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Abstract: Previous studies using cone-beam computed tomography (CBCT) in different ethnic populations showed
generality, similarity and diversity in root and canal morphology. Data about the southern Chinese population is
scanty. This study was aimed at investigating the variations in root canal configuration in maxillary first (1 MM) and
second molars (2 MM) of a southern Chinese subpopulation using CBCT. A total of 337 male and 310 female adults
from a southern Chinese population with healthy, untreated, well-developed maxillary molars were enrolled. All 953
1 MM and 1,066 2 MM were analysed in vivo using CBCT scanning. The number of roots and canals, the canal con-
figuration (Vertucci’s classification) and the presence of additional mesiobuccal canals (MB2) were recorded. In 1
MM, over 97% had 3 separate roots, 31% had 3 canals and 68.1% had 4. In 2 MM, over 70% had 3 roots and 20%
had 2 roots, and 67.1% had 3 canals and 24% had 4 canals. The prevalence of MB2 canals in 1 MM and 2 MM is
68.3% and 23.8%, respectively. When MB2 was present, the most common type of MB root canal configuration of
1 MM and 2 MM was type IV and Ill. A 22-variant category of root canal system of maxillary molars was devised. In
conclusions, Southern Chinese subpopulation had a high MB2 prevalence of 68.3% in 1 MM, with the most com-
mon variants being the newly-modified category variant XIV and XV. Some uncommon variants were also found in
this study.

Keywords: Cone-beam computed tomography, maxillary molars, root canal anatomy, second mesiobuccal canal,
southern China

Introduction

Mastery of root canal anatomy is essential for
ensuring a satisfactory outcome of both surgi-
cal and nonsurgical root canal treatments. Due
to their high anatomical complexity, under-
standing the anatomical configuration and vari-
ations of maxillary molars is important in ensur-
ing that they are treated properly [1]. The canal
configuration of maxillary molars is one of the
most complex canal configurations in human
teeth. For example, the most commonly missed
canals are the second canals in the mesiobuc-
cal (MB) root [2]. Misdiagnosis of the MB sec-
ond canal (MB2) may lead to unfavourable
prognosis, failure of treatment and, even loss
of the whole tooth. Therefore, the appliance of

auxiliary imaging, especially in the diagnosis of
teeth with complicated root canal anatomy, is
indispensable.

The way to study root canal anatomy can be
divided into in vivo and in vitro. Physical sec-
tioning of the extracted teeth, which is the gold
standard of in vitro root canal configuration
evaluation [3], is limited in practice because of
the tortuous processing procedure and small
sample size. Thus the data from in vivo studies
appear to be less convincing, especially in the
studies that analyse and estimate root canal
configurations from small samples.

In the case of evaluating the root and canal
morphology from a particular population, in vivo
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studies by virtue of advanced imaging tech-
niques allow clinicians to gain insight into the
anatomy of teeth. These imaging techniques
include tuned aperture computed tomography,
magnetic resonance imaging, ultrasound, com-
puted tomography and cone beam computed
tomography (CBCT). Of these techniques, CBCT
appears to be an effective and safe way to over-
come some of the problems associated with
conventional radiographs [4].

CBCT appears to be very promising in large-
scale use of the CT technique in dento-maxillo-
facial diagnostic applications [5] and in vivo
dental anatomy investigation [6], because of
the favourable ratio between performance and
low cost, together with its low radiation dose
and perfect sensitivity, specificity and accuracy
[7].

Previous studies have investigated the root and
canal morphology of maxillary molars both in a
western Chinese [8, 9] and other ethnic po-
pulations [10-13] by using in vivo CBCT scan-
ning with large samples. However, the enor-
mous population of China calls for more
research about root canal configurations of
maxillary molars in other regions of this coun-
try, such as eastern, northern and southern
China. More data will contribute to our knowl-
edge of this field and therefore guide the clini-
cal practice. The aim of this study was to inves-
tigate the variations in root canal configuration
in maxillary first and second molars in a south-
ern Chinese subpopulation through using CBCT.

Materials and methods
Patients

CBCT images of 953 maxillary first molars and
1066 maxillary second molars from 647 adults
born in southern China (337 males and 310
females) with a mean age of 46.3 years (rang-
ing from 18 to 80 years) who required
radiograghic examination by CBCT as part of
their dental treatment were identified in the
database of the oral radiology department,
Nanfang Hospital, Guangzhou, China, between
February 2010 and December 2015. The imag-
es were taken as part of the routine examina-
tion, diagnosis and treatment planning of
patients that included those suffering facial
trauma or maxillary sinusitis, who required a
pre-operative assessment for implants, or who
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needed orthodontic treatment because of an
impacted tooth. Informed consent was obtained
from the patients and this study was approved
by the Ethics Committee of Nanfang Hospital.

The CBCT images were selected for enrollment
in this investigation based on the following cri-
teria: (i) maxillary permanent molars without
periapical lesions; (ii) teeth that had not been
endodontically treated; (iii) no root canals with
open apices, absorption or calcification; and
(iv) CBCT images of good quality [9].

Radiographic techniques

The CBCT images were taken using a Planmeca
Romexis 3D CBCT scanner (Planmeca, Finland)
operating at 84 kV and 14 mA, and the expo-
sure time was 12 s. The voxel size was 200 ym
x 200 pym and the minimum slice thickness
was 0.2 mm. The detector resolution was 1024
x 1024 pixels and the pixel size was 127 ym x
127 pm. Scans were made according to the
manufacturer’'s recommended protocol. All the
CBCT examinations were carried out by an
appropriately licensed radiologist with the mini-
mum exposure necessary for adequate image
quality. The lowest effective dose of radiation
and radiation field were guaranteed.

Evaluation of the images

The CBCT images were 3D-reconstructed by
using a patented Feldkamp reconstruction
algorithm, analysed with inbuilt software and
ran in a 32-bit Windows 7 system. All the imag-
es were analysed by a Lenovo LCD screen with
a resolution of 1280 x 1024 pixels in a dark
room. Contrast and brightness of images was
adjusted using the software’s image process-
ing tool to ensure optimal visualisation. Exam-
iners could scroll through the axial, coronal and
sagittal views. Frequencies and descriptives of
all the data were recorded using the SPSS 13.0
software. Two professional oral radiologists
evaluated all the images separately. These two
groups of raw data were matched and com-
pared, and the inconsistent data were second-
checked and evaluated by two oral radiologists
and an experienced endodontist concurrently
to reach consensus in the interpretation of the
radiographic findings. A second analysis was
performed one month after the first one, using
approximately 20% of the images for intraob-
server reliability assessment.
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Table 1. Twenty-two-variant category of root canal system of maxillary molars

Variant Root  Canal Distribution of root canals Abbreviation
number number

| 1 1 - 1-1

I 1 2 1-2

1 1 3 1-3

% 1 4 1-4

\ 2 2 A mesial and a distal, with 1 canal in each root 2-2, M1D1

Vi 2 2 A buccal and a palatal, with 1 canal in each root 2-2,B1P1

Vil 2 3 A mesial and a distal, with 1 canal in distal and 2 canals in mesial 2-3, M2D1

Vil 2 3 A mesial and a distal, with 2 canals in distal and 1 canal in mesial 2-3, M1D2

IX 2 3 A buccal and a palatal, with 2 canals in buccal and 1 canal in palatal 2-3, B2P1

X 2 3 A buccal and a palatal, with 1 canal in buccal and 2 canals in palatal 2-3,B1P2

Xl 2 4 A mesial and a distal, with 2 canals in mesial and 2 canals in distal 2-4, M2D2

Xl 2 4 A mesial and a distal, with 3 canals in mesial and 1 canal in distal 2-4, M3D1

X 2 4 A buccal and a palatal, with 3 canals in buccal and 1 canal in palatal 2-4, B3P1

XV 3 3 MB, distobuccal, and palatal, with 1 canal in each root 33

XV 3 4 With 1 canal in each of the distobuccal and palatal roots and 2 canals in the MB root 3-4, MB2

XVI 3 4 With 1 canal in each of the MB and palatal roots and 2 canals in the distobuccal root 3-4, DB2

XV 3 4 With 1 canal in each of the distobuccal and MB roots and 2 canals in the palatal root 3-4, P2

XVII 3 5 With 1 canal in each of the distobuccal and palatal roots and 3 canals in the MB root 3-5, MB3

XIX 4 4 MB, distobuccal, mesiopalatal and distopalatal, with 1 canal in each root 4-4

XX 4 5 With 1 canal in each of the distobuccal, mesiopalatal, and distopalatal roots and 2 canals in the MB root  4-5, MB2

XXI 4 5 With 1 canal in each of the distobuccal, mesiopalatal, and MB roots and 2 canals in the distopalatal root 4-5, DP2

XXII - - Other variants with irregular fused roots Irregular

Notes: 1. Variant types are presented as (root number-root canal number, root canal distribution), ‘M’, ‘D’, ‘B’ and ‘P’ represents ‘mesial’, ‘distal’, ‘buccal’ and ‘palatal’, respec-
tively. 2. Variant I-XXI are all separate roots.

Table 2. Age distribution of 2,019 Maxillary male patients. Intraobserver reliability was sat-
Molars isfactory for both observer 1 (R = 0.85) and
observer 2 (R = 0.89), and the interobserver
reliability as assessed by the Cohen kappa was

Age group Number of patients Number of teeth

18-29 100 332 -

30.39 119 392 excellent (R = 0.88).

40-49 141 370 The number of roots and their morphology
50-59 133 317

60-80 161 346 Over 97% of 953 maxillary first molars had

three separate roots (Table 3). The other maxil-
lary first molars had one, two or four roots, and

The teeth included were radiographically exam-
ined by CBCT to determine (i) the number of
roots and their morphology, (ii) the number of
canals per root and the presence of MB2, (iii)
the MB root canal configuration classified using
Vertucci’s classification [14] and (iv) variations
of root and canal anatomy modified from the
classification of Peikoff et al. [15], Zhang et al.
[9] and Silva et al. [12]. The new classification is
described in Table 1.

Results

Totally, 2019 maxillary molars were recorded in
this study (Table 2). In all these maxillary
molars, 991 teeth (49.1%) were from female
patients and 1028 teeth (50.9%) were from
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their roots could be fused with different vari-
ants (Table 4). In the maxillary second molars,
the number of roots and their morphology had
a wide range of variation. Over 70% of them
had three roots and 20% had two roots; others
had either one or four roots (Table 3). Consis-
tent with this, only 70% of maxillary second
molars had all separate roots; the other had all
fused or partly fused roots. Particularly, irregu-
lar fused roots that could not be classified as
any of the five categories [8] were classified as
“irregular fused roots” (Table 4).

The number of canals per tooth

In maxillary first molars, except in the fused
teeth and one five-root tooth, 31% of the teeth
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Table 3. Frequency of Root Number and Root Canal Number in 953 Maxillary First and 1,066 Second
Molars

No. of roots No. of canals
1 2 3 4 1 2 3 4 5
Right maxillary first molar 2(0.4) 9(1.9) 465 (97.7) - 1(0.2) 4(0.8) 181(38.0) 290 (60.9)
Left maxillary first molar - 10 (2.1) 465(97.5) 2(0.4) 3(0.6) 114 (23.9) 359 (75.3) 1(0.2)
Maxillary first molar Total 2(0.2) 19(2.0) 930(97.6) 2(0.2) 1(0.1) 7(0.7) 295(31.0) 649(68.1) 1(0.1)
Right maxillary second molar 41 (7.8) 105 (20.0) 378 (72.0) 1(0.2) 8(1.5) 36(6.9) 373(71.0) 108 (20.6)
Left maxillary second molar 51 (9.4) 109 (20.1) 379 (70.1) 2(0.4) 13(2.4) 38(7.0) 342(63.2) 148 (27.4)
Maxillary second molar Total 92 (8.6) 214 (20.1) 757 (71.0) 3(0.3) 21(2.0) 74(6.9) 715(67.1) 256 (24.0)
Notes: Data are presented as frequency and percentage, i.e., n (%).
Table 4. Frequency distribution of root morphology in maxillary first and second molars
Root morphology 1 MMR 1 MML 1 MM Total 2 MMR 2 MML 2 MM Total
(n=476) (n=477) (n=953) (n =525) (n =541) (n =1066)
All roots separate 466 (97.9) 466 (97.7) 932 (97.8) 377 (71.8) 381 (70.4) 758 (71.1)
MBR fused with DBR 8(1.7) 8(1.2) 16 (1.7) 74 (14.1) 75 (13.9) 149 (14.0)
MBR fused with PR - 2(0.3) 2(0.2) 29 (5.5) 31 (5.7) 60 (5.6)
DBR fused with PR - 1(0.2) 1(0.1) 2(0.4) 4 (0.7) 6 (0.6)
All roots fused 2(0.4) - 2(0.2) 41 (7. 8) 50 (9.2) 91 (8.5)
Irregular fused roots - - - 2(0.4) - 2(0.2)

Notes: 1. ‘1 MMR’, ‘1 MML, ‘1 MM’, ‘2 MMR’, ‘2 MML and ‘2 MM’ represents ‘right maxillary first molars’, ‘left maxillary first
molars’, “maxillary first molars’, ‘right maxillary second molars’, ‘left maxillary second molars’ and ‘maxillary second molars’,

respectively. 2. Data are presented as frequency and percentage, i.e., n (%).

had 3 canals and 68.1% of them had 4 canals.
Among these teeth, all the palatal and disto-
buccal roots had one canal, and the additional
canals were all in the MB roots (Table 3).

In maxillary second molars, over 90% of the
teeth had three or four canals, 67.1% had three
canals and 24% had four. None of the maxillary
second molars had 5 canals; however, com-
pared with maxillary first molars, a higher prev-
alence of one canal (2%) and two canals (6.9%)
per tooth were found (Table 3).

The prevalence of MB2 canals in maxillary
molars

In maxillary first molars, 68.3% had MB2
canals, among which the prevalence of MB2 in
right and left molars was 60.9% and 75.7%,
respectively. In maxillary second molars, 23.8%
of them had MB2 canals, among which the
prevalence of MB2 in right and left molars was
20.2% and 27.4%, respectively.

Root canal configuration of MB root classified
by Vertucci’s classification

The root canal configuration of the MB root of
maxillary first molars when MB2 was present
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was 36.3% type IV, 28.4% type Il, 18.6% type V
and 14.1% type llI; others were type VI or VII.

When MB2 was present, the configuration of
the MB root of maxillary second molars was
33.9% type lll, 24.4% type IV, 21.3% type I,
19.3% type V; others were type VI or VII.

The distribution and percentage of first and
second molars in the 8 categories of Vertucci’s
classification [14] are described in Table 5. No
type VIl teeth were found.

Variations in the morphology of the root canal
systems modified from reported classifications

In maxillary first molars, 30% were variant XIV
and 67.6% were variant XV. In maxillary second
molars, 50.7% were variant XIV and 20.1% were
variant XV. There were 6, 8 and 11 categories in
Peikoff et al.’s [15], Zhang et al.’s [9] and Silva
et al’s [12] classifications, respectively. Many
types of variants in the present study and other
reported studies, however, could not be classi-
fied as any of the known variant types in these
categories; therefore, a modified classification
was devised. The distribution and percentage
of first and second molars in the 22 categories

Int J Clin Exp Med 2017;10(4):7030-7039
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Table 5. Configuration of separated mb root canal systems in maxillary first and second molars

Type | Type Il

Type lll

Type IV

TypeV  Type VI

Type VII

Type VI

(1) (2-1) (1-2-1) (2) (1-2) (2-1-2) (1-2-1-2) (3) Total
Right maxillary first molar 178 (38.0) 75(16.0) 39(8.3) 110 (23.5) 58(12.4) 7(1.5) 1(0.2) 468 (100)
Left maxillary first molar 110 (23.4) 110(23.4) 53(11.3) 126(26.8) 63(13.4) 7(1.5) 2(0.4) 471 (100)
Maxillary first molar Total 288(30.7) 185(19.7) 92(9.8) 236(25.1) 121(12.9) 14(1.5) 3(0.3) 939 (100)
Right maxillary second molar 292 (73.4) 24 (6.0) 35(8.8) 27 (6.8) 19 (4.8) 1(0.3) 398 (100)
Left maxillary second molar 263 (64.0) 30 (7.3) 51 (12.4) 35 (8.5) 30 (7.3) 1(0.2) 1(0.2) 410 (100)
Maxillary second molar Total 555 (68.6) 54 (6.7) 86 (10.6) 62 (7.7) 49 (6.1) 2(0.2) 1(0.1) 809 (100)
Total 843 (48.2) 239 (13.7) 178(10.2) 298 (17.0) 170(9.7) 16(0.9) 4(0.2) 1748 (100)

Notes: Data are presented as frequency and percentage, i.e., n (%).

Table 6. Frequency distribution of the 22 categories of variant of root canal anatomy of maxillary first

and second molars

Variant 1 MMR 1 MML 1 MM 2 MMR 2 MML 2 MM Total
| 1(0.2) - 1(0.1) 8 (1.5) 13 (2.4) 21 (2.0) 22 (1.1)
[ - - - 12 (2.3) 12 (2.2) 24 (2.3) 24 (1.2)
Il 1(0.2) - 1(0.1) 22 (4.0) 23 (4.3) 45 (4.1) 46 (2.2)
\Y - - - - 3(0.6) 3(0.3) 3(0.1)
V - - - - - -

Vi 4(0.8) 3(0.6) 7(0.7) 24 (4.6) 26 (4.8) 50 (4.7) 57 (2.8)
VI - - - 21 (4.0) 19 (3.5) 40 (3.8) 40 (2.0)
vill - - - 1(0.2) 1(0.2) 2(0.2) 2(0.1)
IX 4 (0.8) 5 (1.0) 9 (0.9) 45 (8.6) 43 (8.0) 88 (8.3) 97 (4.8)
X - - - - - - -

XI - 1(0.2) 1(0.1) 1(0.2) 3(0.6) 4(0.4) 5(0.2)
XIl - - - 8 (1.5) 11 (2.0) 19 (1.8) 19 (0.9)
XIll 1(0.2) 2 (0.4) 3(0.3) 4(0.8) 6 (1.1) 10 (1.0) 13(0.7)
XIV 176 (37.0) 110(23.1) 286(30.0) 285 (54.3) 256 (47.4) 541 (50.6) 827 (41.0)
XV 289 (60.7) 355 (74.4) 644 (67.6) 91 (17.3) 123 (22.8)  214(20.1) 858 (42.5)
XVI - - - - - - -
XVII - - - - - - -
XVl - - - - - - -
XIX - 1(0.2) 1(0.1) 1(0.2) 1(0.2) 2(0.2) 3(0.1)
XX - - - - - - -
XXI - - - - - - -
XXII 2 (0.4) 2(0.2) 2(0.2)

Notes: 1. ‘1 MMR’, ‘1 MML, ‘1 MM’, ‘2 MMR’, ‘2 MML and ‘2 MM’ represents ‘right maxillary first molars’, ‘left maxillary first
molars’, “maxillary first molars’, ‘right maxillary second molars’, ‘left maxillary second molars’ and ‘maxillary second molars’,
respectively. 2. Data are presented as frequency and percentage, i.e., n (%).

of variants of root canal anatomy are described
in Table 6. Fifteen variants found in the present

Symmetry in the bilateral homonymous teeth

study are shown in Figure 1.

Two special teeth were found, and they were
classified as variant XXII (irregular fused vari-
ant). They were all maxillary second right
molars. These two teeth showed the MB root
fused with the mesiopalatal root. (This tooth
had two separate palatal roots; see Figure 1).
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Of 369 patients who had bilateral homonym-
ous teeth in maxillary first molars, 277 (75.1%)
had symmetry in the root and canal morpholo-
gy of homonym teeth on the opposite side.
When considering MB root canal configuration
(Vertucci's classification), however, only 196
(53.1%) had perfect symmetry. In the presence
of MB2 (269 subjects), 199 (74%) had symme-

Int J Clin Exp Med 2017:10(4):7030-7039
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Variant Conoral Middle Apical

Variant Conoral Middle  Apical

Figure 1. CBCT images showing the fifteen variants in maxillary molars found in this study according to the 22-vari-
ant category. ‘Coronal’, ‘Middle’ and ‘Apical’ represents the coronal, middle and apical cross slice of each case, re-
spectively. ‘M’, ‘D’, ‘B’ and, ‘P’ represents ‘mesial’, ‘distal’, ‘buccal’ and ‘palatal’, respectively. Red triangles indicate

the detected canals.

try regardless of the root canal type classifica-
tion, and 118 (43.9%) had perfect symmetry
including the root canal type classification.

Of 456 patients who had bilateral homonymous
teeth in maxillary second molars, 280 (61.4%)
had symmetry in the root and canal morpholo-
gy of homonym teeth on the opposite side.
When considering MB root canal configuration,
however, only 253 (55.5%) had perfect symme-
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try. In the presence of MB2 (109 subjects), 56
(51.4%) had symmetry regardless of the root
canal type classification, and 29 (26.6%) had
perfect symmetry including the root canal type
classification.

Discussion
The present study provides a detailed anatomic

description of maxillary first and second molars

Int J Clin Exp Med 2017:10(4):7030-7039
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Table 7. Prevalence of the MB2 canal in the mesiobuccal root of
maxillary first and second molar in previously published in vivo stud-
ies by using CBCT scanning (n>200)

proportions. Nevertheless,
studies of Burmese [19] and
Thai [18] populations reve-
aled that all maxillary sec-

Author(s) Year Age Population Sa(r:)ple xﬁsl ond molars had three sepa-
Maxillary first molar rate roots. In general, ma-
Georgia, N. E. etal. [11] 2015 1880 Greek 410 53.41% xillary second molars are
Silva, E. J. et al. [12] 2014 Unreported Brazilian 314 42.63% more variable in root num-
Lee, J. H. etal. [13] 2011 1876  Korean 458  71.8% ber as well as root morphol-
Zhang, R. et al. [9] 2011 17-60 Chinese 299 52% ogy than 'rnaXMary first
) molars. Besides differences
Zheng, Q. H. et al. [8] 2010 10-86 Chinese 775 52.24% in study methodology (e.g.,
Present study 2016  18-80 Chinese 953 68.3% in vivo and in vitro) and sam-
Maxillary second molar ple size, these differences in
Betancourt, P. et al. [10] 2015  16-75 Chilean 225 48% root canal anatomy highlight
Georgia, N. E. et al. [11] 2015 18-80 Greek 402 40.29% the influence of ethnic back-
Silva, E. J. et al. [12] 2014 Unreported Brazilian 306 34.32% ground on maxillary molar
Lee, J. H. et al. [13] 2011 1876 Korean 467  42.2% root morphology.
Zhang, R. et al. [9] 2011 17-60 Chinese 210 22%
Present study 2016 1880  Chinese 1066 23.8% Almost all the maxillary first

from a southern Chinese subpopulation based
on a retrospective analysis of CBCT images.
This is one of the largest sample size studies,
as far as we know. The observations made here
provide a more precise understanding of maxil-
lary molar roots and root canal systems.
Together with other similar studies from differ-
ent populations, such data not only guide den-
tal clinical practitioners with generality and
specialty of tooth anatomy, but also provide evi-
dential support for human teeth morphological
evolution, with respect to both ethnical and
regional distribution.

Our results revealed that the majority of maxil-
lary first molars had three separate roots, which
was consistent with previously reported studies
of western Chinese [8], Korean [13], Brazilian
[12] and Ugandan [16] populations. However,
other large sample size studies [9, 17-19] found
that 100% of maxillary first teeth had three
separate roots. A lower percentage of three
separate roots in maxillary first molars were
found in a Greek population [11] and 78% of
four separate-rooted maxillary first molars were
found in an Irish population [20]. For maxillary
second molars, the present study showed that
the number of roots and their morphology had
a wide range of variation. Moreover, a high per-
centage of fused roots were found. The results
were consistent with previous findings of
Chinese [9], Greek [11], Indian [17] and Ugan-
dan [16] populations, though they had different
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molars in our study had 3 or
4 canals. For the teeth which
had three separate roots, all the palatal and
distobuccal roots had one canal, and the addi-
tional canals were all in the MB roots. In maxil-
lary second molars, 91.1% of the teeth had 3 or
4 canals, and a higher prevalence of one canal
or two canals per tooth were found. Most of the
mesiobuccal roots had 1 to 2 canals, and each
of the distobuccal and palatal root had 1 root;
these results were consistent with previously
reported studies in Chinese [8, 9, 21] and other
ethnic populations [11, 12, 18, 19, 22].

Remarkably, we devised a root and canal cate-
gory, which consists of 22 variants, modified
from previously reported studies [9, 12, 15].
Consistently, the majority of maxillary first and
second molars were variant 14 and variant 15,
though with different proportions in these stud-
ies [9, 12, 15]. A total of 17 variants were found
in the present study and maxillary second
molars had more variants than maxillary first
molars. There variants revealed a complex vari-
ation of maxillary second molars, and they may
pose challenge to dental practitioners both in
surgical and non-surgical treatments.

An important standard of this classification was
that when the root furcation is more than one-
third of the overall length of the root, it should
be treated as two separate roots; otherwise, it
should be treated as one root (e.g. C-shaped
molars [1]) [23]. This category had several mer-
its. First, this category consisted not only of the

Int J Clin Exp Med 2017;10(4):7030-7039
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variants we had found in the present study, but
also the variants reported in other studies [9,
12, 22, 24], i.e., variant V, X, XVI, XVII, XVIII, XX
and XXI. Second, this category contained not
only basic information about root number and
root canal number, but also contained informa-
tion about the distribution of root and root
canals. Thus, the readers could easily under-
stand the three-dimensional structure of the
tooth. Third, the variants were arranged and
numbered according to root number, canal
number and root canal distribution in an
ascending order. Thus, other researchers can
record data or modify this category in a simple
way. Last but not least, this category covers all
the variants reported in both the present and
previous studies, as far as we know. Specifically,
some reported variants that cannot be catego-
rised in variant | to XXI are categorised as vari-
ant XXII, which represents an irregular variant.
For instance, Gopikrishna et al. [25] presented
a maxillary first molar with an unusual morphol-
ogy of 2 palatal roots and a single fused buccal
root, Yilmaz et al. [26] reported an unusual
C-shaped root canal system in a maxillary first
molar tooth and some case reports [27, 28]
showed 6 or 7 canals in maxillary molars. To
sum up, this category is more comprehensive,
is well organised and can be recommended in
similar studies in the future.

The present study revealed that 68.3% and
23.8% of maxillary first and second molars had
MB2 canals. In order to exclude the method-
ological differences among similar studies, only
studies using CBCT imaging and having a large
sample size (n>200) were listed in Table 7.
Compared with previous studies [8, 9] of a
western Chinese population (about 52%), the
present study (63.8%) showed a higher preva-
lence of MB2 canals in maxillary first molars in
a southern Chinese subpopulation. However,
the present study (23.8%) and a previous study
[9] (22%) showed a similar prevalence of MB2
canals in maxillary second molars. These differ-
ences and similarities suggested that root
canal anatomy can be variable in a large area of
country. According to Table 7, there was a wide
range of prevalence of MB2 in both maxillary
first and second molars. On the whole, maxil-
lary first molars possessed a much higher prev-
alence of MB2 canals than maxillary second
molars. The Chinese population had the lowest
MB2 prevalence of maxillary second molars,
compared with other ethnic populations.
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The most common MB root canal configuration
of maxillary first molars when MB2 was present
was type IV and type Il in the present study,
which was in line with most of the literatures
[13, 18, 19, 22]. Zhang et al. [9], however,
reported a main canal configuration of type 1V,
V, and Il in maxillary first molar MB roots from a
western Chinese population. Singh et al. [17]
reported a higher incidence of type Il than type
IV in Indian maxillary first molar MB roots, which
was different from most of the other studies.
The root canal configuration was more compli-
cated in maxillary second molars. Our results
showed a mixed combination mainly by type Ill,
IV, Il, and V in maxillary second molar MB roots
from a southern Chinese subpopulation, which
is similar to the data from a western Chinese
population [9] with a combination of type IV, V,
and Il. Other combinations can be found in
Burmese [19], Korean [13] and Indian [17] pop-
ulations with a combination of type Il and type
IV, in other Indian population [22] with a combi-
nation of type IV and type Il, in a Thai [18] popu-
lation with a combination of type IV, V, and VI.
To sum up, the most common variants of maxil-
lary first and second molar MB roots were type
IV and type Il in most of the reported studies,
though they were in different proportions.

In summary, the present study suggested that
there were differences and similarities in root
and canal morphology among different Chinese
subpopulations. In a southern Chinese popula-
tion, the root canal system in MB root in maxil-
lary molars was more variable than that in the
other roots, and the prevalence of MB2 canals
was higher in maxillary first molars. Maxillary
second molars had a more variable root and
canal system than maxillary first molars. CBCT
scanning is effective in studying root canal
anatomy. The anatomic variations and differ-
ences between different ethnic or regional pop-
ulations should be taken into consideration
during root canal treatments of maxillary
molars.
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