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ABSTRACT

Objective: Evaluate the root canal morphology of per-
manent mandibular incisors, through the use of cone bean
computed tomography (CBCT) in a population of Brazil-
ian southeast region and its relationship with patient age
and sex. Methods: A total of 1,484 mandibular incisors
of 371 male and female patient's medical records were
analyzed using CBCT. The tomographic images were by
the orthopantomograph OP300 tomograph, with voxel
of 0.20 mm. The morphology of the teeth was evaluated
according to the classification of VERTUCCI, and the ef-
fects of sex and age of the patients on the variation in the
morphology of these teeth were investigated. Results:
All evaluated teeth had only one root. A single canal (Ver-
tuccis type I) was detected in 80.7% of mandibular inci-
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sors. The second canal was present in 19.3% of the cases,
with rates of 1.1% for Type II, 18.1% for Type III, 0.1%
for Type 1V, and 0.1% for Type V. According to sex, there
was no statistical difference (p = 0.890) in mandibular in-
cisor morphology. Within the analyzed age group, individ-
uals aged under 18 years and individuals between 40 and
49 years (28.2% and 26,8% respectively) were statistically
significant (p = 0.001) when compared to the other age
groups. Conclusions: The most prevalent morphology
was Type I of VERTUCCI, followed by Type III, without
difference between sex and with a higher prevalence of
morphological variation in individuals with less than 18
years and between 40 and 49 years.
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Introduction

Knowledge of root and canal morphologies and of
their variations is important for confirming the suc-
cessful outcome in endodontic treatment."* Ethnic-
ity, geographical location, and sex are some of the
factors that affect root canal anatomy.® The presence
of a single root canal was assumed in all cases re-
garding mandibular anterior teeth.* However, the first
studies by Vertucci et al.’in 1974, which used stain-
ing and clearing techniques on extracted teeth, indi-
cated different morphologies. Studies have shown a
prevalence of a second canal in incisor teeth, ranging
from 11.5% to 45%.5" Despite the various methods
available to demonstrate canal anatomy, such as ra-
diographic examination, root sectioning, and staining
and clearing techniques, they are often regarded as
destructive techniques.? In the clinical setting, con-
ventional periapical radiographs are a complementa-
ry technique of choice throughout endodontic treat-
ment, providing two-dimensional images with inevita-
ble geometric distortion and anatomical noise.! The
cone-beam computed tomography (CBCT) designed
for dental use is a noninvasive method that can pro-
vide three-dimensional morphological evaluations of
the dental and maxillofacial anatomy.? Several CBCT
studies of the root canal morphology of permanent
mandibular incisors have been conducted, mainly in
China, Turkey, and India,'""** but there is a shortage of
data regarding the Brazilian population. The purpose
of this study was to use CBCT scanning to investigate
the root and canal morphology of mandibular ante-
rior teeth in a Brazilian southeast region.

Materials and methods
Sample selection

A total of 1.484 CBCT images of mandibular ante-
rior teeth (two central and lateral incisors) were collect-
ed from 371 patients who accepted CBCT projection
as a preoperative assessment for various specialties at
the Center of Radiology of the School of Dentistry in
Campinas, State of S&o Paulo, Brazil, between January
2017 and August 2018. The present study was approved
by the Research Ethics Committee of Sdo Leopoldo
Mandic School (protocol number 2.655.476). CBCT im-
ages were selected based on the following criteria: man-
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dibular high-quality images of anterior teeth with com-
plete root formation, absence of root canal treatment,
absence of orthodontic treatment, absence of coronal
or post-coronal restorations, absence of root resorption
or of periapical lesions, and high-quality CBCT images.

Image acquisition

CBCT images were acquired using an ORTHOPAN-
TOMOGRAFH OP 300 (Kavo, Brazil) CBCT device,
15 x 13 cm?® FOV, 89 kvp, with an exposure time of 8
seconds. The voxel size of the images was 0.20 mm,
and the slice thickness was 1.0 mm. The images were
acquired by an experienced radiologist according to
the manufacturer’'s recommendations, with minimum
exposure necessary for adequate image quality.

Image evaluation

The scans were analyzed with On-demand 3D
software (South Korea) in a dimly lit room by two en-
dodontists with more than 6 years of experience in
CBCT. With the intention of calibrating the evalua-
tions, kappa agreement coefficient was applied and
reaching a consensus about the interpretation of the
radiographic findings, all the images were analyzed
simultaneously by the evaluators.'

The following information was recorded and analyzed:

1. Tooth position - 32, 31, 41, and 42,

2. Root number - 1 or 2,

3. Number of canals: 1 or 2.

4. Canal configuration according to the method
proposed by Vertucci® (Fig 1).

Pearson’s chi-square test was used for the statis-
tical analysis using SPSS 21.0 software (SPSS Inc,
Chicago, IL, USA). The level of significance level ad-
opted was 5% (p < 0,05).

Each evaluator received a table, identifying the sex
and age of each patient, and the age was separated
into age groups, such as: under 18 years, 19 to 29
years, 30 to 39 years, 40 to 49 years, 50 to 59 years
and over 60 years.

Results

We analyzed CBCT images of 123 men and 248
women. The patients’ ages ranged from 10 to 75 years
(mean age of 44.8 years). Individuals aged 50-59 years
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were the most prevalent (26.7%), followed by those in
the 40-49-year group (22.6%). All the scanned were
single-rooted teeth (100%). A single canal (Vertucci’s
type 1) was detected in 80.7% (1,197) of mandibular
incisors. The prevalence of two canals was 19.3% (n
= 287), and type Il was the most common root ca-
nal morphology, accounting for 18.1% (n = 269). The
prevalence of the other configuration types was as
follows: 1.1 % (n = 16) for type II, 0.1 % (n = 1) for
type [V, and 0.1 % (n = 1) for type V (Table 1).

The relationship between the morphology of root
canals of mandibular incisor teeth and patient sex did
not reveal any statistical difference (p = 0.890) with
the prevalence of a second canal of 19.4% (n = 192)
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variants in permanent mandibular incisors.

for females and of 19.3% (n = 95) for males (Table 2).
The relationship between root canal morphology
and patient age was statistically significant (p <0.001)
in cases of patients aged under 18 years and between
40 and 49 years with 28.2 % (n = 44) and 28.6 % (n =
90), respectively, of presence of a second canal when
compared to the other age groups (Table 3).
Considering the prevalence of a second canal in
relation to tooth number, there was no significant dif-
ference (p = 0.138): 22.4% for the mandibular left lat-
eral incisor (MLLI) (32), 21 % for the mandibular right
lateral incisor (MRLI) (42), 17 % for the mandibular
right central incisor (MRCI) (41), and 17 % for the
mandibular left central incisor (MLCI) (31) (Fig 3).
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Table 1. Characterization of the sample of permanent mandibular incisors.

Age group (years) n (%)
<18 156 (10.5)
19-29 164 (11.1)
30-39 140 (9.4)
40-49 336 (22.6)
50 - 59 396 (26.7)
> 60 292 (19.7)
Number of roots
1 1.484 (100)
Number of canals
Single canal 1.197 (80.7)
Presence of a second canal 287 (19.3)

Vertucci’s classification

Type I: A single canal appears from the pulp chamber to the apex 1.197 (80.7)
Type II: Two separate canals leave the pulp chamber but merge into one at the exit 16 (1.1)
Type lll: One canal leaves the pulp chamber, divides into two within the root, and then merges at the exit 269 (18.1)
Type IV: Two distinctly separate canals are present from the pulp chamber to the apex 1(0.1)
Type V: A single canal leaves the pulp chamber but divides into two 1(0.1)

Table 2. Association between the root canal morphology of mandibular incisor teeth according to sex.

Single canal 397 (80.7) 800 (80.6)
Presence of a second canal 95 (19.3) 192 (19.4)

0.890

Table 3. Morphology of the root canals of mandibular incisor teeth according to age.

Single canal 112 (71,8) 144 (87,8)* 120 (85,7) 246 (73,2) 328 (82,8) 247 (84,6)

< 0,001
Presence of a second canal 44 (28,2)* 20 (12,2) 20 (14,3) 90 (26,8)* 68 (17,2) 45 (15,4)

* Statistically significant association by residual analysis adjusted to 5% of significance.
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Discussion

In clinical practice, failure to locate a second canal
is the main reason for root canal treatment failure, be-
cause it leads to incomplete debridement and obtura-
tion of the second root canal.’® In the present study,
66.8% (n = 248) of the patients were female and
33.2% (n = 123) were male. Nonetheless, some stud-
ies corroborate the findings of the present study.!”181
The mean age in the present study was 44.8 years,
whereas Lin et al.’? in 2014 obtained a mean age of
34.5 years. All 1,484 mandibular incisors analyzed
had a single root, in line with Geduk et al.,? Lin et
al.,’? Han et al.,'' and Zhao et al.,** who also evaluated
the morphology of mandibular incisors using CBCT.
In relation to the number of canals, 80.7% (1197) of
mandibular incisors in the present study had a single
canal (Vertucci's type 1), similar to other studies, such
as those by Altunsoy et al.,'* Saati et al.,* and Kay-
aoglu et al.,! with respective rates of 82.7%, 81.0%,
and 82.8%. However, Silva et al.’® and Shemesh et al.??
found lower rates - 62.5% and 60.8%, respectively.

Different canal identification techniques, study
designs, sample sizes, and genetic and ethnic factors
may be responsible for the discrepancies in the preva-
lence of anatomical variation in mandibular incisors.
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Figure 3. Prevalence of a second canal ac-
cording to tooth type.

One of the limitations of the present study concerns
the failure to collect genetic/ethnic data.’® This
study also shows that a second canal was observed
in 19.3% (287) of the teeth studied, as described by
Al-Qudah et al.,”® Kayaoglu et al.,?! Altunsoy et al.,'
Han et al,'" and Saati et al.* Mandibular incisors with
two canals, according to Vertucci’s classification, had
the following morphology: type Il in 1.1% (16), type
[l in 18.1% (269), type [V in 0.1% (1), and type V in
0.1% (1), without statistical significance. Silva et al.®
in 2016 demonstrated the presence of type II in 0.5%
(1), type III in 43.5% (87), type V in 26.5% (53), type
VI in 0.5% (1), and type VII in 4% (8) of the cases,
with similar findings, but with some variations in the
morphological results for the other types classified by
Vertucci. Conversely, Altunsoy et al.!* found a higher
prevalence of type V in 11% (353) and of type III in
0.9% (28) of the cases. Genetic differences between
the studied populations may be contributing to the dif-
ferences observed.* The study by Lin et al.'? in 2014
found a higher prevalence of type Il in 12.7% (180) of
the cases, followed by type II in 3.0% (43) and finally
type V in only 0.5% (7), in line with the results, sug-
gesting that the eastern ethnicity bears a more genetic
resemblance to the studied Brazilian population.
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We did not identify an association between root
canal morphology and patient sex and similar results
were observed by Aminsobhani et al.,’* Geduk et al.,?
and Liu et al.®® These data suggest that sex is not a
relevant factor for the increase in the number of mor-
phological variations in mandibular incisors. Consid-
ering the association of root canal morphology of
mandibular incisors with age range, individuals under
18 years or between 40 and 49 years had a statistical-
ly significant association of second canal prevalence,
as compared to other age groups. Similar results were
obtained by Kayaoglu et al.?! in 2015, who found sta-
tistical difference in the prevalence of second root
canal in individuals aged 10 to 35 years and 36 to 55
years, when compared to individuals older than 56
years. Human aging results in physiological changes
within the pulp, such as continuous deposition of sec-
ondary dentin, which consequently causes a decrease
in the root canal lumen,® justifying the findings of
this and other studies, given the lower prevalence of
a second channel in age groups over 55 years.

By analyzing tooth by tooth, there was no statis-
tical difference in the prevalence of a single canal
among the teeth studied, where MLLI (32) had a sin-
gle canal in 77.6% of the cases, MLCI (31) and MRCI
(41) had a single canal in 83%, and MRLI (42) in 79%.
This is in line with the study by Liu et al.* in 2014, in
which a single canal was detected in 91.1% of man-
dibular central incisors and in 86.8% of mandibular
lateral incisors, suggesting a higher prevalence, albeit
nonsignificant, of single canals in mandibular cen-
tral incisors. At odds with the findings of the pres-
ent study, Caliskan et al.?” in 1995 detected a single
canal in 68.63% of both mandibular central incisors
and mandibular lateral incisors after subjecting the
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root canal system in extracted teeth to staining and
clearing techniques. This discrepancy may possibly
be explained by the differences in the techniques for
the detection of root canal morphology.?®

Looking at the presence of a second canal and at
each mandibular incisor, MLLI (32) showed the highest
prevalence (22.4%), followed by its homologue - MRLI
(42) - with a prevalence rate of 21%, without statisti-
cal difference, but there was a higher prevalence of
a second canal in mandibular lateral incisors as com-
pared to mandibular central incisors. Interestingly,
the prevalence of a second canal was similar among
homologous teeth, as observed by Shemesh et al.?? in
2017, who found bilateral incidence of a second canal
in 69.8% of central incisors and in 68.7% of lateral in-
cisors, whereas Zhao et al.?? in 2014 found 58.7% for
central incisors and 76.1% for lateral incisors, demon-
strating that the presence of a second canal in MLLI,
for example, increases the chance of this same mor-
phology in MRLI. In a study by Verma et al.’® in 2017,
there was a prevalence of 33.5% for a second canal in
MRCI (41), 30% in MLCI (31), 33.5% in MLLI (32), and
36.5% in MRLI (42), corroborating the findings of the
present study. Difference in the morphology of man-
dibular incisors and in the studied population is scarce-
ly investigated in the scientific literature; therefore, new
studies on this subject are needed.

Conclusion

In the present study, the most prevalent morphol-
ogy was type [ of VERTUCCI with 80.7% of cases,
followed by type III with 18.1%, without difference
between sex and with a higher prevalence of mor-
phological variation in individuals with less than 18
years and between 40 and 49 years.
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