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Abstract: This study aimed to evaluate the prevalence of internal sym-
metry (the number and morphology of root canals) in the mandibular 
incisors using cone beam computed tomography (CBCT). A total of 302 
CBCT scans involving 1,208 mandibular incisors were evaluated using the 
Vertucci’s classification regarding the number and configuration of root 
canals. The central mandibular incisors exhibited two root canals in 22.6% 
of patients and lateral incisors in 24.3% of patients. Most teeth (76.4%) had 
a type I configuration (a single root canal, 1-1), 21.7% had type II (2-1), 
1.1% had type V (1-2), and 0.8% had type IV (2-2). Teeth with a type-
III configuration (1-2-1) were not found. In total, 17.5% of patients had a 
symmetric appearance of the two-canalled central mandibular incisors and 
20.5% had a bilateral appearance of the two-canal lateral incisors. More-
over, in 12.3% of the patients, all four incisors showed two root canals. The 
highest degree of symmetry was found in incisors that had one root canal 
(central incisors: 217 of 302, lateral incisors: 229 of 302), followed by type 
2-1 incisors (central incisors 50, lateral incisors 58). The influence of sex 
and age on the prevalence of symmetries was not significant. Concluding, 
the internal anatomy of the mandibular incisors cannot not be sufficiently 
predicted from the root canal anatomy of the contralateral tooth. Thorough 
clinical and radiographic inspection of each tooth remains mandatory to 
address the internal anatomy of the mandibular incisors correctly.
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Introduction

A good knowledge of the internal and external anatomies of teeth is essen-
tial for successful root canal treatment. Neglecting these parameters may 
result in severe complications such as ledging and perforations, missing 
root canals, the unnecessary removal of dental hard tissue, as well as 
incomplete preparation, disinfection, and obturation.

The mandibular incisors have repeatedly been shown to have major 
anatomical problems such as isthmi, oval cross-sections, and double root 
canals [1]. Not all of these can be precisely and sufficiently viewed using 
two-dimensional radiographs. Clinically and radiographically, a number 
of configurations have been identified as being typical for incisors with 
double root canals; e.g., the eccentric localization of a root canal orifice, 
double outer contours of the root, or sudden narrowing of the root canal 
[2]. In studies using different evaluation techniques, such as clearing, 
micro-computed tomography (CT), or cone beam CT (CBCT), the preva-
lence of mandibular incisors with two root canals has been reported to 
range from 3% [3], 11.5% [4] to 41.1% [5]. Sert et al. detected a second 
root canal in 68% of central and 63% of lateral mandibular incisors in a 
Turkish population [6]. These discrepancies primarily result from ethnic 
differences in the root and root canal anatomies as well as from widely 
differing investigation techniques ranging from radiography, clearing, and 
histology to contemporary techniques using CBCT or micro-CT. 

As demonstrated in several studies, missed root canals significantly 

contribute to endodontic treatment failure, with a prevalence of approxi-
mately 8% [7]. A previously untreated root canal was detected in 42% of 
retreatments [8]. A second mesio-buccal root canal was present in 8% of 
retreatments for the maxillary molars [9,10]. Clinically, the presence of 
a second root canal in the mandibular incisors may require a modified 
access cavity preparation [11,12] or modifications in beam angulation for 
radiography [13]. Additionally, root canal preparation has to be adjusted 
according to the morphology of the root canal systems.

In a CBCT study, Monsarrat et al. investigated the anatomical inter-
relationships among permanent teeth. They determined whether a certain 
anatomy in one tooth is associated with that in another tooth. The number 
of root canals was recorded using 106 CBCT scans with a total of 2,424 
teeth studied. They found that patients with a second root canal in the man-
dibular incisors also had an increased risk of having a mandibular premolar 
with an additional root canal, with an odds ratio of 3.7 [14]. A number of 
studies have been published on the symmetry of the internal and external 
anatomy of human teeth [15-22]. A high degree of symmetry regarding the 
number and configuration of root canals could be helpful for endodontic 
treatment planning regarding the size and location of the access cavity, 
which should be related to the estimated number of root canals and prepa-
ration planning for accurately addressing the configuration of root canals. 

For successful root canal treatment, all root canals of a tooth need to be 
detected and treated. Especially in the mandibular incisors, it is difficult at 
times to locate the lingual root canal, if present. Therefore, it would be of 
interest to know more about the prevalence of bilateral symmetry regard-
ing the anatomy of the mandibular incisors regarding the number of root 
canals and internal anatomy. 

Accordingly, the present study aimed to evaluate the prevalence of 
internal symmetry in the mandibular incisors regarding the number and 
configuration of root canals using CBCT scans obtained for other purposes. 

Materials and Methods

The study was approved by the Ethics Committee of the University (no. 
7/6/11).

A total of 1,700 CBCT scans from a private dental office, obtained 
for reasons not related to this study, were retrospectively evaluated. The 
dental office’s main focus was general dentistry, dental surgery, and dental 
implantology, which were the primary reasons for obtaining large field-of-
view CBCT scans. 

The study inclusion criteria were as follows: 
- patients aged ≥18 years 
- all the mandibular incisors showed complete root development 
- there were no radiographic signs of apical resorption
- there were no radiographic signs of previous root canal treatment or 

apical surgery in the mandibular incisors 
- there were clearly visible root canal contours without severe calcifica-

tion signs
- sufficient quality of CBCT scans
- consent of patients to scientific evaluation of their anonymized scans
The exclusion criteria were as follows:
- missing mandibular incisors
- incomplete root development
- previous root canal treatment or apical surgery
- radiographical signs of apical resorption
- no visible root canal contours with severe calcification signs
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- insufficient quality of CBCT scans
- no consent of patients for evaluating their images for scientific pur-

poses
All scans were taken primarily for surgical purposes using the Galaxis 

Galileo (Sirona, Bensheim, Germany), which had a tube voltage of 85 kV 
and a tube current of 5-7 mA. The field-of-view was 15 cm3 and the voxel 
size was 0.3 mm3.

The scans were evaluated by a trained dentist who was familiar with 
the evaluation of CBCT scans. All four mandibular incisors were scrolled 
from the crown to the apex in the mesio-distal and bucco-oral projections 
and in the horizontal plane. The number of root canals and root canal mor-
phologies in all four lower anterior teeth were categorized as suggested by 
Vertucci [1]: 

type I (1-1): one root canal from the orifice to the apex (Fig. 1) 
type II (2-1): two root canals at the orifice fusing apically (Fig. 2)
type III (1-2-1): one root canal at the orifice, splitting and again fusing 
apically
type IV (2-2): two separate root canals from the orifice to the apex 
(Fig 3)
type V (1-2): one root canal splitting into two (Fig. 4)
type VI (2-1-2): two root canals at the orifice, joining and splitting again

type VII (1-2-1-2): one root canal splitting, joining, and splitting again 
with two apical openings
type VIII (3): three separate root canals
Data separately were collected for females and males. The patients’ age 

was grouped as follows:
18-35 years, 36-45 years, 46-55 years, and >56 years.

Statistical analysis
The Fisher’s exact test was used for all statistical analyses (α = 0.05). 

Results

A total of 302 CBCT scans met the inclusion criteria. The mean age of 
patients was 44.7 (range, 18-78) years, and 116 patients were male and 186 
were female (Table 1).

The central mandibular incisors had two root canals in 22.6% of 
patients and lateral incisors in 24.3% of the respective teeth. The type 
I configuration was observed in most teeth (76.4%), followed by type 
II (2-1) in 21.7%, and type V in 1.1%. Teeth with type IV, VI, VII, and 
VIII configurations were grouped together owing to their low prevalence, 
accounting for only 0.8% of all teeth. The type III configuration (1-2-1) 

Fig. 1   Vertucci’s classification type 1-1 (Vertucci type I)

Fig. 2   Vertucci’s classification type 2-1 (Vertucci type II and III) 

Fig. 3   Vertucci’s classification type 2-2 (Vertucci type IV, VI, and VII)

Fig. 4  Vertucci’s classification type 1-2 (Vertucci type V)
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was not detected in this study.
The bilateral occurrence of two root canals was detected in 17.5% of 

the central incisors and in 20.5% of the lateral incisors, and the total preva-
lence of symmetry in both the central and lateral two-canalled incisors was 
12.3% (Table 2). The symmetrical occurrence of the type I configuration 
was 77% in the lateral and 77% for the central mandibular incisors. The 
type II configuration was observed in 16.6% of the central and 19.2% of the 
lateral incisors. The type IV configuration was not present symmetrically 
in the central or lateral incisors of any patient. The type V configuration 
appeared in symmetry in 0.3% of the central incisors and in 0.7% of the 
lateral incisors (Table 3).

Males (n = 116) showed symmetry in 18% of the central and 17.2% 
of the lateral incisors with respect to the prevalence of two root canals. 
For females (n = 186), the prevalence of symmetrical, two-canalled central 
incisors was 17.2% and that of lateral incisors was 22.6% with no sig-
nificant difference compared with those in males (P < 0.05). Additionally, 
no significant influence of age was detected on symmetry regarding the 
number of root canals or regarding the root canal configuration (P < 0.05 
for all). Tables 2-4 summarize these results.

Discussion

Many different techniques have been proposed and used for the evaluation 
of the internal anatomy of teeth; these techniques include the microscopic 
evaluation of slices, decalcification (clearing techniques), or micro-CT. In 
contrast to such invasive or destructive techniques, which require prior 
extraction of teeth, digital radiography, periapical radiography, or CBCT 
have been proposed for use in morphological studies. Paes da Silva Ramos 
Fernandes et al. investigated the root canal configuration of 40 mandibular 
incisors using periapical radiographs, CBCT scans generated from three 
scanners, and micro-CT, which was considered as the gold standard. They 
reported higher accuracy for all techniques for the type I and type III 
configurations. CBCT was clearly superior for detecting oval root canal 
diameters [23].

Matherne et al. demonstrated that endodontists missed one or more 
root canals in more than 40% of the cases when viewing radiographs. 
This number was definitely reduced when evaluating using CBCT images 
[24]. The average number of root canals of the mandibular incisors was 
1.0 or 1.3 as assessed using the radiographic techniques charged coupled 
device and photostimulable phosphor plate, respectively, compared with 
1.5 as assessed using CBCT. Prado et al. compared different techniques, 
such as clinical microscopic investigation, clinical observation, and the 
clearing of extracted teeth. They demonstrated that microscopic investiga-
tion improved the identification of second root canals in the mandibular 
incisors. Observations identified 1.1%, microscopy identified 5.8% and 
clearing identified 23.5% of the 277 mandibular incisors with two root 
canals. No details on symmetry, however, were reported [25]. Micro-CT, 
sectioning, clearing, and inspection require previous teeth extraction and 
are therefore not suited for clinical use. Conversely, CBCT or radiography 
has been used for clinically evaluating the internal anatomy. Neelakantan 
et al. reported high accuracy of CBCT for identifying root canal systems 
among different techniques for studying the root canal anatomy [15,26]. 

In a comparative study on the root canal configuration of 122 extracted 
human premolars using CBCT with a voxel size of 0.08 mm3 and peri-
apical radiography with micro-CT as the gold standard, the performance 
of CBCT was equal to that of micro-CT and was clearly superior to that 
periapical radiography [27]. Accuracy in the description of the root canal 
configuration was 0.55 for radiography and 0.89 for CBCT, and values for 
sensitivity and specificity were 0.18 and 0.79 and 0.93 and 0.98, respec-
tively. Despite the high resolution, a number of configurations such as 
Vertucci types III, VII, and “others” were not detected in that study, which 
is consistent with the results of the present study. In this study, CBCT with 
a voxel size of 0.3 mm3 was used; the resolution used was lower than that 
used by Lin et al., Kayaoglu et al. and Xu et al. for the investigation of the 
root canal anatomy [19,21,28]. They evaluated scans obtained from CBCT 
with a voxel size of 0.20, 0.16, and 0.125 mm3. This lower resolution may 
be associated with some drawbacks when used for endodontic diagnosis 
or instrumentation; nevertheless, it was still precise enough for analyzing 
the number and morphology of root canals of the mandibular incisors. The 
same voxel size of 0.3 mm3 has been used in a previous study assessing 
the root canal morphology of anterior teeth in a Turkish population [29]. 

Although several other classifications have been described in the lit-
erature [30,31], in the present study, the Vertucci’s classification was used 
as this seems to be the most frequently used classification [6,29,32-34]. 
Not all root canal systems identified in the three-dimensional CBCT scans 
can be exactly classified using this classification system [35]. Ahmed et al. 
recently introduced a more detailed classification based on micro-CT scans 
[31], which could be used in future studies.

It is well known that with increasing age, the deposition of secondary 
dentine results in the narrowing and calcification of root canals, which con-
sequently impede the radiographic appearance of these structures [36-38]. 
It should be kept in mind that CBCT has some limitations for detecting 
extremely narrow root canals owing to its limited resolution [39], which 
may create clinical problems in assessing teeth that have suffered dental 
trauma or teeth in elderly people. Therefore, teeth with calcified root canals 
that were not visible in CBCT scans were excluded, as no evaluation was 
possible on the original number of root canals in these teeth. In the present 
study, no significant differences were detected between the different age 
groups in terms of the number of root canals and morphological symmetry. 
Moreover, the influence of sex on the prevalence of symmetries was not 
significant. Kayaoglu et al. reported that patients aged >56 years had fewer 
mandibular anterior teeth with two root canals than younger patients [19]. 
They also reported an influence of sex on the prevalence of two root canals 
in the mandibular canines but not in the incisors. The prevalence of two 
root canals in the mandibular incisors was significantly higher in males 
than in females in a Turkish population [29].

In comparative ex-vivo studies using extracted teeth, the external and 
internal anatomies should be fairly balanced between the experimental and 
control group[s] to avoid any anatomical bias [21,40]. In many studies, 
teeth were randomly assigned into groups, and other studies analyzed 
matched pairs, which at least showed similarity in the defined anatomi-
cal parameters. If certain tooth groups show a sufficiently high degree of 
symmetry, the pairs of contralateral teeth could be used for ex-vivo investi-
gations, as already suggested [21]. 

Table 1   Age and sex of patients included in the study

Participants Females Males Total
Age group (years) n n n
18-35 54 21 75
36-45 48 39 87
46-55 42 31 73
>56 42 25 67
Total 186 116 302

Table 2   Prevalence of symmetry of double root canals and of symmetry based on Vertucci’s 
classification

Bilateral occurrence of 
double root canals

Bilateral occurrence of 
identical Vertucci’s type

patients (n) % patients (n) %
31/41 53 17.5% 268 89.0%
32/42 62 20.5% 277 91.7%
31/41 and 32/42 37 12.3%

Table 4   Prevalence of symmetry in different age groups

 Symmetry of Vertucci’s classification (n) 
Age group 41/31 42/32
18-35 60.9% 75.0%
36-45 89.5% 82.0%
46-55 76.5% 72.0%
>56 61.1% 62.5%

Table 3   Number and percentage of root canal configurations

Tooth n type 1-1 type 1-2 type 2-1 type 2-2
32 302 234 77.5% 2 0.7% 64 21.2% 2 0.7%
31 302 228 75.5% 3 1.0% 68 22.5% 3 1.0%
41 302 232 76.8% 4 1.3% 65 21.5% 1 0.3%
42 302 229 75.8% 4 1.3% 65 21.5% 4 1.3%

Total 1,208 923 76.4% 13 1.1% 262 21.7% 10 0.8%
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The prevalence of the mandibular incisors with two root canals varies 
considerably between 11% and 68% [19]. Only a limited number of studies 
have investigated the symmetry in human teeth with regard to the number 
of root canals [15-22]. 

Anatomical symmetry regarding the number of root canals in the maxil-
lary and mandibular molars was as high as 70-81% [18]. Felsypremila et al. 
(2015) reported a similarly high prevalence of symmetry in the maxillary 
first (81.5%) and second (81.5%) as well as the mandibular first (96.1%) 
and second premolars (98.3%) in a CBCT evaluation of posterior teeth in 
an Indian subpopulation. The first molars (77.5% and 82.1%) presented 
a higher rate of symmetry than second molars (70.8% and 78.6%). The 
overall percentage of symmetry in the study was 83.9% (range, 70-98%), 
depending on the type of tooth [20]. In a study by Johnsen et al., micro-CT 
was used to investigate the number, length, width and internal anatomy of 
root canals of 41 pairs of intact premolars extracted for orthodontic reasons 
[22]. Overall, a high degree of symmetry was observed, except for in the 
apical region (foramina, accessory canals, and isthmi), which did not show 
symmetrical anatomy. Xu et al. even collected 60 pairs of contralateral 
premolars and compared root canal type, curvature, and length along with 
the apical foramen. In a strict protocol using CBCT (voxel size, 0.125 
mm3), only six pairs of teeth showed a degree of symmetry that was suited 
for comparative ex-vivo studies. In most of the pairs, root canal curvature 
was not symmetrical [21].

Kayaoglu et al. recently performed an investigation on root and root 
canal symmetry in mandibular anterior teeth in a Turkish subpopulation 
using CBCT. The symmetry in teeth with double root canals was 45% for 
the central and 29% for the lateral incisors, and the overall symmetry of 
the mandibular incisors ranged from 90-95% [19]. Lin et al. investigated 
the root canal morphology (number and Vertucci type of root canals) of 
mandibular incisors using CBCT in 353 Chinese patients. In 10.9% of the 
central incisors and 25.5% of the lateral incisors, a second root canal was 
detected. A total of 95.2% of the central incisors and 93.8% of the lateral 
incisors showed symmetry regarding the number of root canals, and 92.7% 
and 89.2%, respectively, showed symmetry regarding canal configuration 
[28]. 

A high overall prevalence of symmetry regarding root canal number to 
some extent is owing to the fact that the majority of mandibular incisors 
had only one root canal. Interestingly, however, the prevalence of sym-
metry regarding root canal number and configuration for incisors with two 
root canals was only moderate. Clinically, this implies that, in cases in 
which a one two-canalled incisor has been detected and treated, the con-
tralateral incisor with only moderate probability will also have two root 
canals with an identical or at least similar configuration. 

It can be concluded that the internal anatomy of a mandibular incisor 
cannot be exactly predicted from the root canal anatomy of the contra-
lateral tooth as the prevalence of symmetry regarding root canal number 
and configuration is only moderate. Thorough individual clinical and 
radiographic inspection of each mandibular incisor still remains manda-
tory. Considering three-dimensional CBCT for diagnostic reasons before 
performing root canal treatment in the mandibular incisors is helpful to 
ensure treatment of all root canals. 

For ex-vivo studies using the extracted mandibular incisors, using the 
contralateral incisors does not necessarily guarantee sufficient matching in 
terms of root canal number and configuration.
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