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Abstract
Objectives. To measure the co-ordinates of the root canal orifices and to determine the incidence of mesiobuccal-2 (MB2) in
maxillary first molars in a Turkish sub-population.Materials andmethods. Standard digital photographs were taken under a
stereomicroscope from the occlusal aspect of each tooth (n = 176) before and after crown removal. Canal orifices were
negotiated under moderate magnification using dental loupes. The coordinates of the orifices and the distances of each from
the central fossa were measured by using geographic software. Intensity maps of the orifice locations were created by using the
co-ordinates of all canal orifices. A representative map was drawn using the mean values of orifice locations and access
projection area. Results. In the right maxillary first molars, the mean values for the (X, Y) co-ordinates were (0.67, 2.68) for
mesiobuccal-1 (MB1), (0.81, 0.84) for MB2, (�1.12, 1.26) for distobuccal-1 (D1), (�0.89, 0.23) for distobuccal-2 (D2) and
(0,�2.50) for palatinal (P); the corresponding mean values in the left maxillary first molars were (�0.78, 2.56), (�0.98, 0.90),
(0.99, 1.18), (0.69, 0.78) and (0.00, �2.53), respectively. The average MB1–MB2 distance was 1.97 mm. Distobuccalcanal
orifices were localized at the distal side of the center in 98.3% of teeth. The incidence of MB2 was 46.02%. Conclusions. The
distobuccal canal orifice is mostly located on the distal side of the central fossa. Thus, it should be considered that the access
cavity of the maxillary molars may not be always limited mesially. The incidence of MB2 in this sub-population was 46.02%,
which is of great importance clinically.
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Introduction

The maxillary first molar is one of the largest teeth by
volume and has the most complex root and root canal
anatomy; it is also the most treated and least under-
stood. Endodontic treatment of these teeth has high
failure rates due to operators’ failures to detect, debride
or obturate the second canal in the mesiobuccal root
[1-4]. The external outline form of the access cavity
evolves from the internal anatomy of the tooth
established by the pulp [4]. According to the major
principles of endodontic access, the access outline of
the maxillary first molars is entirely within the mesial
half of the tooth, which means that the transverse ridge
need not be invaded [5].
Diagnostic tools such as illumination and magnifi-

cation can help locate the root canal orifices; a clini-
cian may further improve the access cavity design by

correlating the occlusal anatomy with the location of
the root canal orifices [3]. Pre-operative predictors
related to the detection of root canal orifices are
important since they are the only information avail-
able before the initiation of root canal treatment [6].
First maxillary molars are investigated in terms of

their root and canal morphology as well as the number
and sizes of pulp chamber [1,7–11]. The current
primary source of information is the study of Hess
and Zürcher [3], who reported a 54% mesiobuccal-
2 (MB2) incidence in maxillary molars. Clearing,
sectioning, radiographic techniques and moderate
magnification were used until the end of the 1990s.
Since the 2000s, dental operating microscopes
(DOMs) have been used as the most reliable aid in
clinical practice. Although sectioning is regarded as
the gold standard for in vitro studies, several com-
puted tomographic (CT) devices are being developed
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for use in vivo in the coming decade. Previous ex vivo
and in vivo studies report MB2 incidences ranging
from 2–96% and 18.6–93%, respectively [1,4,12–18].
Both magnification and dentine removal under mag-
nification are more effective for detecting MB2 than
direct visualization. The incidence of MB2 canals in
first molars is reported to be more frequent in re-
treatments (67%) than that in initial treatments (59%)
[16]. However, no study describes the co-ordinates of
their canal orifices or the distances between them.
The aimsof thepresent studywere tomeasure the co-

ordinates of the root canal orifices and the distances
between them and central fossa using geographic soft-
ware, to determine theMB2 incidence ofmaxillary first
molars undermoderatemagnification and to report the
distribution of the orifices with respect to shape and
number in a Turkish sub-population.

Materials and methods

In this study, 176 maxillary first molars extracted from
urban inhabitants of Isparta were obtained from the
dental clinics of the University and Government Hos-
pitals in Isparta, Turkey. No information was available

regarding the reasons for their extraction or the age or
sex of the patients involved. Teeth with gross caries,
fractures, cracks or immature apices were excluded.
The selected teeth were stored in 0.02% sodium azide
solution at room temperature until use.
An ultrasonic hand scaler (SONICflex; KaVo Den-

tal Corp., Biberach, Germany) was used to remove
tissue remnants and calculus on the roots. The teeth
were embedded into acrylic resin blocks with their
vertical axes aligned perpendicular to the horizontal
plane. Initial standard photographs were taken digi-
tally (Olympus Camedia C-4000 Zoom; Olympus
Optical Co., GmbH, Seoul, Korea) from the occlusal
aspects of the teeth at 40 � magnification under a
stereomicroscope (Olympus SZ6045TR Zoom Ste-
reomicroscope; Olympus Optical Co, Tokyo, Japan).
The teeth were classified as either divided into left
(n = 93) or right (n = 83). The crowns were removed
using a diamond disc at the proximal level of the
cemento-enemal junction (CEJ) and pulp tissue was
removed. Sodium hypochlorite solution (2.5%) for
30 min and 17% EDTA gel (Glyde File Prep; Dents-
ply Maillefer, Ballaigues, Sweden) for 3 min were
applied to dissolve any pulp tissue or calcifications

Figure 1. Screenshot of the ArcGIS software program showing the x,y plane, orifices and occlusal and access projection areas.
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on the orifices [8]. Thereafter, the canal orifices were
negotiated with a size 10 K-file (Dentsply/Maillefer,
Ballaigues, Switzerland) under moderate magnifica-
tion with 3.5 loupes (Carl Zeiss, Oberkochen, Ger-
many). If the orifice of MB2 could not be located, the
pulp chamber floor was removed (i.e. troughing)
within 3 mm from the MB1 canal towards the
palatal canal in a groove 2 mm deep using a long-
shank round bur (ISO #006; Rosenthal, Miami, FL)
[12,14,15,18]. Final digital images were taken from
the occlusal aspect showing the access under the same
magnification and exposure conditions.
Images were transferred to a geographical software

program (ArcGIS9.3; ESRI,Hawaii, CA) formeasure-
ment. All images were calibrated using a ruler image to
determine the actual dimensions. Calibration was per-
formed by comparing the ruler in the images and in
reality. The mid-point of the central fossa was deter-
mined as the centerof theocclusal area.Then, the initial
image was superimposed onto the final one to transfer
thecenter.Thiswascarriedoutbyoverlapping these two
layersusing the samesoftwareprogram.TocreateanX–

Yplane,a vertical line through thecentersof theocclusal
plane and the palatal orifice was drawn as the y-axis; a
horizontal line perpendicular to it was drawn as the
x-axis (Figure 1). Accordingly, the co-ordinates of all

canal orifices were measured using the software. The
distances from all canal orifices includingmesiobuccal-
1 (MB1),MB2,distobuccal-1 (D1),distobuccal-2 (D2)
and palatinal (P) to the center and between MB1 and
MB2andD1andD2werealsomeasured.Thenumbers
and forms of the canal orifices were also recorded. The
projectionof theaccesswasdeterminedonthepulpfloor
by connecting the lines among the canal orifices. This
area was measured and proportionally compared to the
occlusal area (Figure 1). All images of right (n = 83) and
left (n = 93) teeth were superimposed to constitute an
intensitymap of the orifice location of themaxillary first
molars for this sub-population. Consequently, a repre-
sentativemapwasdrawnusingthemeanvaluesoforifice
locations and access projection area of teeth with or
without MB2.

Statistical analyses

An independent t-test was used to determine whether
MB2 existence changed the distances among the
canal orifices and the occlusal and access projection
areas. Pearson’s correlation coefficients were calcu-
lated to determine correlations between the areas. All
statistical analyses were performed using SPSS
11.5 (SPSS Inc., Chicago, IL).

A B

Figure 2. Representative images showing (A) the distances and (B) co-ordinates of the orifices in the left maxillary molars.
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Table I. Mean co-ordinates (SD) of the root canal orifices of left and right maxillary first molars in millimeters.

Mean co-ordinates (x, y) (SD)

MB1 (x, y) MB2 (x, y) D1 (x, y) D2 (x, y) P (x, y)

Right
n = 83

Mean
(SD)

0.67, 2.68
(0.51, 0.57)

0.81, 0.84
(0.40, 0.65)

�1.12, 1.26
(0.50, 0.50)

�0.89, 0.23
(0.25, 1.13)

0.00, �2.51
(0, 0.41)

Left
n = 93

Mean
(SD)

�0.78, 2.56
(0.42, 0.74)

�0.98, 0.90
(0.52, 0.63)

0.99, 1.18
(0.53, 0.49)

0.69, 0.78
(0.04, 0.11)

0.00, �2.54
(0, 0.47)

MB1, mesiobuccal-1; MB2, mesiobuccal-2; D1, distobuccal-1; D2, distobuccal-2; P, palatinal.
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Figure 3. Intensity maps of the right (A) and left (B) maxillary first molars created with the geographic software program ArcGIS. They show
the borders of the access projection areas and the locations of the canal orifices in different colors.

Table II. Overall values of measured areas and distances.

Areas (mm2) Distances (mm)

Occ. area Acc. area MB1–C MB2–C D1–C D2–C P–C MB1–MB2 D1–D2

Mean 58.22 5.00.0 2.78 1.38 1.70 1.20 2.51 1.97 0.96

Min 34.54 1.14 1.55 0.36 0.57 0.74 3.66 0.67 0.58

Max 88.25 12.41 4.77 2.98 3.08 1.71 1.53 3.64 2.01

Occ, Occlusal; Acc, Access projection; MB1, mesiobuccal-1; MB2, mesiobuccal-2; D1, distobuccal-1; D2, distobuccal-2; P, palatinal;
C, midpoint of the central fossa.
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Results

Mean values for the (x, y) co-ordinates were (0.67,
2.68) for MB1, (0.81, 0.84) for MB2, (�1.12, 1.26)
for D1, (�0.89, 0.23) for D2 and (0.00, �2.53) for P
in right maxillary first molars and (�0.78, 2.56) for
MB1, (�0.98, 0.90) for MB2, (0.99, 1.18) for D1,
(0.69, 0.78) for D2 and (0.00, �2.53) for P in left
maxillary first molars (Table I, Figure 2).
The mean MB2–C, MB1–MB2 and P–C (center)

distances were 1.38 ± 0.49, 1.97 ± 0.61 and 2.51 ±
0.44 mm, respectively. Distobuccal canal orifices
were localized 0.57–3.08 mm distal to the center
(Table II) in 98.3% (n = 173) of teeth (Figure 2).
None of the distances measured in this study were
affected by MB2 existence (p > 0.05) (Table III). The
representative occlusal views and intensity maps are
shown in Figures 2 and 3, respectively.
Three (n = 94; 53.41%), four (n = 73; 41.47%), five

(n = 8; 4.55%) or six (n = 1; 0.57%) canal orifices were
located in the maxillary first molars investigated in this
study. Of all orifices, 77% were round, 12.72% oval,
9.13% C-shaped and 0.97% kidney-shaped (Table
IV, Figure 4).
The incidence of MB2 was 46.59% (n = 81):

21.59% (n = 38) in right teeth and 24.43%
(n = 43) in left teeth (p > 0.05)
The mean area of access projection (4.12 ±

1.81 mm2) of teeth without MB2 was significantly
smaller than that of teeth with MB2 (6.02 ± 2.4 mm2)
(p < 0.05) (Table III). The area of access projection
was significantly positively correlated with the
occlusal area (p < 0.05; R = 0.577 and R = 0.642
for right and left maxillary molars, respectively). MB2
existence did not significantly affect the occlusal
area (p > 0.05) (Table III). The occlusal area/
access projection area proportion was 58.22/5.00 =
11.64 (Table II).

Discussion

The main aim of this study was to provide a guide for
the detection and optimum access to canal orifices,
especially MB2, which is more complicated to nego-
tiate. According to established knowledge, the access
cavity of the maxillary first molars should be entirely
within the mesial half of the tooth and need not invade
the transverse ridge; however, the buccal-to-lingual
distance should be extensive enough to allow for the
proper positioning of instruments and filling materials
[5]. However, in this study, the distal border of the
area of the access projection was located distal to the
center in 98.3% (n = 173) of teeth. Besides, the
MB2 was located more mesially than the MB1 and
was not always on the MB1–P line. Thus, the cavity
border should be shifted more distally than previously
recommended. In addition, the cavity form must be
changed from a triangular to a rhomboidal shape.T
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In this study, some recommendations from previ-
ous studies were taken into consideration. Krasner
and Rankow [19] demonstrated the existence of
specific and consistent pulp chamber floor and wall
anatomy and proposed laws to assist clinicians when
identifying canal morphology. They noted that the
cemento–enamel junction is the most important
anatomic landmark for determining the location of
pulp chambers and root canal orifices. The teeth were
decoronized at the proximal level of the CEJ since
the pulp ceiling and CEJ lie on the same level in 98%
of the maxillary first molars [20]. In addition, the
root canal ceiling–furcation distance is 3.85–5.97 mm
[20] and troughing should be in 0.5–3 mm deep [3].
The MB2 should be negotiated carefully within safety
limits since perforations may ultimately compromise
the prognosis of root-filled teeth [18,21,22].
The maximum root canal number reported for

maxillary first molars is eight [23]. In the present study,
a maximum of six canal orifices was detected. Unex-
pected orifices were D2 in eight teeth (4.54%) and
P2 (0.57%) in one tooth. A meta-analytic review
reported the overall incidences of D2 and P2 to be

1.7% and 1.0%, respectively [24]. The incidences of
C-shaped canals in maxillary first molars were 0.09%
(two of the 2175 teeth) radiographically [25].
C-shaped root canal orifices were reported 4.9% in
maxillary second molars in a Chinese population [26].
In the present study C-shaped root canal orifices were
9.12%. This high incidence may be attributed to
the fact that only the shapes of the orifice were exam-
ined—not the whole canal until the apex. According to
De Moor [25], C-shaped canals often occur in the
distal portion of the pulp chamber. It is also reported
that mesial and distal canals can join to form a single
C-shaped canal in maxillary first molars [27]. Follow-
ing the determination of the center, a line should be
drawn to the palatinal orifice so that the values
obtained in this study can be useful for clinicians,
independent from the position of the tooth in the
mouth. However, in cases with gross caries or heavily
restored teeth, the center detection was complicated
due to loss of original occlusal morphology. Although
there are some data on the distances in the literature
[12,28,29], no co-ordinates are described. A recent
study investigated the co-ordinates in assessing the

Table IV. Forms, numbers and incidence in percentage (%) of root canal orifices in maxillary first molars.

Shape MB1 MB2 D1 D2 P P2 Number of orifices (%)

Round 130 (73.86%) 63 (77.77%) 129 (73.29%) 4 (100%) 147 (83.52%) 1 (100%) 474 (77.20%)

Ovoid 23 (13.06%) 10 (12.34%) 19 (10.79%) — 26 (14.77%) — 78 (12.72%)

C-shaped 22 (12.5%) 8 (9.87%) 26 (14.77%) — — 56 (9.12%)

Kidney-shaped 1 (0.56%) — 2 (1.13%) — 3 (1.70%) — 6 (0.97%)

Number o
f teeth
(incidence)

176 (100%) 81 (46.02%) 176 (100%) 4 (2.27%) 176 (100%) 1 (0.57%) 614 (100%)

MB1, mesiobuccal-1; MB2, mesiobuccal-2; D1, distobuccal-1; D2, distobuccal-2; P, palatinal; P2, palatinal-2.

Ovoid

Round

(P2)

C shaped
Kidney shaped

Figure 4. Shapes of the canal orifices.
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location and distribution of orifices in mandibular
second molars in a Turkish sub-populaton [30].
The mean values of the MB1–MB2 distance

reported by Zhang et al. [31], Gilles and Reader
[12] and Kulild and Peters [13] were 1.47,
1.82 and 2.31 mm, respectively; thus, the distance
measured in the present study (1.97 mm) was com-
parable. However, the minimum and maximum
values of the MB1–MB2 distance should also be
considered during the location of MB2 (Tables II
and III). Some authors reported that MB2 is mainly
located mesial to MB1, which was corroborated by
the results of the present study [15,32]. According to
the x-co-ordinates of MB1 and MB2, MB2 orifices
were located mesial to the mainMB canal in 152 teeth
(86.3%). These data and further studies can facilitate
the localization of root canal orifices and an ideal
access cavity preparation in clinical practice.
When the access projection on the pulp floor was

drawn by connecting the orifices, the access form
changed from the classical triangular shape to a
more rhomboidal one in most of the teeth which is
in agreement with the observations of Weller and
Hartwell [33]. The significant correlation between
the enlargement of the access area and MB2 existence
in the present study can be attributed to this finding.
The long-term prognosis of root canal therapy is

directly affected by the negotiation and entire obtura-
tion of all root canals. Long-term prognosis is reported
as 90.02% [34] and 82.1% [35] for initial endodontic
treatments and 83.0% [36] for non-surgical re-treat-
ment cases. However, whetherMB2 was treated or not
is not mentioned in these studies. Wolcott et al. [4,16]
reported a significant increase in the detection of
MB2 between initial treatments (58–59%) and re-
treatments (66–67%). Taken together, this could
imply that negotiating and treating MB2 can improve
the long-term prognosis.
It is often difficult to detect MB2 due to a ledge of

dentine that covers its orifice, the inclination of its
orifice on the pulpal floor and/or its pathway, which
often takes one or two abrupt curves in the coronal
part of the root [3]. Many authors reported that this
difficulty can be overcome by enhancing anatomical
knowledge, using instrumental aids [17,18,37]. Dif-
ferent methods have been used to detect MB2 root
canals, including canal staining and clearing [8,18,38],
radiographic examination [1], dentine troughing
under magnification [18], DOM [39], scanning
electron microscopy [12,40], CT [41,42] and micro-
CT [43]. The wide range of the MB2 incidence
(7–96%) reported in these studies is due to the variety
of techniques and study populations used. The detec-
tion rate of MB2 in maxillary molars in vivo is lower
than that in ex vivo studies [17,37]. The protocol used
in thepresent study included3.5� loupemagnification
and dentin troughing on the pulpal floor in an attempt
to locate a second mesiobuccal canal since their

effectiveness has already been demonstrated [13,18].
The MB2 incidence of the population in the present
study was similar to that of the population studied by
Yoshioka et al. [18] (42%)but lower than those studied
byKulild andPeters [13] (96%) andBuhrley et al. [17]
(71%) who used similar methodology. Higher inci-
dence is expected when clearing, CT, DOM or
sectioning will be used in further studies.
In conclusion, distobuccal canal orifice is mostly

located on the distal side of the center and MB2 on
the mesial side of MB1. Thus, the projection of the
access on the pulp floor was rhomboidal in most of the
cases. Being aware of the co-ordinates and distances
related to canal orifices can facilitate the access cavity
preparation in clinical practice. The incidence of
MB2 in this sub-population was 46.02%, which is
of great importance clinically. MB2 existence was
significantly correlated with the area and form of
the access projection.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Abiodun-Solanke IM, Dosumu OO, Shaba PO, Ajayi DM.
Prevalence of additional canals in maxillary first molars
in a Nigerian population. J Contemp Dent Pract 2008;9:
81–8.

[2] Burns RC, Herbranson EJ. Tooth morphology and cavity
preparation. In Cohen S, Burns RC, editors. Pathways of
the pulp. 8th. ed. St Louis, MO: Mosby; 2002. p 173–229.

[3] Hess W, Zürcher E. The anatomy of root canals of the teeth of
the permanent and deciduous dentitions. New York: William
Wood & Co; 1925.

[4] Ingle JI, Bakland LK. Endodontics. 5th ed. Hamilton, ON:
London: BC Decker Inc; 2005.

[5] Iqbal M, Fillmore E. Preoperative predictors of number of
root canals clinically detected in maxillary molars: a Pen-
nEndo Database study. J Endod 2008;34:413–16.

[6] Ng YL, Aung TH, Alavi A, Gulabivala K. Root and canal
morphology of Burmese maxillary molars. Int Endod J 2001;
34:620–30.

[7] Rwenyonyi CM, Kutesa AM, Muwazi LM, Buwembo W.
Root and canal morphology of maxillary first and second
permanent molar teeth in a Ugandan population. Int Endod
J 2007;40:679–83.

[8] Velmurugan N, Venkateshbabu N, Abarajithan M,
Kandaswamy D. Evaluation of the pulp chamber size of
human maxillary first molars: an institution based in vitro
study. Indian J Dent Res 2008;19:92–4.

[9] Vertucci FJ. Root canal morphology and its relationship to
endodontic procedure. Endodontic Topics 2005;10:3–29.

[10] Wasti F, Shearer AC, Wilson NH. Root canal systems of the
mandibular andmaxillary first permanent molar teeth of south
Asian Pakistanis. Int Endod J 2001;34:263–6.

[11] Weine FS, Hayami S, Hata G, Toda T. Canal configuration of
the mesiobuccal root of the maxillary first molar of a Japanese
sub-population. Int Endod J 1999;32:79–87.

[12] Gilles J, Reader A. An SEM investigation of the mesiolingual
canal in human maxillary first and second molars. Oral Surg
Oral Med Oral Pathol 1990;70:638–43.

360 A. D. Kececi et al.

www.ncbi.nlm.nih.gov/pubmed/18997920?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18997920?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18358886?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18358886?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18358886?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11762499?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11762499?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17608678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17608678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18445922?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18445922?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18445922?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11482136?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11482136?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11482136?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10371900?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10371900?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10371900?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2234885?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2234885?dopt=Abstract


[13] Kulild JC, Peters DD. Incidence and configuration of canal
systems in the mesiobuccal root of maxillary first and second
molars. J Endod 1990;16:311–17.

[14] Fogel HM, Peikoff MD, Christie WH. Canal configuration in
the mesiobuccal root of the maxillary first molar: a clinical
study. J Endod 1994;20:135–7.

[15] Stropko JJ. Canal morphology of maxillary molars: clinical
observations of canal configurations. J Endod 1999;25:446–50.

[16] Wolcott J,MinnichS, IshleyD,KennedyW, Johnson S. Second
mesiobuccal canals in maxillary molars: their incidence and
importance. Compend Contin Educ Dent 2002;23:818–20.

[17] Buhrley LJ, Barrows MJ, BeGole EA, Wenckus CS. Effect of
magnification on locating the MB2 canal in maxillary molars.
J Endod 2002;28:324–7.

[18] Yoshioka T, Kikuchi I, Fukumoto Y, Kobayashi C, Suda H.
Detection of the secondmesiobuccal canal inmesiobuccal roots
of maxillary molar teeth ex vivo. Int Endod J 2005;38:124–8.

[19] Krasner P, Rankow HJ. Anatomy of the pulp-chamber floor.
J Endod 2004;30:5–16.

[20] Deutsch AS, Musikant BL. Morphological measurements of
anatomic landmarks in human maxillary and mandibular
molar pulp chambers. J Endod 2004;30:388–90.

[21] Benenati FW, Roane JB, Biggs JT, Simon JH. Recall evalu-
ation of iatrogenic root perforations repaired with amalgam
and gutta-percha. J Endod 1986;12:161–6.

[22] Ruddle CJ. Nonsurgical endodontic retreatment. In Cohen S,
Burns RC, editors. Pathways of the Pulp. 8th ed. St Louis,
MO: Mosby, Inc; 2002. p 875–929.

[23] Kottoor J, Velmurugan N, Surendran S. Endodontic man-
agement of a maxillary first molar with eight root canal systems
evaluated using cone-beam computed tomography scanning:
a case report. J Endod 2011;37:715–19.

[24] Cleghorn BM, Christie WH, Dong CC. Root and root canal
morphology of the human permanent maxillary first molar:
a literature review. J Endod 2006;32:813–21.

[25] De Moor RJ. C-shaped root canal configuration in maxillary
first molars. Int Endod J 2002;35:200–8.

[26] Yang ZP, Yang SF, Lin YC, Shay JC, Chi CY. C-shaped root
canals in mandibular second molars in a Chinese population.
Endod Dent Traumatol 1988;4:160–3.

[27] Yılmaz Z, Tuncel B, Serper A, Calt S. C-shaped root canal in
a maxillary first molar: a case report. Int Endod J 2006;39:
162–6.

[28] Zhao YM, XuX, Sun J, Qiang YL, Qi QG. In vitro study of the
secondary mesiobuccal canal of the maxillary second molar.
Hua Xi Kou Qiang Yi Xue Za Zhi 2009;27:509–11, 515.

[29] Degerness RA, Bowles WR. Dimension, anatomy and mor-
phology of the mesiobuccal root canal system in maxillary
molars. J Endod 2010;36:985–9.

[30] Gorduysus O, Nagas E, Cehreli ZC, Gorduysus M, Yilmaz Z.
Localization of root canal orifices in mandibular second
molars in relation to occlusal dimension. Int Endod J 2009;
42:973–7.

[31] Zhang CF, Ding RY, Yin XZ, Zhao BH, Lin QG. Location
and negotiation of second mesiobuccal canals in maxillary
molars. Zhonghua Kou Qiang Yi Xue Za Zhi 2003;38:86–8.

[32] Pattanshetti N, Gaidhane M, Al Kandari AM. Root and canal
morphology of the mesiobuccal and distal roots of permanent
first molars in a Kuwait population–a clinical study. Int Endod
J 2008;41:755–62.

[33] Weller RN, Hartwell GR. The impact of improved access and
searching techniques on detection of the mesiolingual canal in
maxillary molars. J Endod 1989;15:82–3.

[34] Hannahan JP, Eleazer PD. Comparison of success of
implants versus endodontically treated teeth. J Endod 2008;
34:1302–5.

[35] Doyle SL, Hodges JS, Pesun IJ, Law AS, Bowles WR. Ret-
rospective cross sectional comparison of initial nonsurgical
endodontic treatment and single-tooth implants. J Endod
2006;32:822–7.

[36] Torabinejad M, Corr R, Handysides R, Shabahang S. Out-
comes of nonsurgical retreatment and endodontic surgery:
a systematic review. J Endod 2009;35:930–7.

[37] Görduysus MO, Görduysus M, Friedman S. Operating
microscope improves negotiation of second mesiobuccal
canals in maxillary molars. J Endod 2001;27:683–6.

[38] al Shalabi RM, Omer OE, Glennon J, Jennings M,
Claffey NM. Root canal anatomy of maxillary first and second
permanent molars. Int Endod J 2000;33:405–14.

[39] Sempira HN, Hartwell GR. Frequency of second mesiobuccal
canals in maxillary molars as determined by use of an oper-
ating microscope: a clinical study. J Endod 2000;26:673–4.

[40] Schwarze T, Baethge C, Stecher T, Geurtsen W. Identifica-
tion of second canals in the mesiobuccal root of maxillary first
and second molars using magnifying loupes or an operating
microscope. Aust Endod J 2002;28:57–60.

[41] Huumonen S, Kvist T, Gröndahl K, Molander A. Diagnostic
value of computed tomography in re-treatment of root fillings
in maxillary molars. Int Endod J 2006;39:827–33.

[42] Lee SJ, Jang KH, Spangberg LS, Kim E, Jung IY,
Lee CY, et al. Three-dimensional visualization of a mandib-
ular first molar with three distal roots using computer-aided
rapid prototyping. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2006;101:668–74.

[43] Somma F, Leoni D, Plotino G, Grande NM, Plasschaert A.
Root canal morphology of the mesiobuccal root of maxillary
first molars: a micro-computed tomographic analysis. Int
Endod J 2009;42:165–74.

MB2 incidence and coordinates of canal orifices 361

www.ncbi.nlm.nih.gov/pubmed/2081944?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2081944?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2081944?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7996086?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7996086?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7996086?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10530248?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10530248?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365137?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365137?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365137?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12043874?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12043874?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15667634?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15667634?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14760900?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15167463?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15167463?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15167463?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3461104?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3461104?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3461104?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21496678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21496678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21496678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21496678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16934622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16934622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16934622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12019491?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12019491?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3267526?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3267526?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16454798?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16454798?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19927720?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19927720?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20478451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20478451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20478451?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19619227?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19619227?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12839636?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12839636?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12839636?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18637850?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18637850?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18637850?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2607274?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2607274?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2607274?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18928836?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18928836?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16934623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16934623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16934623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19567310?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19567310?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19567310?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11716081?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11716081?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11716081?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11307458?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11307458?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11469299?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11469299?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11469299?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12360670?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12360670?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12360670?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12360670?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16948669?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16948669?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16948669?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16632282?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16632282?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16632282?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19134045?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19134045?dopt=Abstract

	Abstract
	Introduction
	Materials and methods
	Statistical analyses

	Results
	Discussion
	Declaration of interest
	References

