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Introduction: The aim of this study was to compare the accuracy of cone-beam computed
tomography (CBCT), digital radiography and tooth sectioning in evaluating root canal
morphology of mandibular incisors in an in vitro setting. Methods and Materials: A total of
76 samples were imaged using CBCT, and digital radiography in straight and angled views.
The samples were then sectioned at different distances from the apex for further visualization
under stereomicroscope. The agreement between the observers was statistically analyzed by
kappa correlation coefficient and the chi-square test. Results: The results showed that the
majority of the samples had a single canal (Vertucci’s Type I). CBCT analysis reported more
frequent multi-canal roots in comparison with the other techniques. In pairwise comparisons,
the highest agreement was found between digital radiographic imaging and microscopic crosssectioning both in terms of canal configuration and the number of root canals. Conclusion:
None of the used imaging techniques per se could adequately show the exact internal
anatomical configuration in accordance with the gold standard.
Keywords: Anatomy; Cone-Beam Computed Tomography; Digital Radiography; Incisor
Teeth

Introduction
uccessful endodontic treatment relies upon a thorough
S
knowledge about the internal anatomy of the teeth. Such
information is also of anthropological importance due to the
variations observed in different races [1]. Regarding the genetic
influences on the dental anatomy, different anatomical studies
are necessary in different racial groups.
Several methods have been proposed to study the internal
anatomy of the root canal system including root canal staining
and clearing [2, 3], conventional, digital and contrast-medium
enhanced radiography [4-6], and various types of computed
tomography [7-9]. None of the aforementioned techniques can
be addressed as the gold standard for evaluation of the internal
dental anatomy due to their inherent drawbacks [1].
Studies on internal anatomical details are frequently found
about mandibular [10] and more specifically maxillary molars

and premolars [1, 2, 11-13], whereas anatomical variability
within the root canal system of the mandibular incisors cannot
be overlooked. Mandibular incisors usually have a single root
containing a long narrow canal [14]. Often, a dentinal bridge
within the pulp space creates two canals within the single root
[15]. These two canals merge together to end in a single apical
foramen, but there is a possibility for them to be separated from
each other all throughout their pathway [16, 17]. Sometimes
inability to thoroughly clean, shape and obturate the lingual
canal causes failure of endodontic treatment.
Cone-beam computed tomography (CBCT), uses a fanshaped radiation source that creates three-dimensional images by
a 180-360 degree rotation and offers a reduced patient exposure in
comparison with conventional computed tomography. In
addition, another superiority of the resultant image is the lack of
structural superimpositions [18]. Capability of this technique in
detection of vertical root fracture [19], measuring the root canal
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length [20], determination of the root canal curvature [21],
evaluation of root canal changes following instrumentation [22]
and also evaluating the second mesiobuccal canal of the maxillary
first molars [11, 23] has also been studied.
Although morphological studies using CBCT are numerous,
to the best of our knowledge, there is no available study
comparing the diagnostic capability of this technique with
digital radiography and microscopically evaluated crosssections, especially in mandibular incisors. Therefore, the aim of
this in vitro study was to compare CBCT, digital radiography
and microscopically-evaluated cross-sections in evaluation of
root canal morphology of human mandibular incisors.

using Planmeca Promax 3D (Planmeca, Helsinki, Finland). The
images were taken at 84 kVp, 6 mA and 12-sec exposure. The field
of view (FOV) was set at 5×5 cm with the pixel size of 0.16 mm
and bit depth of 15. The images were analyzed by Planmeca
Romexis Viewer (Romexis software version 2.8.1) (Planmeca OY,
Helsinki, Finland) using a 17-inch monitor (L1752SE Series, LG
Corporations, South Korea) with a resolution of 1280×1024 pixels
in a dark room. Brightness and contrast for each image was
adjusted for better visualization. The images were precisely
evaluated by three independent oral and maxillofacial
radiologists. The images were visualized under similar conditions
as described above to ensure evaluators’ calibration.

Materials and Methods

Digital radiographic imaging
After mounting the teeth, digital radiographies were taken using
a photostimulable phosphor plate, (Digora, Soredex, Orion
Corporation Ltd., Helsinki, Finland) at 70 kVp and 8 mA. Each
sample was subjected to a straight (with 0° horizontal and 0°
vertical tube angulations) and an angled radiography (with +20°
mesially angled horizontal and 0° vertical tube angulations).
Images were visualized by Scanora (Soredex, Helsinki, Finland)
using the aforementioned monitor under similar circumstances.
The straight and mesially-shifted radiographies were visualized
by three independent endodontists, at least three times for each
observer to reduce intra-observer error. Image enhancement
option was also used to improve diagnostic ability. The
radiographies were also visualized under standardized
conditions to ensure evaluators’ calibration.

In this study, 76 freshly extracted mandibular incisors obtained
from southern Iranian population without any cracks, fractures
or external root resorption were selected. Teeth were randomly
divided into 19 groups (n=4) for imaging convenience. The
roots were immersed into melted wax to simulate periodontal
ligament space. Then, the samples were mounted in acrylic
blocks. In order to simulate bone trabeculation, dried and
powdered sheep skull was equally mixed with acrylic resin
powder before preparation of the acrylic blocks.
CBCT imaging
The peripheral part of each sample was covered with four layers
of rose wax to simulate soft tissue. CBCT scans were carried out

Table 1. Frequency of different morphological types according to Vertucci’s classification observed by different methods
Type I
Type II
Type III
Type IV
Type V

Digital Radiography N (%)
40 (52.6)
1 (1.3)
24 (31.6)
0 (0)
11 (14.5)

Microscopic Evaluation N (%)
53 (69.7)
4 (5.3)
19 (25)
0 (0)
0 (0)

CBCT N (%)
33 (43.4)
4 (5.3)
38 (50)
0 (0)
1 (1.3)

Table 2. Agreement crosstab between digital radiographic imaging and CBCT groups in terms of canal counts

Digital Radiography N (%)

Type I
Type II
Type III
Type IV

Type I
27 (35.5)
6 (7.9)
0 (0)
0

CBCT N (%)
Type II
Type III
13 (17.1)
0 (0)
29 (38.2)
0 (0)
0 (0)
0 (0)
1 (1.3)
0 (0)

Type IV
0 (0)
0 (0)
0 (0)
0 (0)

Table 3. Agreement crosstab regarding internal anatomy of the specimens according to Vertucci’s classification between different techniques

Microscopic Evaluation N (%)

Type I
Type II
Type III
Type IV
Type V
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Type I
30 (39.5)
2 (2.6)
1 (1.3)
0 (0)
0 (0)

CBCT N (%)
Type II
Type III
0 (0)
23 (30.3)
1 (1.3)
1 (1.3)
3 (3.9)
14 (18.4)
0 (0)
0 (0)
0 (0)
0 (0)

Type IV
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Type V
0 (0)
0 (0)
1 (1.3)
0 (0)
0 (0)

Evaluation of root canal morphology in mandibular incisors

Microscopic evaluation of cross-sections
After removing the samples from the acrylic blocks, they were
mounted in a liquid adhesive. The teeth were decoronated to reach
an average root length of 12 mm. The samples were then sectioned
at 6 equal distances from the apex to create 2 mm-thick slices from
each sample, using a saw microtome (Leitz 1600 Saw operative
dentistry Microtome, Ernst Leitz, Wetzler, Germany). The sections
were visualized by an oral and maxillofacial pathologist under a
stereomicroscope (Zeiss DSM 940A, Carl Zeiss Inc., Oberkochen,
Germany) under 40× magnification. All observers were blinded to
each other’s visualizations.
The data gained through either of the aforementioned
techniques, were recorded according to Vertucci’s classification
[15, 24]. The agreement between the observers was statistically
analyzed by kappa coefficient.

Results
A total of 76 samples were evaluated in this study. All three
methods of evaluation showed that the majority of the samples
had a single canal with Type I configuration according to
Vertucci’s classification, except for CBCT imaging which
indicated Vertucci’s Type III to be the most frequent
anatomical configuration (Table 1). CBCT viewers reported
more frequent multi-canal observations in comparison with
those using other techniques. The results of the root canal
configurations are shown in Table 1 for each method of
evaluation. In addition, the agreement between the methods of
evaluation in terms of canal configuration according to the
Vertucci’s configuration system as well as the canal counts are
shown in Tables 2 to 5. In general, according to the kappa
statistical test, the agreement between CBCT and digital
radiographic imaging observers in canal configuration was
0.48. On the other hand, in terms of canal configuration based
on Vertucci’s classifications, the agreement between CBCT

and digital radiographic imaging with cross-sections was 0.420
(P=0.001) and 0.618 (P=0.026), respectively.
Totally, in terms of canal counts, the agreement between
CBCT and cross-sections was 0.500 (P=0.28). Also, the
agreement between digital radiographic imaging and crosssection was calculated to be 0.657 according to the kappa
statistics (P=0.004). The agreement of the CBCT and crosssection methods in detection of root canals classified as
Vertucci’s Type I and non-Type I configurations was 0.18
according to the kappa statistics. In addition, the agreement
between digital radiographic imaging and cross-sections
methods in diagnosing root canals classified as Vertucci’s Type
I and non-Type I configurations was calculated to be 0.309
using kappa statistics. Because of the low value of kappa
coefficient, sensitivity and specificity of the digital
radiographic imaging and CBCT methods were calculated in
comparison with cross-sections method. Accordingly, the
sensitivity and specificity of the CBCT in comparison with
cross-section method was 0.340 and 0.913, respectively; and
the area under curve was calculated to be 0.626. The sensitivity
and specificity of digital radiographic imaging compared with
cross-section method was found to be 0.623 and 0.739,
respectively; and the area under curve for this calculation was
found to be 0.681.

Discussion
The aim of this study was to compare CBCT, digital
photostimulable phosphor plate radiography and microscopic
cross-sectioning in evaluation of root canal morphology of
human mandibular incisors in an in vitro setting. The samples
included freshly extracted mandibular incisors obtained from a
Southern Iranian population.

Table 4. Agreement crosstab regarding internal anatomy of the specimens according to Vertucci’s classification between digital radiographic
imaging and cone-beam computed tomography
CBCT N (%)
Type I
Type II
Type III
27 (35.5)
1 (1.3)
12 (15.8)
Type I
0 (0)
0 (0)
1 (1.3)
Type II
Digital Radiography N (%)
3 (3.9)
1 (1.3)
19 (25)
Type III
0 (0)
0 (0)
0 (0)
Type IV
3 (3.9)
2 (2.6)
6 (7.9)
Type V

Type IV
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Type V
0 (0)
0 (0)
1 (1.3)
0 (0)
0 (0)

Table 5. Agreement crosstab regarding internal anatomy of the specimens according to Vertucci’s classification between digital radiographic
imaging and microscopically evaluated cross-sections
Digital Radiographic Imaging N (%)
Type I
Type II
Type III
Type IV
34 (44.7)
0 (0)
12 (15.8)
0 (0)
Type I
2 (2.6)
0 (0)
1 (1.3)
0 (0)
Type II
Cross-sections N (%)
4 (5.3)
1 (1.3)
11 (14.5)
0 (0)
Type III
0 (0)
0 (0)
0 (0)
0 (0)
Type IV
0 (0)
0 (0)
0 (0)
0 (0)
Type V

Type V
7 (9.2)
1 (1.3)
3 (3.9)
0 (0)
0 (0)
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Conclusion

Figure 1. A) Angled and B) straight radiographies
Regarding the influence of ethnicity on the anatomical
configuration of the root canals [1, 25], the results of this study
can be extrapolated to the Southwestern Asian communities
with caution and more extensive studies with larger sample sizes
are recommended.
Various techniques have been recommended for evaluation
of the internal anatomy of the teeth in vitro, as stated by some
authors [11, 12, 26]. According to the literature, evaluation of
root cross-sections at different distances from the apex is
considered as one of the assessment methods and is considered
as the gold standard [27, 28].
In this investigation, root canal configuration was evaluated
according to Vertucci’s classification [15, 24]. The most frequent
root canal configuration for human mandibular incisors in this
study was found to be Vertucci’s type I indicating a single canal
with a single orifice ending in a single apical foramen. This
configuration has been frequently observed in various
investigations worldwide [16, 17, 29, 30].
The canal counts reported by CBCT observers was higher than
those of digital radiography evaluators. This was also found in the
study by Matherne et al. [31] who compared use of CBCT, charged
coupled device (CCD) and photostimulable phosphor plate (PSP)
digital radiography in identification of the root canal system. Such
findings can be attributed to the fact that while observing a CBCT
image, numerous and minor anatomical intricacies such as dentinal
septa or calcified bridges can be indistinguishable with a separating
root canal wall. This is also noteworthy that the high agreement
between CBCT observers can indicate that even minor anatomical
complexities can uniformly be diagnosed by different observers
using this three-dimensional imaging technique.
On the other hand, as stated previously the agreement
between digital radiography observers was low which can be
explained by the fact that detection of minor anatomical
complexities through the two-dimensional radiographic image
even with angular modifications is difficult and can be
misleading even for experienced practitioners. In addition,
digital radiography observers had more agreement with the
results obtained by the gold standard. This can be explained by
the point that endodontists observing the radiographs in two
different horizontal angulations, could incorporate their clinical
experience with their observations to rule out minor
calcifications within the root canal system. Therefore, in
determining the exact anatomical configuration of the root canal
system, highly experienced observers and precise two- and, if
required, three-dimensional imaging techniques are required.
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Although the most frequently found anatomical configuration
in mandibular incisors was Vertucci’s Type I, the methods of
evaluation did not have adequate agreement especially in more
complicated canal configurations. Finally to conclude, none of
the used imaging techniques per se could adequately show the
exact internal anatomical configuration in mandibular incisors.

Acknowledgment
The authors would like to thank Dr. Tahereh Fattah and Dr.
Parisa Jafarnejadi for their careful review of the manuscript and
Dr. Sara Jambarsang for her careful statistical revision.
Conflict of Interest: ‘None declared’.

References
1. Han X, Yang H, Li G, Yang L, Tian C, Wang Y. A study of the
distobuccal root canal orifice of the maxillary second molars in
Chinese individuals evaluated by cone-beam computed
tomography. Journal of Applied Oral Science. 2012;20(5):563-7.
2. Alavi AM, Opasanon A, Ng YL, Gulabivala K. Root and canal
morphology of Thai maxillary molars. International endodontic
journal. 2002;35(5):478-85.
3. Vertucci FJ. Root canal morphology of mandibular premolars. The
Journal of the American Dental Association. 1978;97(1):47-50.
4. Fan B, Gao Y, Fan W, Gutmann JL. Identification of a C-shaped
canal system in mandibular second molars-part II: the effect of
bone image superimposition and intraradicular contrast medium
on radiograph interpretation. Journal of Endodontics.
2008;34(2):160-5.
5. Patel S, Dawood A, Wilson R, Horner K, Mannocci F. The detection
and management of root resorption lesions using intraoral
radiography and cone beam computed tomographyâ€“an in vivo
investigation. International endodontic journal. 2009;42(9):831-8.
6. Pineda F, Kuttler Y. Mesiodistal and buccolingual
roentgenographic investigation of 7,275 root canals. Oral Surgery,
Oral Medicine, Oral Pathology. 1972;33(1):101-10.
7. Fan B, Yang J, Gutmann JL, Fan M. Root canal systems in
mandibular first premolars with C-shaped root configurations. Part
I: Microcomputed tomography mapping of the radicular groove
and associated root canal cross-sections. Journal of Endodontics.
2008;34(11):1337-41.
8. Plotino G, Grande NM, Pecci R, Bedini R, Pameijer CH, Somma F.
Three-dimensional imaging using microcomputed tomography for
studying tooth macromorphology. The Journal of the American
Dental Association. 2006;137(11):1555-61.
9. Sberna MT, Rizzo G, Zacchi E, Cappare P, Rubinacci A. A
preliminary study of the use of peripheral quantitative computed
tomography for investigating root canal anatomy. International
endodontic journal. 2009;42(1):66-75.
10. Neelakantan P, Subbarao C, Ahuja R, Subbarao CV. Root and canal
morphology of Indian maxillary premolars by a modified root canal
staining technique. Odontology. 2011;99(1):18-21.

Evaluation of root canal morphology in mandibular incisors
11. Domark JD, Hatton JF, Benison RP, Hildebolt CF. An Ex Vivo
Comparison of Digital Radiography and Cone-Beam and Micro
Computed Tomography in the Detection of the Number of Canals
in the Mesiobuccal Roots of Maxillary Molars. Journal of
Endodontics. 2013.
12. Degerness RA, Bowles WR. Dimension, anatomy and morphology
of the mesiobuccal root canal system in maxillary molars. Journal
of Endodontics. 2010;36(6):985-9.
13. Neelakantan P, Subbarao C, Ahuja R, Subbarao CV, Gutmann JL.
Cone-beam computed tomography study of root and canal
morphology of maxillary first and second molars in an Indian
population. Journal of Endodontics. 2010;36(10):1622-7.
14. Milani AS, Froughreyhani M, Rahimi S, Jafarabadi MA, Paksefat S.
The effect of root canal preparation on the development of dentin
cracks. Iran Endod J. 2012;7(4):177-82.
15. Vertucci FJ. Root canal morphology and its relationship to
endodontic procedures. Endodontic Topics. 2005;10(1):3-29.
16. Aminsobhani M, Sadegh M, Meraji N, Razmi H, Kharazifard MJ.
Evaluation of the Root and Canal Morphology of Mandibular
Permanent Anterior Teeth in an Iranian Population by Cone-Beam
Computed Tomography. Journal of Dentistry of Tehran University
of Medical Sciences. 2013;10(4):358-66.
17. Ashofteh Yazdi K, Jafari A. Study of the Internal Anatomy of the
Mandibular Incisor Teeth. Journal of Dentistry of Tehran
University of Medical Sciences. 2004;1(4):43.
18. Cotton TP, Geisler TM, Holden DT, Schwartz SA, Schindler WG.
Endodontic applications of cone-beam volumetric tomography.
Journal of Endodontics. 2007;33(9):1121-32.
19. Brady E, Mannocci F, Brown J, Wilson R, Patel S. A comparison of
CBCT and periapical radiography for the detection of vertical root
fractures in non-endodontically treated teeth. International
endodontic journal. 2013.
20. Connert T, Hulber JM, Godt A, Lost C, Elayouti A. Accuracy of
endodontic working length determination using cone beam
computed tomography. International endodontic journal. 2013.
21. Park PS, Kim KD, Perinpanayagam H, Lee JK, Chang SW, Chung
SH, Kaufman B, Zhu Q, Safavi KE, Kum KY. Three-dimensional
analysis of root canal curvature and direction of maxillary lateral
incisors by using cone-beam computed tomography. Journal of
Endodontics. 2013;39(9):1124-9.
22. Marzouk AM, Ghoneim AG. Computed Tomographic Evaluation
of Canal Shape Instrumented by Different Kinematics Rotary
Nickel-Titanium Systems. Journal of Endodontics. 2013.

23. Vizzotto MB, Silveira PF, Arus NA, Montagner F, Gomes BP, da
Silveira HE. CBCT for the assessment of second mesiobuccal (MB2)
canals in maxillary molar teeth: effect of voxel size and presence of
root filling. International endodontic journal. 2013;46(9):870-6.
24. Vertucci FJ. Root canal anatomy of the human permanent teeth.
Oral Surgery, Oral Medicine, Oral Pathology. 1984;58(5):589-99.
25. Neelakantan P, Subbarao C, Subbarao CV. Comparative Evaluation
of Modified Canal Staining and Clearing Technique, Cone-Beam
Computed Tomography, Peripheral Quantitative Computed
Tomography, Spiral Computed Tomography, and Plain and
Contrast Medium-enhanced Digital Radiography in Studying Root
Canal Morphology. Journal of Endodontics. 2010;36(9):1547-51.
26. Kartal N, YanikoÄ F. The incidence of mandibular premolars with
more than one root canal in a Turkish population. Journal of
Marmara University Dental Faculty. 1992;1(3):203.
27. Blattner TC, George N, Lee CC, Kumar V, Yelton CDJ. Efficacy of
cone-beam computed tomography as a modality to accurately
identify the presence of second mesiobuccal canals in maxillary first
and second molars: a pilot study. Journal of Endodontics.
2010;36(5):867-70.
28. Khedmat S, Assadian H, Saravani AA. Root Canal Morphology of
the Mandibular First Premolars in an Iranian Population Using
Cross-sections and Radiography. Journal of Endodontics.
2010;36(2):214-7.
29. Leoni GB, Versiani MA, Pecora JD, Damiao de Sousa-Neto M.
Micro-Computed Tomographic Analysis of the Root Canal
Morphology of Mandibular Incisors. Journal of Endodontics.
2014;40(5):710-6.
30. Milanezi de Almeida M, Bernardineli N, Ordinola-Zapata R, VillasBoas MH, Amoroso-Silva PA, Brandao CG, Guimaraes BM, Gomes
de Moraes I, Hungaro-Duarte MA. Micro-computed tomography
analysis of the root canal anatomy and prevalence of oval canals in
mandibular incisors. Journal of Endodontics.39(12):1529-33.
31. Matherne RP, Angelopoulos C, Kulild JC, Tira D. Use of ConeBeam Computed Tomography to Identify Root Canal Systems In
Vitro. Journal of Endodontics. 2008;34(1):87-9.

Please cite this paper as: Assadian H, Dabbaghi A, Gooran M, Eftekhar
B, Sharifi S, Shams N, Dehghani Najvani A, Tabesh H. Accuracy of
CBCT, Digital Radiography and Cross-Sectioning for the Evaluation of
Mandibular Incisor Root Canals. Iran Endod J. 2016;11(2):106-110. Doi:
10.7508/iej.2016.02.006.

P

IEJ Iranian Endodontic Journal 2016;11(2): 106-110

110

