicated that variances were homogeneous among groups (p > 0.05); hence, intergroup and
intragroup comparisons regarding the DTPB in µm at each third were performed using the one-way analysis
of variance (ANOVA test, and the pairwise comparisons were performed using the Bonferroni test. The level
of significance was set at α of 0.05.

Results
The sample consisted of 45 mandibular premolars, selected, prepared, and irrigated under as uniform
conditions as possible and divided equally into three groups based on the obturation technique used. The
samples were obturated using GP cones and BCHF with different techniques, namely, SC, CLC, and WVC. No
loss of samples occurred throughout the study. The quantitative results of the SEM analysis in terms of
DTPB maximum distance in µm at the three levels among the three groups and the one-way ANOVA test are
presented in Table 1.
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Level/Group
SC group CLC group WVC group Comparisons between

groups at each level (*p-
value)Mean ± SD Range Mean ± SD Range Mean ± SD Range

Coronal third

75.70 ±

39.14 µma,

I

27.4–
171.3
µm

135.63 ±

51.10 µmb, I,

II

72.3–
249.9
µm

205.16 ±

136.02 µma, b,

I, II

79.9–
529.8
µm

<0.001^

Middle third

64.52 ±

20.04 µma,

II

24.1–
97.1
µm

70.36 ±

26.98 µmb, I

30.8–
113.5
µm

97.03 ± 25.39

µma, b, I

59.3–
138.3
µm

<0.001^

Apical third

41.63 ±

18.24 µma,

I, II

13.2–
171.3
µm

71.98 ±

22.73 µma,

b, II

30.1–
116.3
µm

52.75 ± 24.37

µmb, II

18.2–
107.1
µm

<0.001^

Comparisons between thirds
at each group (*p-value)

0.001^ <0.001^ <0.001^  

TABLE 1: Mean, standard deviation, and range of maximum distance of dentinal tubules
penetration of BCHF in µm at each level (coronal, middle, and apical) among groups and the one-
way ANOVA test results.
Groups with the same small letters in the same rows indicate significant pairwise differences. Groups with the same Latin numbers in the same column
indicate significant pairwise differences.

*: one-way ANOVA test; SC: single cone; CLC: cold lateral condensation; WVC: warm vertical compaction; ^: significant differences.

BCHF: Bioceramic Sealer HiFlow™; SD: standard deviation; ANOVA: analysis of variance

The one-way ANOVA test showed significant differences in DTPB maximum distance in µm between the
groups at each level (p < 0.001 at each third).

The Bonferroni test showed that, at the coronal third, the WVC group had the highest mean of DTPB
maximum distance (205.16 µm) compared with that of the CLC and SC groups, and the differences were
statistically significant (135.63 µm and  75.70 µm; p = 0.042 and p < 0.001, respectively). Similarly, at the
middle third, the WVC group had the highest mean of DTPB maximum distance (97.03 µm) compared with
that of the CLC and SC groups, and the differences were statistically significant (70.36 µm and 64.52 µm; p = 
0.003 and p < 0.001, respectively). However, at the apical third, the CLC group had the highest mean of DTPB
maximum distance (71.98 µm) compared with that of the WVC and SC groups, and the differences were
statistically significant (52.75 µm and 41.63 µm; p = 0.023 and p < 0.001, respectively).

The one-way ANOVA test showed significant differences in DTPB maximum distance in µm between the
thirds in each group, whereas the Bonferroni test showed that the WVC and CLC groups showed better DTPB
in the coronal third with significant differences in comparison with middle and apical thirds (p < 0.001 in
each pairwise comparison). However, in the SC group, the apical third showed the lowest DTPB maximum
distance in comparison with the coronal and middle thirds (p = 0.001, and p = 0.033, respectively).

Figure 3 shows some SEM images of DTPB maximum distance at the three levels among the three groups.
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FIGURE 3: Representative SEM of sealer’s depth penetration in the
dentinal tubules.
(A) SC group (A1 ×350 for the coronal third; A2 ×500 for the middle third; A3 ×2,000 for the apical third). (B) CLC
group (B1 ×300 for the coronal third; B2 ×500 for the middle third; B3 ×2,000 for the apical third). (C) WVC group
(C1 ×250 for the coronal third; C2 ×500 for the middle third; C3 ×2,000 for the apical third). Blue arrows indicate
detected DTPB, while red arrows indicate detected sealer’s artifact.

DTPB: dentinal tubule penetration of bioceramic sealer; SEM: scanning electron microscopy; SC: single cone;
CLC: cold lateral condensation; WVC: warm vertical compaction

Discussion
A recent systematic review that discussed the calcium silicate-based sealer penetration into dentinal tubules
noted dissimilarities among the studies assessing the obturation techniques and suggested further
investigation in this regard [5]. The novelty of this study resides in exploring the effect of three obturation
techniques (SC, CLC, and WVC) using GP and BCHF on the dentinal tubule penetration at three levels of the
root canal under SEM examination to detect the best hermetic seal of the root canal system for better long-
term outcomes.

Although single-rooted premolars with single canals were selected for this study due to their simplified
canal anatomy, the aim was to standardize the criteria to provide an accurate depiction of the effect of the
canal obturation technique on the BCHF. This could later be extrapolated to more complex anatomized
teeth.

A specific methodology was followed in this study. During the selection process for inclusion and exclusion
criteria, premolars were carefully chosen to ensure uniformity in shape radiographically with similar
lengths, aiming to standardize root canal preparation and obturation procedures. NaOCl was used because it
is available and commonly used. The 5.25% concentration was adopted because it is the most widely used in
endodontic treatments and can dissolve normal and necrotic pulp tissue and the biofilm layer inside the root
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canal system [18]. Moreover, 17% EDTA solution was used as a chelating agent to remove the smear layer
due to its ability to remove calcium ions from the dentin and thus dissolve the inorganic components from
the smear layer [19]. It is worth noting that the chelating action of EDTA helped to obtain the highest
penetration of BS into dentinal tubules [20]. Additionally, ultrasonic activation has a high effectiveness in
removing the smear layer and opening the dentinal canals [21], which may increase the DTPB. After
instrumentation procedures, a layer of grade wax was placed on the external root walls to mimic the
presence of the periodontal ligament in natural teeth, where the insertion of the obturation material into
the canals will be affected by the absence of this layer due to the difference in pressure inside the canal.

Sealer penetration into dentinal tubules is usually detected using the CLSM, where sealers are mixed with
organic dyes such as rhodamine B and indirectly detected by fluorescence of the organic dye [12,13,15].
Research has shown that the depth of rhodamine B dye penetration does not align with the detection of
sealer within the dentinal tubules under SEM analysis [22]. Specimen preparation for SEM analysis, including
sawing, might impact the outcomes, potentially causing the extrusion of ES from the tubules. In this study,
DTPB was primarily near the main root canal, and there was no evidence of sealer loss from the tubules.
However, it is important to note that this method is restricted to the specimen’s surface and provides
visibility into only a fraction of all dentinal tubules within the root dentin [17,23].

Fortunately, while preparing cross-sectional samples from the included premolars and subsequently
examining them under SEM, no cross-sections exhibiting the butterfly effect were observed. This effect
serves as a potential confounder during the assessment of sealer penetration, as sections displaying this
effect typically indicate greater penetration in the buccolingual direction than in the mesiodistal direction
[24].

Although some cross-sectional images (such as A3, B3, and C2 panels in Figure 3) exhibited the sealer’s
artifact, which may have resulted from the cutting procedures, it was still possible to distinguish them from
sealer penetration based on the continuity of shape and direction.

The maximum penetration distance was adopted as a measurement method to analyze the SEM cross-
sections, as it has been used in several previous studies [25,26]. This choice was made to ease the distinction
in slight color contrast microscope images, as it might be challenging to discern the complete penetration
range and evaluate it as a percentage for result comparison. Additionally, it was not possible to track the
entire path of the penetration along the dentinal tubules due to their tortuous nature and the straight-
cutting path. Therefore, we could not determine the complete extent of penetration around the main canal
and had to rely on the maximum penetration distance after detecting all the places around the main canal.

The results show that there is a significant difference in the depth of sealer penetration when comparing SC,
CLC, and WVC obturation techniques using BCHF at the coronal, middle, and apical third of the root canals
of premolars, which indicated that the null hypothesis was not accepted.

The reason that the coronal, middle, and apical third among the three groups showed good DTPB is the fine
particles of the BCHF (<1 µm), in addition to its basic pH which denatures the collagen fibers, its high flow
rate, and its volume expansion of 0.2% after setting [14]. WVC obturation technique is characterized by the
plasticization of the GP, as a result of the heat used, and after applying the heat, constant and repeated
pressure is applied by the plugger that helps in condensing the GP apically and laterally, contributing to
achieving a three-dimensional seal of the root canal system. This could be the reason for the maximum value
of the penetration in the WVC group, which met the BCHF manufacturer’s claims that this ES becomes more
flowable when exposed to heat. The superiority of the CLC obturation technique in the apical third over SC
and WVC groups may be explained by two reasons. The first is that the spreader in the CLC group reaches 1
mm before the WL, which enables the practitioner to perform the lateral and apical condensation in this
third effectively. This improves the pressure applied to GP and ES in the apical level, thus achieving a deeper
penetration. The second reason is that the tip of the System B device does not descend more than 4-5 mm
from the apex, as it was found in a study that when using the continuous wave condensation method, the
highest increase in temperature was at the level of 6 mm of the root canal by 19.2°C (under normal
temperature conditions 37 °C) when comparing three levels of root canal (3-6-9) mm [22]. In another study
that assessed temperature levels in three sections (2-8-12) mm of the root canals, the maximum
temperature was at the level of 12 mm (60°C), while at the levels of 2-8 mm, the temperature only increased
by 2-6° (within the normal temperature levels of 37°C) [27].

The similarity in the DTPB values between the SC group and the WVC group at the apical third can be
attributed to the fact that the SC technique relies solely on the hydraulic pressure applied by the GP cone
without applying any other physical pressure either by lateral condensation or pluggers.

The coronal third achieved the highest DTPB values, regardless of the obturation technique used, which may
be explained by the fact that the diameter and number of dentine tubules in the coronal third are greater
than the middle third [3]. Moreover, the irrigant contact, the irrigant delivery to the coronal third, and the
removal of the smear layer in the coronal third are better compared to the other two-thirds [28]. However,
the middle third DTPB values were lower than the coronal third regardless of the obturation technique used,
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which may be explained by the fact that the diameter and number of dentin tubules in the middle third are
the lowest in the premolars [3].

Finally, the apical third achieved the lowest DTPB values, regardless of the obturation technique used, which
may be due to the presence of sclerotic dentin and the hardness of the smear layer in the apical third which
may act as physical barriers to the penetration of the sealer [29]. It is worth noting that DTPB at the apical
third was detected only under high magnifications (×2,000) with different appearances in this study.

Casino-Alegre et al. and Eid et al. compared the depth and percentage of dentinal tubule penetration with a
confocal laser microscope for SC and WVC obturation techniques with BCHF in the tooth with a single canal
at the coronal, middle, and apical level of the root [13,14]. They revealed that the obturation technique affect
the depth and percentage of dentinal tubule penetration whereas WVC showed greater dentinal tubule
penetration than the SC technique. Moreover, greater dentinal tubule penetration was observed in the
coronal part compared to the apical part [13,14]. With a similar method to previous studies, Muedra et al.
reported that both BS and resin-based sealers had greater dentinal tubule penetration at the coronal level
using the SC technique [29]. On the other hand, Reynolds et al. followed a similar methodology to Casino-
Alegre et al. and reported that a greater dentinal tubule penetration was observed at the coronal level
compared to the apical level. However, the obturation technique did not affect the depth and percentage of
dentinal tubule penetration [12,13].

Similarly, Dasari et al. evaluated the penetration of BioRoot RCS sealer into dentinal tubules using both CLC
and WVC techniques. Their results were consistent with our findings in terms of the superiority of WVC
over lateral condensation in the coronal and middle thirds only [30]. However, the results differed in the
apical third between the two studies, where the WVC group showed superior penetration in the apical third.
This difference could be attributed to several reasons, including the fact that Dasari et al. used a master cone
matching the size of the automated taper used for preparation, which posed a challenge during condensation
of the apical third in the CLC group. Additionally, cross-sectional images were evaluated using CLSM.

Limitations
This in-vitro study has some limitations, such as the challenge of achieving complete standardization,
particularly regarding the number and size of dentinal tubules, where teeth with numerous and wide
dentinal tubules are expected to show greater DTPB. Despite efforts to ensure balanced distribution based
on the dimensions of the experimental teeth, variations in tubule characteristics remain. Moreover, the
effect of the cutting method and level during the preparation of the samples may affect the image quality
under SEM. Additionally, the simplicity of the single-rooted teeth used in this study did not fully represent
the complexity of canal anatomy encountered in clinical cases. However, this study provides a foundational
understanding and sets the stage for future research using teeth with more intricate anatomical features.
Additional research should be conducted on DTPB by CLSM using Fluo-3 fluorophore and other innovative
measurement methods such as penetration range instead of maximum penetration depth, as SEM did not
provide sufficient color contrast to observe the complete DTPB range.

Conclusions
Considering the limitations of this in-vitro study, the BCHF with the WVC and CLC obturation technique
showed the best performance in DTPB values at the three levels. The CLC technique showed superior DTPB
at the apical third compared to the WVC and SC techniques. The coronal third in each group showed higher
DTPB values. Clinically, when using BCHF, it is recommended to apply either the CLC technique or the WVC
technique, as they ensure a better seal of the canal system by achieving deeper penetration into the dentinal
tubule.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Yasser Alsayed Tolibah, Mohammad Mobayed, Helen R. Ayoubi

Acquisition, analysis, or interpretation of data:  Yasser Alsayed Tolibah, Mohammad Mobayed, Helen R.
Ayoubi, Hassan Achour

Drafting of the manuscript:  Yasser Alsayed Tolibah, Mohammad Mobayed, Helen R. Ayoubi, Hassan
Achour

Critical review of the manuscript for important intellectual content:  Yasser Alsayed Tolibah, Helen R.
Ayoubi, Hassan Achour

 

2024 Mobayed et al. Cureus 16(10): e71155. DOI 10.7759/cureus.71155 9 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Supervision:  Helen R. Ayoubi, Hassan Achour

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Local Research Ethics
Committee, Faculty of Dentistry, Damascus University issued approval 693. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
This article is a part of the MSc study of Mohammad Mobayed approved by the Institutional Review Board of
Damascus University (number: 693, dated: 60/12/2021).

References
1. Schilder H: Filling root canals in three dimensions. Dent Clin North Am. 1967, 723-44.
2. Daniela M, Gustavo S, Fabio L, Villela B, Idomeo B: In-vitro assessment of the obturation capacity,

adjustment and compaction of gutta-percha in the root channel framework utilizing distinctive filling
systems. Acta Odontol Lantinoam. 2008, 21:3-9.

3. Lo Giudice G, Cutroneo G, Centofanti A, et al.: Dentin morphology of root canal surface: a quantitative
evaluation based on a scanning electronic microscopy study. Biomed Res Int. 2015, 2015:164065.
10.1155/2015/164065

4. Tay FR, Pashley DH: Monoblocks in root canals: a hypothetical or a tangible goal . J Endod. 2007, 33:391-8.
10.1016/j.joen.2006.10.009

5. Ashkar I, Sanz JL, Forner L, Melo M: Calcium silicate-based sealer dentinal tubule penetration-a systematic
review of in vitro studies. Materials (Basel). 2023, 16:2734. 10.3390/ma16072734

6. Rekha R, Kavitha R, Venkitachalam R, Prabath SV, Deepthy S, Krishnan V: Comparison of the sealing ability
of bioceramic sealer against epoxy resin based sealer: a systematic review & meta-analysis. J Oral Biol
Craniofac Res. 2023, 13:28-35. 10.1016/j.jobcr.2022.10.006

7. Hess D, Solomon E, Spears R, He J: Retreatability of a bioceramic root canal sealing material . J Endod. 2011,
37:1547-9. 10.1016/j.joen.2011.08.016

8. Mann A, Zeng Y, Kirkpatrick T, van der Hoeven R, Silva R, Letra A, Chaves de Souza L: Evaluation of the
physicochemical and biological properties of EndoSequence BC Sealer HiFlow. J Endod. 2022, 48:123-31.
10.1016/j.joen.2021.10.001

9. Akhtar H, Naz F, Hasan A, et al.: Exploring the most effective apical seal for contemporary bioceramic and
conventional endodontic sealers using three obturation techniques. Medicina (Kaunas). 2023, 59:567.
10.3390/medicina59030567

10. Yamauchi S, Watanabe S, Okiji T: Effects of heating on the physical properties of premixed calcium silicate-
based root canal sealers. J Oral Sci. 2020, 63:65-9. 10.2334/josnusd.20-0325

11. Chen B, Haapasalo M, Mobuchon C, Li X, Ma J, Shen Y: Cytotoxicity and the effect of temperature on
physical properties and chemical composition of a new calcium silicate-based root canal sealer. J Endod.
2020, 46:531-8. 10.1016/j.joen.2019.12.009

12. Reynolds JZ, Augsburger RA, Svoboda KK, Jalali P: Comparing dentinal tubule penetration of conventional
and 'HiFlow' bioceramic sealers with resin-based sealer: an in vitro study. Aust Endod J. 2020, 46:387-93.
10.1111/aej.12425

13. Casino-Alegre A, Aranda-Verdú S, Zarzosa-López JI, Rubio-Climent J, Plasencia-Alcina E, Pallarés-Sabater
A: Intratubular penetration ability in the canal perimeter using HiFlow bioceramic sealer with warm
obturation techniques and single cone. J Clin Exp Dent. 2022, 14:e639-45. 10.4317/jced.59815

14. Eid D, Medioni E, De-Deus G, Khalil I, Naaman A, Zogheib C: Impact of warm vertical compaction on the
sealing ability of calcium silicate-based sealers: a confocal microscopic evaluation. Materials (Basel). 2021,
14:372. 10.3390/ma14020372

15. Yang R, Tian J, Huang X, Lei S, Cai Y, Xu Z, Wei X: A comparative study of dentinal tubule penetration and
the retreatability of EndoSequence BC Sealer HiFlow, iRoot SP, and AH Plus with different obturation
techniques. Clin Oral Investig. 2021, 25:4163-73. 10.1007/s00784-020-03747-x

16. Caceres C, Larrain MR, Monsalve M, Peña Bengoa F: Dentinal tubule penetration and adaptation of Bio-C
Sealer and AH-Plus: a comparative SEM evaluation. Eur Endod J. 2021, 6:216-20. 10.14744/eej.2020.96658

17. Schmidt S, Schäfer E, Bürklein S, Rohrbach A, Donnermeyer D: Minimal dentinal tubule penetration of
endodontic sealers in warm vertical compaction by direct detection via SEM analysis. J Clin Med. 2021,
10:4440. 10.3390/jcm10194440

18. Marissa C, Usman M, Suprastiwi E, Erdiani A, Meidyawati R: Comparison of dentinal tubular penetration of
three bioceramic sealers. Int J Appl Pharm. 2020, 12:23-6.

19. Căpută PE, Retsas A, Kuijk L, Chávez de Paz LE, Boutsioukis C: Ultrasonic irrigant activation during root
canal treatment: a systematic review. J Endod. 2019, 45:31-44.e13. 10.1016/j.joen.2018.09.010

20. Boutsioukis C, Arias‐Moliz MT: Irrigating solutions, devices, and techniques . Endod Mater Clin Pract. 2021,
133-80.

21. Ahmad Ali I, Layous K, Alzoubi H: Evaluating the effectiveness of different irrigant activation techniques in
removing the smear layer and opening the dentinal canals: a scanning electron microscopic study. Cureus.

 

2024 Mobayed et al. Cureus 16(10): e71155. DOI 10.7759/cureus.71155 10 of 11

https://pubmed.ncbi.nlm.nih.gov/5262492/
https://www.researchgate.net/publication/23306131_In_vitro_evaluation_of_the_obturation_ability_adaptation_and_compaction_of_gutta-percha_in_the_root_canal_system_employing_different_filling_techniques
https://dx.doi.org/10.1155/2015/164065
https://dx.doi.org/10.1155/2015/164065
https://dx.doi.org/10.1016/j.joen.2006.10.009
https://dx.doi.org/10.1016/j.joen.2006.10.009
https://dx.doi.org/10.3390/ma16072734
https://dx.doi.org/10.3390/ma16072734
https://dx.doi.org/10.1016/j.jobcr.2022.10.006
https://dx.doi.org/10.1016/j.jobcr.2022.10.006
https://dx.doi.org/10.1016/j.joen.2011.08.016
https://dx.doi.org/10.1016/j.joen.2011.08.016
https://dx.doi.org/10.1016/j.joen.2021.10.001
https://dx.doi.org/10.1016/j.joen.2021.10.001
https://dx.doi.org/10.3390/medicina59030567
https://dx.doi.org/10.3390/medicina59030567
https://dx.doi.org/10.2334/josnusd.20-0325
https://dx.doi.org/10.2334/josnusd.20-0325
https://dx.doi.org/10.1016/j.joen.2019.12.009
https://dx.doi.org/10.1016/j.joen.2019.12.009
https://dx.doi.org/10.1111/aej.12425
https://dx.doi.org/10.1111/aej.12425
https://dx.doi.org/10.4317/jced.59815
https://dx.doi.org/10.4317/jced.59815
https://dx.doi.org/10.3390/ma14020372
https://dx.doi.org/10.3390/ma14020372
https://dx.doi.org/10.1007/s00784-020-03747-x
https://dx.doi.org/10.1007/s00784-020-03747-x
https://dx.doi.org/10.14744/eej.2020.96658
https://dx.doi.org/10.14744/eej.2020.96658
https://dx.doi.org/10.3390/jcm10194440
https://dx.doi.org/10.3390/jcm10194440
https://www.researchgate.net/publication/343216242_COMPARISON_OF_DENTINAL_TUBULAR_PENETRATION_OF_THREE_BIOCERAMIC_SEALERS
https://dx.doi.org/10.1016/j.joen.2018.09.010
https://dx.doi.org/10.1016/j.joen.2018.09.010
https://pocketdentistry.com/irrigating-solutions-devices-and-techniques/
https://dx.doi.org/10.7759/cureus.33961


2023, 15:e33961. 10.7759/cureus.33961
22. Donnermeyer D, Schmidt S, Rohrbach A, Berlandi J, Bürklein S, Schäfer E: Debunking the concept of

dentinal tubule penetration of endodontic sealers: sealer staining with rhodamine B fluorescent dye is an
inadequate method. Materials (Basel). 2021, 14:3211. 10.3390/ma14123211

23. Balguerie E, van der Sluis L, Vallaeys K, Gurgel-Georgelin M, Diemer F: Sealer penetration and adaptation in
the dentinal tubules: a scanning electron microscopic study. J Endod. 2011, 37:1576-9.
10.1016/j.joen.2011.07.005

24. Russell A, Friedlander L, Chandler N: Sealer penetration and adaptation in root canals with the butterfly
effect. Aust Endod J. 2018, 44:225-34. 10.1111/aej.12238

25. Toursavadkohi S, Zameni F, Afkar M: Comparison of tubular penetration of AH26, EasySeal, and SureSeal
root canal sealers in single-rooted teeth using scanning electron microscopy. J Res Dent Maxillofac Sci.
2018, 3:27-32.

26. Chen H, Zhao X, Qiu Y, Xu D, Cui L, Wu B: The tubular penetration depth and adaption of four sealers: a
scanning electron microscopic study. Biomed Res Int. 2017, 2017:2946524. 10.1155/2017/2946524

27. Atmeh AR, Hadis M, Camilleri J: Real-time chemical analysis of root filling materials with heating:
guidelines for safe temperature levels. Int Endod J. 2020, 53:698-708. 10.1111/iej.13269

28. Eskander M, Genena S, Zaazou A, Moussa S: Effect of phytic acid and ethylenediaminetetraacetic acid on
penetration depth of bioceramic and resin sealers. Aust Endod J. 2021, 47:506-11. 10.1111/aej.12513

29. Muedra P, Forner L, Lozano A, et al.: Could the calcium silicate-based sealer presentation form influence
dentinal sealing? An in vitro confocal laser study on tubular penetration. Materials (Basel). 2021, 14:659.
10.3390/ma14030659

30. Dasari L, Anwarullah A, Mandava J, Konagala RK, Karumuri S, Chellapilla PK: Influence of obturation
technique on penetration depth and adaptation of a bioceramic root canal sealer. J Conserv Dent. 2021,
23:505-11. 10.4103/JCD.JCD_450_20

 

2024 Mobayed et al. Cureus 16(10): e71155. DOI 10.7759/cureus.71155 11 of 11

https://dx.doi.org/10.7759/cureus.33961
https://dx.doi.org/10.3390/ma14123211
https://dx.doi.org/10.3390/ma14123211
https://dx.doi.org/10.1016/j.joen.2011.07.005
https://dx.doi.org/10.1016/j.joen.2011.07.005
https://dx.doi.org/10.1111/aej.12238
https://dx.doi.org/10.1111/aej.12238
https://jrdms.dentaliau.ac.ir/article-1-211-en.html
https://dx.doi.org/10.1155/2017/2946524
https://dx.doi.org/10.1155/2017/2946524
https://dx.doi.org/10.1111/iej.13269
https://dx.doi.org/10.1111/iej.13269
https://dx.doi.org/10.1111/aej.12513
https://dx.doi.org/10.1111/aej.12513
https://dx.doi.org/10.3390/ma14030659
https://dx.doi.org/10.3390/ma14030659
https://dx.doi.org/10.4103/JCD.JCD_450_20
https://dx.doi.org/10.4103/JCD.JCD_450_20

	Comparison of Different Obturation Techniques in the Dentinal Tubule Penetration of EndoSequence® Bioceramic Sealer HiFlow™: An In-Vitro Study
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study design and ethical considerations
	Sample size calculation
	Inclusion and exclusion criteria
	Sample preparation
	Sample distribution and root canal obturation
	Scanning electron microscope analysis
	FIGURE 1: The investigation of DTPB observed in the same sections (the lower magnification at the left to the higher magnification at the right).
	FIGURE 2: Multi-measures of dentinal penetration depth (um) using the IC Measure software of some samples under SEM to determine the DTPB maximum distance.

	Statistical analysis

	Results
	TABLE 1: Mean, standard deviation, and range of maximum distance of dentinal tubules penetration of BCHF in µm at each level (coronal, middle, and apical) among groups and the one-way ANOVA test results.
	FIGURE 3: Representative SEM of sealer’s depth penetration in the dentinal tubules.

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


