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Abstract 
 

 

Aim: This study aimed to evaluate the root canal morphology of Vertucci 
type I root canal configuration detected in mesial roots of mandibular 
first molar teeth using micro-computed tomography (Micro-CT). 

Methodology: Micro-CT datasets of 269 specimens were evaluated for 
the detection of specimens with Vertucci type I root canal configuration 
for further analysis. Major and minor diameter, area, perimeter and 
roundness of root canal cross-sections at the beginning and midline of 
each root thirds were measured and recorded. The presence of apical 
delta, accessory canals, and deviation of major apical foramen from 
anatomical apex were investigated. Data was analyzed using descriptive 
analysis, ANOVA-Tukey, and Kruskal-Wallis H-Wilcoxon signed-rank tests. 

Results: Vertucci type I canal configuration was present in the 4.46% of 
the specimens. The specimens often showed accessory root canals (50%) 
and apical deltas (41,6%). From the visual analysis of the 3D and 2D 
images, significant differences were detected among coronal, middle and 
apical thirds of the specimens regarding major and minor diameter, area, 
perimeter, and roundness (p<0.05). 

Conclusion: Three- and two-dimensional analyses of mesial roots with 
Vertucci type I canal configuration indicated that this type of 
configuration presents large buccolingual diameters with long oval shape 
and has isthmus at coronal and middle thirds. At the apical third the root 
canals often terminate in an oval cross-sectional shape. 
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Introduction 
 

A variety of anatomical structures of root canals 
including the isthmi, fins, canal branching, and dividing 

at different levels are frequently encountered (1). The 
anatomy of mesial root canal system has been revealed 
by different visualization techniques ranging from 
radiographs taken from different angles to the use of 
micro-computed tomography (micro-CT) (2). Micro-CT 
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is an advantageous technique that accurately reveals 
the anatomical features of root canal configurations 
(2). This technology provides high-quality images and 
results in the discovery of new anatomical variations, 
irregularities, and classification systems (3, 4). 
Detailed knowledge of these variations is one of the 
most critical phases of endodontic treatment, which 
aims to establish disinfection of the whole root canal 
system (5, 6). 

 Vertucci type I root canal configuration 
describes a single root canal continuing from pulp 
chamber to apex (7). Vertucci type I configuration is 
commonly seen in the distal roots of mandibular first 
molar teeth, however, this type of configuration is 
much less frequent in the mesial roots (8). Incidence of 
Vertucci type I configuration in the mesial roots of 
mandibular first molars has been reported to range 
between 1% and 12% in by various studies that utilized 
different visualization techniques in different 
populations (6, 7, 9, 10). A recent CBCT study 
evaluated the root canal configurations of mesial roots 
of mandibular molar teeth in Turkish population and 
reported the frequency of Vertucci type I canals as 3% 
(11). The present study aimed to make a quantitative 
evaluation of the mesial root canals of mandibular first 
molar teeth with Vertucci type I canal configuration. 

 
 

Materials and Methods 
 
The experimental procedure was independently 

reviewed by the Malatya clinical researches ethics 
committee in accordance with the World Medical 
Association Declaration of Helsinki, with the approval 
number: 2013/145. The mesial roots of 269 mandibular 
first molars collected from patients who gave written 
consent for participation to the study, from Turkish 
population were scanned on the micro-CT system 
(SkyScan 1172; Bruker-microCT, Kontich, Belgium), 
which was operated with the parameters of 100 kV and 
100 µA and produced slices with 2000 x 1330 pixel 
resolution and 10 µm pixel size using an 11 MP camera. 
The morphology of the specimens was visualized using 
Data Viewer and CTAn software (v.1.5, Bruker-
microCT). 

 Micro-CT images of 12 specimens with Vertucci 
type I canal configuration were selected for further 
analysis. The location and number of accessory root 
canals were recorded. Accessory canals were defined 
according to American Association of Endodontists 
(AAE) Glossary of Endodontic Terms (12). Presence of 
apical delta according to the criteria set in previous 
studies was recorded (13, 14). The frequency of 
accessory root canals and apical deltas were analyzed 
using frequency analysis. The number of apical 
foramina was also recorded for each specimen. 
Deviation of major apical foramen (MAF) from the 
anatomical root apex were recorded by measuring the 
vertical distance between the levels of anatomical root 
apex and termination of root canal as described in a 
previous study (Fig. 1) (15). 

 Measurements were performed in seven 
different levels of the roots. These levels were top of 
coronal, middle and apical thirds, middle of coronal, 
middle and apical thirds and the last slice of apical 
foramen (Fig. 2). Roundness, major and minor 
diameter, area and perimeter values of axial root canal 
cross-sections in each measurement points from major 
apical diameter to the most coronal slice were 
measured, recorded and compared.  
 

 
 

 
Figure 1. The presence of apical delta was recorded and 
deviation of major apical foramen from the anatomical root 
apex was measured as the vertical distance between the 
levels of anatomical root apex and termination of root canal. 

 
 

 
Figure 2. Representative 3D reconstruction of a specimen 
showing the segmentation of the root canal system: (1) top of 
coronal, (2) middle of coronal, (3) top of middle, (4) middle 
of middle, (5) top of apical, (6) middle of apical, (7) apical 
foramen.   

 
 

Statistical Analysis 
 
Shapiro-Wilk test, parametric tests were 

performed for the minor diameter data, whereas non-
parametric tests were performed for major diameter, 
perimeter, roundness and area. Minor diameter 
changes were analyzed with ANOVA and Tukey tests. 
Kruskal-Wallis H and Wilcoxon signed-rank tests were 
used to analyze the differences of major diameter, 
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perimeter, area and roundness values among the 
selected levels (SPSS Inc, Chicago, IL, USA). 

 
Results 

 
In a total of 269 specimens 12 of them showed 

Vertucci type I root canal configuration, which 
corresponded the 4.46% of the specimens. 

 Accessory root canals were detected in 6 
specimens (50%), which one of them showed 2 
accessory root canals whereas the remaining 5 
specimens showed a single accessory root canal. The 
numbers of the specimens showing accessory root 
canals were 2, 1 and 3 at the coronal, middle and apical 
third, respectively. One accessory canal was located at 
the distal aspect of the root, whereas the remaining 
was located at the mesial aspect of the roots.  

 Mean value for apical foramen deviation from 
anatomical apex was 0.48 ± 0.43 mm. The deviation of 

apical foramen ranged between 0.03 and 1.79 mm. 
Apical delta was detected in 5 specimens (41.6%) and 
the mean length of the apical delta ramifications was 
1.35 ± 0.45 mm. The number of apical foramen ranged 
between 1 and 7, while the mean apical foramen 
number per specimen was 2.3 ± 1.9.  

  Major and minor diameter values showed a 
consistent decrease from coronal to middle and apical 
thirds (Table 1). The changes in the major and minor 
diameters were statistically significant among the 
thirds of root canals (p<0.05). The root canals showed 
an oval cross-sectional shape throughout. Roundness 
values showed a significant increase at the beginning of 
the apical third (p<0.05), however oval cross-sectional 
shape remained. Area and perimeter values exhibited 
decrease from coronal to apical with the lowest values 
were detected at the foramen apicale levels.  
 
 

 
 
 
 
Table 1. Descriptive statistics for major diameter (mm), minor diameter (mm), roundness, area (mm2) and perimeter (mm) of 
Vertucci type I root canals at selected levels 

 

 Major diameter Minor diameter Roundness Area Perimeter 

Top of the coronal third 3.82  0.74a 0.59  0.11a 0.10  0.04a 1.16  0.43a 12.01  2.35a 

Middle of the coronal 
third 

3.64  0.76a 0.51  0.12a,b 0.10  0.04a 0.98  0.43a,b 10.56  1.73a 

Top of the middle third 2.88  0.77b 0.48  0.10a,b,c 0.13  0.06a 0.85  0.38a,b 8,47  1.51b 

Middle of the middle third 2.22  0.53b 0.43  0.10b,c 0.19  0.09a,b 0.66  0.22b,c 6,34  1.41c 

Top of the apical third 1.44  0.47c 0.43  0.09b,c 0.31  0.14b,c 0.43  0.15c,d 4,10  1.13d 

Middle of the apical third 0.98  0.42c,d 0.38  0.09c,d 0.40  0.16c 0.26  0.11d 2,74  1.00d,e 

Apical foramen level 0.45  0.21d 0.27  0.10d 0.56  0.16d 0.10  0.08d 1,32  0,63e 

 
* Different superscript letters in the same column indicate statistically significant difference (p<0.05). 

 
 
 
 

Discussion 
 

 
Mesial roots of mandibular first molars were 

reported to exhibit mostly Vertucci type VI and II 
configurations (8), which have been extensively studied 
using micro-CT regarding their anatomical features and 
treatment considerations (4, 16-18). Vertucci type I 
canal configuration is the most frequent configuration 
in the distal roots of the mandibular first molars, 

however it has been regarded as a less common 
configuration in the mesial roots.  

  The most important region has been 
considered as the apical part from therapeutical 
aspects (19). The deviations of major foramina from 
anatomical apices were reported to range between 0.2 
and 3.0 mm depending on tooth type and patient age 
(7, 20). In the present study, the mean value for 
deviation of major apical foramen from anatomical 
apex was 0.48 ± 0.43 mm extending a maximum value 
of 1.79 mm, which was within the limits previously 
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reported in the literature. Root canal ramifications 
such as accessory canals and apical deltas are formed 
following an interruption of the epithelial root sheath 
development, giving rise to a canal containing fine 
blood supply and nerves (21). These ramifications, 
which are difficult to clean, disinfect and, obturate, 
are also clinically important because they might be 
necrotic and/or harbor bacterial biofilms (21). In the 
present study, 6 specimens (50%) exhibited accessory 
root canals whereas 5 specimens (41,6%) showed apical 
delta formation. The presence of these ramifications 
might further complicate the disinfection and, 
obturation in addition to presence of enlarged 
buccolingual dimensions of main root canal. 

 Root canal configuration has been reported to 
be influenced by age and ethnicity of the patient. In 
the present study examined specimens were collected 
from Turkish population. A previous CBCT study 
examined 966 mandibular first molars in Turkish 
population and reported the frequency of a single canal 
as 3% (11). In this study 12 specimens were analyzed 
with micro-CT to evaluate the frequency of Vertucci 
type I configuration among 269 specimens, which 
corresponded 4.46%. Micro-CT also enabled to make 
quantitative analyses of axial sections at each 
millimeter.  

The buccolingual diameter of axial cross-sections 
at measurement points showed a constant increase 
from apical to coronal, whereas the cross-sectional 
shape changes from oval to long oval. The major 
diameter values showed significant decreases among 
the beginning of apical, middle and coronal thirds 
(Table 1). At the foramen apicale level, the major 
diameter ranged between 0.23 mm and 0.98 mm with 
the mean value of 0.45 ± 0.21 mm. Minor diameter 
values at this level ranged between 0.15 mm and 0.47 
mm with the mean value of 0.27 ± 0.10 mm. Maximum 
values of buccolingual and mesiodistal diameters at the 
foramen apicale levels might present difficulties in the 
effective shaping and filling procedures. A root canal 
preparation instrument with ISO #40 apical size would 
be insufficient to clean such mesial root canal showing 
Vertucci type I canal configuration. On the other hand, 
any further enlargement could lead to complications 
such as strip perforation of thin mesial roots or root 
fracture. This incompatibility between instrumental 
design and anatomy might make difficult effective 
disinfection, cleaning, and three-dimensional filling of 
Vertucci type I canal systems. 

 A previous study showed a similar enlarged 
apical diameters for the mesial root canals showing 
Vertucci type II configuration (16). The similarity 
between the apical sizes of Vertucci type II and I could 
be attributed to the hypothesis of Hess, that claimed 
roots belonged to younger individuals show a single 
large canal, which differentiate due to the dentinal 
vertical partitions caused by secondary dentin 
accumulation with age (22). Peiris et al also reported 
mesial roots of mandibular first molars have mostly a 
single large canal until the first decade and root canal 
configurations were completely defined at third and 
fourth decades (23). However, the patient ages were 
unknown during specimen collection. 

Conclusions 

 
Vertucci type I canal configuration could occur in 

4.46% of the mesial roots of mandibular first molars in 
the examined population and this type of configuration 
presents long oval cross-sectional shapes and long 
buccolingual diameters accompanied by the presence 
of an isthmus at the coronal and middle thirds, which 
might complicate biomechanical preparation and 
three-dimensional obturation of root canal systems.  
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