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lateral incisors: a CBCT in vivo st

Morfologia del sistema endodontico negli incisivi inferiori: uno studio
in vivo attraverso la tomografia computerizzata cone beam

Abstract

Aim: The aim of this study was to analyze
the root canal configuration in mandibular
central and lateral incisors in vivo using
cone-beam computed tomography (CBCT)
imaging in a European population.
Methodology: A total of 500 mandibular
lateral incisors from 250 patients were ex-
amined using CBCT imaging, previously tak-
en for diagnosis and treatment. The number
of roots, root canal system configuration,
presence of apical confluences, distance
between confluences and radiographic root
end, symmetry between left and right ele-
ments were recorded and statistically ana-
lyzed.

Results: All the examinated teeth presented
only one root.

Conclusions: The percentage of Vertucci
type Il configuration was higher than expect-
ed, being more frequent than type lll. Other
configurations were present but rare.

Introduction

he study of the anatomy is very
important in endodontics,
since most of the errors that
occur during an endodontic
treatment are related to failure

«

Obiettivo: lo scopo del presente studio € analizzare la
morfologia endodontica degli incisivi laterali inferiori uti-
lizzando la tomografia computerizzata cone
beam (CBCT).

Metodologia: sono stati presi in esame 500 incisivi
inferiori provenienti dalle scansioni CBCT di 250 pazien-
ti, precedentemente effettuate per motivazioni diagnos-
tiche e di trattamento. Sono stati esaminati i seguenti
parametri: numero di radici, configurazione del sistema
endodontico, presenza di confluenze apicali, distanza
tra le confluenze e apice radiografico, simmetria tra gli
elementi sinistro e destro nello stesso individuo; i risul-
tati cosi ottenuti sono stati analizzati statisticamente.
Risultati: tutti gli elementi dentari esaminati presenta-
vano una sola radice, mentre la configurazione dei
canali radicolari risultava variabile.

Conclusioni: la percentuale di riscontro di configurazi-
oni endodontiche complesse € risultata maggiore del
previsto, presentandosi pit frequentemente come tipo
Il di Vertucci; sono inoltre presenti altre configurazioni
complesse, quali tipo lll e tipo VII di Vertucci.

omy can be divided into ex vivo methods,
performed on extracted teeth, and in vivo
methods, performed on patients (4).

Multiple methods having been used (6),
including canal staining and clearing tech-
niques (5, 6), dentin troughing under mag-
nification (7), scanning electron micro-

to respect the canal anatomy (1); the exis-
tence of an untreated canal may be a reason
to fail (2, 3). The study of endodontic anat-

scope (8, 9), micro-computed tomography
(micro CT) (10, 11), magnetic resonance
(12), ultrasonics (13), serial cross-sectioning

Corresponding author
Linda Quero | Department of Oral and Maxillo-Facial Sciences, Sapienza University of Rome | Italy
Tel. 0039 3279193209 | lindaquero94@gmail.com

Peer review under responsibility of Societa Italiana di Endodonzia

10.32067/GIE.2020.34.01.14
Societa Italiana di Endodonzia. Production and hosting by Ariesdue. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Giornale Italiano di Endodonzia (2020) 34 (41-46)




42

Lower Incisors Endodontic Anatomy

(14, 15), radiographic examination (16, 17)
and CBCT (cone beam computer tomogra-
phy) (18-22).

In research studies CBCT is usually asso-
ciated with a larger number of samples,
because it does not need extractions; more-
over it defines precisely the position of the
tooth and allow studies about symmetry.
In clinical practice the use of CBCT over-
comes the limitations of conventional ra-
diography, allowing visualization in 3D
and reducing the superimposition of the
surrounding structures (23-43).

Tooth configurations are usually classified
according to Vertucci and the great major-
ity of studies used this classification; more
recently Ahmed and Dummer (44) pro-
posed a new classification. It is a more
accurate method, based on in vitro mi-
croCT (45) evaluations of extracted teeth.
Therefore it requires higher resolution of
images which is not always achievable by
in vivo CBCT to avoid unnecessary high
radiation doses to the patient.

Materials and Methods

Sample selection

A total of 500 mandibular lateral incisors

selected from the CBCT examinations of

250 patients (130 males and 120 females)

with an age ranging between 18 and 79

years were examined.

Images were obtained from CBCT exami-

nations as part of diagnosis and treatment

planning of patients who required large

field of view for reasons including facial

trauma or maxillary sinusitis, preoperative

assessment for multiple implants, orthodon-

tic treatment because of impacted teeth and

for endodontic reasons. Ethical Committee

was used for all the individual participants

included in the study: the research was ap-

proved by the Ethics Committee of Sapien-

za, University of Rome (ref. 582/17).

The samples were selected according to

the following criteria:

e available CBCT images of lower incisors
with complete root formation;

e absence of root canal treatment;

¢ high-quality images of CBCT.

Teeth with immature apices and root re-

sorption were excluded.

Image acquisition

The CBCT images had been taken using
the GXDP-500 system (Gendex Dental,
Biberach, Germany), operating at 90 kVp
and 7 mA, with an exposure time of 23 s
and a voxel size of 0.2 mm?, with a field of
view of 13, 9, 13 cm, with an estimated
dose of about 50 mSyv, allowing measure-
ments to an accuracy of 0.2 mm.

Image evaluation
Through the use of Horos™ software (The
Horos Project, 64-bit medical image view-
er, GNU Lesser General Public Licence,
version 3.0) three-dimensional reconstruc-
tions were analyzed to evaluate the pa-
rameters of interest.
The images were reworked according to
the axial, sagittal, and coronal planes.
CBCT images were viewed on reconstruc-
tions according to the axial plane, scroll-
ing the cursor in the coronal-apical direc-
tion before, and then in the apical-coronal,
to get a detailed view of the root canal
system of examined teeth. This action was
repeated three times, and when the imag-
es in the axial plane were not clear, the
teeth were also inspected in three-dimen-
sional.
The following parameters were evaluated:
e number of roots;
* root canal system configuration (using
as a reference Vertucci classification);
e presence of apical confluences;
¢ distance between confluences and ra-
diographic root end;
e symmetry between left and right ele-
ments in the same individual.

The classification of the canal morpholo-
gy was done according to the Vertucci’s
criteria:

e TypeI: single canal from the pulp cham-
ber to the apex;

e Type II: two different canals emerge
from the pulp chamber but converge to
the apex;

e Type III: a canal emerges from the pulp
chamber, divides into two within the
root and emerges into one at the apex;

e Type VII: one canal in the pulp chamber
that divides and rejoins within the root,
and redivides into two canals at the apex.
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Figure 1

Sagittal plane of CBCT
scanning Type | (A), Type Il
(E), Type Il (1), Type VII (S).
Axial plane of CBCT scanning
in the coronal, middle, and
apical thirds of the root
displayed variations in canal
morphology: (B-D) Type |,
(F-H) Type I, (L-N) Type Ill,
(T-V) Type VII.

\/4 A

Statistical Analysis

The results were analysed statistically us-
ing SPSS 20.0 (SPSS, Inc., Chicago, IL,
USA) with the significance set at P<0.05.
One-way ANOVA was used for the associ-
ation between the variables along with the
post hoc tests, Tukey’s HSD and Games—
Howell. The t-test was used to compare the
means of canal length and distance from
confluence to apical foramen.

Results
Number of roots and canal system config-
uration according to Vertucci:
e all examinated teeth presented only one
root,
e for mandibular lateral incisors type I
Vertucci configuration was present in
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53% of cases, type II Vertucci config-
uration in 30% of cases, type III Ver-
tucci configuration in 15% of cases,
type VII Vertucci configuration in 2%
of cases.

Apical confluences were present in all the
incisors with a type II, type III and type
VII Vertucci configuration; overall were
present in 47% of examined cases.

The average distance between confluenc-
es and radiographic root end was 3,102
mm in type II Vertucci configuration and
3,234 mm in type III Vertucci configura-
tion, and 2,802 mm in type VII Vertucci
configuration.

Symmetry of root canal morphology be-
tween left and right in the same individ-
ual was found in 86% of cases.
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Our results showed a high prevalence of
type Il configuration in mandibular lateral
incisors. More precisely type II configura-
tion was found in 30% of the teeth exam-
ined. This result was in agreement with the
study by Benjamin and Dawson (23). On the
contrary, the majority of studies (24-33, 40)
performed on the mandibular lateral inci-
sors, showed a significantly lower preva-
lence, ranging from 1% to 26,9%.

Type I Vertucci configuration was present
in 53% of mandibular lateral incisors, low-
er when compared to the majority studies
(23-28, 36-42), in accordance with Kartal
et al (31), and superior to Sert et al (29). The
total range was from 89,4% to 36,8%.
Type III Vertucci configuration was found
15% in mandibular lateral incisors. These
findings were different from the majorities
of previous researches (23-33), which
showed an average percentage ranging
from 0% to 27%.

Type VII Vertucci configuration was found
in 2% of mandibular lateral incisors; in-
terestingly, only the research by Han et al
(32) ever showed this configuration (0,08%
in mandibular lateral incisors).

Table 1
Prevalence of the Number of Root Canals in Mandibular Lateral Incisors
Tooth 1 canal (%) 2 canals (%) Total
Mandibular lateral incisors 265 (53,0) 235 (47,0) 500
Table 2
Distribution of Root Canal Types according to Vertucci Classification in Mandibular Lateral Incisors
Tooth Type | Type Il Type 1l Type VII Total
Mandibular lateral incisors, n (%) 265 (53,0) | 150(30,0) | 75(15,0) | 10(2,0) 500 (100)
Discussion The mean distance between confluences

in type Il mandibular lateral incisors was
3,102 mm (ranging from 1,442 mm to 6,432
mm). Similarly, in type III configuration
in mandibular lateral incisors was 3,234
mm (ranging from 1,429 mm to 6,231 mm).
These results were in accordance with a
previous study (43) performed on conflu-
ences in molars, and significantly lower
than the research of Han et al (32), per-
formed on mandibular incisors, who re-
ported that distribution was concentrated
in the 6-12 mm range. The mean distance
in type VII was 2,802 mm (ranging from
2,648 mm to 3,014 mm) in lateral incisors.
Concerning with the symmetry between
right and left in the same individual, we
found the percentage of 86% in mandib-
ular lateral incisors; our results were
similar with the research by Kayaoglu et
al (41) and lower than other studies per-
formed on molars (43).

— ) TE D

Some of the findings from the present study
can be clinically relevant. The percentage
of mandibular incisors presenting a complex
anatomy (two canals with different config-
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urations) is higher than previously reported.
Type VII Vertucci configuration was clearly
found before only in a single study.

No study previously reported the localiza-
tion of confluences in lower incisors. They
are mostly found in the apical third, 3-4 mm
shorter than radiographic root end.

The controlateral teeth usually showed a
high percentage of similar anatomy: sim-
metry between right and left in the same
individual was found in 86% of cases.
These results highlighted the need for ac-
curate preoperative radiographic exams to
identify canal configuration: multiple radi-

/4/

Clinical Relevance
Complex endodontic anatomies can be
identify only with preoperative radio-
graphic exam.
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