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Abstract:
Aim: To compare the accuracy of CBCT, Digital Radiography and Intra Oral Periapical Radiography in evaluating the root

canal morphology of the maxillary second premolar teeth.

Methodology: 76 freshly extracted maxillary second premolars obtained without any cracks, fractures or external root
resorption was selected. The peripheral part of samples was covered with modeling wax to simulate soft tissue Samples are
then subjected to intra oral periapical radiography, digital radiography and CBCT. All the stages were performed by a
trained operator. Exposure parameters were set at 65 kVp, 7.5 mA and an exposure time of 0.80 seconds for conventional
radiographs and 0.40 seconds for digital radiographs. The distance between the buccal surface and the focal spot was 20
inches. The E-speed film (Kodak) was used in the conventional method. The films were developed in the same day Digital
image were taken by direct system using CCD receptor of 23w14%4mm size. The images were prepared with Adstra
software. CBCT scans were carried out using Planmeca Promax 3D (Planmeca, Helsinki,). 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

Results: Type Il configuration (35.59%) according to vertucci's classification was most prevalent in 10PAR group followed by
Type IV configuration (31.6%), Type (28.9%), Type V(2.6%), Type lll (1.3%). In RVG group Type | configuration (34.2%)
according to vertucci’s classification was most prevalent followed by Type Il configuration (31.6%), Type IV (30.6%), Type
V(2.6%), Type Ill (1.3%). In CBCT group 1lype Il configuration (35.5%) according to vertucci’s classification was most
prevalent followed by Type IV configuration (32.9%), Type | (28.9%), Type V (1.3%), Type Il (1.3%).

In general, according to the kappa statistical test, the agreement between 10PAR and digital radiographic imaging in canal
configuration was 924 (P-0.001). On the other hand, in terms of canal configuration based on Vertucci's classifications, the
agreement between CBCT and IOPAR is .942 (P=0.001). Totally, in terms of canal counts, the agreement between CBCT and
10PAR 1s .866 (P=0.001). On comparing the groups, statistically significant results obtained with Group Il (CBCT)
Suggesting a better efficiency for CBCT in evaluating the root canal morphology than Group | (RVG) & Il (10PAR).
Interpretation & Conclusion: Within the limitations of this study, it is concluded that ,the accuracy in determining the root
canal morphology was increased by use of CBCT scan in comparison with Digital Radiography, Intra Oral Periapical
Radiography.

Keywords: Root Canal Morphology, Maxillary Second Premolar, Digital Radiography, Intra Oral Periapical Radiography,
CBCT

Introduction can occulr in all groups of teeth which can be extremely
complex.
A thorough knowledge of the root and root canal
morphology is needed for the success of root canal therapy
so as to locate all existing canals and properly clean, shape,
and obturate the root canal space three-dimensionally.
Internal and external anatomies of teeth have been

studied and the studies revealed that anatomic variations

Internal complexities of the root canal have a perfect
significance in anthropology and are determined
genetically. External surfaces always have a relatively
simple and uniform anatomy where the complexities of
internal anatomy are often being masked. It is extremely
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important for us to have knowledge of root canal anatomy
locating and negotiating canals for systematic canal
debridement and to prevent misdiagnosis as well as errors
during instrumentation, which all can influence the success
rate of endodontic treatment. Differences in root canal
anatomy and root morphology as a function of race are
well established.’

One of the most difficult teeth to treat endodontically are
maxillary second premolars. Many factors such as the
number of roots, the number of canals, the direction and
longitudinal depressions of the roots, the various pulp
cavity configurations, and the difficulties in visualizing the
apical limit by radiographs could be the reasons behind
that. Root canal morphology of maxillary second premolar
teeth has been investigated and reported significant
variations.?

Various methods used to study the internal anatomy of the
root canal system includes root canal staining and clearing,
conventional, digital and contrast-medium enhanced
radiography, and various types of computed tomography.
An ideal method should be accurate, Simple, non
destructive, and most importantly, a feasible technique in
the in Vivo scenario in order to find the root canal
morphology. Tooth clearing and Sectioning are considered
useful and accurate; however, these methods are limited
to extracted teeth and can damage the specimens.
Radiography is a conventional method used to identify the
root canal morphology; however, it only provides two-
dimensional images of three-dimensional objects, resulting
in distortion and superimposition. CBCT can non invasively
document the internal and external morphologies of a
tooth, although their features are different.*

Conventional Radiography is a traditional method which is
routinely used in the field of endodontics. This technique is
unlikely to show the complexities of the root canal
anatomy with conventional radiography, although it may
demonstrate the main features. Longer preparation time,
developing and fixation errors, inability to archive and
manipulate the images and a higher required the main
disadvantages which we face while using the conventional
radiography especially when images need to be repeated.’

Considering the limitations of it, digital imaging has been
introduced recently. One of the superior characteristics in
digital radiography is its ease of handling and also the
benefits from various software programs. Direct digital
radiography is often more effective than conventional
intraoral films except from its limited resolution of images,
with features such as real time imaging lower X-ray dose
levels up to 60%, higher sensitivity, low noise levels at
higher spatial frequencies, no silver halide, possibility of
image manipulation and digital storage.6

CBCT is a modified form of conventional CT which is widely
used in detecting root canal morphology which overcomes
the drawbacks of other techniques for use in clinical
practice. CT allows a three dimensional reconstruction of
root canal systems which is its main advantage. When it
comes to the localization and description of root canal
systems precisely CT has been suggested as the
preferential imaging modality due to its ability to give a
three dimensional information. An extra oral imaging
scanner is added to Cone-beam computed tomography
(CBCT) which gives a three dimensional scans of the
maxillofacial skeleton at a considerably lower radiation
dose than conventional CT.”

Therefore, the aim of this in vitro study was to compare
CBCT, digital radiography and conventional radiography in
the evaluation of root canal morphology of human
maxillary second premolars.

METHODOLOGY:

Freshly extracted intact permanent maxillary second
premolars with fully formed apices undergoing extraction
at oral surgery department at KVG dental college and
hospital Sullia and private dental clinics were collected for
this study. Teeth with internal/external resorption,
malformed teeth, teeth with developmental anomalies,
teeth with Vertical/ horizontal fractures, teeth with
Calcified canals, Root canal treated teeth and teeth with
any restorations were excluded. At total of 76 teeth were
selected for this study Ihe peripheral part of samples was
covered with modeling wax to Simulate Sot tissue. Samples
are then subjected to intra oral periapical radiography,
digital radiography and CBCT.

Inventional radiography & digital radiographic imaging:

All the stages were performed by a trained operator.
Exposure parameters were set at 65 kVp. 7.5 mA and an
exposure time of 0.80 seconds for conventional
radiographs and 0.40 seconds for digital radiographs. The
distance between the buccal surface and the focal was 20
inches. E-speed film (Kodak) was used in the conventional
method. The films were developed in the same day. Digital
images were taken by direct system using CCD receptor of
25x14x4mm size. The images were prepared with Adstra
software.

Cbct imaging

The peripheral part of each sample was covered with
modeling wax to simulate soft tissue. CBCT scans were
carried out 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 5x5 cm
with the pixel size of 0.16 mm and bit depth of 15. The
images C analyzed by Planmeca Romexis Viewer (Romexis
software version 2.8.1) (Planmeca QY, Helsinki, Finland)
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using a 17-inch monitor (LI752SE Series, LGG corporations,
South Korea) with a resolution of 1280x1024 plxels in a
dark room. Brightness and contrast for each image was
adjusted for better visualization.

RESULTS

A total of 76 samples were evaluated for root canal
morphology using RVG, IOPAR and CBCT. Root canal
configurations of three groups were compared using kappa
statistical test.

Table 1: Frequency of different morphological types
according to vertucci’s classification observed by different
methods

GROUP
GROUP | (IOPAR)  GROUP Il (RVG) GROUP Il (CBCT)
Type | 22 (28.9%) 26 (34.2%) 22 (28.9%)
Type Il 27 (35.5%) 24 (31.6%) 27 (35.5%)
Type IlI 1(1.3%) 1(1.3%) 1(1.3%)
Type IV 24 (31.6%) 23 (30.3%) 25 (32.9%)
Type V 2 (2.6%) 2 (2.6%) 1(1.3%)
TOTAL 76 (100%) 76 (100%) 76 (100%)
Type |l configuration (35.5%) according to vertucci's

classification was most prevalent in 10PAR group followed
by Type IV configuration (31.6%), Type | (28.9%), Type
V(2.6 %), Type 111(1.3%). In RVG group Type | configuration
(34.2%) according to vertucci’s classification was most
prevalent followed by Type Il configuration (31.6%), Type
IV (30.6%), Type V (2.6 %), Type lll (1.3%). In CBCT group
Type Il configuration (35.5%) according to vertucci’s
classification was most prevalent followed by Type IV
configuration (32,9%), Type | (28.9%), Type V(1.3%)., Type
I11(1.3%). Greater number of root canal systems was
reported by Group 1l (CBCT) than Group | (RVG) and
Group Il (IOPAR).

According to the kappa statistical test, in terms of canal
configuration, the agreement between Group | (RVG) and
Group Il (IOPAR ) in canal configuration was 924 (P=0.001)
,between Group Il (CBCT) and Group Il (10PAR) is .942 (P-
0.001), Group Il (CBCT) and Group | ( RVG) is .866 (P-0.001)
respectively suggesting a statistically significant results for
Group Il (CBCT) when compared with other groups.

In the current study, the statistical analysis revealed
significantly greater accuracy for Group Il (CBCT), when
compared with Group Il 10PAR) and Group (RVG). Group I
(IOPAR) showed a significantly higher accuracy than RVG.
(RVG) and Group Il (IOPAR).

Discussion

Various methods used to study the internal anatomy of the
root canal system includes root canal staining and clearing,
conventional, digital and contrast-medium enhanced
radiography, and various types of computed tomography.

An ideal method should be accurate, simple, non
destructive, and most importantly, a feasible technique in
the in vivo scenario in order to find out the root canal
morphology. Tooth clearing and sectioning are considered
useful and accurate, however, these methods are limited
to Extracted teeth and can damage the specimens.

The dentist must be familiar with the various pathways
that root canals take to the apex. The pulp canal system is
complex and canals may branch, divide and rejoin. Weine
categorized the root Canal systems in any root into four
basic types. Vertucci et a, utilizing cleared teeth which had
their pulp cavities stained with hematoxalin dye, found a
much more complex Canal system and identified eight pulp
space configurations.

Maxillary second premolar supplements maxillary first
premolar in function. It is less angular, giving a more
rounded effect to the crown from all aspects. It has a single
root. From the buccal aspect it is noticed that the buccal
cusp of the second premolar is not as long as that of the
first premolar and it appears less pointed. Also the mesial
slope of the buccal cusp ridge is usually shorter than distal
slope. Weine stated that second premolar has single root
with ovoid canal in 60 % cases. It is well known that tooth
anatomy varies according to racial origin. Therefore it is
very important to be familiar with variations in tooth
anatomy and characteristic features in various racial
groups since such knowing can aid in location and
negotiation of canals, as well as their subsequent
management

Digital imaging in dentistry is a rapidly changing field.
Within a span of years, new devices and computers
systems have been introduced to record A-ray images and
to manipulate those images using a variety or 1lmage
processing operations. These developments have
generated interest and excitement, as well as exaggerated
claims of Superiority.

The aim of this study was to compare conventional
radiography, digital radiography and CBCT, in evaluation of
root canal morphology of human maxillary second
premolars in an in vitro setting. A total of 76 maxillary
second premolars were evaluated in this study. The teeth
were mounted in wax and subjected to conventional
radiography, digital radiography and CBCT. The images
were then evaluated in order to determine the root canal
configuration based on Vertucci's classification. In the
present study, Group | (IOPAR group), exhibited Type II
configuration (35.50%), Type IV configuration on (31.6%),
Type 1 (28.9%), Type V(2.6 %) and Type | (1.3%).

The results are comparable with the previous study
conducted by Al-Nazhan S et al who concluded that more
than 50% of the second maxillary premolar is having two
canals and found out Type Il configuration (42.4%) was
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more prevalent followed by Type | (39.6%), Type IV (16.9%)
in Saudi Arabian sub population.

In the present study, Group (Digital Radiography Group),
exhibited Type Il configuration (31.6%), Type IV (30.6%),
Type V(2.6 %) and Type Il (1.3%).

The results are comparable with the study conducted by
Raj et al who found out more incidence of Type II
configuration (33.6%), followed by Type IV (31.1%) and
Type | (29.2%) in maxillary second premolars using clearing
technique which 1s alsO Supporting with the results of this
study.1

In the current study, Group 111 (CBCT group ) exhibited
Type Il configuration (35.5%), Type IV configuration
(32.9%), Type | (28.9%), Type V(1.3%) and Type Ill (1.3%).

Algedairi A et al found out Type | (49.4%), Type Il (25.8%),
Type Il (5.%), Type IV (11.6%), Type V (5.7%) and Type VI
(1.6%) in maxillary second premolars of Saudi population
using CBCT.'®

AL-Ghananeem et al found out Type IV (60.8%) was most
prevalent followed by Type Il (24.9%), Type | (13.8%), and
Type VII (0.46%) in maxillary second premolars of
Jordanian population using CBCT.?

Celikten B et al concluded that most root canal

configurations were Type | (49.4%) the maxillary second

premolars, followed by Type Il (27.8%), Type IV (10.5%)

Type V (2%) and Type Il (1.7%) in Turkish Cypriot
. . 32

population using CBCT.

According to the kappa statistical test, the agreement
between 10PAR and digital radiographic imaging in canal
configuration was .924 (P-0.001), indicating that the
accuracy of conventional radiography is better than digital
radiography in determining root canal morphology.

Moshfegi et al concluded that, the highest diagnostic
accuracy was achieved by conventional radiographic
images when compared with digital radiographic images in
determining root canal morphology.’

Wu DM et al concluded that there is only a limited value of
Direct Digital Radiography (DDR ) alone when studying root
canal type. The results of their study are pretty much
comparable with our study where the results are showing a
significant difference in checking the accuracy of DDR
when compared with IOPAR and CBCT."

Gullickson et al studied the root canal morphology using
digital image processing technique and concluded that this
will be an effective method of evaluating instrumentation
procedures. They also told that morphology of the root
canal could be followed from before instrumentation
through completion using the same tooth."™

A digital image is an image formed and represented by a
spatially distributed set of discrete sensors and picture
elements (pixels), respectively. Comparisons based on the
ability to perceive artificial test patterns suggest that digital
images are not as good as or are the equivalent of film.
While these technical assessments suggest that film images
contain more information than digital images. Our ability
to see detail when viewing an image is constrained by the
properties of the image itself, the environment, such as the
background lighting or light box glare and our visual
system.

Optimizing the environment is relatively straight forward
and achieved by reducing ambient lighting, masking the
image on the Light box or monitor, adjusting the light box
luminescence or monitor brightness and working in a room
tree from distractions.

So, it is very important to differentiate accuracy and
precision. Digital imaging may increase measurement
precision, but not accuracy. Good basic radiographic
technique with attention to image geometry and
processing (if using flm) will assure accuracy. Digital image
analysis of poor radiographs may yield precise (many
significant digits) but erroneous (inaccurate) results.

In the same way, incorrect X-ray exposure (kVp or mAs) or
variability of Digital Imaging Radiography’s (DIR) sensitivity
caused by fluctuations in electrical current will also yield
inaccurate but precise results. Computers with their many
numeric & and precise results often suggest accuracy even
when not warranted.”

Similarly, the agreement between CBCT and 10PAR 1S 942
(P=0.001) and the agreement between CBCT and Digital
Radiography is .866 (P=0.001), indicating that CBCT shows
a significant difference in evaluating root canal morphology
when compared with digital radiography and conventional
radiography.

Matherne et al, concluded that the evaluation of CBCT
images always resulted in a greater number of root canal
systems identified than evaluations of digital radiographic
images.12

Domark et al found out that the canals which are aligned in
a buccolingual plane cannot be easily differentiated from
each other when we use two dimensional radiographs
when compared with CBCT.?

Neelakantan et al compared 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 and concluded that CBCT and
p QCT were as accurate as the modified canal staining and
tooth cleaning technique in identifying root canal
systems.™
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Da Silva et al concluded that CBCT imaging was more
accurate compared with digital periapical radiography in
identifying root canal morphology.24

The Indian population is generally considered to be a
hybrid of several ethnic groups with characteristics of
Caucasian, Mongoloid, and Negroid races, which s
generally referred to as the Dravidian group. Regarding the
influence of ethnicity on the anatomical configurations of
the root canals, the results of this study can vary and more
extensive studies with larger samples are recommended.

Conclusion

Within the parameters of this study in determining the
root canal morphology ot maxilary second premolar using
digital radiography, conventional radiography and CBCT,
the following conclusions can be drawn:

Group (IOPAR group), exhibited Type Il configuration
(35.5%), Type IV configuration (31.6%), Type | (28.9%),
Type V (2.6 %) and Type Il (1.3%).

Group |l (Digital Radiography Group), exhibited Type I
configuration (31.6%), Type IV (30.6%), Type V(2.6 %) and
Type lll (1.3%).

Group Il (CBCT group) exhibited Type Il configuration
(35.5%), Type IV configuration (32.9%), Type | (28.9%),
Type V (1.3%) and Type I (1.3%).

Accuracy of CBCT in detecting root canal morphology is
greater when compared with Digital Radiography and Intra
Oral Periapical Radiography. Intra Oral Periapical
Radiography showed better results than Digital
Radiography in evaluating the root canal morphology.

References

1. Raj UJ, Mylswamy S. Root canal morphology of maxillary second
premolars in an Indian population. Journal of Conservative
Dentistry. 2010 Jul;13(3):148.

2. 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 Jan 1;:99(1):18-21.

3. . Assadian H, Dabbaghi A, Gooran M, Eftekhar B, Sharifi S, Shams N,
Najvani AD, Tabesh H. Accuracy of CBCT, digital radiography and
cross-sectioning for the evaluation of mandibular incisor root
canals. Iranian endodontic journal. 2016;11(2):106.

4, 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 Oct 1;36(10):1622-7.

5. Moshfeghi M, Sajadi SS, Sajadi S, Shahbazian M. Conventional
versus digital radiography in detecting root canal type in maxillary
premolars: an in vitro study. Journal of dentistry (Tehran, Iran).
2013;10(1):74.

6. Robertson D, Leeb 1), Mckee M, Brewer E. A clearing technique for
the study of root canal systems. Journal of endodontics. 1980 Jan
1;6(1):421-4.

7. Gullickson DC, Montgomery S. The study ot root canal morphology

using a digital image processing technique. Journal of endodontics.
1987 Apr1;13(4):158-63.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kartal N, Ozgelik B, Cimilli H. Root canal morphology ot maxillary
premolars. Joumal of endodontics. 1998 Jun 1;24(6):417-9

Burger CL, Mork TO, Hutter JW, Nicoll B. Direct digital radiography
versus conventional radiography for estimation of canal length in
curved canals. Journal of endodontics. 1999 Apr 1:25(4):260-3,
Omer OE, Al Shalabi RM, Jennings M, Glennon J, Clatfey NM. A
comparison between clearing and radiographic techniques in the
study of the root-canal anatomy of maxillary first and second
molars. International Endodontic Journal.2004 May:37(5):291-6.
Wu DM, Wu YN, Guo W, Sameer S. Accuracy of direct digital
radiography in the study of the root canal type. Dentomaxillofacial
Radiology. 2006 Jul;35(4):263-5.

Matheme RP, Angelopoulos C, Kulild JC, Tira D. Use of cone-beam
computed tomography to identify root canal systems in vitro.
Journal of Endodontics. 2008 Jan 1;34(1)287-9.

Patel S, Dawood A, Wilson R, Hormer K, Mannocci F. The detection
and management of root resorption lesions using intraoral
radiography and cone beam computed tomography-an in vivo
investigation. International Endodontic Journal. 2009 Sep:429):831-
8.

Khedmat S, Assadian H, Saravani AA. Root canal morphology ot the
mandibular tirst premolars in an Iranian Populaton using cross-
sections and radiography. Journal of endodontics.. 2010 Feb
1;36(2):214-7

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 Sep 1;36(9):1547 -51
Bardauil MR, Moura Netto CD, Moura AA. Evaluation of the
maxillary premolar roots dissociation using radiographic holders
with conventional and digital radiography. Brazilian oral research.
2010 Sep;24(3):284-9.

Malur MH, Goud MA. Comparative analysis of morphology of
lateral canals oy modified tooth clearing technique-An in vitro
study. Endodontology. 2011 Jun;23(1):35-41.

Zhang R, Wang H, Tian YY, Yu X, Hu T, Dummer PM. Use of cone-
beam computed tomography to evaluate root and canal
morphology of mandibular molars in Chinese individuals.
International endodontic journal. 2011 Nov:44(11):990-9.

Akcay 1, Ilhan B, Dundar N. Comparison of conventional and digital
radiography systems with regard to radiopacity of root canal filling
materials. International endodontic journal. 2012 Aug 1;45(8):730-
6.

Ozcan E, Colak H, Hamidi MM. Root and canal morphology of
maxillary first premolars in a Turkish population. Journal of Dental
Sciences. 2012 Dec 1;7(4):390-4.

Faramarzi F, Shahriari S, Shokri A, Vossoghi M, Yaghoobi G.
Radiographic evaluation of root and canal morphologies of third
molar teeth in lIranian population. Avicenna Journal of Dental
Research. 2013;5(1).

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 Jul 1;39(7):901-5.

Al-Ghananeem MM, Haddadin K, Al-Khreisat AS, Al-Weshah M, Al-
Habahbeh N. The number of roots and canals in the maxillary
second premolars in a group of Jordanian population. International
journal of dentistry. 2014;2014.

Da Silva Ramos LM, Rice D, Ordinola-Zapata R, Capelozza AL,
Bramante CM, Jaramillo D, Christensen H. Detection of Various
Anatomic Patterns of Root Canals in Mandibular Incisors Using
Digital Periapical Radiography, 3 Cone- beam Computed
Tomographic Scanners, and Micro-Computed Tomographic
Imaging. Journal of endodontics.2014 Jan 1;40():42-5.

11| Page



Dr. Krishna Prasada L,

International Journal of Medical Science and Diagnosis Research (IJMSDR) ‘

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Alfonso-Rodriguez CA, Acosta-Monzon EV, Ldpez-Marin DA,
Lancheros- Bonilla S, Moreno-Abello GC, Tovar ME. Description of
the root canal system of mandibular first premolars in a Colombian
population. Oral Science International. 2014 Jan 1;11():35-6.
Altunsoy M, Ok E, Nur BG, Aglarci OS, Gungor E, Colak M. A cone-
beam computed tomography study of the root canal morphology of
anterior teeth in a Turkish population. European Journal of
dentistry. 2014 Jul;8(3):302.

Singh S, Pawar M. Root canal morphology of South Asian Indian
mandibular premolar teeth. Journal of endodontics. 2014 Sep
1:40(9):1338-41

Lin Z & Hu Q, Wang T, Ge J, Liu S, Zhu M, Wen S. Use of CBCT to
investigate the root canal morphology of mandibular incisors.
Surgical and Radiologic Anatomy. 2014 Nov 1:36(9):877-82

Geduk G, Deniz Y, Zengin AZ, Eroglu E. Cone-beam computed
tomography Study of root canal morphology of permanent
mandibular incisors in a Turkish Sub-population. Journal of Oral and
Maxillofacial Radiology. 2015 Jan 1;3():7.

Kim Y, Perinpanayagam H, Lee JK, Yoo YJ, Oh S, Gu Y, Lee SP, Chang
SW, Lee W, Baek SH, Zhu Q. Comparison of mandibular first molar
mesial root canal morphology using micro-computed tomography
and clearing technique. Acta Odontologica Scandinavica. 2015 Aug
18;73(6):427-32.

Zafar S, Tabassum S, Sabharwal S, Rai VK, Srinivasan A, Tanniru HI.
A stereomicroscopic in-vitro study to investigate the root canal
morphology of mandibular third molars using clearing technique.
Journal of Research in Dentistry. 2015 Sep 14;3(1):567-75.

Celikten B, Orhan K, Aksoy U, Tufenkci P, Kalender A, Basmaci F,
Dabaj P Cone-beam CT evaluation of root canal morphology of
maxillary and mandibular premolars in a Turkish Cypriot
population. BDJ. 2016 Jan 29;2:15006

Elnour M, Khabeer A, AlShwaimi E. Evaluation of root canal
morphology of maxillary second premolars in a Saudi Arabian sub-
population: An in vitro microcomputed tomography study. The
Saudi dental journal. 2016 Oct 1;28(4):162-8.

Almanei K, Alsulaimani R, Alfadda S, Albabtain S, Alsulaimani R.
Digitally Scanned Radiographs versus Conventional Films for
Determining Clarity of Periapical Lesions and Quality of Root Canal
Treatment. The Scientific World Journal. 2017;2017.

Alkaabi W, AlShwaimi E, Far00q 1, Goodis HE, Chogle SM. A micro-
computed tomography study of the root canal morphology of
mandibular first premolars in an Emirati population. Medical
Principles and Practice. 2017;26(2):118-24.

Somani MC, Parekh VV, Patel Bs, Somani DC, Gohil UK, Oza KM.
Root canal morphology ot mandibular first premolars in Western
Indian population: an in vitro study. nt J Res Med. 2017;5(4): 155-8.
Hajihassani N, Roohi N, Madadi K, Bakhshi M, Tofangchiha M.
Evaluation of Root Canal Morphology of Mandibular First and
Second Premolars Using Cone Beam Computed Tomography in a
Defined Group of Dental Patients in Iran. Scientifica. 2017:2017.
Ordinola-Zapata R, Bramante CM, Versiani MA, Moldauer BI,
Topham G, Gutmann JL, Nufiez A, Duarte MH, Abella F.
Comparative accuracy of the Clearing Technique, CBCT and Micro-
CT methods in studying the mesial root canal configuration of
mandibular first molars. International endodontic journal. 2017
Jan;50(1):90-6.

Wolf TG, Paqué F, Woop AC, Willershausen B, Brisefio-Marroquin B.
Root Canal morphology and configuration of 123 maxillary second

40.

41.

42,

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

molars by means of micro-CT. International journal of oral science.
2017 Mar:9(1):33.

Bhat SP, Sheth R, Kumar P, Khilosiya A. Root canal morphology and
assessment of incidence, type, and position of isthmus in
permanent mandibular central incisor in North Indian populaton:
An in vitro study. Endodontology. 2017 Jul. 1;29(2):107.
Chellammal MR. Study of root canal morphology of permanent
mandibular incisors in an Indian subpopulation. Intermational
Journal of Orofacial Research. 2017 Jul 1:22):54.

Khademi A, Mehdizadeh M, Sanet M, Sadeqgnejad H, Khazaei S.
Comparative evaluation of root canal morphology of mandibular
premolars using clearing and cone beam computed tomography.
Dental research journal. 2017 Sep;14(5):321.

Jain P, Balasubramanian s, Sundaramurthy J, Natanasabapathy V. A
cone beam computed tomography of the root canal morphology of
maxillary anterior teeth in an institutional-based study in Chennai
urban population: An in vitro study. Journal of International Society
of Preventive & Community Dentistry. 2017 Oct:7(Suppl 2):568.
Martins JN, Marques D, Mata A, Caramés J. Root and root canal
morphology of the permanent dentition in a Caucasian population:
a cone-beam computed tomography study. International
endodontic journal. 2017 Nov;5(11):1013-26.

Senan EM, Alhadainy HA, Genaid TM, Madfa AA. Root form and
canal morphology of maxillary first premolars of a Yemeni
population. BMC oral health. 2017 Dec; 18(1):94.

Algedairi A, Alfawaz H, Al-Dahman Y, Alnassar F, Al-Jebaly A,
Alsubait S. Cone-Beam Computed Tomographic Evaluation of Root
Canal Morphology of Maxillary Premolars in a Saudi Population.
BioMed research intenational.2018,2018.

Deminz L, Bodrumlu EH, Icen M. Evaluation of root canal
morphology of human primary mandibular second molars by using
cone beam computed tomography, Nigerian journal of clinical
practice. 2018;2 21(4).

Espir CG, Nascimento A, Uuerreiro-1 anomaru JM, Bonetti-Filho 1,
Tanomaru- Filho M. Radiographic and micro-computed tomography
classification of root canal morphology and dentin thickness of
mandibular incisors. Journal of conservative dentistry 2018
Jan;21():57.

Saati S, Shokri A, Foroozandeh M, Poorolajal J, Mosleh N. Root
morphology and number ot canals in mandibular central and lateral
incisors using cone beam computed tomography. Brazilian dental
journal. 2018 May;29(3):239-44.

Vertucci FJ. Root canal morphology and its relationship to
endodontic procedures. Endodontic topics. 2005 Mar;10(1):3-29.
Dental Anatomy, Physiology and Occlusion, 8 edition, Pg no.230.
Wheelers Endodontic Radiology; Basrani

Dunn SM, Kantor ML. Digital radiology facts and fictions. The
Journal of the American Dental Association. 1993 Dec 1;124(12):39-
47.

Al-Nazhan S, Al-Daafas A, Al-Maflchi N. Radiographic investigation
of in vivo endodontically treated maxillary premolars in a Saudi
Arabian sub-population. Saudi Endodontic Journal. 2012 Jan
1;2(1):1.

Adibi S, Zhang W, Servos T, O'Neill PN. Cone beam computed
tomography in dentistry: what dental educators and learners
should know. Journal of dental education. 2012 Nov 1;76 (11):
1437.Q

12| Page



