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Abstract

Introduction: For the success of endodontic treatment, the knowledge 
of the internal anatomy becomes essential. Objective: to analyze 
the prevalence of lower incisor canals in a clinical and tomographic 
analysis. Material and methods: 148 lower incisors were used, 
measured, and evaluated through periapical radiograph and computed 
tomography. Results: in relation to the number of canals, 107 teeth 
(72.3%) presented a single canal, while 41 teeth (27.7%) presented 
two canals. Of the 41 teeth presenting 2 canals, 3 teeth presented 
independent canals (2.03%) and 38 teeth had 2 canals that joined at 
some point of the canal path (25.67%). Conclusion: The prevalence 
of two canals in the lower permanent human incisors was 27.7%; of 
these, 2.03% were independent. The main point of root canal union 
was at the apical third (20.94%). The most commonly found root 
canal shape was round in cervical third, flattened in middle third, 
and round in third apical.
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Introduction

The success of endodontic treatment is the result 
of several technical steps ranging from the correct 
choice of the case to the filling of the canal [1]. 

All Endodontic therapy needs the manipulation 
of the pulp cav it y, which is not displayed 
macroscopically and directly, in the totality. 
Therefore, it is necessary to have a broad knowledge 
on the morphology of root canals, as well as possible 
and constant variations, which can interfere with 
treatment successful [9, 18].

The anatomical feature, although following a 
certain pattern between the different tooth groups, 
may suffer some changes. One of the variations found 
in teeth is the number of roots or root canals [13].

The lower incisors are challenging due to the 
small size and anatomy [11]. The lower incisors’ 
crown has a trapezoidal shape with little length 
difference between the two bases [6]. These are 
single-rooted teeth, showing only one canal - wide 
at labial-lingual direction and narrow at mesial-
distal direction [2]. Because of marked mesial-distal 
flattening of the root, the lower incisors have the 
bifurcation of the canals and the labial and lingual 
ramifications are joined apically ending in a single 
foramen, in most cases. However, the complete 
separation is rare and, in such cases, separated 
apical foramina may exist [14].

The failure in endodontic treatment of lower 
incisors can be caused by lack of knowledge on 
the internal anatomy or the inability to detect the 
presence of a possible second canal [7]. The presence 
of the untreated second canal may result in the 
emergence or persistence of clinical symptoms [18]. 

A good preoperative radiographic evaluation 
is necessary and indispensable for the success of 
endodontic therapy [16]. The difficulties presented 
by the radiographic method are related to one-
dimensional images, superposition of the anatomical 
structures and variation at the vertical and 
horizontal angles. These difficulties may not allow 
the precise diagnosis in relation to the number 
of roots and canals [10]. This limitation can be 
discussed with the use of cone beam computed 
tomography (CBCT) in Dentistry. This method 
produces three-dimensional images with the absence 
of anatomical superposition and less radiation 
exposure of the patient. 

Additionally, to imaging tests, the knowledge on 
the internal morphology of the pulp cavity enables 
the formation of a three-dimensional image of the 
pulp cavity in the dentists’ mind, making it able 
to intervene in the endodontium [14].

This study aimed to analyze, by tomographic 
images, the internal anatomy of the human 
permanent lower incisors, evaluating the amount 
of root canals, the root third of bifurcation, the 
union of the canals, and the shape of the cross 
section at each third.

Material and methods

This research was conducted after the approval 
of the Institutional Review Board of the University 
of Fortaleza (Unifor) regarding ethical aspects under 
Protocol no. 375/2011. This is a laboratorial, cross-
sectional, quantitative study. 

Obtaining and selection of specimens

The study was conducted with the use of 158 
permanent human lower incisors extracted in 
dental clinic of Unifor and stored in saline solution 
until the time they were used. These teeth were 
randomly numbered.

All teeth were extracted due to a) aggressively 
periodontal disease with large clinical insertion 
loss; b) orthodontic reasons; c) prosthetic reason; 
d) extensive decay; whose detailed histories are part 
of the records of patients who read and signed the 
informed consent form of the biorepository, after 
the approval of the Institutional Review Board of 
the University of Fortaleza. 

All the following procedures were carried out 
by the same operator.

Previous measurements of the size of the teeth

Each tooth was measured from the most 
prominent tip of incisal edge to the root apex through 
digital caliper (Mitutoyo; CD-6 CS; 0002616; Japan) 
and tabled by Microsoft Excel software (MacOffice 
2014). Then, the average size was calculated. Teeth 
with destroyed crowns did not take part of this 
evaluation.

Assembly of teeth on fixation platform

Each tooth was mounted on a 14-cm square 
Styrofoam platform with 10 cm in height (figure 
1). These teeth were numbered from 1 to 158, and 
each one was inserted into a hole previously made 
on that platform.
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Figure 1 – Sample on fixation platform

Cone beam computed tomography (CBCT)

The images of the teeth were acquired by 
tomographic device GX-CB 500 Powered, a system of 
volumetric cone beam cat scan, of the Department 
of Radiology, School of Dentistry, Unifor. Before 
the acquisition of the images, the tomographic 
device was calibrated through i-CAT Vision® 1.9.5 
software. The tomographic device was set at: 14 
cm of diameter, 23 seconds of exposure, and 0.20 
voxel. The specimens were located in a Styrofoam 
platform. The kilovoltage was automatically adjusted 
in 120 kVp and the milliamperage at 7 mA, 0.5 
focal point distance from source to sensor: 71.4 
cm. Then, the images were converted to DICOM 
format and reformatted on the i-CAT Vision® 1.9.5 
software. The images were opened on the computer 
that runs with Windows platform®, with 32-inch 
plain screen. The room was darkened during the 
analysis of the CT scans, for better visualization. 

Analysis of the images

The obtained images were analyzed by the 
same system software, on which the following 
topics were assessed:
• Number of canals;
• If two canals, verification if they are independent 
or not;
• If the two canals are linked, the third of union 
(cervical, medium, or apical);

• If the two canals, the point of appearance of 
the two canals;
• Axial cut of the canal shape at the cervical, 
medium, and apical thirds. Classified in round, 
oval, and flattened (figure 2).

Figure 2 – Example of canals with round, flattened, 

and oval shape

Analysis and tabulation of the results

 All the results were analyzed and described 
by descriptive statistics and tabulated in Microsoft 
Excel software (MacOffice 2014).

Results

In total, 158 teeth were analyzed; ten teeth 
were excluded from the analysis for presenting 
or calcified canals or broken crowns, remaining 
148 teeth.

The medium size of the evaluated teeth with 
the use of digital caliper was of 21.30 mm.

Regarding the number of canals, of the 148 
analyzed teeth, 107 teeth (72.3%) had only one 
canal, while 41 teeth (27.7%) had two canals.

Table I – Tooth number and percentage of one and two 
canals

Canal 
number

Absolute 
number Percentage

1 canal 107 72.3%

2 canals 41 27.7%

Of the 41 teeth showing two canals, three had 
independent canals, i.e. 2.03% of the total sample, 
and 38 teeth had two canals that joint at some point 
along the path of the canal (25.67% of the sample).
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Table II – Tooth number and percentage of one and two 
canals

Canal 
number

Absolute 
number Percentage

1 canal 107 72.3%

2 dependent 
canals 38 25.67%

2 independent 
canals 3 2.03%

Taking into consideration the total sample (148 
teeth), four teeth (2.7%) had the two canals at the 
cervical third; 35 teeth had two canals at medium 
thirds (23.65%); and two teeth had two canals at 
the apical third (1.35%).

Table III – Root thirds of emergence of two root canals

Root third Absolute 
number Percentage

Cervical 4 2.7%

 Medium 35 23.65%

Apical 2 1.35%

Of the 38 teeth with two canals that ended 
in one canal, seven had the union point at the 
medium third, that is, 4.73% of the total sample, 
and 31 canals had the union point at the apical 
third (20.94%).

Table IV – Root thirds of emergence of two root canals

Root third Absolute 
number Percentage

Cervical 0 0

 Medium 7 4.73%

Apical 31 20.94%

With respect to the canal shape at the axial 
cut, at the cervical third, 29 teeth had flattened 
shape (19.6%), 64 round shape (43.24%,) and 55 
oval shape (37.16%). At the medium third, 64 teeth 
had flattened shape (43.24%), 57 round (38.52%), 
and 27 oval (18.24%). At the apical third, 23 were 
flattened (15.54%), 111 round (75%), and 14 oval 
(9.46%).

Table V – Root canal shape at axial cut (absolute 
number/percentile)

Root third Flat Round Oval

Cervical 29 
(19.6%)

64 
(43.24%)

55 
(37.16%)

 Medium 64 
(43.24%)

57 
(38.52%)

27 
(18.24%)

Apical 23 
(15.54%) 111 (75%) 14 

(9.46%)

Discussion

 The knowledge on the endodontic anatomy 
and its variations are of basic importance for the 
success of the endodontic treatment. As time goes 
by, the endodontist acquires innovative ways to aid 
in the diagnosis of these variations, among them, 
the tomographic examination is one of the most 
used for this purpose. In this study, through this 
examination, it was possible to observe clear aspects 
of the internal anatomy of the root canal system, 
as the number of root canals, the independence or 
not of the canal, as well as the point of emergence 
and union of canals, and their shapes.

Endodontic Anatomy, although following a 
certain pattern among the tooth groups, can suffer 
major changes, which may negatively affect the 
preparation and filling of canals with consequence 
in the prognosis of treatment [1]. 

The lower incisors have more than one canal, 
therefore, the results of this study consider showing 
this variation in the morphology and to point out 
the importance of the knowledge on the endodontic 
anatomy by the dentist.

In the present study, a sample of 148 lower 
permanent human incisors was used, of which, 
27.7% (41 teeth) had two canals through the 
radiographic analysis.

 In literature, the rates on the prevalence of 
two canals in lower incisors vary. The results of 
Vertucci and Gainesville [16] come closer to those 
obtained in the present study, where in a sample 
of 200 teeth, 30% of the lower incisors had two 
canals. Gomes et al. [6] showed that in a sample 
of 100 teeth, 28% had two canals. 

In a sample of 133 teeth, it was found that 
18% of teeth had two root canals. Studies reported 
by Campbell et al. [3] assessed 141 specimens, in 
which 60.9% presented two canals. Oliveira et al. 
[11], in a sample of 2,115 teeth, obtained 10.3% 
(218 teeth) of the lower incisors with two canals. 
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The discrepancies between the two studies may 
be related to the number of specimens or the 
different methods used for the diagnosis because 
some studies used the diaphanization method and 
others used the radiographic method [6].

The success of endodontic treatment can be 
related to the point of union of the canals, since 
the more cervical is the union point, the lower 
is the chances of failure [6]. Oliveira et al. [11] 
pointed out that, when two canals are presented 
in lower incisors, they usually join at 1 mm or 2 
mm below the apex, these data corroborated the 
results of Kartal and Yanikoglu [7], Gomes et al. 
[6] and the present study. 

The root canal system is of extreme complexity. 
Such complexity was observed through the 
variations in relation to the number of canals in 
the lower incisors in diverse studies. The detailed 
investigation of the number canals, the point of 
union of these canals, and the amount of foramen 
openings justify new research and highlights the 
importance of the knowledge on the anatomy by 
the dentist.

Conclusion

According to the employed methodology, it can 
be concluded that:
• The prevalence of two canals in human permanent 
lower incisors occurred in 27.7% of the specimens, 
of which 2.03% were independent;
• In the cases of teeth with two dependent root 
canals, the main union point of these root canals 
was the apical third;
• The root canal shape most found in axial cut 
was: round at cervical third; flat at medium third; 
and round at apical third.
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