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Internal configuration of maxillary
molars in a subpopulation of Brazil’s
Northeast region: A CBCT analysis

Abstract:
configuration of the maxillary molars of a population from the

The present study aimed to evaluate the internal

Northeast region of Brazil. Cone-beam computed tomography (CBCT)
exams from 512 patients (1501 teeth) were evaluated regarding the
anatomical configuration of the root canal system, according to
Vertucci’s classification. The images were obtained using a Prexion 3D
scanner operating at 90 kVp and 4 mA. The voxel size was 0.125 mm
and the cut thickness was 1 mm. The images were then analyzed in
the Prexion 3D Viewer software. The data were analyzed statistically
by Pearson’s chi-square test, with 5% of significance. The first and
second molars presented three roots in 99.14% and 87.27% of the cases,
respectively. In relation to the number of canals, the first and second
molars had a significantly higher frequency of three and four root
canals respectively, presenting a higher prevalence of types I and II
(p < 0.001). The second mesiobuccal canal (MB2) was observed in 48.21%
and 22.72% of the first and second molars, respectively (p < 0.001). The
identification of the MB2 canal was greater in young and adult patients
(p < 0.001), presenting a higher prevalence in male patients (p < 0.001).
The internal configuration of the MB root was influenced by gender
and by age, presenting a higher prevalence of the MB2 in male patients
younger than 50 years of age.

Keywords: Endodontics; Anatomy; Cone-Beam Computed Tomography.

Introduction

The success of endodontic treatment relies on the correct cleaning and
shaping of the root canal systems with subsequent obturation, avoiding
recontamination.' However, in maxillary molars, the complex internal root
canal anatomy contributes to the failure of the endodontic treatment.>*

Anatomical differences in the root canal are genetically determined
and have been frequently reported in several studies, allowing for the
identification of root canal anatomy in different ethnic populations.*>67%°
Recurrently, the first maxillary molars present three roots and four canals
and a second mesiobuccal canal (MB2) is present in approximately 50%
of cases.”®”

Some ex vivo methodologies may be used for the study of internal
dental anatomy, such as diaphanization,® cross-section methods,’ and
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computed microtomography (micro-CT)."* These
methods may only be used to evaluate extracted
teeth, making it difficult to correlate anatomy with
gender and with age." Among the in vivo methods
to assess the anatomy of root canals, cone-beam
computed tomography (CBCT) has been widely used
in several studies 6712131415

To date, there are some studies have evaluated the
internal anatomy of teeth in the Brazilian population
by using CBCT.'>**1*1¢ Since Brazil represents an
extensive geographic area, different ethnicities, and
great miscegenation, some anatomical differences
between regions may occur. In view of the absence
of previous studies, the aim of the present study
was to evaluate the internal configuration of the
mesiobuccal root of the first and second maxillary
molars in a subpopulation of the Northeast region
of Brazil, using CBCT. The experimental hypothesis
was that there are significant difference between
gender and age on morphologies of first and second
maxillary molars.

Methodology

This project has been approved by the Research
Ethics Committee of Christus University Center
(Fortaleza, Brazil) (CAAE 66524917.7.70000.5049).

The present study evaluated CBCT scans of 512
patients from a database of a private oral radiology
clinic (Perboyre Castelo Clinic) in Fortaleza, Brazil.
The patients’ ages ranged from 10 to 80 years old.
All images were obtained for reasons unrelated to
the research, with the main indications being dental
rehabilitation with implants, diagnosis of fractured
roots, and location of impacted teeth. The selected
patients had at least one erupted maxillary molar,
teeth with fully formed apices, and teeth with no
fractures, root resorption, or calcification. Teeth with
intra-radicular metal posts and extensive metallic
restorations were excluded from the study.

The images were obtained using a Prexion 3D
imaging device (Prexion, Inc., San Mateo, USA)
operating at 90 kVp and 4 mA. The voxel size was
0.125 mm and the cut thickness was 1 mm. The
scans were acquired according to the manufacturer’s
instructions, with the minimum radiation exposure
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required to obtain an image of adequate quality.
The CBCT images were analyzed by an experienced
endodontist who had been previously trained
regarding the methodology. The Prexion 3D Viewer
software (Prexion, Inc., San Mateo, USA) was used
on a Dell Precision T5400 (Dell, Round Rock, TX)
workstation with a 17-inch Dell LCD screen with a
resolution of 1280 x 1024 pixels in a room with dim
lighting. The images were analyzed in the sagittal,
axial, and coronal planes. Contrast and brightness
were also adjusted to ensure better visualization
using software image processing tools.

The number of roots and their morphology,
the number of root canals, and the anatomical
configuration of the root canal system were evaluated
according to Vertucci’s classification.* The data were
analyzed statistically by Pearson’s chi-square test
(Statistical Package for the Social Sciences 20.0 for
Windows), being considered significant when p < 0.05.

Results

A total of 1,501 teeth were evaluated, consisting of
700 maxillary first molars and 801 maxillary second
molars. The mean age of participants was 44.5 years
old, of which 184 were men and 328 were women.

It was observed that first and second molars
showed a significantly higher frequency of three
roots. However, the second molars had relatively more
teeth with two roots in relation to the first molars
(p < 0.01). Molars with a single root were identified
only in second molars (1.87%) and molars with five
roots were not observed (Table 1). No teeth had two
palatine roots.

With regards to the number of canals, the first
and second molars had a significantly higher
frequency of three (50.43% and 65.54%, respectively)
and four canals (48.71% and 22.72%, respectively).
However, the maxillary second molars presented a
significantly higher number of teeth with two canals
when compared to the first molars, which showed a
higher relative frequency of teeth with four canals
(p < 0.01). It was observed that the first and second
upper molars had a low frequency of teeth with five
root canals (0.29% and 0.25%, respectively). Only 1.87%
of the second molars had a single canal (Table 2).
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Regarding the configuration of the root canal
system in the mesiobuccal (MB) root according
to Vertucci’s classification, the first and second
molars possessed a high prevalence of type I and
IT configurations. Nonetheless, the second molars
presented relatively more cases of type I configurations
than the first molars, which had more cases of types I,
[lIand IV (p <0.01). Only one of the second molars, in
a female patient, presented a type VIII configuration
for the MB root (Table 3).

Table 1. Number of roots in first and second maxillary molars.
First molars (n = 700)

Roots

n %
One 0 0.00 (0.00-0.55)
Two 4 0.57 (0.22-1.4¢)
Three 694* 99.14 (98.14-99.61)
Four 2 0.29 (0.08-1.04)
Five 0 0.00 (0.00-0.55)

The two first molars with four roots presented five
canals (0.29%), two of which were in the mesiobuccal
root type IV, and one in the mesiopalatine root (MP).
One of the nine molars with four roots had five canals,
with a type IV configuration in the MB root, and the
other seven presented a type I root canal (MB, MP,
DB and DP).

Concerning the age groups, a reduction in the
prevalence of a second mesiobuccal canal (MB2)
was observed in both dental groups evaluated as the

Second molars (n = 801)

*p<0.05, Pearson’s chi-square fest. Values expressed as absolute frequency and percentage frequency (95% confidence interval).

Table 2. Number of root canals according to dental group.
First molars (n = 700)

Root canals

%
One 0 0.00 (0.00-0.55)
Two 4 0.57 (0.22-1.46)
Three 353 50.43 (46.73-54.12)
Four 341* 48.71 (45.03-52.41)
Five 2 0.29 (0.08-1.04)

*p<0.05, Pearson’s chi-square test. Values expressed as absolute frequency and percentage frequency (95% confidence interval).

Table 3. Root canal configuration of MB root, according to Vertucci’s classification (1984).

First molars (n = 700)
n %
358 51.14 (47.44-54.83)
185* 26.42 (23.30-29.82)

Type Image
|
I
Il 29* 4.14 (2.90-5.89)

14.71 (12.28-17.53)
\ 19 2.71 (1.74-4.20)

Y
7
!
\Y% 1 103*
'
Vi 0 6 0.85 (0.39-1.86)
VI g 0 0.00 (0.00-0.55)

I M 0 0.00 (0.00-0.55)

. " p-value
15 1.87 (1.14-3.07) < 0.001
78* 9.74 (7.87-11.99)

699 87.27 (84.78-84.90)
9 1.12 (0.59-2.12)
0 0.00 (0.00-0.48)
Second molars (n = 801)
p-value

n %

15 1.87 (1.30-3.51) < 0.001
77* 9.61 (8.89-13.53)

525* 65.54 (71.66-78.07)
182 22.72 (22.89-29.37)
2 0.25 (0.08-1.04)
Second molars (n = 801)
p-value
n %
626* 78.15 (75.16-80.88) <0.001
95 11.86 (9.80-14.28)
19 2.37 (1.52-3.67)
48 5.99 (4.55-7.86)
1 1.37 (0.77-2.44)
1 0.12 (0.02-0.70)
0 0.00 (0.00-0.48)
1 0.12 (0.02-0.70)

*p<0.05, Pearson’s chi-square test. Values expressed as absolute frequency and percentage frequency (95% confidence interval).
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age increased (Figures 1 and 2). In the first molars,
patients up to 50 years of age had a significantly higher
prevalence of MB2 (53.68 - 69.57%) when compared
to patients older than 50 years old (29.22 - 43.79%)
(p < 0.001). In the second molars, patients up to 20
years of age had a significantly higher prevalence
of MB2 (50%) than patients older than 20 years old
(13.14 - 35.29%) (p < 0.001).

In terms of gender, the presence of MB2 was
significantly higher in male patients than in female
patients (p < 0.001), in both the first and second molars.
In the first molars, more than 60% of patients who
presented MB2 were male (Table 4).

Discussion

The study of internal dental anatomy is very
important for the success of endodontic treatment,
since the configuration of the root canal morphology
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1¢ molar prevalence

[ MB2 present [ MB2 absent

Figure 1. Distribution by age group of a second mesiobuccal
canal (MB2) in the first maxillary molars. (*p < 0.05 versus
other age groups, Pearson’s chi-square test).

Table 4. Distribution of MB2 root canals by gender.

presents variation among populations.®”?17181° The
results of this study showed that approximately
48% of the maxillary molar MB roots presented two
canals, in agreement with previous studies.’>”181
However, some authors showed that more than
half of first maxillary molars had an MB2 root
canal 567115202122 232425 Tt was also observed that 23%
of second molars had more than one root canal in
the mesiobuccal root, a result similar to that found in
other populations.?**?* In several previous studies,
MB?2 canal frequency was from 29.4% to 57.93% in
the maxillary second molars."*”** In contrast, in the
studies of Ghoncheh etal.” and Lin et al.* only 13.84%
and 7.7% of maxillary second molars presented a
second canal in the mesiobuccal root, respectively.
These differences may be due to sample diversity in
number and in ethnicity.

CBCT studies of the internal dental anatomy of
maxillary molars in the Brazilian population are

160
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24 molar prevalence

B MB2 present [ MB2 absent

Figure 2. Distribution by age group of a second mesiobuccal
canal (MB2) in the second maxillary molars. (*p < 0.05 versus
other age groups, Pearson’s chi-square test).

Male Female
Molars p-value
n % n %
First molars evaluated 237 100.00% 464 100.00% < 0.001
MB2 present 139* 60.17% 203 43.75%
Second molars evaluated 296 100.00% 505 100.00% < 0.001
MB2 present 90* 30.41% 85 16.83%

*p<0.05, Pearson’s chi-square test.
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still limited to the Southeast and Central regions of
the country. Considering that Brazil has continental
dimensions, the dental anatomy within the country
may be variable. The Northeast region shows a
low MB2 canal index of maxillary second molars
compared to that found in other studies, especially in
relation to the Central-West and South regions.!?!>41¢
Estrela et al.,'* when evaluating the internal dental
anatomy of a subpopulation of the Central region of
Brazil, observed that the first maxillary molars had a
higher frequency of four root canals and four apical
foramina (76% and 33%, respectively), followed by
the second molars (41% and 25%, respectively). All
the studies observed that only the mesiobuccal roots
had two root canals.!>316

For both dental groups, the most common
MB root configuration was Vertucci’s type I, an
outcome similar to the findings of another Brazilian
population and to those in a Thai population.””
Other studies on Chinese, Chilean and Egyptian
populations had the type Il configuration as the
more prevalent, presenting only one foramen."%%
However, in other studies, with Indian, Korean,
North American and Iranian populations, the most
common canal configurations for the MB root had
two foramens.>'>192024 In the work of Hiebert et al.?,
performed on extracted teeth, it was also observed
that the majority of molars with MB2 canal presented
configuration with more than one foramen according
to Vertucci’s classification.*

This study has verified the presence of five
canals in two of the first and second molars, of
which three had four roots, containing two canals
in the MB root, one in the MP root, one in the DB
root and one in the DP root. A final second molar
presented five canals and three roots, with three
canals in the MB root. Kim et al.” found only one
first maxillary molar in a total of 802 with five
canals and three roots, being Vertucci’s type VIII
configuration of the MB root.

In the present research, the experimental
hypothesis was accepted, once that it was
observed a reduction in the presence of MB2 as
age increases, especially above age 50. There is also
a male preference, in agreement with the previous
researches that obtained also observed an inverse

correlation between the presence of the MB2 canal
and age, regardless of gender influence.">''> These
results suggest that, as age advances, the chances of
identification of an MB2 canal decrease, probably
as a result of dentin apposition on the root canal
walls. In the studies of Ratanajirasut et al.” and
Kim et al.,” no correlation with age was observed
and a higher frequency of MB2 in male patients was
found; in Ghobashy et al. no correlation regarding
age or sex was found.

In vivo CBCT has been shown to be a noninvasive
and clinically effective tool in the analysis of the
roots and morphology of the root canals, assisting
in the identification of the MB2 canal and making
it possible to improve the quality of endodontic
treatment. This result is consistent with other
previous studies that used the same method of
identification.!>671213152¢ Conversely, in the study
by Hiebert et al.?, in which the identification of
the MB2 was compared based on CBCT scans or
on endodontic access, it was observed that CBCT
identified a lower percentage of MB2 canals when
compared to canal access and exploitation. In contrast,
the association of the two methods led to a higher
identification rate of this canal.

The results of this study may provide some useful
information for endodontic treatment, given that prior
knowledge of anatomical variations is of great value
in assisting dentists with regard to locating the root
canal system and subsequent cleaning and filling,
which might improve treatment perspectives and
patient prognosis.

Conclusions

In conclusion, first and second maxillary molars
presenting three roots are highly prevalent, with the
first molars having the highest prevalence of four
canals in comparison to the second molars. The type
I configuration according to Vertucci’s classification
is the most prevalent in the MB root. It was also
possible to observe that the configuration of the
MB root is influenced by gender and age, in that a
higher prevalence of the MB2 canal could be found
in male patients as well as in patients younger than
50 years of age.
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