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Abstract

Introduction: Effective root canal obturation and the appropriate selection of sealer are the primary factors in preventing reinfec-
tion. A wide apical foramen, often resulting from inflammatory processes, can effectively preclude the possibility of achieving
complete root canal sealing. Objective: To perform morphological studies of endodontic sealers used for filling canals of teeth
with destructive forms of periodontitis and to assess the quality of root canal sealing in cases with destroyed apical constriction,
using scanning electron microscopy (SEM). Materials and methods: Scanning electron microscopy (SEM) methods were used
to study the morphology and microstructure of dental samples and filling materials. To assess the size of the apical foramen, we
developed a method utilizing a gutta-percha point. Three materials were used as endosealers: Foredent, Sealapex, Trioxident. To
manage patients with partially or severely compromised apical constrictions, a technique for orthograde root canal obturation us-
ing Trioxident cement was proposed and implemented in practice. Sections from the roots of 15 extracted teeth were prepared
and categorized into three groups according to the type of endodontic sealer used. Results: The polymerization process of filling
materials leads to shrinkage and the formation of micro cracks and micropores in them. Sealapex has an intermediate value of
7.32 um (p < 0.05). The average sizes of the gaps between the endosealant and the tooth tissue in the area of the apical foramen
were: Foredent 27.13 £ 3.58; Sealapex 66.81 + 3.57; Trioxident 6.51 £ 3.55. Conclusions: The presence of microcracks and
micropores in the studied materials can be explained by shrinkage during hardening. The average size of microcracks between the
root canal wall and the endodontic filling material for Foredent was 16.9 um, which is 15 times higher than the Trioxident values
(1.11 um). The hydration process inherent in Trioxident cement suggests that its application in orthograde root canal obturation may
prevent resorption of the filling material in the apical portion of the tooth root and inhibit progression of pathological processes in
the periodontium.

Keywords:
destructive periodontitis; apical constriction; endo-sealers; scanning electron microscopy; endohermetics

|I. Introduction with destructive forms of periodontitis constitute 30—45%
of individuals seeking endodontic care, based on available

To date, the frequency of patient visits for endodontic treat-  data [2]. According to A. V. Durov (2018), these forms
ment has not declined. Periodontitis accounts for 50-80%  of periodontitis account for 20—56% of patients presenting

of cases in which tooth extraction is indicated [1]. Patients  for outpatient dental care [3].
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Successful endodontic treatment relies on three fun-
damental principles: thorough cleaning, effective disin-
fection, and complete obturation of the root canals [4,5].
Despite the importance of the first two components [6],
root canal obturation remains equally essential [7]. LA.
Gor (2020) found in her research that in 22% of cases, the
filling material is extruded beyond the root apex [8]. In
this regard, improving the effectiveness of treatment of
this group of teeth is a pressing issue in modern dentistry.
D. Huang et al. (2024) argued that risk factors for en-
dodontic treatment should be analyzed, as complications
may occur in 57.8% of cases [9].

According to the quality indicators established by
the European Society of Endodontology (ESE), the pri-
mary purpose of root canal obturation is to prevent the in-
filtration of microorganisms and fluids into the root canal
system. To comply with the quality standards established
by the European Society of Endodontology (ESE), it is
essential to obturate not only the apical foramen but also
the entire root canal system. Research by L. Z. Jovanovié
and B. V. Bajkin (2021) indicates that mineral trioxide ag-
gregate (MTA) exhibits a satisfactory degree of marginal
adaptation [10].

Analysis of previous studies indicates that high-
quality root canal obturation and the appropriate selec-
tion of sealer are the primary factors in preventing reinfec-
tion [11,12]. This, in turn, enables a sustained therapeutic
effect over the long term and, in many cases, facilitates
the regeneration of periodontal tissues [13—15].

Today, the diagnosis dictates a treatment plan, the
correct choice of which determines the regenerative pro-
cesses in the periodontium [16]. Accurately determin-
ing the working length of the root canal has a significant
impact on all stages and outcomes of periodontitis treat-
ment [17]. In destructive forms of periodontitis, an en-
larged apical foramen can preclude accurate determination
of the canal’s working length, and radiographic examina-
tion methods do not always permit detection of a compro-
mised apical foramen [18]. In such cases, accurate deter-
mination of the root canal’s working length cannot be guar-
anteed, and, consequently, the quality of instrumentation,
medicament application, and canal obturation is also com-
promised.

Therefore, the high demand for endodontic care, the
low success rate of treatment for teeth with compromised
apical constrictions, and the absence of specific guidelines
for the use of various root filling materials underscore the
need to develop standardized methods for instrumentation
and medicament application in root canals, as well as clear
criteria for selecting appropriate root filling materials [19].

This study forms part of a comprehensive clinical
and laboratory investigation that enabled analysis of en-

dodontic sealers and supported the development of a dif-
ferentiated approach to the treatment of teeth with periapi-
cal pathology.

2. Materials and Methods

Scanning electron microscopy (SEM) was employed to ex-
amine the morphology and microstructure of dental sam-
ples (extracted teeth) and root filling materials at the De-
partment of Physics and Diagnostics of Advanced Ma-
terials, State Institution “Donetsk Physics and Technol-
ogy Institute named after A. A. Galkin.” The reliability
and objectivity of the methods are ensured by the equip-
ment: scanning electron microscope JSM-6490LV (JEOL,
Japan) and energy-dispersive spectrometer INCA Penta
FETx3 (Oxford, England), with the appropriate software
and certified standard samples. The samples were exam-
ined using both SEI and BEI electronic signals. The stan-
dards used for quantitative analysis are certified and sup-
plied by JEOL. Upon completion of the sample analysis,
the resulting images were examined and processed using
Microsoft Excel.

2.1. Verification of the Size of the Apical
Foramen

To investigate the quality of root canal obturation in
teeth with compromised apical constrictions, sections
from 15 extracted tooth roots were prepared according to
the method developed by [20] and subsequently divided
into three groups based on the type of endodontic sealer
employed. Endodontic treatment was performed on pa-
tients whose diagnosis corresponded to the ICD-10 codes:
KO04.5-K 04.8. Patient examination and treatment were
conducted following written informed consent. The study
adhered to the ethical principles of clinical research and
the provisions of the Declaration of Helsinki of the World
Medical Association, ensuring that patients’ rights and
health were fully protected. Before starting instrumen-
tal treatment of the root canal, its approximate working
length was determined. Patients were categorized into
three groups: those with preserved apical constriction,
those with partially destroyed constriction, and those with
severely destroyed constriction, according to the radio-
graphic criteria established by M. Laux [21]. The teeth
were also divided into three groups based on the endodon-
tic sealant used: Foredent, Sealapex, Trioxident. In a ret-
rospective cohort study of 156 patients, endodontic treat-
ment was performed on 194 teeth (365 roots) with exacer-
bation of chronic forms of periodontitis, including those
with destroyed apical constriction.
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Verification of the apical opening size can be per-
formed using conical gutta-percha or a calcium-based tem-
porary radiopaque filling material. For this purpose, we
developed a method using a 25.06 gutta-percha pin. The
gutta-percha pin was shortened by 1 mm using scissors
until it reached a stop in the apical region. A calculation
formula was subsequently developed and proposed to de-
termine the diameter of the apical opening:

where Ap;—is the initial size of gutta-percha (25 ac-
cording to ISO); K—is the taper value of the gutta-percha
pin (6); L—is the length by which the gutta-percha pin is
shortened; Ap,—is the final size of the gutta-percha. This
formula enables the selection of an appropriate file for cre-
ating an apical stop in teeth with compromised apical con-
strictions.

For example, by reducing the pin size by 7 mm, us-
ing the formula, we get 67, which corresponds to the ISO
file size of 65 or 0.65 mm: 25 + 6*7 = 67.

After establishing the apical stop with a calibrated
gutta-percha pin, radiographic examination was per-
formed. Following standardized chemomechanical treat-
ment using a canal filler, the root canal was obturated
along its entire working length with a calcium-containing
temporary sealing material. In this case, no machine files
were used more than 25.06 [22].

2.2. Protocol of Endodontic Preparation
of Teeth for Root Canal Filling

The endodontic treatment protocol followed the standard
approach [23] and included the following steps:

1. Mechanical treatment of the root canal to remove
putrid masses and softened, infected dentin from the
walls of the canal.

2. Medicinal treatment of the root canal to remove mi-
croflora and its toxins that caused the pathological
process.

3. Obturation of the root canal to isolate periodontal
tissues from microbial invasion.

2.3. Methodology of Endodontic
Preparation of Tooth Samples In Vitro
and Preparation of Tooth Sections for
SEM Examination

Teeth were extracted if indicated, with the patient’s in-
formed consent. After extraction from the oral cavity, the
teeth intended for examination were washed in distilled
water and then immersed in it to minimize the possible
impact of various factors on changes in the microelement

composition of the tooth. For examination, the extracted
teeth were positioned in a silicone mold fabricated from a
C-silicone material, such as Zeta Plus, in accordance with
the manufacturer’s instructions.

After the silicone material had set, the teeth were pre-
pared following the standard endodontic treatment proto-
col. According to the approved unified methodology, the
procedure includes:

1. In order to create access to the root canals, the cari-
ous cavity is prepared.

2. Medicinal treatment of the carious cavity with anti-
septic drugs.

3. Removal of putrid masses from the root canal sys-
tem.

4. Mechanical expansion of the root canals to the entire
working length using 46 taper files. The lumen of
the canal is expanded to at least 25.04 according to
ISO.

5. Antiseptic treatment of the root canals with 3 mL
of 5.2% NaOCl solution and preparations contain-
ing EDTA, followed by drying the canals with paper
points.

6.  The root canals were filled according to the instruc-
tions for use of the specific material being studied.

7. The carious cavity was hermetically sealed using a
cement, such as zinc phosphate cement “Unitsem”.

8.  After completing the work, remove the tooth from
the silicone impression and moisten the inner sur-
face of the impression with a physiological solution
in order to simulate conditions close to physiologi-
cal.

9.  The material was allowed to harden in the root
canals according to the time specified in the instruc-
tions. 10. A tooth section was then prepared accord-
ing to the method described below.

2.4. Method of Preparing a Tooth
Section (for SEM Examination)

1.  Longitudinal or transverse sectioning of the ex-
tracted tooth root was performed using a diamond
separating disk, taking care to avoid overheating
and thereby prevent cracking of the specimen.

2. The resulting sample was embedded in epoxy resin
(resin: hardener ratio 9:1). After its polymerization
(at least 24 h), the surface of the section is polished.

3. Polishing the section:

3.1. Grinding with sandpaper: in stages with
roughness P100, P240, P500, P1000, P2000.
3.2. Polishing: in stages with diamond pastes with

grain size 10/7, 5/3, 1/0.
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3.3. Polishing with a universal diamond suspen-
sion (DiaDuo-2, grain size 1.0 pm).
3.4. Finish polishing with a colloidal silicon sus-

pension (OP-S, grain size 0.04 um).

4. A conductive carbon layer was applied to the sur-
face of the obtained section by spraying in a VUP-
5A unit.

5. The sprayed section is fixed on the stage, ensuring
reliable electrical contact between the surface of the
section and the stage.

6.  The stage with the fixed sample is placed in the mi-
croscope column for research.

2.5. Method of Preparation of a Sample
of Filling Material (for SEM Examination)

1. The material intended for examination was mixed as
for filling a prepared tooth canal, according to the in-
structions for the material being examined.

2. The resulting mixture or gutta-percha pin is applied
to a double-sided carbon conductive tape, previ-
ously fixed to a substrate.

3. After complete hardening of the endo-sealant in air
at t 22 °C, the substrate with the sample fixed to it
is placed in a VUP-5A vacuum unit for applying a
conductive coating.

4.  The sprayed sample with the substrate is fixed on the
stage, ensuring reliable electrical contact between
the substrate and the stage.

5. The stage with the sample is placed in the micro-
scope column for examination.

2.6. Characteristics of the Studied
Endo-Sealants

The first group of root canals was filled with Foredent.
This material by Spofa Dental is based on resorcinol-
formaldehyde resin and is produced in the Czech Republic.
It consists of a powder and two liquids. The powder con-
tains zinc oxide, barium sulfate, paraformaldehyde; the
first liquid contains glycerin, formaldehyde solutum, pu-
rified water; the second liquid contains glycerin, purified
water, resorcinol oxide hydrochloride. The paste hardens
due to the action of a catalyst—sulfuric acid.

For the treatment of these categories of teeth, en-
dodontic sealers from three distinct groups were em-
ployed: Foredent, Sealapex, Trioxident.

1. “Foredent”—contains paraformaldehyde (19-24%),
which is a strong antiseptic. This underlies its dis-
infectant properties; however, it also exhibits pro-
nounced mutagenic, teratogenic, and toxic effects.

Furthermore, it has been previously established that
the introduction of this endodontic sealant into the
periapical space typically triggers an inflammatory
response, often resulting in severe post-obturation
pain that can persist from several minutes to several
days, and, in some cases, may lead to long-term pro-
gression of pathological changes in the periodontal
tissues [24].

2. The second group of root canals was filled with
“Sealapex”, a material produced in the USA by Kerr
Hawe. This material is used in combination with
gutta-percha and silver pins. Its composition in-
cludes calcium and zinc oxides, zinc stearate, tita-
nium dioxide, barium sulfate, and submicron silicone
glass. It sets effectively in a moist environment.

Sealapex is a eugenol-free calcium hydroxide-based
endodontic filling material. It hardens in a humid envi-
ronment. Experimental studies on animal teeth demon-
strated that Sealapex facilitated apical closure by promot-
ing the deposition of secondary cement in cases where
the root canal filling terminated 1 mm short of the radio-
graphic apex. The positive aspect is that Sealapex does
not cause severe inflammation in the periapical tissues.
However, complications were observed in 57.2% of cases
when Sealapex was extended beyond the root apex [25].
This material also exhibits several limitations. Sealapex
achieves complete setting only after three days. More than
3% of its mass and liquid are lost within 24 h, and the ma-
terial does not meet the requirements of ISO 6876-86 in
these parameters. However, the material’s antibacterial ef-
fect is transient and diminishes over time due to the influ-
ence of tissue fluids [26]. These findings are supported by
the observations of S. V. Tarasenko et al. (2018), who in-
vestigated the antibacterial effects of calcium hydroxide—
based filling materials [27]. Foredent was employed to ob-
turate the root canals using a canal filler. Sealapex served
as a sealer in combination with gutta-percha points, ap-
plied via the lateral condensation technique

3. “Trioxident” is a dental endodontic water-curing ma-
terial produced by VladMiVa in powder form, used
according to the instructions for use. This material
belongs to the MTA group. The cement is com-
posed of calcium oxide, which reacts with water to
form calcium hydroxide, creating a highly alkaline
environment (pH 12.8):3Ca0SiO2 + nH20 = 2CaO-
SiO2 2H20 + Ca (OH) 2 + (n — 3) H20. The com-
position contains oxides of silicon, aluminum, and
bismuth, with copper-calcium hydroxide included
as a bacteriostatic additive. N. Greenwood (2017)
claims that aluminum oxide, due to its strong crys-
tal lattice, is chemically inert and insoluble [28]. As
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bioinert materials, aluminum oxide and zirconium
dioxide elicit minimal tissue response in the sur-
rounding area [29]. Despite the different particle
sizes, cement grains fit quite tightly together in wa-
ter. A large number of small crystals are combined
into a homogeneous fine-pored structure, which de-
termines the strength characteristics of the cement.
Upon mixing the cement with water, a chemical re-
action takes place, resulting in the formation of a
gel as the hydration product. This reaction proceeds
over an extended period, during which the cement’s
strength gradually increases. This process underlies
one of the key properties of the endodontic sealer—
its adhesive capability [30]. Historically, this ma-
terial was primarily used for retrograde root canal
obturation following root apex resection or in cases
of an unformed apex.

2.7. Method of Orthograde Root Canal
Filling with Trioxident

The first portion of Trioxident material was introduced
into the canal using a machine canal filler, filling it to %2
the length, and condensing it using a condenser, brush, or
plugger. The second portion of the material was used to
obturate the canal up to the coronal portion, employing a
canal filler and subsequent condensation. X-ray quality
control of root canal filling was performed. A cotton pel-
let moistened with sterile water was placed at the coronal
portion of the root canal for 24 hours, and the tooth cavity
was hermetically sealed using a temporary filling material.
During the next visit, the tooth cavity was filled with a per-
manent material [31].

(b)

Root canal obturation with other sealers in all patient
groups was performed in accordance with the manufactur-
ers’ instructions. Post-treatment follow-up of patients was
conducted following the guidelines of the European Soci-
ety of Endodontology [32].

3. Results

In long-term inflammatory processes, the state of the
apical constriction and the cemento-dentine border may
change. Teeth with radiographically determined root re-
sorption are particularly difficult to treat. In this regard,
three categories of teeth were identified:

1. The category of teeth without signs of resorption.

2. The category of teeth with signs of moderate resorp-
tion, which was visualized on the X-ray as a blurry
unevenness of the root contour.

3. Teeth with signs of severe resorption, visualized on
radiographs as distinct radiolucent depressions or
shortening of the root tip.

The size of the apical opening can be assessed in ad-
vance using the measurement scale of a radiovisiograph or
a section of a computed tomography scan. Alternatively,
a calcium hydroxide—based radiopaque temporary filling
material may be employed. However, when using the tac-
tile or periodontal sensitivity methods, inaccurate determi-
nation of the canal working length is possible.

The radiographic examination identified signs of
root apex resorption in only 24% of the 194 treated teeth.
Figure 1 shows X-ray images of three categories of teeth
that meet the X-ray criteria of M. Laux.

Figure I: Radiograph of tooth 12 without signs of resorption (a). Radiograph of tooth 42 with signs of moderate resorption (b).

CBCT section of tooth 47 with signs of severe resorption (c).

To achieve more accurate measurements of the api-
cal foramen in the absence of a radiovisiograph or CBCT,

a method was proposed for calculating its size using a
gutta-percha pin (Figure 2).
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Figure 2: Example of determining the apical stop with a calibrated gutta-percha pin. Radiographs of tooth 45: initial situation (a);
image with a calibrated gutta-percha pin of 06 taper (b); image with a temporary calcium-containing material in the root canal (c).

The morphological characteristics of the materials
under study were analyzed using monochrome SEM im-
ages.

For standardization in this study, the particle size of
the endodontic sealers under investigation was measured.
Based on colloid chemistry classification, these materi-
als can be categorized as medium-dispersed or finely dis-
persed systems (Figure 3).

Figure 3: Morphology of filling materials with particle sizes indicated:

(d). SEM. BEC. Magnification 5000 .

According to the obtained SEM results (Figure 3a,b),
it was established that Foredent, like the gutta-percha pin,
is distinguished by the dispersion of particles (0.2—1.28
um), with a predominance of medium-sized micro parti-
cles (0.4 ... 0.6 um).

The gutta-percha pin (Figure 3b) is characterized by
the presence of finely dispersed, uniformly distributed par-
ticles, 0.24-0.52 yum in size.

(d)

Foredent (a), gutta-percha pin (b), Sealapex (c), Trioxident
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In Sealapex (Figure 3c), the presence of three types
of particles was noted, which differ both in contrast and in
composition. These are small light-grey particles contain-
ing zinc (<0.1 pum), bright-white particles of barium sul-
fate (0.4—1.0 um), and large calcium-containing particles
(1.06-2.09 um) that form conglomerates up to 5 pm in size.
In our opinion, this material can be classified as medium-
dispersed by the size of its micro particles and classified as
a very fine powder by the dispersion of its particles.

Although these endodontic sealers may be classified
as homogeneous, close packing between their microparti-
cles was not observed.

Trioxident (Figure 3d) is characterized by the pres-
ence of mainly two types of particles that differ in contrast
and composition. These are bright white particles contain-
ing zirconium (from <0.1 to 1.38 um) and large calcium-
and calcium-silicon-containing particles (from 1.0 to 5.0
pum). The obtained data indicate that Trioxident is a het-
erogeneous material, as its particle sizes range from coarse
(>30 um) to finely dispersed (<1 wm). This material com-
bines both (highly) colloidal-dispersed and coarsely dis-
persed particles and, in terms of particle dispersion, com-
bines large particles and very fine powder. This combina-
tion of microparticles is believed to enhance the material’s
strength characteristics. Additionally, analysis of Trioxi-
dent revealed a hydration process accompanied by the for-
mation of crystalline hydrates (Figure 4).

Figure 4: The process of hydration with the formation of crystal
hydrates in Trioxident in the apical part of the root canal. SEM.
VES. Magnification: x2500.

Scanning electron microscopy (SEM) analysis re-
vealed that the hydration process begins within the first
few days after filling and persists over an extended period,
contributing to an increase in the material’s strength char-
acteristics. In the experimental samples, an increase in the
surface area of the solid phase of the cement gel was also
observed. Over time, the gel pores are filled with a fine-
porous structure. A humid environment in the periapical

space helps preserve moisture within the filling material,
thereby contributing to its strengthening.

A humid environment in the periapical space main-
tains moisture within the filling material, thereby enhanc-
ing its strength.

In Foredent, short but rather wide micro cracks
(~16.9 pm) were found throughout the entire length, com-
bined with a fairly significant number of small micropores
measuring ~0.87 pum, located at the border of large and
small micro particles. In our opinion, this may be the re-
sult of shrinkage during material curing, since the Fore-
dent polymerization process leads to the formation of mi-
cro cracks and micropores due to micro stresses.

Gutta-percha exhibits a homogeneous, finely dis-
persed structure with isolated small pores.

Sealapex is a material of uniform consistency, con-
taining a minimal number of microcracks (~7.32 um) and
arelatively high content of micropores (~0.86 pm). It was
observed that the micropores in the first two sealers are ap-
proximately the same size.

Due to the presence of microparticles of varying
sizes, the particles in Trioxident do not fit tightly together,
resulting in isolated microcracks (~1.11 wm) and micro-
pores (~1.31 um). At first glance, these features could
be mistaken for larger micropores; however, the spaces
between the microparticles are filled with a gel-like ma-
trix. Unlike the previous materials, these were not voids.
Therefore, in the case of Trioxident, the presence of mi-
cropores within the material’s structure cannot be asserted.
Small crystals are integrated into a finely porous, homo-
geneous structure, which governs the material’s strength
characteristics. During the study, it was noted that in Fore-
dent and Sealapex, the micropores are almost the same
size, as shown in Figure 5.

1.31

m] m2 =3

Figure 5: Average micropore sizes and distances between mi-
cro particles in the filling materials under study (in micrometers).
Note: 1—Foredent; 2—Sealapex; 3—Trioxident.
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The average size of micro-gaps was 16.9 um for
Foredent, which was approximately 15-fold greater than
that for Trioxident (1.11 pm). When Trioxident was used,
microgaps were observed only in the middle third of the
canal. In our opinion, this is due to poor penetration of
liquid into this section of the root canal. Sealapex showed
an intermediate microgap value of 7.32 um (p < 0.05).

In addition to studying the structure of endodontic
materials, their dispersion, homogeneity, and composi-

P 0815 10/65BEC
(a)

tion, the density of the material’s adhesion to the canal
walls after filling and complete hardening of the material
was analyzed.

On sections of teeth filled with the materials under
study, it is impossible to assess the quality of the filling at
low magnifications. A tight adaptation of the endodontic
sealer to the walls of the apical opening was consistently
observed (Figure 6a,b).

X305 = 5001l

(b)

U8ile}

Figure 6: Adjacency of the studied filling materials in the apical region of the root canal: Sealapex with a gutta-percha pin (a),
Trioxident (b). SEM. Contrast in BEC electrons. Magnification: x30.

At higher magnification, a different pattern of sealer
adaptation was observed across all samples. This is illus-

45.04 um ’

2308 Ul -k
.\
!

20kV X500 50pm

i 20kV ' X5,000

5pum
(¢)

trated in Figure 7a—c, where microgaps between the canal
wall and the endodontic material are clearly visible.

20kV  X2,500 10pm 0816 1040 SEI

0816 10 40 SEI

Figure 7: Micro gap between the canal wall and the filling material under study: Foredent (a), Sealapex (b), Trioxident (c). SEM.
Contrast in BEC (a) and SEI electrons (b,c). Magnification: x1000 (a), x2500 (b), x5000 (c).
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During the examination of the sections, it was ob-
served that the poorest adaptation to the canal wall was ob-
served with Foredent. Micro cracks are located in differ-
ent places along the entire length of the root canal. In the
root canals of the teeth filled with this material, the largest
number of micropores and micro cracks were found both
in the thickness of the filling material and in the parietal
area of ~16.9 um. At the same time, the size of the dis-
tance between the root canal wall and the filling material
was ~6.99-26.22 um.

When using Sealapex with gutta-percha pins, in 80%
of the cases of the studied roots, micro cracks between
dentin and sealer were found in the root canals in a limited
number, measuring approximately 7.17—14.07 um. In the
middle third of the roots and in regions closer to the apex,
a tight adaptation of the filling material to the canal walls
was observed along the entire length. However, in areas
with wide apical openings, this adaptation was found to
be loose. In addition, tight adhesion between gutta-percha
pins and sealer was noted along the entire length.

In root canals filled with Trioxident, loose fit to the
canal wall was noted in 1-2 places in 40% of roots over a
short length and small width (~0.84—1.63 pum) in the mid-
dle third of the root canals. This may be attributed to an in-
sufficient amount of liquid required to strengthen the ma-
terial in this region (Figure 8).

In vitro studies of teeth with destroyed apical con-
striction, sealed with Foredent and Sealapex, demon-
strated leakage of the endosealant from the apical foramen
in all cases (Figures 9 and 10). It was noted that Sealapex
and Foredent formed a bulge when leaking, rising above
the anatomical root apex with a loose fit to the root tissues.
The gutta-percha pin extended beyond the apical foramen.

1.11

] m2 m3

Figure 8: Average sizes of microcracks along the border of fill-
ing materials and root canal walls (in micrometers). Note: 1—
Foredent; 2—Sealapex; 3—Trioxident.

When Trioxident was used, material leakage was ob-
served in 40% of cases, even when there was a tight adap-
tation of the material to the anatomical root apex (Fig-
ure 11). The average sizes of the gaps between the en-
dosealant and the tooth tissue in the area of the apical fora-
men were: Foredent27.13 4 3.58; Sealapex 66.81 4+ 3.57;
Trioxident 6.51 & 3.55.

The experiment cannot be considered fully con-
trolled, as it is impossible to replicate all anatomical and
physiological conditions during in vitro filling. Consider-
ing that all studies were conducted under equal conditions,
it is possible to compare the effectiveness of canal obtura-
tion with different materials in teeth with destroyed apical
constriction.

(b)

Figure 9: View of the apical part of the root after filling (a). Micro gap between the canal wall and the Foredent filling material on
the outer surface of the root (b). SEM. VES. Magnification: x100 (a), 250 (b).
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Figure 10: View of the apical part of the root after filling (a). Micro gap between the canal wall and the filling material Sealapex
with gutta-percha pins on the outer surface of the root (b). SEM. SEI and BEC. Magnification: x15 (a), x250 (b).

.
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(b)
Figure 11: View of the apical part of the root after filling (a). Micro gap between the canal wall and the Trioxident filling material

on the outer surface of the root (b). SEM. VES. Magnification: x50 (a), x1000 (b).

4. Discussion

Data on the results of conservative treatment of teeth with
destroyed apical constriction are ambiguous. Endodon-
tic treatment currently addresses complex clinical chal-
lenges. For this purpose, we have developed and imple-
mented a practical method for verifying the size of the
apical opening. These measurements enable the clinician
to accurately assess the apical opening, thereby informing
the appropriate selection of an endodontic sealant. A crit-
ical factor in the success of endodontic treatment is the
high-quality, permanent filling of root canals using appro-
priate endodontic sealers. Endodontic treatment failures
are often linked to the quality of root canal filling, par-
ticularly in cases where the filling deviates from standard
treatment protocols or is influenced by other therapeutic
factors. Therefore, the selection of root filling material

should be approached selectively, based on the specific
clinical situation.

Before initiating treatment of teeth with apical forms
of periodontitis, the clinician must have a clear under-
standing of the extent of apical constriction destruction to
guide the selection of the most effective endodontic sealer
for each specific case.

A comparative analysis of the most commonly used
endo-sealers in dental practice, belonging to different
groups, conducted using SEM, allowed us to propose their
optimal use in filling teeth depending on the state of the
apical constriction.

Depending on the condition of the apical opening,
teeth with destructive apical periodontitis can be classi-
fied into three groups. For teeth with intact or partially
destroyed apical constriction, the use of Sealapex with
gutta-percha points (or similar calcium hydroxide—based
materials) is recommended, as it exhibits an osteoinduc-
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tive effect that promotes lesion healing. For teeth with
severely destroyed apical constriction, it is recommended
to fill the root canals using Trioxident (or other MTA-
based cements) via the orthograde technique. This ap-
proach enables high-quality obturation in a moist environ-
ment, forming a monoblock that adheres firmly to the root
canal walls. The use of Trioxident is not recommended for
filling teeth with intact apical constriction due to the high
risk of seal failure in the absence of moisture within the
root canal, as well as the practical difficulties associated
with its application in such cases.

The presence of micropores in endodontic sealers,
along with cracks or poor adaptation of the material to the
root canal walls, suggests that these factors may contribute
to long-term reinfection of the root canal.

5. Conclusions

Optimization of root canal obturation depends on the ap-
propriate choice of endodontic sealer for teeth with dif-
ferent states of apical constriction. The presence of mi-
crodefects in these materials can compromise sealing ef-
fectiveness and increase permeability to both microorgan-
isms and their toxins.

The presence of microcracks and micropores in the
studied materials can be explained by shrinkage during
hardening. The average size of microcracks between the
root canal wall and the endodontic filling material for
Foredent was 16.9 um, which is 15 times higher than the
Trioxident values (1.11 um). Sealapex has an intermedi-
ate value of 7.32 um (p < 0.05).

The orthograde method of filling root canals with
Trioxident in cases of destroyed apical constriction has
demonstrated high efficacy, attributable to cement hydra-
tion and strong marginal adhesion. We anticipate that this
approach will prevent resorption of the filling material in
the apical portion of the tooth root and inhibit the progres-
sion of pathological processes in the periodontium.

Taking into account the studies conducted using
SEM, it is possible that the presence of an endo-sealer ex-
tended beyond the apex of the root canal on the radiograph
does not necessarily mean tight obturation of the apical
opening. In this context, the interaction between the en-
dodontic sealant and the surrounding tissues becomes par-
ticularly significant.

Based on the condition of the apical opening, teeth
with destructive apical periodontitis are recommended to
be classified into three groups. For teeth with preserved
and partially destroyed apical constriction, it is recom-
mended to use Sealapex with gutta-percha pins. For a

group of teeth with severely destroyed constriction, it is
recommended to fill the root canals with Trioxident using
the typical method. This technique enables high-quality
obturation in a moist environment, forming a monoblock
that adheres firmly to the root canal walls. However, the
use of Trioxident is not recommended for teeth with intact
apical constriction due to the high risk of seal failure in the
absence of canal moisture and the technical difficulties as-
sociated with its placement in such cases.

This study helps the practitioner choose a specific
endo-sealant when treating teeth with periapical pathol-
ogy, based on knowledge of the degree of destruction
of the apical constriction and the morphology of endo-
sealants. Further clinical studies, validated through statis-
tical analysis, will enhance the predictability of the treat-
ment process.
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