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Abstract 
Background: It has been established that several filling techniques 
can affect apical leakage, which is responsible for 59% of endodontic 
failures. The primary goal of endodontic therapy is to create a tight 
seal that aids in repairing the periapical tissues, prevents apical 
periodontitis, and shields against root canal infection. The study aims 
to compare the apical sealing ability of epoxy resin based sealer  (AH 
plus), which is an epoxy-resin-based root canal sealer, GuttaFlow 2, 
which is a silicone-based root canal sealer, GuttaFlow bioseal is a 
bioactive glass-based root canal sealer, TotalFill HiFlow bioceramic 
(BC) sealer is a silicate-based root canal sealer (bioceramic sealer) 
using a single cone technique by spectrophotometric analysis. 
 Methods: This study chose 64 maxillary first molars with a straight 
palatal root. Following palatal roots sectioning to 11 mm from the root 
apex, the canals were instrumented up to size X4 using Protaper Next. 
They were separated into  four experimental groups (n = 15) per each 
group based on the kind of sealer utilized, Group I: AH plus, Group II: 
GuttaFlow 2, Group III: GuttaFlow bioseal, Group IV: TotalFill BC 
HiFlow, and two control groups (n =2 for each).  After completing 
obturation, the dye extraction technique was used to evaluate apical 
leakage. A spectrophotometer was used to measure the optical 
density of the solution after all the dyes were liberated from the 
interfacial regions. 
Result: A statistically non-significant difference between the 
investigated root canal sealers in apical microleakage P > 0.05 was 
noted. The highest mean values were observed in group IV (0.08046), 
group I(0.07731), and group II(0.06209), while the lowest mean value 
in group III (0.05719) 
Conclusions: All types of sealers used in this investigation showed 
various amounts of microleakage. None of the sealants could 
completely close the apical foramen to provide a fluid-tight seal.
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Introduction
The primary goal of a root canal filling is to prevent germs and byproducts from leaking into and infecting the root canal.
Apical leakage, which Ingle stated to be responsible for 59% of endodontic failures, is known to be impacted by various
filling procedures, the physical and chemical properties of root canal filling materials, and the presence or absence of a
smear layer.1,2 This highlights the importance of using materials capable of sealing off the root canal system from the
periapical tissues hermetically. Microleakage studies on the sealing abilities of endodontic materials have thus become
essential. Numerous root-filling methods andmaterials are available today, and endodontic therapy frequently employs a
combination of gutta-percha points and root canal sealers.3 There are currently seven main types of root canal sealers,
which can be classified based on their chemical composition. These include glass ionomer, epoxy, silicone, bioceramics,
calcium hydroxide, and zinc oxide eugenol-based sealers and sealers based onmineral trioxide aggregate (MTA). All new
sealants and bondable root canal filling products have to compare well to superior sealing properties of AH-Plus®
(Dentsply Sirona), based on the epoxy resin.4 Numerous tests comparing the sealing abilities of various sealers have been
conducted, and some of them revealed that the resin-based sealer provided a better seal.5 However, the bioceramic
(BC) sealer poses some concerns since it may be affected by temperature, reducing its flow ability and setting time when
heat is applied, which might negatively affect the obturation quality when a heated obturation technique is used. To
address this issue, a novel sealer with the trade name TotalFill BC Sealer HiFlow was recently developed by FKG
Dentaire company (FKG). The company claims that the physicochemical qualities remain constant at temperatures
similar to those reached inside the root canal during heated operations around 200 C. In addition, it is more radiopaque
than its predecessor; it has a lower viscosity, thinner films, and better flow properties when heated. HiFlow’s
biocompatibility profile is identical to the original BC sealer, according to a cell culture cytocompatibility study.6

Contrarily, BC sealers have been promoted for use in single-cone techniques as the material’s small expansion makes it
unnecessary to apply less sealant.7 According to other research, there is no visible difference in the depth or percentage of
sealer penetrationwhenAHplus sealers were comparedwith BC sealer andBC sealer HiFlow. Additionally, there was no
discernible difference between the heated vertical obturation approach and the single-cone technique for sealer
penetration depth or percentage.8 GuttaFlow® bioseal (Coltene/Whaledent, Altstatten, Switzerland), commonly known
as GuttaFlow 3, is a novel root canal sealer using calcium silicate that was produced in 2015 and introduced to the market
in 2016. Gutta-percha, polydimethylsiloxane, zirconium oxide, platinum, and bioactive ceramic glass make up this
substance.9 When evaluated by a fluid filtration device, a systematic review conducted by Alghamdi and Abduljawad
revealed that AH plus had the best overall sealing ability among sealers (iRoot, MTA, SealApex, Epiphany, Hybrid root
seal, Endo REZ) with various obturation techniques, and further research should be done in that regard.10 To the best of
our knowledge, despite studies that produced a range of findings, the present study is novel as there are no studies
evaluating the sealing ability of TotalFill BC HiFlow compared with the different obturating systems. Therefore, the
purpose of this research is to quantitatively analyze and compare when using a single cone approach, the apical sealing
abilities of the following sealers: TotalFill BC sealer HiFlow; GuttaFlow bioseal sealer; GuttaFlow 2 sealer; and AH plus
sealer. Under null hypothesis, there are no significant differences in the apical sealing ability between experimental
groups.

Methods
Ethical consideration
The research protocol received formal clearance from the College of Dentistry, University of Baghdad ethics committee
on 19th January, 2022 (ethics board approval code: 498522). After briefly describing the goal of the study, the researcher
obtained an informed written consent form from each participant.

Study design
An in vitro study examined 64 freshly extracted maxillary first molars teeth with a straight palatal root canal, and mature
apices11 gathered from various healthcare facilities in Iraq, including Baghdad dental center, Karbala dental center, and
Al-Samawa dental center during the period from 1st February 2022 to 31st May 2022.

Sample size
The size of the sample was calculated using G*Power (RRID: SCR 013726) version 3.1.9.7. The smallest total sample
size was 59, with 90% power at a 95% confidence interval two-tailed alpha of 0.05 and an effect size of 0.80. (f). The
research involved 60 freshly extracted maxillary first molars teeth with a straight palatal root canal and mature apices and
4 as a control.

Specimen preparation
To obtain a flat reference point for measuring, the palatal roots were separated vertically along their long axis at the
furcation site. A standard length of 11 mm was achieved by cutting the palatal roots using a straight handpiece with
diamond disc bur (Komet, Lemgo, Germany) at a speed of 30 rpm and water cooling.12 Size 20 K-file (manufactured by
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Dentsply- Sirona) was utilized to define the initial size of the canal; Protaper Next system (Dentsply) is the file system that
was employed. According to the manufacturer’s recommendations, file sizes of X1(0.17/0.04), X2 (0.25/0.06), X3
(0.30/0.07), and X4 (40/06) were all used at a speed of 300rpm and 260n torque.13 A size 20 hand K-file (Dentsply) was
used to recapitulate after each rotary file tomaintain the glide route and assist the lubricant in getting to the canal terminal.
To eliminate debris during canal preparation, 1 mL of 5.5% sodium chloride (NaCl) (CERKAMED, Stalowa Wola,
Poland) irrigation was utilized between instruments using a 30-gauge needle side vented (China, Sinalident) that was
3mmshorter than theworking length. Following instrumentation, 3mLof 5.5%Sodiumhypochlorite NaOClwas used to
irrigate the canals.14 Finally, ultrasonic endo activate device (Woodpecker) was used with irrigation tip size 25 to activate
1mL of 17% ethylenediaminetetraacetic acid (EDTA) (Produits Dentaires, Vevy, Switzerland) for 1 minute, and then
shaken for 1 minute with 3 mL of 5.5% NaCl and 5 mL of saline solution (Iraq) as the last rinse.15

Experimental groups
The samples were randomly split into two control groups (n = 2 for each): a positive control group (in which teeth were
instrumented but not varnish-coated) and a negative control group (in which teeth were covered in varnish),16 and four
experimental groups (n = 15 for each) based on the kind of sealer that was utilized; Group I: AH plus sealer (Dentsply
Sirona), Group II: GuttaFlow 2 sealers) Coltène/Whaledent), Group III:

GuttaFlow bioseal sealer) Coltène/Whaledent), Group IV: TotalFill BC sealer HiFlow (FKG). Samples size collection
was done according to another study.17 All the canals were dried using paper points of the appropriate size and taper
(40/0.06) until a dry paper point emerged. Then, all groups were obturated using a single cone technique. Radiographs
were taken to assess the quality of the obturation.18

Group I: AH plus sealer using single cone technique
A lentulo was used to introduce AH plus (manufactured by Dentsply Sirona, USA, LOT No.: 2111000958) into the root
canals after being blended following themanufacturer’s recommendations (DentsplyMaillefer, Ballaigues, Switzerland).
Root canals were filled with gutta-percha point, 40/06, at a working length of 10 mm. After the excess material was
eliminated using a hot instrument 1 mm below the access orifice, the samples were coronally sealed using glass ionomer
cement.19

Group II: GuttaFlow 2 sealer using a single cone technique
The single cone approach (Gutta-percha points 40/06 +GuttaFlow 2)was utilized for the obturation operation. GuttaFlow
2 (manufactured by Coltène/Whaledent, Langenau, Germany, LOT No.: L22402) was employed in accordance with the
manufacturer’s instructions utilizing automixing tips and a mixing pad. First, using paper points 40/06, the canals were
adequately dried, allowing GuttaFlow 2 sealer to cure fully. Then, to achieve thorough obturation, the sealer was
repeatedly inserted into the canals using a 40/06 gutta-percha point until surplus GuttaFlow 2 sealer began to leak out of
the canals. The gutta-percha (GP) was then extended to its maximumworking length and cut off by hot ash at the level of
the canal orifice. Following that, the samples get coronally sealed using glass ionomer cement.20

Group III: GuttaFlow bioseal sealer using a single cone technique
To ensure that theGuttaFlow bioseal sealer (Coltène/Whaledent, Langenau,Germany, LOTNo.: L04759)would fully set
when the plunger was squeezed, and the component was transferred via specific tips onto the mixing pad, the canals were
dried correctly using paper points. A single cone approach (GP size 40 taper 0.06 + GuttaFlow bioseal) was used for the
obturation operation. According to the manufacturer’s recommendations, the sealer was continuously put into the canals
using GP until extra GuttaFlow bioseal sealer started to flow out of the channels to achieve full obturation. Finally, the
samples were coronally sealed with glass ionomer cement after the GPwas introduced to its entire working length and cut
off by a hot instrument 1 mm below the access aperture.21

Group IV: Bioceramic sealer using single cone technique with bioceramic cone
The intracanal tip provided by themanufacturer was used to inject TotalFill BC sealer HiFlow (manufactured by FKG, La
Chaux-des-Fonds, Switzerland, LOT No.08.650.00.008.XX) straight into the canals after being mixed following the
manufacturer’s recommendations. The single-cone obturation technique’s size will be determined using 40/06 BC coated
gutta-percha. After being gently coated with TotalFill BC sealer Hi-flow, the tip of the prefitted master cone was pushed
into the prepared canal using an up-and-down pumping action until it reached its entire working length. Additional BC
cone was first removed using a specialized high-speed bur provided by the manufacturer, and then they were coronally
sealed using glass ionomer cement.22

Sample preparation for microleakage evaluation and spectrophotometric analysis
To allow the sealer to cure, the obturated samples were maintained in an incubator for a week at 37°C and 100%
humidity.23 With the apical 0.5 mm being the exception, the roots were painted with two layers of nail polish (Minisu
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Japan) once the obturation was complete. Each coat was allowed to dry completely before the root’s surface was painted
with subsequent coating.24

The samples were submerged for 24 hours at 37°C and normal air pressure in a buffered solution containing 2%
methylene blue (Avonchun UK). The teeth were removed from the dye and washed with tap water for 30 minutes. The
varnish was removed using a surgical blade (Demophorius, Cambridge, UK) and polishing disks. Then, samples were
kept in a sterile container for 3 days with 4mL of 65% nitric acid (India). This solution was then centrifuged for 7 minutes
at 4000 rpm to separate the debris from the dye that had been eliminated.25

Each sample’s supernatant layer was transferred in quantities of 2 mL to plastic cuvettes. Then, using concentrated nitric
acid as the blank, samples were read their optical density using an automated spectrophotometer (Shimadzu Europe -
UV-1650PC, Germany).26

Statistical Analysis
Statistical analysis was done using IBM SPSS Statistics (RRID: SCR_016479) version 27 for Windows; The Shapiro-
Wilk test was used to determine whether the data were regularly distributed. Finally, the information gathered was
analyzed utilizing way ANOVA test.

Results
Data representing the spectrophotometric measurements of the dye’s optical density that seeped into the samples of each
group were tested for normality of distribution. The Shapiro-Wilk test results at p > 0.05 showed that microleakage was
consistently distributed among groups. Descriptive statistics of the optical density of the dye are shown in Figure 1. The
highest mean value (0.08046) was shown in group IV (TotalFill BC Sealer HiFlow), then the group I (0.07731), and
group II (0.06209), while the lowest mean value was found in group III (GuttaFlow bioseal) (0.05719).

A one-way ANOVA test was carried out to identify the presence of statistically significant difference for spectropho-
tometric values among groups. The result of ANOVA revealed no significant difference as p > 0.05 among groups, as
shown in Table 1.

Discussion
One of the primary goals of the various obturation procedures used in root canal therapy is three-dimensional obturation
with complete closure of thewhole canal system, especially the apical third. Therefore, a thorough sealing is necessary for

Figure 1. The mean value of the microleakage in different groups.
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the greatest clinical outcomes and to prevent microleakage in teeth that have undergone endodontic therapy. Endodontic
treatment’s effectiveness is increasing because of advancements in obturation materials.27 The root canal system’s apical
third is intricate, challenging to clean, and has various anatomical variations, creating significant chance of microleakage
as a result.28 In this study, when we compare the apical sealing ability of four experimental groups, the null hypothesis
was accepted; this might be explained by various variables, including physical characteristics and the capacity to bind
with the dentinal tubules to form amonobloc. The findings of this investigation were in accordance with the results of Shi
et al., who compared the sealing ability of AH plus sealer, GuttaFlow 2, and GuttaFlow bioseal in the apical part of the
root, which shows the length of dye penetration among groups was not significantly different P > 0.05.29

This study contradicted the conclusions of other studies, which found a substantial difference between GuttaFlow bioseal
and AH plus.

When used with the single-cone obturation technique, GuttaFlow bioseal provided a more fluid-tight seal than AH plus.,
This could be explained by the variousmicroleakage test techniques, the chosen teeth, or both.30Maximummicroleakage
was found in group IV; these results were accurate despite the 0.2 μm particle size of HiFlow, According to Alegre et al.
study, these characteristics may be responsible for the significantly lower degree of sealer penetration in the apical third
compared to the coronal third observed with the SC method.31 Of the treatment groups in this investigation, GuttaFlow
bioseal had the least microleakage; the bioactive glass particles in the sealer, which create a tag-like structure inside
dentinal tubules and at the tubule entrance, may be responsible for these results. It was determined that these crystals were
hydroxyapatite, significantly improving adherence to the dentinal wall. Moreover, its limited solubility, alkalizing
activity, minimum calcium release, and ideal Ca/P ratio, which cause an anapaite layer to develop in 3 days, may
contribute to its water sorptioncapacity to seal by volumetric expansion.32 While BC sealer’s solubility is high and
doesn’t meet the recommended ISO 6876:2012.33 Due to its sealing ability, appropriate radiopaque, high binding
strength to dentine, dimensional stability, flow, low solubility, and high resistance, AH plus, a kind of epoxy resin-based
sealer, was utilized in this investigation as the control. AH plus is routinely used in clinical practice.34 GuttaFlow 2 shows
no significant difference fromAH plus. Still, lower microleakage may be due to improved handling (automix syringe), in
line with another study.35,36 Several methods were used to evaluate leakage in endodontics. One of these methods relies
on the dye being released from the contact when the tooth substrate is dissolved in acid. This method is known as the dye
extraction and dissolution method. The optical density of the dye is then determined using a spectrophotometer. This
method has been used in endodontic studies for a long time since it provides quantitative data, doesn’t require complex
materials, and accounts for all absorbed dye in the samples, as the systematic review reveals.37 This technique also
reduces human measurement error, calculates the amount of leakage rather than measuring the liner, and is repeatable.26

Methylene blue dye has a low molecular weight that is less than bacterial toxins; it penetrates deeply along root canal
filling materials, is simple to handle, quick, inexpensive, has a high staining amount, and is not absorbed by dentine hard
tissue. This makes it the ideal dye for this study.38 Because it was easy to collect and standardize, and most of these roots
are straight and have a single canal without an isthmus, this study employed the palatal root of themaxillary first molar. In
addition, a micro computed tomography (CT) study showed that the palatal canal geometry had an unusual incidence of
apical deltas.39 The circular palatal root canal was divided in the furcation area to eliminate potential differences in access
preparation and establish a level reference point for measurements.40 The instrumentation and irrigation technique was
the same for all the samples obtained, even though this experiment was done in vitro on naturally removed teeth to
minimize the number of variables across groups. This experiment used distilled water, 17%EDTA, and 5.25%NaOCL to
irrigate the root canal. For greater exposure of the dentinal tubules, to create a dentine substructure, and to remove the
smear layer, an ultrasonic endoactivator device was utilized to stir the irrigant.41 The instrumentation methodology was
the same for all the obtained samples in attempts to lessen the number of variables across groups. The Protaper next file
(PTN) rotary system was used for instrumentation manufactured by Dentsply from X1(0.17/04) through X4(0.40/0.06)
were the only kind of rotary file protapers utilized for instrumenting all samples to guarantee uniform instrumentation
methodology for all models.32 Protaper Next’s improved tip shape and brushing action, which aid the apical file’s
advancement away from outer root concavities42 may be the reason for the device’s high efficiency and centric ability

Table 1. Microleakage among groups using One-Way ANOVA (“analysis of variance”).

Sum of Squares df Mean Square F P-value

Between groups 0.006 3 0.002 1.255 0.299

Within groups 0.086 56 0.002

Total 0.092 59
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while cleaning and shaping root canals.43 This technique also showed resistance to cyclic fatigue because of its non-
uniform design and the reduced contact areas between the file and the root canal walls.44,45 Clinical testing is still
necessary to ensure that the results have the most significant possible impact because this study’s in vitro evaluation does
not always reflect their in vivo performance. Another limitation is the age group from which the samples are collected is
different. We recommend doing this work again using various obturation methods, such as warm vertical compaction.

Conclusion
Within the constraints of our research, when utilizedwith a single-cone procedure, the kind of sealer significantly impacts
how well seals may be achieved. The apical foramen could not be fully sealed to prevent a fluid leak with any sealant. In
terms of their capacity to seal off the apical part of the root canal, the experimental root canal sealers (AH plus sealer,
GuttaFlow 2, Guttaflow bioseal, and Totalfill Hi-flow sealer) were comparable.

Data availability
Underlying data
Zenodo: Underlying data for Apical microleakage evaluation for different endodontic sealers by spectrophotometric
analysis: an in vitro study. https://doi.org/10.5281/zenodo.7260728.46

This project contains the following underlying data:

- Article data.xlsx (Measurements of Apical microleakage)

Data are available under the terms of the Creative Commons Zero "No rights reserved" data waiver (CC0 1.0 Public
domain dedication).

Reporting guidelines
Zenodo: STROBE checklist for ‘In vitro Apical microleakage evaluation for different endodontic sealers by spectro-
photometric analysis: an observational study’. https://doi.org/10.5281/zenodo.732206847
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