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Background: This study evaluated variations in root canal configuration in the maxillary

permanent molars of Taiwanese patients by analyzing patients' cone beam computed to-

mography (CBCT) images. Comparisons were made among these configurations and those

previously reported. This information may serve as a basis for improving the success rate

of endodontic treatment.

Methods: The root canal systems of 114 Taiwanese patients with bilateral maxillary first or

second molars were examined using CBCT images. The number of roots, canals per root,

and additional mesiobuccal (MB) canals, as well as the canal configuration were enumer-

ated and recorded.

Results: Of the 196 maxillary first molars examined, three (1.5%) had a single root, two (1.0%)

had two roots, and 191 (97.5%) had three separate roots. Out of all first molar roots

examined, 44% of mesiobuccal (MB) roots had a single canal and the remainder had a

second MB (MB2) canal. Of the 212 maxillary second molars examined, 16 (7.1%) had a

single root, 51 (24.2%) had two roots, 143 (67.8%) had three roots, and two (0.9%) had four

separate roots. For the MB roots, 92.3% of three-rooted maxillary second molars had a

single canal and the remainder had an MB2 canal. In all three-rooted maxillary first and

second molars, each of the distal and palatal roots had one canal.

Conclusions: The root canal configurations of the MB roots of maxillary molars were more

varied than those of the distobuccal and palatal roots, and the root canal configurations of

maxillary second molars were more varied than those of the first molars. These findings

demonstrate CBCT as a useful clinical tool for endodontic diagnosis and treatment

planning.
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Fig. 1 Vertucci's (1984) classification of the root canal system.

At a glance commentary

Scientific background on the subject

The elucidation of the second mesiobuccal canal (MB2)'s
anatomical structure in clinical practice is complex due

to anatomical variations between individuals, as well as

the excessive dentin deposition at the opening of the

canal and the difficulty in visually accessing maxillary

molars.

What this study adds to the field

In recent years, CBCT has made it possible to visualize

the difficult-to-get-to anatomical structure in three di-

mensions, and it has now become a valuable tool for

facilitating endodontic diagnosis and enabling treatment

using a lower dose of radiation when compared to con-

ventional computed tomography.

b i om e d i c a l j o u r n a l 4 0 ( 2 0 1 7 ) 2 3 2e2 3 8 233
to facilitate an accurate assessment of patients' root canal

systems, clinicians should be aware of common root canal

configurations and possible anatomical variations [1].

Because root canal anatomy is genetically determined,

there may be similarities as well as variations in the patterns

of root canal configuration among different populations.

Ethnicity-related differences in root canal anatomy have been

reported in many studies. Therefore, characterizing the root

canal anatomy of a specific population and comparing the

findings with those of other populations would be conducive

to enhancing clinicians' understanding of population trends in

the anatomy of the root canal system.

Maxillary molars are known to have the highest clinical

failure rate in root canal treatment [2,3], likely because of their

complex root anatomy and canal morphology [1,4e9]. Ac-

cording to published studies, most maxillary molars have

three roots and four canals [4e9]. The incidence of a second

mesiobuccal (MB2) canal in the mesiobuccal (MB) root is

higher than 50% [8e11]. Other anatomical variations that have

been reported include a third canal in the mesial root [12],

more than one canal in the distobuccal and palatal roots

[10,11], and C-shaped canals [13].

Commonly used methodologies for evaluating the inner

morphology of root canal systems include sectioning tech-

niques, canal staining and tooth clearing [4,14,15], and

acquisition of conventional and digital radiographs [16e18]. A

recently developed imaging method, cone beam computed

tomography (CBCT), has been shown to provide accurate high-

resolution three-dimensional anatomical images for diag-

nosis and treatment planning before endodontic treatment

[19,20]. Therefore, this imaging method has potential as a

superior preoperative assessment for improving root canal

treatment outcomes and avoiding further complications.

Numerous studies have used the CBCT method to investi-

gate the canal morphology of maxillary molars. However, the

root canal morphology of maxillary permanent molars in the

Taiwanese population has not been investigated in this

manner. This in vivo study therefore used CBCT imaging to
analyze the number of roots and canals of maxillary first and

secondmolars to categorize the presence of MB2 canals in the

Taiwanese population.
Methods

Patients

A total of 67 women and 47 men were included in this study,

with a mean age of 24.63 years (range: 18e64 years). CBCT

images of 196 maxillary first molars and 212 maxillary second

molars were obtained from these 114 participants between

July 2014 and July 2015 at Chang Gung Memorial Hospital,

Taipei, Taiwan. The images were taken as part of routine ex-

amination, diagnosis, and treatment planning for patients

requiring orthodontic or orthognathic treatment or during

preoperative assessment for dental implants. Patients' iden-
tities were not revealed; only information regarding gender

and age was acquired. This study was approved by the insti-

tutional review board of the Chang Gung Medical Foundation

(protocol number: 201602003B0).

Teeth were selected according to the following criteria: (1)

fully erupted permanent maxillary first molars or second

molars bilaterally; (2) maxillary first or second molars with

fully formed apexes and no previous root canal treatment.

Exclusion criteria were as follows: (1) CBCT images that were

unclear or had artifacts; (2) maxillary first and second molars

with root resorption or calcification, or crown restorations

interfering with image analysis.
Image acquisition

All CBCT images were acquired using the i-CAT Cone Beam 3D

Dental Imaging System (Image Sciences International, Hat-

field, PA, USA). The image parameters were as follows: pixel

size, 0.25 mm; slice thickness, 0.25 mm; tube voltage, 120 kVp;

tube current, 36.12 mA/s; and acquisition period, 40 s. CBCT

imaging was carried out by four licensed radiologists accord-

ing to the ALARA radiation safety principle.
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Image analysis

Reconstructed axial cross-sectional imageswere obtainedusing

dental computed tomography software (i-CAT 3D Dental Imag-

ing System) and examined in a dark room with a thin-film

transistormonitor at a resolution of 1600 � 1200 pixels. All data

wereanalyzedbytwodentistsbetweenAugust 2015andOctober

2015. Each of them had at least 5 years of clinical experience.

CBCT images of the teeth included in the study were

examined and enumerated to determine the (1) number of

roots, (2) number of canals per root, (3) root canal configura-

tions using Vertucci's classification [Fig. 1], and (4) pattern of

concurrence of anatomical variations in contralateral molars.

The variants were classified as follows, similar to the classi-

fications described in Zhang et al. [5] [Fig. 2]:
Fig. 2 (A) Categorization of the nine variants in the maxillary molars;

in the maxillary molars.
Variant 1: Three separate roots, comprising MB, dis-

tobuccal, and palatal roots, with one canal in each root.

Variant2: Three separate roots,with one canal ineachof the

distobuccal and palatal roots and two canals in the MB root.

Variant 3: Two separate roots, comprising a buccal root

and a palatal root, with one canal in each root.

Variant 4: Two separate roots, comprising a mesial root

and a distal root, with one canal in each root.

Variant 5: Two separate roots, comprising a mesial root

with two canals and a distal root with one canal.

Variant 6: One root with a single canal.

Variant 7: One root with two canals.

Variant 8: One root with three canals.

Variant 9: Three separate roots, with two canals in each the

MB and distobuccal roots and one canal in the palatal root.
(B) CBCT images of the categorization of the nine variants

http://dx.doi.org/10.1016/j.bj.2017.05.003
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Statistical analysis

The association betweenMB2 canal and gender was evaluated

using Pearson's chi-square test. The test difference between

MB2 canal and age was determined using Student's t-test for

independent samples. SPSS version 20.0 (SPSS, Chicago, IL)

was used to conduct these statistical tests. A value of p < 0.05

was chosen as the threshold for statistical significance.
Results

Number of roots and root morphology

Of the 196 maxillary first molars examined, three (1.5%) had a

single root, two (1.0%) had two roots (a buccal and a palatal

root) and 191 (97.5%) had three separate roots.

Of the 212 maxillary second molars examined, 16 (7.1%)

had a single root, 51 (24.2%) had two roots (of which 14 had a

mesial and a distal canal and 37 had a buccal and a palatal

canal), 143 (67.8%) had three roots, and two (0.9%) had four

separate roots.
Number of canals per root

In the three-rooted maxillary first molars, all of the distal and

palatal roots had one canal. A total of 84 (44%) of the MB roots

had a single canal, and the remainder had an MB2 canal. No

statistically significant differences were found in the com-

parisons of the incidence of anMB2 canal with gender and age

(p ¼ 0.271 and p ¼ 0.418, respectively).

In the maxillary second molars, when three separate roots

were present, all of the distal and palatal roots had one canal.

For the MB roots, 132 (92.3%) had a single canal and the

remainder had an MB2 canal.

In the other maxillary second molars with one root, seven

(53.9%) had one canal, and six (46.1%) had three canals.

Of the 53 two-rooted maxillary second molars, 23 (43.4%)

had one canal in each of the two roots (buccal and palatal

roots), 14 (26.4%) had two canals in the mesial root and one in

the distal root, and 16 (30.2%) had two canals in the buccal root

and one in the palatal root.

Although the incidence of MB2 canals was higher in men

(58%) than in women (42%), this trend was not statistically

significant (p ¼ 0.812). On the other hand, the difference be-

tween the average age of subjects whose roots had MB2 canal

(mean ± SD ¼ 25.66 ± 11.07) and the average age of subjects

whoseMB roots had a single canal (mean ± SD¼ 36.17 ± 13.43)

was statistically significant (p ¼ 0.002).
Table 1 Distribution and percentage of the nine variants
in root canal anatomy in the maxillary second molars.

Variant

1 2 3 4 5 6 7 8 9 Total

Number 133 11 26 13 14 7 0 6 2 212

Percentage 62.7 5.2 12.3 6.1 6.6 3.3 0 2.8 0.9 100
Variations in the morphology of root canal systems

Of the maxillary first molars, 83 (42.3%) were classified as

variant 1, 107 (54.6%) as variant 2, 3 (1.5%) as variant 8, 2 (1%) as

variant 3, and 1 (0.5%) as variant 9. The distribution and per-

centage of the nine variants in root canal morphology are

described in Table 1.

Root canal configuration of MB root analyses by Vertucci's
classification

The root canal configurations of the MB root of maxillary first

molars when MB2 is present were as follows: 15 (14%) type II,

75 (70%) type IV, and 17 (16%) type V.

The configurations of the MB root of maxillary second

molars were as follows: 2 (18%) type II, 6 (58%) type IV, 2 (21%)

type V, and 1 (3%) type VI.

Symmetry in the bilateral homonymous teeth

Of the 97 patients who had both bilateral homonymous

maxillary first molars, 63 (65.0%) had perfect symmetry in the

root and canal morphology of the contralateral homonymous

teeth.

Among the 105 patients who had both bilateral homony-

mous maxillary second molars, 67 (63.8%) had perfect sym-

metry in the root and canal morphology of the contralateral

homonymous teeth.
Discussion

This observational study characterized the root and canal

anatomies of the maxillary first and second molars in the

Taiwanese population based on the analysis of images

captured using CBCT. It is generally recognized by clinicians

that all of themaxillary firstmolars have three roots; however,

the present findings indicate that this is not necessarily so,

because five (2.5%) maxillary first molars did not have three

roots. Our results corroborate previous findings in the Brazil-

ian, Chinese, Ugandan, Indian, Irish, and South Korean pop-

ulations, where not all of the patient populations' first molars

have three roots [6,7,21e24]. However, other studies con-

ducted in the Thai, Kuwaiti, and Burmese populations and a

Chinese subpopulation have revealed three separate roots in

all maxillary first molars [4,17,25].

In our study, among the maxillary second molars, 144

(67.8%) had three separate roots, 51 (24.2%) had two roots, and

15 (7.1%) had one root. Furthermore, two (0.9%) secondmolars

had four separate roots. These findings are consistent with

those of Zhang et al. [5] (three separate roots: 82%, two roots:

9%, single root: 10%), al Shalabi et al. [22] (three separate roots:

85%, two roots: 15%) and Peikoff et al. [26] (four separate roots:

1.4%, three separate roots: 88.6%, two roots: 6.9%, single root:

3.1%), in that three separate roots is the standard anatomical

form of maxillary second molars. Zhang et al., who sampled

from a Chinese population, and al Shalabi et al., who sampled

from an Irish population, had similar percentages ofmaxillary

secondmolarswith three separate roots. This finding does not

appear to support al Shalabi et al.'s suggestion that root

http://dx.doi.org/10.1016/j.bj.2017.05.003
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morphology may be determined by the ethnic background of

the populations from which the samples were drawn. Addi-

tionally, the present study, which sampled from a Taiwanese

population, had a relatively lower percentage of maxillary

second molars with three separate roots than that of Zhang

et al.

The incidence of root fusion was 32.0% in the maxillary

second molars. The findings of this study indicate a higher

incidence of root fusion than those reported in the Thai,

Burmese, and Indian populations [4,7,25]; however, the results

show similar incidences to those reported in the Chinese,

South Korean, and Brazilian populations [6,23,27]. Compared

with previous studies conducted on the Taiwanese population

using the clearing and staining technique [28], the present

study shows a lower but still similar incidence of root fusion.

Although Chen et al., Yilmaz et al., and Kim et al. [29e31] have

observed that other variants exist in root canal anatomy,

these single-tooth variants were not focused upon and were

detailed only in case reports. No C-shaped roots or canals

were found in this study, in contrast to previous studies that

have indicated a low incidence of C-shaped roots in the

maxillary molars in a Chinese population [28]. However, the

present study did not consider ethnic data, which is one of its

methodological limitations.

Of all the roots of the maxillary first molars, the MB2 canal

can be the most difficult to detect and negotiate in clinical

situations. A total of 44% of the maxillary first molars had

three roots and three canals, whereas 56.0% presented with

three roots and four canals, with one canal in each of the

distobuccal and palatal roots and two canals in the MB root.

Several previous root canal morphology investigations using

CBCT scans have shown similar results [5e7,32]. The higher

percentages found by other studies, ranging from 65% to 91%

[4,8,33], relative to our findings, might be explained by differ-

ences in CBCT resolution, radiographic interpretation, defini-

tion of the second canal, and sample size. The CBCT image

resolution of 250 mm was a limitation of this study. Ex vivo or

in vitro studies on the incidence of MB2 canals have revealed a

higher incidence of MB2 canals compared with in vivo studies

[22,25,34]. Other studies using an operating microscope,

clearing technique, or sectioning methodology have reported

higher detection rates than those that have employed radio-

graphic or CBCT examinations [9,22,25,35]. Although in vitro

studies achieve a higher detection rate of MB2 canals, they are

carried out on extracted teeth, whichmay cause confusion for

clinicians with regards to the original positions of the teeth.

These in vitro studies are advantageous in that the root canal

anatomies of the extracted teeth are not masked by the sur-

rounding tissues and structures, thus enabling more accurate

identification of the number of roots and canals in a tooth

compared to in vivo studies. However, in vitro studies are time

consuming, largely due to the complicated procedures

required to prepare the teeth for examination. In addition,

ex vivo studies have a high detection rate for MB2 canals, but

havewidely varying incidence rates ranging from 50% tomore

than 80%; this disparity may be attributable to ethnic differ-

ences [3,22,25,34,36,37].

Patient age has previously been found to affect the detec-

tion rate of the MB2 canal. Neaverth et al. [38] found fewer

canals in the MB roots of older patients, likely due to an
increase in the level of calcification [38]. Consistent with this

finding, in the present study, the detection rate for MB2 canals

was found to be significantly and inversely associated with

age (p < 0.05).

Regarding the effect of gender, a clearing study conducted

by Sert and Bayirli [10] concluded that gender and race were

important factors to consider in the preoperative evaluation of

canal morphology for endodontic treatment. However, Nea-

verth et al. [38] and Zheng et al. [6] concluded that the gender

of the patient was not associated with the number of MB root

canals in the maxillary molars. Our results concurred with

those of Neaverth et al. and Zheng et al.; we found that male

and female patients had equal distributions of MB2 canals.

Anatomical variations in additional canals in the dis-

tobuccal and palatal roots of the maxillary first molars have

been less frequently observed. In this study, a single canal was

observed in each of the distobuccal and palatal roots in all

three-rooted maxillary first molars. These findings are similar

to those of previous studies that showed little variation in

these roots [6,22].

In the maxillary first molars, there were five variants in

root canal anatomy; most were classified as variants 1 and 2.

By contrast, eight variants were observed for the maxillary

second molars, indicating a broader range of distribution for

variant types. These findings indicate that maxillary second

molars have a more complex root canal system than do

maxillary first molars. The most common root canal anatomy

of maxillary first molars was categorized as variant 2 (56%),

with two canals in the MB root and one canal in each of the

distobuccal and palatal roots. The most commonly observed

root canal morphology of the maxillary second molars was

three separate roots with one canal each (62.7%), categorized

as variant 1; this prevalence was similar to that observed in

previous studies [4e7,17,21,22,25,27,32].

Among the observed MB2 canals, the most common canal

configuration in the maxillary first and second molars was

type IV, which is consistent with previous studies in the Thai

and Chinese populations [4,6].

Regarding the symmetry of bilateral homonymous teeth, in

65% of the maxillary first molars and 63% of the maxillary

second molars, the root canal anatomy revealed bilateral

symmetry. This is consistent with a previous study in Canada

using traditional radiographs [26] and a study in a Chinese

population using CBCT [6].

In the present study, MB2 canals were present in 56% of the

maxillary first molars and 7.7% of the maxillary second mo-

lars. Although some studies employing microcomputed to-

mography [36] and the staining and clearing technique [22,34]

have been able to achieve higher detection rates (ranging from

52.3% to 78% and from 40% to 58%, respectively) than those of

the present study, it should be noted that these studies were

conducted in vitro on extracted human teeth. Among in vivo

studies, our findings indicate a similar detection rate for MB2

canals in maxillary first molars compared to those found in a

Chinese population (52.24% of mesiobuccal roots, 1.12% of

distobuccal roots, and 1.76% of palatal roots) by Zheng et al.

through CBCT [6]. In a Taiwanese population, Huang et al. [39]

observed a higher incidence of the fourth canal in three-

rooted mandibular first molars by using CBCT compared

with previous studies using periapical radiographs. These

http://dx.doi.org/10.1016/j.bj.2017.05.003
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findings demonstrate the superior quality of CBCT imaging

and its clinical application in studying root canal morphology

prior to clinical endodontic treatment. However, CBCT imag-

ing should be applied only in cases with suspected complex

anatomy or morphology. Clinicians should consider the

ALARA principle, despite CBCT involving minimal ionizing

radiation. In cases in which an unexpected canal anatomy or

orifice cannot be found after access preparation, intra-

operative CBCT is an excellent diagnostic tool, as recently

proposed by Ball et al. [40].
Conclusions

The MB roots of maxillary molars in a Taiwanese population

were found to have more variation in their canal system

compared with other roots. The incidence of two canals in the

MB roots in the firstmolars was higher than that of the second

molars. The root and canal configuration of maxillary second

molars were more variable than those of the first molars.

These findings demonstrate the potential of CBCT as a useful

clinical tool for endodontic diagnosis and treatment planning,

and may also serve as a basis for improving the success of

endodontic treatment.
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