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Abstract
AIM. To evaluate the anatomic variations of both maxillary premolars by cone beam computed tomography 
(CBCT) images. 
MATERIALS AND METHODS. Data were evaluated from 599 exams (313 women and 286 men), scanned by 
300 Maxio CT, Instrumentarium®/Kavo Dental Excellence, FOV 5x5 and voxel 0.085 mm. The images were 
evaluated by two endodontists using Vertucci’s classification. 
RESULTS. The prevalence of maxillary premolars with more than one root was higher in men (48.3%) than in 
women (29.7%) (p < 0.05). A higher percentage of type I and type III canals (53.1% and 20.2%, respectively) 
was observed in the second premolar (15.0%) with only one root than in the first premolars (14.3%). The 
percentage of IV, V, VI, and VII type canals was higher in the first premolars. Most teeth with two roots had a 
root canal of the type IV, both in the first premolar (97.9%) and in the second premolar (93.5%). When all teeth 
were considered, regardless of the number of roots, the first maxillary premolar showed a higher prevalence 
of type IV root canals (68.0%) and the second maxillary premolar showed a higher prevalence of type I root 
canals (46.4%) (p < 0.05). There was a significant association between gender and the number of maxillary 
premolar roots in a southern Brazilian subpopulation. Most maxillary first premolars had two roots with a type 
IV configuration and this configuration was common in males, while second premolars tended to be single-
rooted and with a type I configuration and were common in women.
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Резюме
ЦЕЛЬ ИССЛЕДОВАНИЯ. Оценить анатомические вариации корневой системы премоляров верхней че-
люсти с использованием конусно-лучевой компьютерной томографии (КЛКТ).
МАТЕРИАЛЫ И МЕТОДЫ. В исследование были включены данные 599 КЛКТ-обследований (313 жен-
щин и 286 мужчин), выполненных на томографе 300 Maxio CT, Instrumentarium®/Kavo Dental Excellence, 
с полем обзора 5×5 мм и вокселем 0,085 мм. Изображения анализировались двумя врачами-эндодон-
тистами в соответствии с классификацией Вертуччи.
РЕЗУЛЬТАТЫ. Частота обнаружения премоляров верхней челюсти с более чем одним корнем была 
выше у мужчин (48,3%), чем у женщин (29,7%) (p < 0,05). Во-вторых, премолярах с одним корнем на-
блюдался более высокий процент каналов типов I и III (53,1 и 20,2% соответственно), чем у первых 
премоляров (15,0 и 14,3% соответственно). Каналы типов IV, V, VI и VII чаще встречались в первых пре-
молярах. Большинство зубов с двумя корнями имели каналы типа IV – как в первых (97,9%), так и, во-
вторых, премолярах (93,5%). При учете всех зубов независимо от количества корней установлено, что 
для первых премоляров верхней челюсти наиболее характерна конфигурация канала типа IV (68,0%), 
тогда как для вторых премоляров преобладающей была конфигурация типа I (46,4%) (p < 0,05). Уста-
новлена значимая зависимость между полом и числом корней премоляров верхней челюсти у обсле-
дованной субпопуляции юга Бразилии. У большинства первых премоляров верхней челюсти было два 
корня с каналами типа IV, что чаще встречалось у мужчин, тогда как вторые премоляры в основном 
имели один корень и конфигурацию канала типа I, что было характерно для женщин.
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INTRODUCTION
Knowledge of the morphology and anatomic va- 

riability of the root canal system is important to per-
form successful endodontic treatment [1]. It is critical 
that the clinician be aware of these internal and exter-
nal variations and their relationships to adjacent ana-
tomic structures to improve the outcome of endodon-
tic treatment [2].

Periapical radiography is the most used method 
for examining root canal morphology during endodon-
tic therapy [3]. Anatomical overlap and image distor-
tion can be potential drawbacks of this technique [4].  
To capture these anatomical variations, such as addi-

tional canals, it is necessary to perform root dissocia-
tion techniques and change the horizontal angle of the 
radiograph [5]. CBCT provides a three-dimensional as-
sessment of the tooth and anatomical structures  [5], 
eliminates overlap, and allows viewing in the axial, coro-
nal, and sagittal planes [6].

Root canal morphology may vary in the same indi-
vidual [7]. Factors that may contribute to these varia-
tions in root canal anatomic complexity include age, 
gender, and the type of study performed [8]. The Bra-
zilian population is heterogeneous and has genetic 
contributions from other continents: Europe, Africa, 
America, and Asia [9].
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Maxillary premolars are frequent candidates for en-
dodontic treatment, accounting for 15.8% to 21.5% of 
all treated teeth [10; 11]. Many studies have already re-
ported that maxillary premolars exhibit high variability 
in internal root anatomy. In maxillary first premolars, the 
number of single-rooted teeth varies from 22% to 66%, 
the number of double-rooted teeth varies from 33% to 
84%, and the number of triple-rooted teeth varies from 
0% to 6%. [12–15]. This study aimed to evaluate the 
anatomical variability of maxillary premolars in terms of 
the number of roots and the configuration of root canals 
in a subpopulation in southern Brazil using CBCT.

MATERIALS AND METHODS
This study was approved by the local ethics com-

mittee with protocol no. 5.062.770. It was an obser-
vational, cross-sectional, and retrospective study 
evaluating maxillary premolar morphology using CBCT 
images acquired from January 2018 to July 2020. A to-
tal of 599 images of maxillary premolars (338 first and 
262 second premolars) from 341 patients of both sex-
es, aged between 16 and 87 years, were analyzed. Im-
ages were selected according to the following criteria: 
Presence of first and/or second maxillary premolars 
regardless of semiarch, complete root formation, no 
resorptions and calcifications, no endodontic treat-
ments, and crowns. The sample was selected using 
the G*power program. The sample size of 599 images 
provided a minimum test power (1-β) of 80% with an 
α-significance level of 5% for small effects in the ana-
lyzes of association with sex (w = 0.13) and age. Canal 
configuration (w = 0.15).

The CBCT images used in this study were obtained 
with the scanner OP 300 Maxio CT, Instrumenta- 
rium®/Kavo Dental Excellence, using the following ac-
quisition protocol: Voltage of 90 kV and 12.5 mA, FOV 5x5, 
voxel 0.085 mm and minimum exposure time of 6.1 sec-
onds. The images were evaluated by two trained endo-
dontists. Inter-examiner agreement was evaluated using 
the Kappa test. For the evaluation, On Demand software 
was used in a low-light environment: first in the axial, sag-
ittal and coronal planes. The following information was 
recorded and evaluated: Number of canals, number of 
roots, sex of the patient, and root canal configuration ac-
cording to the Vertucci classification [1] (Fig. 1):

Type I: A single canal exits the pulp chamber and ex-
tends to the apex;

Type II: Two separate canals emerge from the 
pulp chamber and join to form a single canal anterior  
to the apex;

Type III: A single canal emerges from the pulp cham-
ber, divides into two canals in the middle third of the 
root, and then unites into a single canal;

Type IV: Two separate canals from the pulp chamber 
to the apex;

Type V: A single canal exits the pulp chamber and 
divides into two separate canals with two separate fo-
ramina before the apex;

Type VII: Two separate canals leave the pulp cham-
ber, unite in the root body to the apex, and divide again 
into two separate canals before the apex;

Type VIII: A single canal exits the pulp chamber, di-
vides, and then reunites in the canal body, ending in two 
separate canals anterior to the apex.

Fig. 1. Vertucci classification types found in the present studies among the maxillary premolars assessed 
by CBCT. CBCT coronal sections showing Vertucci Classification from type I to VII and sagittal section showing 
type VIII classification
Рис. 1. Типы классификации Вертуччи, выявленные в настоящих исследованиях среди премоляров 
верхней челюсти, оцененных с помощью КЛКТ. Коронарные срезы на КЛКТ, демонстрирующие 
классификацию Вертуччи от типа I до VII, и сагиттальный срез, показывающий тип VIII
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Chi-square and Fisher exact tests were used to ana-
lyze associations between sex and number of roots and 
between tooth position and Vertucci root canal config-
uration. All analyzes were performed using the R pro-
gram with a significance level of 5%.

The number of roots detected in the axial plane was 
classified according to Pécora et al. [16]: Single-rooted: 
teeth with a single root and teeth with two independent 
canals that appeared to have two interconnected roots.

Multi-rooted: teeth with two roots that have partially 
or completely branched roots; teeth with three roots, 
where three roots are independent of the pulp cham-
ber floor or branch at some point along the buccal or 
palatal roots.

RESULTS
There was perfect agreement between the two in-

vestigators regarding the number of roots in the PMS 
(kappa = 1.00; 95%CI: 1.00–1.00). There was also near 
perfect agreement between the two investigators re-
garding the configuration of root canals in the PMS 
(kappa = 0.90; 95%CI: 0.76–1.00).

Table 1 shows that there is a significant relationship 
between gender and the number of roots (p < 0.05). Note 
that 50.9% of females and 31.7% of males had a  root 
in  the maxillary first premolar. Similarly, 48.0% of fe-
males and 64.7% of males had two roots in the maxillary 
premolar (p < 0.05). For the maxillary second premolar, 
93.7% of females had only one root and no females had 

Table 1. Analyzes of association between the number of roots and gender for the first PMS, second PMS and the total
Таблица 1. Анализ взаимосвязи между количеством корней и полом для первых премоляров,  
вторых премоляров и в совокупности для всех премоляров

Tooth Gender

Number of roots

p-valueOne Two Three Total

Frequency (1%) Frequency (2%)

1º PMS

Female 87 (50.9) 82 (48.0) 2 (1.2) 171 (50.6)
0.00063

Male 53 (31.7) 108 (64.7) 6 (3.6) 167 (49.4)

Total 140 (41.4) 190 (56.2) 8 (2.4) 338 (56.4)

2º PMS

Female 133 (93.7) 9 (6.3) 0 (0.0) 142 (54.4)
0.00173

Male 95 (79.8) 22 (18.5) 2 (1.7) 119 (45.6)

Total 228 (87.4) 31 (11.9) 2 (0.8) 261 (43.6)

Geral

Female 220 (70.3) 91 (29.1) 2 (0.6) 313 (52.3)
<0.00014

Male 148 (51.7) 130 (45.5) 8 (2.8) 286 (47.7)

Total 368 (61.4) 221 (36.9) 10 (1.7) 599 (100.0)

Note. 1 percentages in rows; 2 percentages in column; 3 fisher’s Exact Test; 4 chi-square test.
Примечание. 1 проценты в строках; 2 проценты в столбцах; 3 точный тест Фишера; 4 тест хи-квадрат.

Table 2. Analyzes of association between root canal configurations (Vertucci Classification) and tooth position 
for cases with one, two, three roots
Таблица 2. Анализ взаимосвязи между конфигурациями корневых каналов (по классификации Вертуччи) 
и положением зуба для случаев с одним, двумя и тремя корнями

Number 
of Roots

Tooth 
position

Root canal configuration
Total

p-valueI II III IV V VI VII VIII

Frequency (1%) Frequency (2%)

One

1º PMS 21(15.0) 34(24.3) 20(14.3) 44(31.4) 3(2.1%) 8(5.7) 10(7.1) 0(0.0%) 140 (38.0%)
<0.00013

2º PMS 121(53.1) 24(10.5) 46(20.2) 20 (8.8) 4(1.8) 4(1.8) 9 (3.9) 0 (0.0) 228 (62.0)

Total 142(38.6) 58(15.8) 66(17.9) 64(17.4) 7(1.9) 12(3.3) 19(5.2) 0 (0.0) 368 (61.4)  

Two

1º PMS 0 (0.0) 0 (0.0) 0 (0.0) 186(97.9) 1(0.5) 0 (0.0) 0 (0.0) 3 (1.6) 190 (86.0)
0.13453

2º PMS 0 (0.0) 1 (3.2) 0 (0.0) 29 (93.5) 0(0.0) 0 (0.0) 0 (0.0) 1 (3.2) 31 (14.0)

Total 0 (0.0) 1 (0.5) 0 (0.0) 215(97.3) 1(0.5) 0 (0.0) 0 (0.0) 4 (1.8) 221 (36.9)  

Three

1º PMS 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 8(100.0) 8 (80.0)
–

2º PMS 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0) 2 (100.0) 2 (20.0)

  Total 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0 (0.0) 10(100.0) 10 (1.7)  

General

1º PMS 21 (6.2) 34(10.1) 20 (5.9) 230(68.0) 4(1.2) 8 (2.4) 10(3.0) 11 (3.3) 338 (56.4)
<0.00013

2º PMS 121(46.4) 25 (9.6) 46(17.6) 49 (18.8) 4(1.5) 4 (1.5) 9 (3.4) 3 (1.1) 261 (43.6)

Total 142(23.7) 59(9.8) 66(11.0) 279(46.6) 8(1.3) 12(2.0) 19(3.2) 14(2.3) 599 (100.0)  

Note. 1 percentages in the lines; 2 percentages in the column; 3 Fisher Exact Test.
Примечание. 1 процент в строках; 2 процент в столбце; 3 точный критерий Фишера.



237

Том 23, № 2 / 2025

Исследования / Scientific researches

three roots. For males, 18.5% had two roots and 1.7% 
had three roots (p < 0.05). Considering the two positions 
of teeth, the prevalence of teeth with more than one root 
was also higher in men (48.3%) than in women (29.7%), 
p < 0.05. There was a significant relationship between 
tooth position and root canal configuration only in teeth 
with one root and in the total number of teeth (p < 0.05) 
(Table 2). A higher percentage of type I and type III ca-
nals (53.1% and 20.2%, respectively) was observed in 
the second maxillary premolar with only one root than 
in the first premolars with one root (15.0% and 14.3%, 
respectively). The percentages of type IV, V, VI, and VII 
canals were higher in first maxillary premolar than in 
second maxillary premolar. Most teeth with two roots 
had a root canal of the type IV, both in the first maxillary 
premolar (97.9%) and in the second maxillary premolar 
(93.5%). All teeth with three roots had a root canal of the 
type VIII. When all teeth were considered, regardless of 
the number of roots, the maxillary first premolar showed 
a higher prevalence of type IV root canals (68.0%) and 
the second maxillary premolar showed a higher preva-
lence of type I root canals (46.4%), p < 0.05.

DISCUSSION
The study of root canal anatomy is important to 

achieve a favorable outcome in endodontics [15]. There-
fore, morphologic variations should be evaluated when 
planning and performing endodontic treatment [17].

CBCT provides a good way to assess root canal mor-
phology without overlaying anatomical structures [13]. 
In addition, studies indicate the advantage of being 
a  rapid, inexpensive, and nondestructive method with 
low radiation that allows images to be obtained in both 
oblique planes and orthogonal planes and analyzed in 
vivo [18].

In the present study, most maxillary premolars had 
two roots (56.2%), whereas 41.4% had only one root, 
followed by 2.4% who had three roots. These results are 
consistent with the studies of Abella et al. [13] and Mar-
tins et al. [7].

As for the upper second premolar, the present study 
showed that 87.4% had one root and 11.9% had two. For 
one root, the prevalence was lower (71.2%) in the study 
by Lima et al. [15] and higher (94.4%) in the study by 
Martins et al. [7]. In 3 roots, the present study agreed 
with Lima et al. [15], with a very low percentage. Mar-

tins et al. [7] did not detect any upper second premolar 
with three roots in their specimens.

The complexity of internal root canals is determined 
by genetics, age, and sex. The Brazilian population 
is one of the most heterogeneous populations in the 
world, with a significant genetic contribution from other 
continents [19]. Sex and number of maxillary premo-
lar roots showed a significant association in this study 
(p < 0.05), which contradicts the results of the study by 
Abella et al. [13]. The prevalence of maxillary premolars 
with more than one root was higher in men (48.3%) than 
in women (29.7%). These results are consistent with the 
study of Lima et al. [15], which also used a Brazilian sub-
population, and with Ok et al. [12] (Turkish population). 
These results are useful for the dental surgeon in pre-
operative planning and evaluation and may contribute 
to the success of endodontic treatment.

Regarding the configuration of the root canals [1], 
most of the teeth with two roots [97.3%] was of the IV 
types as in the study by Lima et al [15]. From all the sam-
ples, 29.7% of the teeth studied had a complex canal 
system, which is difficult to detect only with a periapical 
radiograph. In maxillary first premolars, type I was the 
most common (53.1%), which agrees with Abella et al. 
[13] and Lima et al [15], followed by type III (20.2%).

In maxillary second premolars, 31.4% of the teeth 
examined were of the type IV, followed by 24.3% of the II 
types. Lima et al. [15] found (32.6%), of type IV and type 
I was much higher (49.9%). The present study agrees 
with the studies of Martins et al. [7] and Abella et al. [13]. 
The prevalence of the type VIII configuration is critical 
for a correct diagnosis, and therefore these studies of 
anatomic variability are important. Thus, if an abnorma- 
lity with enlargement is noted or suggested on periapi-
cal radiography, requesting a CBCT scan is indicated 
for a better anatomical assessment prior to endodontic 
treatment. In this way, the predictability of the case be-
comes much better and so do the chances of success.

CONCLUSION
The morphology of maxillary premolars was very dif-

ferent in this subpopulation, especially in the second 
maxillary premolars. These differences must be consid-
ered before and during endodontic treatment. CBCT is 
an important tool that can be used to analyze the mor-
phological variations of root canals.
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