JCDP
10.5005/jp-journals-10024-2424

Eman A El Ashiry, Najat M Farsi

ORIGINAL ARTICLE

Prevalence of Extra Root Canal Orifices of Maxillary
First Permanent Molars in a Saudi Subpopulation
Utilizing Microcomputed Tomography
1

Eman A El Ashiry, 2Najat M Farsi

ABSTRACT
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Aim: To study the prevalence of additional root canal orifices
of upper first permanent molars in Saudi subpopulation in
Jeddah, Kingdom of Saudi Arabia, utilizing micro-computed
tomography X-ray (micro-CT).

Conflict of interest: None

Materials and methods: One hundred extracted upper first
permanent molars of Saudi patients were included in the study.
Micro-CT was used to detect the prevalence of extra root canal
orifices of the permanent upper first molars.

Recognition of all root canals for its sufficient cleaning
is directly related to successful endodontic therapy.
Understanding the difficulty of pulp canal system and
designing the treatment relies on the examination of
internal anatomy.1,2 Many investigations were made to
examine the configuration of root canal system using
radiograph, decalcification, sectioning, replication and
computerized-added techniques.3
New scientific knowledge is constantly developing
to strengthen researches in endodontics. The X-ray
micro-CT, which is the integration of X-ray microscopy
and tomographical reconstruction, has been used as a
strong aid for in vitro assessment of many endodontic
treatment phases.4-6 Accurate 3D the rebuilding of the
complicated form of the root canal filling and specifics not
detectable by 2D X-rays are demonstrated by the micro-CT
technique.7-9 Micro-CT gives very clear images that can
be combined producing a 3D image that can be analyzed
with modeling computer program. Micro-CT imaging
can provide a comprehensive analysis of the endodontic
morphology without damaging of specimens gave a
novel view to endodontic studies. It has been successfully
used to see root morphology difficulty, to examine canals
instrumentation effectiveness and to assess the goodness
of canal obturation in several aspects.10-13
Micro-CT has several advantages when compared
to other methods, but at the same time, it has some
restrictions. Confocal laser microscopy, scanning electron
microscopy (SEM) and stereomicroscope can give
surface anatomy but not 3D pictures without the need
of specimens dividing. Besides, the little volume size
of micro-CT (5 to 50 μm) results in increased resolution

Results: The evaluation of three-dimensional (3D) images of
this study showed that of 100 upper permanent first molars
scanned and analyzed, 10.53% had 6 pulp canal orifices,
35.09% had 5 pulp canal orifices, 47.37% had 4 pulp canal
orifices and 7.01% had 3 pulp canal orifices.
Conclusion: The current data showed the highest prevalence of
4 and 5 root canal orifices compared to 3 and 6 root canal orifices.
Clinical significance: The knowledge of anatomic variations
of teeth before starting root canal treatment can help dentists
to detect and manage all root canals successfully.
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in comparison with cone-beam computed tomography
(CBCT). By the use of micro-CT, the same sample could be
used for different tests without destruction. This allows
the evaluation of root canal volume or is a pre-and posttreatment and quality of pulp canal obturation (PCO).
More benefits of micro-CT are that image control can be
done using a special computer program, and the scanning
can be redone. Regarding micro-CT restrictions, there is a
difficulty of using it in in vivo studies due to the radiation
amount of subjection. Furthermore, micro-CT allows
evaluation of small samples, which limits testing.14-18
Several elements participate to variations in pulp and root
canal morphology including ethnic background, age, and
gender of the examined community. Pulp canals variations
and number among different people are investigated in
many studies. Many of them concentrated on permanent
molars, particularly first permanent molars due to their
extensive differences from one community to another.19-21
Although the maxillary first permanent molars are
important for the masticatory system, they are the most
susceptible to dental decay due to their early eruption in
the oral cavity, their function, size and shape which leads
to endodontic treatment.22,23
It is commonly approved that maxillary first
permanent molars have three or four pulp canals;
mesiobuccal (MB/2 MB), distobuccal (DB) and palatal
(P), however, previous researches reported extra canals
in the P and DB roots. Several studies demonstrated the
presence of 5, 6, 7 and 8 canals.24-28
Detection of the root canal orifices often difficult
because of the dentine ledge that may cover it at the pulp
chamber floor. Failure to locate root canal orifices and
treat all root canals were related to recurrent failure of
root canal treatment (RCT).
Fine details of the widespread presence of additional
root canal orifices of permanent upper first molars in
a Saudi community using micro-CT have not been
investigated before. Therefore, the purpose of this study
was to show the prevalence of extra root canal orifices,
regardless of the type of the root canal, in permanent
upper first molars in Saudi subpopulation in Jeddah,
Kingdom of Saudi Arabia, utilizing micro-CT.

MATERIALS AND METHODS
Ethical approval of the research protocol was obtained
from the Research Ethics Committee at King Abdulaziz
University Faculty of Dentistry (KAUFD), Jeddah,
Kingdom of Saudi Arabia.

Sample
One-hundred human permanent maxillary first molars
extracted from Saudi patients due to severe caries or

periodontal disease after obtaining informed consent were
selected. The teeth were collected from pediatric dentistry
and oral surgery clinics, KAUFD, Jeddah, Kingdom of
Saudi Arabia. Allmolarshad no fractured or surgically
separated roots and no previous root canal treatment.

Methods
All molars were disinfected by immersion in 5.25%
sodium hypochlorite (NaClO) for 24 hours and then kept
individually in a labeled container with a normal saline
solution during the study period at room temperature.
The setting of the right specifications for scanning was
done, then each tooth was placed on the sample standard
scanned using SkyScan, high-resolution desktop micro-CT
scanner (SkyScan 1172, SkyScan, Bruker, Belgium). The
micro-focus X-ray tube was set at 100 kV of acceleration
voltage, 100 µA of beam current. Scanning was done at 13.4
µm resolution and 0.5 mm aluminum filter placed ahead
of the radiation origin for altering the responsiveness
of polychromatic radiation and the rotation step angle
was 0.60° with about 1490 seconds camera exposure
time positioned middle-far. The micro-CT scanning
data produced for each sample was reconstructed to be
displayed as 3D images by modeling software (SkyScan
1172, SkyScan, Bruker, Belgium) to obtain the complete
configuration of the internal microstructure of each tooth.
Data were evaluated using CT-analyzer (CTAn) computer
program (SkyScan 1172, SkyScan, Bruker, Belgium) to
observe the number of pulp canal orifices in each molar.
The investigation of the cross-sectional images was
performed at the same level of all teeth which is 135 slices
from the cementoenamel junction (CEJ) of the tooth.

Inter‑ and Intra‑examiner Reliability
Two examiners investigated the 3D images of the scanned
molars independently of one another. The examiners were
faculty staff members from the Department of Pediatric
Dentistry, KAUFD. The inter- and intra-rater agreement
and correlation between the two examiners were calculated
using Cohen’s kappa coefficient. Intraexaminer reliability
for each examiner was 0.950 and 0.964 respectively.
Whereas, interexaminer reliability, was > 0.985 indicating
an almost perfect level of agreement. When there was no
agreement between both evaluators, a discussion was
undertaken until a consensus was reached.

RESULTS
The current study showed the prevalence of extra root
canal orifices using micro-CT. The evaluation of the 3D
images showed that of the 100permanent maxillary first
molars scanned and analyzed, 10.53% had 6 pulp canal
orifices, 35.09% had 5 pulp canal orifices, 47.37% had
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4 pulp canal orifices and 7.01%had 3 pulp canal orifices
(Graph 1). The current data showed the highest prevalence
of 4 and 5 root canal orifices compared to 3 and 6 root
canal orifices. Figure 1 shows the representative images of
3D reconstructions of micro-CT scanned data. Figure 1A
reveals 3 root canal orifices (MB, DB, P). Figure 1B
reveals 4 root canal orifices (MB1, MB2, DB, P). Figure 1C
shows 5 root canal orifices (MB1, MB2, MB3, DB, P) and
Figure 1D shows 6 root canal orifices (MB1, MB2, DB1,
DB2, DB3, P).

DISCUSSION
The cornerstone for successful results of RCT is the sound
understanding of the variation in pulp canal morphology
and its possible differences before starting endodontic
treatment.29,30
Effective dental pulp canal cleaning and a final 3D
obturation of the pulp canal that allows good sealing of
the accessible spaces are important foreffective RCT.31
Therefore, it is important for the dentist to have a clear
mental image of what they are going to inspect when
starting RCT. This will result in an easier and more
successful treatment rate.
Micro-CT is a new generation used to achieve the 3D
structures of minor objects with a high spatial resolution
allowing its usage in dentistry effectively for several
years. It is an accurate and none-destructive method
with shorted capture time in comparison to the other
methods.32,33 It can give images with higher resolution
and higher precision.34 Micro-CT enables evaluation of
root canal count, canal volume, pre- and post- preparation
volume changes and the existence of gaps and spaces in
the obturation materials.35
In the current study, micro-CT was utilized to study
the prevalence of extra pulp canal orifices in 100 maxillary
first permanent molars in a Saudi subpopulation.
A

Graph 1: The prevalence of extra root canal orifices of maxillary
first permanent molars
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Permanent upper first molars were selected study because
the majority of these molars are badly decayed and in
need of RCT.22 The results demonstrate that permanent
maxillary first molars analyzed have an increased
incidence of 4 and 5 pulp canal orifices more than 3 and
6 pulp canal orifices.
These study results are in agreement with the
research done by Ahmad and Al-Jadaa,36 who presented
2 cases of maxillary first permanent molars. One case was
a nonsurgical RCT using an optical dental microscope
and the other case was a removed permanent upper
first molars canned by an X-ray microtomography and
reconstructed 3D with a computer program. They revealed
the presence of three canals in the MB root, whereas
the DB and P roots had a single canal. Furthermore,
the results are in accordance with Al‑Habboubi and
Al‑Wasi,37 who reported a case of Saudi male with an
anatomical variation of having six root canals. The scans
revealed 3 MB, 2 DB, and one palatal canal that were
confirmed with CBCT.
Our results are in contrast with AlFouzan et al., 38
and Alrahabi and Sohail Zafar,39 however, they did not
use micro-CT in their evaluations. They examined the
anatomy of the permanent upper first molar in a Saudi
population using conventional X-rays. Two mesial pulp
canals and only 1 distal and palatal canals were reported.
They concluded that the incidence of having three canals

A

B

C

D

Figs 1A to D: Illustrative images of 3D reconstructions of micro-CT
scanned data showing the number of root canals orifices in the
permanent maxillary first molar: (A) Three root canal orifices (MB,
DB, P); (B) Four root canal orifices (MB1, MB2, DB, P); (C) Five
root canal orifices (MB1, MB2, MB3, DB, P); (D) Six root canal
orifices (MB1, MB2, DB1, DB2, DB3, P)
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in the mesial root and two in the distal root in a Saudi
citizen wasn’t reported. Moreover, Al‑Shehri et al.,40 used
CBCT images to study the pulp and pulp canal form of
upper permanent first molars in Saudi residents. They
revealed that the morphological configurations of the
root canal of upper first molars showed that the majority
had three roots and four canals. The extra 4th pulp canal
was found in the MB root.
The present study revealed that most of the extra
canal orifices were discovered at a slightly deeper
level than the original canal orifices. These results
amplify the importance of knowledge and realization
of the differences found in the pulp canal system, also
highlighting the great advantage of proper examination
of the floor of the pulp chamber and the appropriate
troughing or countersinking using the appropriate
ultrasonic tips.
Micro-CT has some limitations such as greater
complexity in equipment construction and the necessity
of long exposure times may be a problem, high radiation
dose and the high cost of the scans, scatter due to metallic
objects, beam hardening and cupping artifacts. Also, it is
not recommended at present for in vivo studies or routine
clinical practice due to a high level of radiation exposure,
and there is also specimen size limitation which may be
a problem with a certain analysis.

CONCLUSION
There is an increased prevalence of 4 and 5 pulp canal
orifices and a decreased number of 3 and 6 pulp canal
orifices in permanent maxillary first molars among Saudi
subpopulation in Jeddah city.
Constantly dentists must expect the occurrence of
additional pulp canals in permanent upper first molars
and utilize all the accessible equipment to detect and
manage these canals.
Micro-CT as a characteristic tool is suggested for the
efficient endodontic research in vitro.
Application of this study on a large sample with
correlation to gender and age is recommended.

CLINICAL SIGNIFICANCE
The knowledge of anatomic variations of teeth before
starting RCT can help dentists to detect and manage all
root canals successfully.

ACKNOWLEDGMENTS
Authors acknowledge with thanks Advanced Technology
Dental Research Laboratory (ATDRL), KAUFD, Jeddah,
Kingdom of Saudi Arabia for technical support. Also,
I extend my thanks to the micro-CT unit personnel,
Augusta University, Augusta, Georgia, USA.

REFERENCES
1. Cleghorn BM, Christie WH, Dong CC. Root and root canal
morphology of the human permanent maxillary first molar:
a literature review. J Endod. 2006;32:813-821.
2. Degerness RA, Bowles WR. Dimension, anatomy and
morphology of the mesiobuccal root canal system in
maxillary molars. J Endod. 2010;36:985-989.
3. Baratto Filho F, Zaitter S, Haragushiku GA, de Campos EA,
Abuabara A, Correr GM. Analysis of the internal anatomy of
maxillary first molars by using different methods. J Endod.
2009;35:337-342.
4. Villas-Boas MH, Bernardineli N, Cavenago BC, Marciano M,
Del Carpio-Perochena A, de Moraes IG et al. Micro-computed
tomography study of the internal anatomy of mesial root
canals of mandibular molars. J Endod. 2011;37:1682-1686.
5. Somma F, Cretella G, Carotenuto M, Pecci R, Bedini R, De
Biasi M, Angerame D. Quality of thermoplasticized and
single point root fillings assessed by micro-computed
tomography. IntEndod J. 2011;44:362-369.
6. Stern S, Patel S, Foschi F, Sherriff M, Mannocci F. Changes
in centering and shaping ability using three nickel-titanium
instrumentation techniques analysed by micro-computed
tomography (μCT). IntEndod J. 2012;45:514-523.
7. Marciano MA, Ordinola-Zapata R, Cunha TV, Duarte MA,
Cavenago BC, Garcia RB, Bramante CM, Bernardineli N,
Moraes IG. Analysis of four gutta-percha techniques used
to fill mesial root canals of mandibular molars. IntEndod J.
2011;44:321-329.
8. Metzger Z, Zary R, Cohen R, Teperovich E, Paque F. The
quality of root canal preparation and root canal obturation
in canals treated with rotary versus self-adjusting files: A
three-dimensional micro-computed tomographic study. J
Endod. 2010;36:1569-1573.
9. Vier-Pelisser FV, Dummer PM, Bryant S, Marca C, Só MV,
Figueiredo JA. The anatomy of the root canal system of threerooted maxillary premolars analysed using high-resolution
computed tomography. IntEndod J. 2010;43:1122-1131.
10. Domark JD, Hatton JF, Benison RP, Hildebolt CF. An ex vivo
comparison of digital radiography and cone-beam and microcomputed tomography in the detection of the number of
canals in the mesiobuccal roots of maxillary molars. J Endod.
2013;39:901-905.
11. Peters OA, Paqué F. Root canal preparation of maxillary
molars with the self-adjusting file: a micro-computed
tomography study. J Endod.2011;37:53-57.
12. Pasqualini D, Alovisi M, Cemenasco A, Mancini L, Paolino
DS, Bianchi CC, Roggia A, Scotti N, Berutti E. Microcomputed tomography evaluation of ProTaper Next and
BioRaceshaping outcomes in maxillary first molar curved
canals. J Endod. 2015;41:1706-1710.
13. ShenY, Cheung GSP. Methods and models to study nickel
-titanium instruments. Endod Topics. 2013;29:18-41.
14. Versiani MA, Pecora JD, Sousa-Neto MD. The anatomy of
two-rooted mandibular canines determined using microcomputed tomography. International endodontic journal.
2011;44:682-687.
15. Grande NM, Plotino G, Gambarini G, Testarelli L, D’Ambrosio
F, Pecci R, Bedini R. Present and future in the use of micro-CT
scanner 3D analysis for the study of dental and root
canal morphology. Annalidell’Istitutosuperiore di sanita.
2012;48:26-34.

The Journal of Contemporary Dental Practice, November 2018;19(11):1312-1316

1315

Eman A El Ashiry, Najat M Farsi
16. Roggendorf MJ, Legner M, Ebert J, Fillery E, Frankenberger
R, Friedman S. Micro-CT evaluation of residual material in
canalsfilled with Activ GP or GuttaFlow following removal
with NiTi instruments. IntEndod J. 2010; 43:200-209.
17. Marciano MA, Guimaraes BM, Ordinola-Zapata R, Bramante
CM, Cavenago BC, Garcia RB, Bernardineli N, Andrade FB,
Moraes IG, Duarte MAH. Physical properties and interfacial
adaptation of three epoxy resin-based sealers. Journal of
endodontics. 2011;37:1417-1421.
18. Yang G, Yuan G, Yun X, Zhou X, Liu B, Wu H. Effects of Two
nickel-titanium instrument systems, Mtwo versus ProTaper
universal, on root canal geometry assessed by micro–
computed tomography. J Endod. 2011;37:1412-1416.
19. Zheng QH, Wang Y, Zhou XD, Wang Q, Zheng GN, Huang
DM. A cone‑beam computed tomography study of maxillary
first permanent molar root and canal morphology in a
Chinese population. J Endod. 2010;36:1480-1484.
20. Lee JH, Kim KD, Lee JK, Park W, Jeong JS, Lee Y et al.
Mesiobuccal root canal anatomy of Korean maxillary first and
second molars by cone‑beam computed tomography. Oral
Surg Oral Med Oral Pathol Oral RadiolEndod. 2011;111:785791.
21. Kim Y, Lee SJ, Woo J. Morphology of maxillary first and second
molars analyzed by cone‑beam computed tomography in a
Korean population: Variations in the number of roots and
canals and the incidence of fusion. J Endod. 2012;38:1063‑1068.
22. Burns RC. 8th ed. St Louis, Mo, USA: The Mosby Co; 2002.
Access openings and tooth morphology: Cohen’spathways
of pulp; pp 173-229.
23. Fazeli SA, Fazeli SA. First molar caries in primary school
children of a northern city of Iran. Pak Oral Dent J. 2005;25:9396.
24. Das S, Warhadpande MM, Redij SA, Jibhkate NG, Sabir
H. Frequency of second mesiobuccal canal in permanent
maxillary first molars using the operating microscope and
selective dentin removal: A clinical study.ContempClin Dent.
2015;6:74-78.
25. Kottoor J, Velmurugan N, Surendran S. Endodontic
management of a maxillary first molar with eight root canal
systems evaluated using cone‑beam computed tomography
scanning: A case report. J Endod. 2011;37:715-719.
26. Shetty K, Yadav A, Babu VM. Endodontic management of
maxillary first molar having five root canals with the aid of
spiral computed tomography. Saudi Endod J. 2014;4: 149‑53.
27. Badole GP, Warhadpande MM, Shenoi PR, Lachure C, Badole
SG. A rare root canal configuration of bilateral maxillary
first molar with 7 root canals diagnosed using cone‑beam

1316

28.
29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

computed tomographic scanning: A case report. J Endod.
2014;40:296‑301.
Vertucci FJ. Root canal morphology and its relationship to
endodontic procedures. Endod Topics. 2005;10:3‑29.
Sasai H, Iwai H, Fujita D, Seto E, Izumi Y. The use of microcomputed tomography in the diagnosis of dental and oral
disease in rabbits. BMC Vet Res. 2014 Sep 5;10:209.
Mukhaimer RH. Evaluation of Root Canal Configuration of
Mandibular First Molars in a Palestinian Population by Using
Cone-Beam Computed Tomography: An Ex Vivo Study.IntSch
Res Notices. 2014 Aug 13;2014:583621.
Shen Y, Cheung GSP. Methods and models to study nickeltitanium instruments. Endod Topics.2013;29:18-41.
Pasqualini D, Bianchi CC, Paolino DS, Mancini L, Cemenasco
A,Cantatore G, Castellucci A, Berutti E.Computed microtomographic evaluation of glide path with nickel-titanium
rotary PathFile in maxillary first molars curved canals.
Endod. 2012;38:389-393.
Naseri M, Kangarlou A,Khavid A, Goodini M.Evaluation of
the quality of four root canal obturation techniques using
micro-computed tomography. Iran Endod J. 2013;8:89-93.
Marceliano-Alves M, Alves FR, Mendes Dde M, Provenzano
JC. Micro-computed tomography analysis of the root canal
morphology of palatal roots of maxillary first molars. J
Endod.2016;42:280-283.
Selem LC, Li G, Niu L, Bergeron BE, Bortoluzzi EA,Chen JH,
Pashley DH, Tay FR. Quality of obturation achieved by a
non-gutta-percha-based root filling system in single-rooted
canals. J Endod.2014;40:2003-2008.
Ahmad IA, Al-Jadaa A. Three root canals in the mesiobuccal
root of maxillary molars: case reports and literature review.
J Endod. 2014;40:2087-2094.
Al‑Habboubi TM, Al‑Wasi K. Maxillary first molars with
six canals confirmed with the aid of cone‑beam computed
tomography. Saudi Endod J. 2016;3:136‑140.
Al‑Fouzan KS, Ounis HF, Merdad K, Al‑Hezaimi K. Incidence
of canal systems in the mesio-buccal roots of maxillary first
and second molars in Saudi Arabian population. AustEndod
J. 2013;39:98‑101.
Alrahabi M, SohailZafar M. Evaluation of root canal
morphology of maxillary molars using cone beam computed
tomography. Pak J Med Sci. 2015;31:426‑430.
Al-Shehri S, Al-Nazhan S, Shoukry S, Al-Shwaimi E,
Al-Sadhan R, Al-Shemmery B. Root and canal configuration
of the maxillary first molar in a Saudi subpopulation: A conebeam computed tomography study. Saudi Endod J. 2017;7:
69-76.

