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Abstract 
Objectives. The goal of this study was to determine the sealing ability of MTA, Biodentine, and Fuji IX as root-end materials 
after ultrasonic retrograde preparation using a dye penetration method. Materials and Methods. Seventy permanent anterior 
teeth were used in this study. Root canals were prepared using rotary endodontic files, and obturated using the lateral condensa-
tion technique. The resection of the root apices was performed perpendicularly to the long axis, and 3 mm deep retrocavities 
were made by ultrasonic tips. The samples were randomly divided into three experimental groups (N=20) and two control 
groups (N=5). The root-end cavities were filled with mineral-trioxide aggregate (Rootdent MTA, TehnoDent, Russia) in Group 
1, Biodentine (Septodont, Saint Maur des Fossés, France) in Group 2 and Fuji IX GP (GC Corporation, Tokyo, Japan) in Group 
3. The retrocavities of the positive control group were left unfilled, while retrocavities in the negative control group were sealed 
using a flowable composite material. The samples were made transparent, and dye penetration was assessed under a stereomi-
croscope (x10). The data were analyzed with the Kruskal-Wallis test and the Mann-Whitney U-test. Results. The Biodentine 
group had a lower mean leakage value than the MTA and Fuji IX groups, and the difference was statistically significant (P<0.01). 
No statistical difference in apical microleakage was found between the MTA and Fuji IX groups (P>0.05). Conclusion. Within 
the limitations of this study, it was concluded that Biodentine provides better sealing ability as a root-end material than MTA 
and Fuji IX. There was no statistically significant difference between the sealing ability of MTA and Fuji IX as root-end materials.
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Introduction
Elimination of inflamed and necrotic pulp tissue, 
and cleaning and shaping root canals with proper 
obturation are the main purposes of conventional 
endodontic treatment. Conventional root canal 
treatment is the first therapeutic choice, since 
this approach results in a high success rate of up 
to 86-98% (1). In the case of initial treatment fail-
ure, retreatment is inidicated. Endodontic surgery 
becomes the next therapeutic option to save the 
tooth’s biological function (2) only if non-surgical 
retreatment is impossible or would not achieve a 
better result (3). Surgical endodontic treatment 
involves resectioning the root apex, preparation 

of the root-end cavity, and forming an apical plug 
with adequate root-end filling materials. 

The choice of the proper material for the retro-
grade cavity is still an open question in endodontic 
surgery. The sealing ability of root-end materials is 
the ability to make intimate contact with the sur-
rounding tissue (4). Microleakage is the constant 
passage of irritants from the root canal into peri-
apical tissue (and vice versa) through gaps and 
cracks in the material, or attachment with the sur-
rounding tissues (5). According to Tang et al. (6) 
sealing ability is a key characteristic of root-end 
materials that determines the success of periapical 
surgery. 
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Mineral Trioxide Aggregate (MTA) has be-
come the gold standard material (7) for retrograde 
obturation due to its desirable sealing ability, bio-
compatibility, and potential to stimulate apical tis-
sue regeneration (8). Biodentine (Septodont, Saint 
Maur des Fossés, France) is a modified formulation 
of tricalcium silicate cement with similar desirable 
characteristics as MTA and simplified application 
(9). The glass ionomer cement Fuji IX (GC Corpo-
ration, Tokyo, Japan) has been used as a restorative 
material because of its ability to form a chemical 
bond with hard dental tissues, biocompatibility, and 
antibacterial effects (10). As already mentioned, 
Fuji IX is restorative material and the manufacturer 
does not suggest its application as root-end material 
in the instructions for use. However, findings from 
previous studies (3, 4, 11), as well as the desirable 
properties of Fuji IX, initiated interest in evaluat-
ing its application in endodontic surgery.

The retrograde cavity preparation technique 
significantly affects the sealing ability of root-end 
materials (12). The introduction of ultrasonically 
driven micro tips to apical surgery improved acces-
sibility to the resected apical part of the root, and 
enables the preparation of a small, deep, and cen-
trally placed retrocavity (12). This retrograde cavity 
design favors the marginal adaptation of the root-
end filling materials and prevents leakage (13). 

This in vitro study aimed to determine the 
sealing ability of MTA, Biodentine, and Fuji IX 
as root-end materials after ultrasonic retrograde 
preparation, using a dye penetration method. We 
hypothesized that there would be no statistical 
differences in sealing ability between these three 
root-end materials.

Materials and Methods

Sample Selection

Seventy extracted single-rooted teeth (maxillary/
mandibular incisors and canine), with a fully de-
veloped apex, were selected for this study. The teeth 
were collected from patients of the Department of 
Oral Surgery, Faculty of Dental Medicine in Sara-
jevo. Previously endodontically treated teeth, teeth 
with incomplete root development, and teeth with 

obvious fractures, multiple and obliterated canals 
and root resorption were excluded from the study. 

Sample Preparation
After extraction, the samples were immersed in 
3% sodium hypochlorite for disinfection and 
stored until the beginning of the experiment. All 
debris and deposits were scraped from the sample 
surface, the samples were sectioned at the gingival 
part of the root, and the root length was standard-
ized to 18 mm. The three phases of the experimen-
tal part were: 1) Root canal instrumentation with 
obturation; 2) Ultrasonic retropreparation, the ap-
plication of root-end materials with sample group-
ing; 3) Clearing technique procedure.

Root Canal Instrumentation with Obturation 

Reamer #15 (VDW GmbH, Munich, Germany) 
was introduced into the canal for patency determi-
nation. The working length was estimated by ream-
er #15, subtracting one mm from the major apical 
foramen. According to the manufacturers’ instruc-
tions, the root canals were instrumented using 
Mtwo® rotary endodontic files (VDW GmbH, Mu-
nich, Germany) with 1.5% sodium hypochlorite 
irrigation and EDTA lubrication (FileCare® EDTA, 
VDW GmbH, Munich, Germany). The apical 
parts of the samples were uniformly enlarged (ISO 
#40/.04) at 1 mm from the tooth apex. Gutta-per-
cha cones (ISO #40/.04) were coated with AH Plus 
sealer (Dentsply De Trey GmbH, Germany), fitted 
to the working length, and the root canals were ob-
turated using the lateral condensation technique. 
Subsequently, composite resin material (Herculite 
XRV, Kerr, Germany) was used to seal the coronal 
surface of the root canals. The samples were stored 
in saline for one week at room temperature until 
the sealer setting time had passed.

Ultrasonic Retropreparation and the Application 
of Root-End Materials 

The apical part of the specimens was resected per-
pendicular to the longitudinal axis of the tooth, 
taking care that the resected part was not longer 
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than 3 mm. Retropreparation was performed us-
ing an NSK Variosurg (Ultrasonic Bone Surgery 
System) with an ultrasonic microtip (MODEL: 
E32D-S for anterior teeth/90˚). The depth of in-
tracanal preparation was also 3mm. A small 0.9 
mm diameter round filling condenser was used to 
check the width of the retropreparation.

Sample Grouping

The samples (N=70) were randomly divided into 
3 experimental groups, and two control groups 
(positive and negative). Twenty samples were used 
in each experimental group, while the positive and 
negative groups consisted of 5 samples each.  

Retrograde Cavities in Group 1 were filled 
with Rootdent MTA (TehnoDent, Belgorod region, 
Russia). The root-end material was mixed accord-
ing to the manufacturer’s instructions (1 dose-0.25 
g of powder with two drops of distilled water), and 
a paste suitable for manipulation was obtained after 
30 to 40 seconds of mixing. The paste was applied 
into the retrograde cavities with a plastic instru-
ment, and compacted with a ball-ended burnisher 
(diameter of 0.9 mm). A wet cotton ball was ap-
plied to the retrocavity surface to provide a moist 
environment for the material to set sufficiently. 

The Retrograde Cavities in Group 2 were 
filled with Biodentine (Septodont, Saint Maur des 
Fossés, France). The material was mixed accord-
ing to the manufacturer’s instructions: 5 drops of 
liquid from a single-dose container were added to 
the powder capsule and mixed mechanically for 30 
s at 4500 rpm using an amalgamator. The material 
was inserted into the retrocavities using a plastic 
instrument and compacted with a ball-ended bur-
nisher (0.9 mm diameter).

The Retrograde Cavities in Group 3 were filled 
with GC Fuji IX (GC Corporation, Tokyo, Japan). 
The material was mixed according to the manufac-
turer’s instructions: 1 scoop of powder and 1 drop 
of liquid were mixed until a creamy paste was ob-
tained. Twenty retrograde cavities were filled with 
this paste using a plastic instrument and a 0.9 mm 
diameter ball-ended burnisher.

Positive and Negative Control Groups The 
retrocavities of the positive control group were left 
unfilled. After adhesive procedures were complet-
ed, the retrocavities of the negative control group 
were sealed using a flowable composite material 
(Tetric® EvoFlow, Ivoclar Vivadent). 

Clearing Technique Procedure

The external surface of the samples in the experi-
mental groups and the positive control group were 
coated with two layers of nail varnish, except api-
cal 3 mm. The samples of the negative control 
group were wholly isolated, with two layers of nail 
varnish. After one week of immersion in Indian 
ink, the nail varnish was scraped from the sample’s 
surfaces. To achieve demineralization, the samples 
were stored in 5% nitric acid solution for 5 days 
at room temperature, with daily changes of acid. 
Increasing concentrations of ethyl alcohol (70%, 
95%, 99%) were used for a period of 12 hours to 
achieve dehydration. The dehydrated samples 
were placed in methyl salicylate for a period of 24 
h to enhance translucency.

Evaluation of Apical Microleakage

The specimens in the experimental groups were 
analyzed under a stereomicroscope (Novex RZ-se-
ries, Euromex microscopes BV, Netherlands) at x10 
magnification. Measurement of apical dye leakage 
was performed with calipers on images captured 
by a digital camera (Euromex 5.0 Mpx CCD digi-
tal camera). The extend of linear dye penetration 
measured in millimeters was assessed from the 
root apex to the most prominent coronal point of 
dye penetration (Figure 1). One sample from each 
experimental Group 2 (Biodentine) and Group 3 
(Fuji IX) was excluded from further analyzes due 
to extensive leakage and complete dye penetration 
along the interface of the root canal filling and the 
root canal walls. In subsequent evaluations, these 
two experimental groups (Biodentine and Fuji IX) 
included 19 samples each.
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Statistical Analysis

Data were analyzed using the SPSS (Statistical Pack-
age for the Social Sciences) version 23. Preliminary 
analyses were conducted to specify the distribu-
tion of the dependent variables. Apical leakage data 
showed non-parametric distribution. In further 
analysis, the Kruskal-Wallis test and the Mann-
Whitney U-test were used to determine the statisti-
cal differences in microleakage between the three 
experimental groups, at a significance level of 5%.

Results

All the samples in the positive control group 
showed maximum values of apical microleakage, 
but no apical leakage was observed in the negative 
control group (Figure 1).

The descriptive values of apical microleakage 
are shown in Table 1. The positive asymmetry of 
the distributions was confirmed statistically: the 
values of Skewness and Kurtosis exceeded the 
values of the corresponding standard errors more 
than 3 times in each distribution (Table 1). The 
highest median value of microleakage was deter-
mined in the MTA group (Mdn=0.39 mm; value 
range: 0-2.60 mm), while median values in the 
Biodentine and Fuji IX groups were zero (Table 
1). The Kruskal-Wallis test revealed a statistically 
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Figure 1. (A) The sample of the MTA group. The arrow shows apical dye leakage on the interface of the root-end materials 
and the walls of the retrograde cavity. (B) The samples of the Biodentine group and (C) the Fuji IX group, show a complete 
apical plug where no apical leakage was found. (D) The positive control group revealed maximum leakage, while the nega-
tive control group (E) was completely clear, without the evidence of dye penetration.  

Table 1. Descriptive Values of Apical Microleakage (mm) for Three Different Types of Root-End Material 

Root-end material N M sd Min Q1 Med Q3 Max
Skewness Kurtosis

(SE) (SE)

MTA 20 0.55 0.64 0.00 0.06 0.39 0.70 2.60
2.11 5.15

(0.51) (0.99)

Biodentin 19 0.08 0.33 0.00 0.00 0.00 0.00 1.46
4.36 19.00

(0.52) (1.01)

Fuji IX 19 0.41 0.67 0.00 0.00 0.00 0.68 2.34
2.03 3.83

(0.52) (1.01)

MTA=Mineral trioxide aggregate; N=Sample size; M=Arithmetic mean; SD=Standard deviation; Min=Minimal value in distribution; Q1=First quartile, i.e. 25th 
percentile of the data; Med=Median, i.e. 50th percentile of the data; Q3=Third quartile, i.e. 75th percentile of the data; Max=Maximal value in distribution; 
SE=Standard error.
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significant difference in microleakage between the 
experimental groups X2(2)=14.83, P<0.01. Ad-
ditional post hoc analysis (Table 2) showed sta-
tistically significant differences in microleakage 
between Biodentine and MTA (Mann-Whitney 
U=63.00, Z=-4.00, P<0.01, r=-0.89) and Bioden-
tine and Fuji IX (Mann-Whitney U=116.00, Z=-
2.53, P=0.01, r=-0.58). No statistically significant 
difference in microleakage was found between 
MTA and Fuji IX (Mann-Whitney=148.50, Z=-
1.21, P>0.05, r=-0.27). 

Discussion

The results of apical microleakage are affected by 
several factors. Besides the properties of root-end 
materials and their sealing ability, the methodol-
ogy of assessment, root canal morphology and the 
diameter of the root canal may have an influence 
on the sealing ability results.

Various methods of microleakage evaluation 
have been used, such as dye penetration, fluid fil-
tration method, bacterial leakage, radioactive iso-
topes, scanning electron microscopy and others. It 
is important to emphasize that no standard meth-
od of microleakage assessments exists, and there 
is a lack of technical standardization even when 
the same methodology is used (14-16). The lack of 
standardization is probably the main reason why 
there are so many different methods to study the 
same phenomenon. 

Dye penetration methods are commonly used 
in the detection of apical leakage. In our research, 

the clearing technique was used, primarily due to 
the possibility of three-dimensional observation of 
the apical microleakage. It is a simple, inexpensive 
procedure, on a biological substrate that is not de-
stroyed by the evaluation method itself (14). The 
application of the clearing techique is based on the 
possibility of a dye to penetrate voids and cracks 
formed on the interface between the material and 
dental tissue. At the end of the clearing procedure, 
the tooth becomes completely transparent, allow-
ing the precise measurement of the dye penetra-
tion inside the root canal in tenths of millimeters 
(17). The high-resolution images can be acquired 
and the specimen can be preserved for a long time 
at different study periods.

Also, the clearing technique has the limitations. 
When the clearing procedure is not performed 
correctly (e.g. reduction of demineralization pe-
riod), the samples are opaque and dye penetration 
readings are not possible. The entrapped air could 
block the dye penetration, and applications of dif-
ferent types of dye may change the result (18). This 
method has been criticized because of its limited 
clinical relevance, but it is also a proven and effi-
cient method to diagnose and visualize cracks and 
voids inside root canals (11).

Complete debridement of the root canals with 
complex root canal morphology is difficult to ob-
tain, and most previous studies have comprised 
the evaluation of sealing ability on single root 
canals (19). Maxillary incisors and canines were 
selected as they have a simple root canal morphol-
ogy. CBCT evaluations of root canal morphology 
revealed that 97-100% of maxillary incisors and 
canines have one root and one canal (20). Com-
pared to maxillary incisors, mandibular incisors 
have one root (99.92-100%), and more frequently 
two canals (14.4-20.2%) (20). The mandibular ca-
nine has one root (98.57% of samples) and one ca-
nal (92.4% of samples) (20).  

More interesting is research related to the di-
ameter of the root canal. Wu et al. (21) analyzed 
root canal diameters at a different distance from 
the apex, and found that the occurrence of the 
long oval canal was >50% in some tooth groups at 
5 mm from the apex. In particular the mandibular 

Table 2. Mann-Whitney Test Statistics for Differences in 
Apical Microleakage Values (mm) between Different Types 
of Root-Ending Material

Root-end 
material

Mean 
range

Mann-Whitney 
U

Z P r

MTA 26.35
63.00 -4.00 0.0001 -0.89

Biodentine 13.32

MTA 22.08
148.50 -1.21 0.2269 -0.27

Fuji IX 17.82

Biodentine 16.11
116.00 -2.53 0.0115 -0.58

Fuji IX 22.89

MTA= Mineral trioxide aggregate.
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incisors are considerably broader buccolingually 
than mesiodistally (20), and oval-shaped canals 
in the apical third were not uncommon (22, 23). 
NiTi rotary files are less effective in the instrumen-
tation of oval-shaped canals (24) and some root 
canal surfaces may remain untreated. These are fa-
vorable conditions for the accumulation of debris 
and microorganisms (25), are difficult to clean and 
shape, and become obturated. Extensive leakage 
was seen in two samples from the Biodentine and 
Fuji IX groups. This result might be attributed to 
the inability of the lateral condensation technique 
to fill the untreated surfaces of the samples with 
oval-shaped root canals.

Apical microleakage was observed in all the 
experimental groups, however the results of this 
study show the advantage of Biodentine over MTA 
and Fuji IX in terms of their sealing ability. The 
results of this study are in agreement with previous 
studies (26-29). Khandelwal et al. compared the 
effects of ultrasonic and conventional techniques 
of retropreparation on the sealing ability of Bio-
dentine and MTA under a confocal laser scanning 
microscope (26). Biodentine and ultrasonic prepa-
ration showed significantly less microleakage than 
MTA. Naik at al. evaluated the apical seal of min-
eral trioxide aggregate (MTA) and Biodentine as 
root-end materials after irrigation with MTAD 
(a mixture of doxycycline, citric acid and a deter-
gent). Compared to MTA, the apical seal obtained 
with Biodentine was superior (27). Chakmakchi 
et al. evaluated the sealing ability of Biodentine, 
MTA and glass iomomer cement (GIC) using a 
dye penetration model on longitudinal sections. 
The results of their study indicated that Biodentine 
provides a better seal as a retro filling material than 
MTA and GIC. In agreement with our results, no 
statistically significant difference in sealing ability 
was found between MTA and GIC (28). Pathak et 
al. analyzed the sealing ability of MTA, Bioden-
tine, GIC and IRM using a scanning electron mi-
croscope and a stereomicroscope on longitudinal 
sections (29). It was concluded that Biodentine 
exhibited better sealing ability compared to MTA, 
GIC and IRM. In that study, no statistically signifi-
cant difference between the materials was found, 

probably because of the smaller sample size than 
in the present study.

The better sealing ability of Biodentine may be 
related to its smaller particle size and low poros-
ity. According to Camilleri et al., Biodentine ex-
hibited a low average pore diameter in a range of 
0.01–0.05 μm, and low porosity (30). During hy-
dration reactions, the hydration products fill the 
gaps between the un-hydrated cement grains (30). 
These physical properties contribute to better mar-
ginal adaptation to the cavity walls and decrease 
the chances of leakage. The small pore volume 
of the material allows better penetration into the 
dentine tubules. The lower sealing ability of MTA 
may be attributed to its greater particle size (27). 
This is supported by the findings of Ravichandra 
et al., who reported that Biodentine showed bet-
ter marginal adaptation as root-end material than 
MTA and Glass ionomer cement (31). 

In our study, the pre-dose capsulate formula-
tion of Biodentine was used. Consequently, varia-
tions in water/powder ratio were reduced to a 
minimum, and a homogeneous consistency was 
obtained by mixing the material in an amalgam-
ator. However, MTA was mixed manually and, ac-
cording to the manufacturer’s instructions, it was 
permitted to add more liquid to obtain paste con-
sistency. In this way, the liquid/powder ratio var-
ies in each preparation. Excess water leads to void 
formation, increases the porosity of the root-end 
material (30), and affects the sealing ability results. 
The results of this study may be attributed to the 
formation of tag-like structures at the material-
dentin interface. Biodentine and MTA generated 
uptake of calcium and silicate ions in the adja-
cent root canal dentine in the presence of phos-
phate-buffered saline (32). Formation of tag-like 
structures alongside an interfacial layer was more 
prominent in Biodentine than MTA (32, 33). This 
crystal formation has the potential to increase the 
sealing ability of Biodentine (34), because apatite 
crystals fill the gaps along with the interface of the 
tricalcium silicate cement and root dentin.

Dimensional changes in root-end materials in 
different environments may affect apical microle-
akage. In dry conditions, MTA did not show any 
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dimensional changes, while Biodentine demon-
strated shrinkage and crack formation. In wet con-
ditions, Biodentine and MTA showed expansion, 
but in blood, both materials presented shrinkage 
through time. Dimensional changes of root-end 
materials disrupt marginal adaptation and lead to 
microleakage (35).

At the end of the clearing procedure, it was evi-
dent that some root-end materials were lost and 
missing from the retrograde cavity. Washout is the 
tendency of freshly prepared cement paste to disin-
tegrate in contact with blood or other fluids. It has 
been reported that Biodentine has a very high wash-
out tendency (36) and solubility (37). The clearing 
technique used in this study implies the application 
of different solutions for several days. This may ex-
plain the most frequent loss of retrograde filling 
from the Biodentine group in our study.

Limitations of the Study

The limitation of the present study was the evalua-
tion of apical microleakage in in vitro conditions for 
a relatively short period. Nabeel et al. (2019) showed 
a difference in the leakage values at different time 
intervals between MTA and Biodentine (38). 

Conclusion
Within the limitation of this study, it was conclud-
ed that Biodentine provides better sealing ability 
as a root-end material, than MTA and Fuji IX. 
There were no statistically significant differences 
between the sealing ability of MTA and Fuji IX as 
root-end materials.

What Is Already Known on this Topic:
The success of endodontic surgery is closely related to the selection of ap-
propriate root-end filling materials. These materials should hermetical-
ly seal the retrograde cavity and prevent the passage of microorganisms 
and/or their toxins through the apical foramen into the periapical tis-
sues, and vice versa. Currently, no root-end filling material has achieved 
a fluid-tight seal. Therefore, the search for the root-end material of good 
sealing ability continues.

What this Study Adds:
Evaluation of the sealing ability of MTA, Biodentine and Fuji IX as 
root-end materials by the clearing technique was not found in any pre-
vious study. The results of this study contribute to knowledge about op-
timal root-end material in daily practice.
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