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Abstract
Background: Up-to-date methods of root canal obturation applying gutta-percha do not provide an accurate and
predictable result. The different anatomy of the root canal apical third requires the selection of an optimal method
that avoids voids and high sealer content. This study compared standard and modified lateral compaction
techniques in root canals with different morphologies using computed tomography.
Objective: To come up with an optimal method for filling the apical third of the root canal, considering its
anatomical structure and to evaluate the quality of obturation using the computed tomography method.
Materials and methods: The research was performed on 46 root canals of extracted teeth. All teeth were divided
into two groups depending in the obturation technique used. The study included a lateral compaction technique
with modification in oval-shaped root canals, followed by control using computed tomography.
Results: Basing on the study, it has been revealed that even at the stage of computed tomography it is possible to
plan the most appropriate method of root canal obturation, depending on their shape.
Conclusion: To increase the endodontic treatment efficiency it is necessary to take into account the individual
anatomical and morphological structure of the root canals. Root canals that have an oval shape in the apical third
may require an obturation technique different from a standard one.

Keywords: endodontic treatment in genera; cone beam computed tomography; lateral compaction method; apical
part of the root canal.
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Complicated forms of caries remain a common
pathology, its treatment requires the dentist to have
certain knowledge, skills and materials. Owing to the
variability of morphology and bends of the root canal
apical third is the most clinically significant, the
errors there are often made during instrumentation
that can have a negative impact on the subsequent
stage of obturation and the outcome of endodontic
treatment in general.

Gutta-percha pins are known to have a circular
shape that cannot ensure effective filling of the root
canal apical part with a non-standard oval or other
shape.

The round cross-section, tapered root canal is
believed to be rare. Thus, the prevalence rate of oval
or slit-shaped root canals in the apical third amounts
to about 25%, and in some groups of teeth that
indicator reaches 50%.12

It is recommended to use solid pins only in root
canals that have a certain taper, since when used in
root canals of irregular shape, it leads to the
formation of voids or large volumes of endodontic
sealer tending to dissolve over time.%3

With atypical morphology of the apical third, the
difficulty of obturation lies not only in the unsuitable
shape of the gutta-percha pin for a given root canal,
but also in the difficulty in using the filling method.
Thus, another problem that arises during the
obturation process is the inability to advance the
instrument for compaction to the apical stop, hat may
result from the irregular shape and taper of the
canal.!

The most optimal methods today involve gutta-
percha pins for obturation. Each of them has its own
advantages and disadvantages. For example, when
using the “single pin” method, even when using
calibrated conical gutta-percha pins, defects in filling
the lumen of the root canals are detected in 67% or
more of the analyzed sections.* The frequently used
lateral compaction method reliably obstructs the root
canal and allows the use of less sealer.5®

However, it may require more appointment time
compared to other methods. The vertical compaction
technique requires the use of special equipment and
makes it possible to obtain gutta-percha in the form
of a homogeneous and size-stable mass facilitating
the penetration of the material into the branches of
the root canal system.” Even if filling root canals

with thermoplastic gutta-percha gives excellent
results, it is still a difficult task with oval-shaped
canals in the apical zone.

In some researches the hybrid obturation
technique (a combination of lateral and vertical
compaction) demonstrated the best quality of filling
the root canals of “laboratory” teeth: defects in filling
the canal were revealed only in 7.5% cases.2 Some
studies found that the total void amount in the group
of teeth with oval root canals where the hybrid
technique was used was significantly lower than that
in the groups where Guttacore and the single post
method were used.®

Gutta-percha on a carrier is another method of
filling root canals (Gutta Core, Thermafil systems).
However, if the technique is not followed, the heated
rod may “lose” gutta-percha when entering the root
canal. Thus, an empty carrier ultimately reaches the
apical section, and the root canal itself remains
unevenly sealed, and endosealant being removed into
the periapical fabrics is highly probable.

The advent of cone-beam computed tomography
in endodontics® enabled assessment of the
complexity of dental anatomy and the quality of their
treatment.

The X-ray beam in this study is cone shaped. As
the radiation source and receiving sensor rotate,
multiple short exposures are performed. The result is
a clear spatial image, without overlapping anatomical
structures, without object distortion and measurement
errors in the vertical and horizontal directions.'®!

Thus, the choice of a method for filling the apical
third of the root canal remains undefined, and often
depends on the anatomical structure, clinical
situation, equipment of the dentist and the quality of
radiological control.

Objective: to come up with an optimal method for
filling the apical third of the root canal, considering
its anatomical structure and to evaluate the quality of
obturation using the computed tomography method.

The research was performed on 46 root canals of
extracted teeth. The study was performed on
extracted teeth of different groups that had been
washed with running water, cleared of soft tissue and
placed for 3 hours in a 1% sodium hypochlorite
solution, followed by the washing with distilled
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water.

The preparation technique for 46 root canals that
had not previously undergone endodontic treatment
included ensuring access to the tooth cavity and
measuring the length of each canal by inserting a size
15 K-file (MANI, Japan) so that the tip of the file
remained visible in the apical foramen (Figure 1).
The working length was set at 1 mm shorter than this
point. Mechanical treatment of root canals was
performed using steel K- and H-files using the Step-
back method. Preparation to working length was
completed with a K-file of at least size Ne 30. The
root canals were irrigated with 10 ml of 3% sodium
hypochlorite solution after changing each instrument.
Then, final irrigation was performed with 3% sodium
hypochlorite and distilled water, followed by drying
with paper points (Dispodent, USA).

A two-component (paste-paste) Viedent epoxy
resin-based sealer (VIadMiVa, Russia) was used as
an endosealant for filling. Filling was performed by a
lateral compaction technique. A gutta-percha master
pin (Dispodent, USA), corresponding to the size of
the apical ledge, with a small amount of sealer
applied to its surface, was inserted into the root canal
to its full working length. Then lateral compaction
was performed using an endodontic spreader (MANI,
Japan), the canals were filled with additional gutta-
percha pins sized 15 and 20 (02) tapers. If the apical
third of the root canal was oval, then the first
additional pin was inserted to the same full working
length as the master pin.

Filled teeth were divided into 2 groups. Group
No. 1 consisted of teeth with presumably oval-shaped
canals in the apical area, in which both the master pin
and the first additional pin were installed to their full
working length. In group No. 2, the additional pin
was inserted at a shorter length than the master pin.
Filling continued till the root canal lumen was

completely obstructed. The homogeneity of the
filling was assessed using x-ray control (Figure 2). If
the slip image reveals the heterogeneous obturation,
the tooth was not included in the study and was
replaced with another one.

a
Figure 1 (a, b). X-ray control of
chemomechanical dental treatment

a b

Figure 2 (a, b). X-ray control of
root canal obturation

To assess the quality of obturation, the computed
tomography method was chosen. X-ray examination
of the samples was performed using a VATECH
PAX-13D computed tomograph (South Korea). Both
tooth groups were fixed in plasticine in such a way as
to fall within the image area, then computed
tomography was performed (Figure 3).

Figure 3 (a, b, ¢, d). Two groups of teeth fixed in plasticine for computed tomography
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Research data is displayed in specialized software
Ez3D-i V4.3.0 from Vatech. This application
visualized measurement of two perpendicular
diameters of the obturated root canal at a distance of
1 mm from the sealed area of the apical cross-
section. On the sagittal snapshot, a ruler marked 1
mm from the obturated apex, then diameters were
measured at this level in the axial cross-section. Two
diameters could be equal in length to each other, then

the canal was considered to be circular in cross-
section. If one diameter was larger than the other,
then the canal was considered oval. We studied the
correspondence of teeth with an oval root canal shape
in the apical area on computed tomography and teeth
in which obturation with both the master pin and the
first additional pin was performed to the full working
length (Figures 4, 5)

(S

Figure 4 (a, b, c, d, e). Measurements of a tooth group with two pins at full working length in the Ez3D-i
application
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Figure 5 (a, b, ¢). Measurements of a tooth group with one pin at a full working length in the Ez3D-i
application

Statistical analyses were performed using SPSS
(SPSS 25.0, IBM). P values < .05 were considered
statistically ~ significant.  Differences  between
observation periods were checked using the paired
Student test.

Methods of statistical processing: statistical
processing of data was performed in order to identify
the obtained patterns in the research data. The
correlation between the studied characteristics was
displayed in a form of diagrams, diagrams and
statistical tables. To establish a pattern among the
results obtained, correlation analysis was used.
Resorting to correlation analysis, one can reliably
judge the statistical relationships that exist between
variables. Multiple linear regression was performed
to analyze the correlation between the difference in
root canal diameters and the obturation method used.

A general linear regression equation looks like
this:

Y =a0 + alx]l +...+ akxk

In this formula, Y means the variable on which
the effect of factors is being studied. This study

examines a root canal obturation method. The value
of x is the various factors that influence the variable.
Parameters are regression coefficients; they reflect
the significance of a particular factor. The index k
denotes the total number of these factors.

The obtained results were entered into calculation
tables, and then the data obtained by means of
statistical processing - correlation analysis with
multiple linear regression is presented in Table 1.

Table 1. Results of statistical processing

Regression statistics
Multiple R 0,855178
R-square 0,731329
Standardized R-square 0,725223
Standard error 0,258655
Observations 46

In given study, the multiple R was equal to
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0.855178, indicating a fairly strong linear correlation
between the obturation technique performed and the
specific root canal shape in the apical third as
visualized on CT. The coefficient of determination
value is 0.731329, indicating that one can explain
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73.13% of the variance in obturation methods by the
difference in diameters on the axial computed
tomography snapshot. It allows concluding that there
is a high degree of correlation. Based on the analysis
data, a scatter plot was constructed (Figure 6).

0.25 0.30 0.35 0.40 0.45

Figure 6. Correlation between diameter difference and suitable obturation

One can make a conclusion that if the difference
in the diameters of the root canal on the axial cross-
section of computed tomography exceeds the first
additional pin stands by 0.2 mm at the same length as
the master pin. Therefore, one can consider such root
canals to be oval.

Of the 46 root canals, 18 had an oval shape in the
apical area that accounted for 39.1%.

s Oval = Round

Figure 7. The ratio of oval and round shapes of
root canals in the apical cross-section (%)

Among the root canals with an oval apical
section, 11 canals had a difference in diameters
measured in the Ez3D-i application of 0.2 mm, 6
canals had a 0.3 mm difference, and one canal had a
0.4 mm difference (Figure 8).

Difference in mm

=02 =03 m04

Figure 8. Distribution of the number of canals
depending on the difference in diameters

Among the 20 studied teeth of the mandible, the
oval canal in the apical area was found among 1
incisor (5%), 6 canines (30%), 4 premolars (20%)
and 1 molar (5%) (Figure 9).
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* Incisors - oval shape * Incisors - round shape

» Canines - oval shape Canines - round shape

u Premolars - oval shape » Premolars - round shape

® Molars - oval shape = Molars - round shape
Figure 9. Correlation of different mandible tooth
groups with oval and round canal shapes in the
apical area (%)

Among 10 teeth of the maxilla, an oval shape of
the apical area was detected in 1 premolar (10%) and
2 molars (20%) (Fig. 10).

» [ncisors - round shape

* Premolars - rouns shape

Premolars - oval shape Molars - oval shape

Figure 10. Correlation of teeth in different
groups of the maxilla with oval and round canal
shapes in the apical area (%)

The hermeticity of the obturation is the key to
successful endodontic treatment. A high degree of
hermeticity helps to prevent re-infection of root
canals and avoid the need for re-treatment of the
tooth. To increase the efficiency of endodontic
treatment, it is necessary to consider the anatomical
and morphological features of the root canal
structure.'? Canals that are oval in the apical third
may require an obturation technique different from a
standard one. When filling a tooth root canal using
gutta-percha pins, the lateral compaction method is

one of the most preferred. An important feature of
this method is the ability to perform high-quality
filling of root canals of various morphologies.*?

The work involved obturation of 46 tooth root
canals using the lateral compaction method. With
measuring the root canal in an axial area, the study
involving computed tomography has revealed a
difference in two perpendicular diameters affecting
the shape of the root canal in the apical area, and
reliably predicted the optimal obturation technique.
Statistical processing using correlation analysis with
multiple linear regression revealed a high degree of
correlation between the obturation technique
performed and the specific shape of the root canal in
the apical third. If the difference in the diameters of
the root canal on the axial section of computed
tomography amounts to more than 0.2 mm, the first
additional pin stands at the same length as the master
pin. One can consider such root canals to be oval and
it is recommended to use a modified lateral
compaction technique. Thus, when performing a
computed tomography scan, measurements of the
apical area on an axial section can help make a
choice in favor of this obturation technique when
identifying an oval tooth canal shape. We should not
forget that the outcome of endodontic treatment also
depends on the use of an effective irrigation protocol
and high-quality instrumentation.

A computed tomography-based comparative
analysis of the root canal obturation quality using the
lateral compaction method confirms that in oval-
shaped canals in the apical cross-section, one has to
insert a spreader to the entire working length near the
master pin, and an additional pin to the same length.
Round-shaped canals are filled using standard
methods.

A computed tomography-based study with
measuring the root canal in an axial cross-section has
revealed a difference in two perpendicular diameters,
which can affect the shape of the root canal in the
apical area and reliably predicted the optimal
obturation technique.

Computed tomography of axial cross-sections of
the apical third of root canals allows visualizing
complex morphology and helps the dentist to
obstruct anatomically complex canals in a simple and
accessible way as ergonomically and efficiently as
possible.

Ermolaeva LA, Chibisova MA, Mikhailova ES, Tumanova SA, Kudrinskaya VR. Analysis Of The Root Canal Apical
Third Obturation Quality Depending On The Tooth Root Individual Anatomy. Bulletin of Stomatology and
Maxillofacial Surgery. 2024;20(1):5-15. doi: 10.58240/1829006X-2024.1-5

11



To increase the endodontic treatment efficiency, it
is necessary to take into account the individual
anatomical and morphological structure of the root
canals. Root canals that have an oval shape in the
apical third may require an obturation technique
different from a standard one.
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AOcTpakT

AKTYaJILHOCTB: COBPEMEHHBIE METOJIMKN 00TYpalliil KOPHEBOTO KaHalla C MCIIOJIb30BAHUEM T'yTTAllepyud HE JIAI0T
TOYHOTO M MPOTHO3UPYEMOro pe3yibTaTa. Pa3nuuHas aHATOMUSI amnuKalbHOM TPETH KOPHEBOIO KaHasa
npeamnojaract BBI60p OIITUMAJIBHOT'O ME€TOJa, KOTOpI)II\/’I MO3BOJIAET M30€XKaTh IIyCTOT U OOJIBIIIOTO COACPKAHUA
cuiaepa. B 1aHHOM HcCieoBaHMM C TIOMOLIBIO KOMIIBIOTEPHOWH TOMOrpadun OBIJIO TPOBEIEHO CpAaBHEHHUE
CTaHAAPTHOM M MOJTU(PHUIMPOBAHHOW METOJIMKH JaTepalbHOM KOMIIAKIMM B KOPHEBBIX KaHAJIaX C Pa3IUYHON
Mopdomoruei.

Hesb: npeaoKUTh ONTUMAIBHYI0O METOIUKY IJIOMOMPOBAHMS alMKalbHOM TPETH KOPHEBOIO KaHaja C yYeTOM
€r0 aHATOMHYECKOTO CTPOCHHUS M OIICHUTHh Ka4eCTBO OOTYPAIIUH C TIOMOIIBIO METO/1a KOMITLIOTEPHON TOMOTpaduH.
Marepuajibl 1 MeTOJbI: HCCIEIOBaHNE NPOBOIMIOCH HAa 46-TH KOPHEBBIX KaHAlaX yAaleHHBIX 3yO0oB. Bee 3y0bl
ObuIM pasfeneHbl Ha ABE TPYNIbl B COOTBETCTBHM C NPUMEHAEMOH TEeXHHKOH oOTypamuu. HccienoBaHue
BKJIIOYAJIO B ce0s TEXHHKY JaTepaJbHOM KOMIAKINK C MOAM(pHUKaNNel B KOPHEBBIX KaHaJax OBaJIbHOU (opMbl ¢
MOCEIYIOUIMM KOHTPOJIEM C IOMOIIBIO KOMIIBIOTEPHOM TOMOTpaduH.
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MMoayyenHsle pe3yabTaTbl: Onaroiaps HCCICIOBAHUIO OBUIO BBISBICHO, YTO €Ille Ha JTale KOMITBIOTEPHOM
ToMOrpadi BO3MOXXHO CIUTAHUPOBATh HAWOOJEEe TOIXOMASIIYI) METOIUKY OOTypallid KOPHEBBIX KAaHAIOB B
3aBUCHUMOCTH OT UX (POPMBL.

3akiaroueHune: Ui MOBBINCHUS 3()(HEKTUBHOCTH DHIOJOHTHUYSCKOTO JICYCHUS HEOOXOIUMO 3HATh M YYHUTHIBATH
aHaTOMO-MOP(HOJIOTUYECKHE 0COOSHHOCTH CTPOCHHS KOPHEBBIX KaHAIOB 3y00B. KOpHEBBIC KaHAbI, UMCIOIIUE B
anMKabHOM TPETH OBANBHYI0 (OpPMY, MOTYT MOTPEOOBATh HCIOJIB30BAHUS OTIMIHON OT CTAHJAPTHON TEXHHKH
o0Typarum.
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