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Abstract

Background: The aim of this study was to evaluate the root canal morphology of mandibular first molars in a
Chinese population by using cone-beam computed tomography (CBCT).

Methods: In this study, CBCT images of 900 mandibular first molars were evaluated for the following details:
(1) number of roots, (2) number of apical foramina, (3) frequency distribution of root canal configurations
defined in accordance with Vertucci’s classification, and (4) frequency of occurrence of middle mesial (MM) canal.

Results: Overall, 74.9% of the evaluated mandibular first molars possessed two roots, and 55.4% exhibited three apical
foramina. The evaluated teeth exhibited a relatively high prevalence of type IV canals in mesial (M) roots (76.8%) and
type I canals in the distal (D) (79.4%), distobuccal (DB) (98.7%), and distolingual (DL) (100%) roots. There were
no significant differences in the number of roots, incidence of apical foramina, or distribution of different
canal configurations of mandibular first molars between men and women (P > 0.05). 1.9% of mandibular first
molars possessed three mesial canals, and the highest frequency of occurrence of MM canals (4.1%) was among Chinese
people below the age of 30 years.

Conclusions: CBCT scanning facilitates identification of the root canal system. In order to increase the success
rate of treatment, it is important to obtain information about the variable morphology of root canals before
endodontic treatment.

Trial registration: TJSKE20160412. Registered 12 April 2016.
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Background
Permanent mandibular first molars exhibit a wide vari-
ation in root canal anatomy. They appear to be the tooth
type that most often requires root canal treatment (Silva
et al. 2013). Long-term success of endodontic treatment
depends on complete cleaning, shaping, and filling of all
existing canals (Tian et al. 2016; Zheng et al. 2010). The
highly variable morphology of the root canal system

presents clinical challenges that mainly affect the results
of chemomechanical preparation (Versiani et al. 2011).
In order to increase the success rate of root canal treat-
ment, it is essential that clinicians have thorough know-
ledge of anatomic variations of the root canal system.
According to previous studies, a common root and

canal configuration of mandibular first molars involves
two roots with one or two canals in the distal (D) root
and two canals in the mesial (M) root, characterized by
a widened buccolingual surface and flattened mesiodistal
surface (Tian et al. 2016). A systematic review has re-
ported the incidences of three, four, and five root canals
in mandibular first molars to be 61.3, 35.7, and about
1%, respectively (de Pablo et al. 2010). In 1974, Vertucci
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and Williams identified the presence of the middle
mesial (MM) canal in mandibular first molars (Vertucci
and Williams 1974). An MM canal is occasionally
observed in the developmental groove between the
mesiobuccal (MB) and mesiolingual (ML) canals, with
an incidence of 0.95–15% (Aminsobhani et al. 2010;
Navarro et al. 2007). Sundaresh et al. reported five canal
orifices (three M and two D) in the pulp chamber of a
mandibular first molar in their case report (Sundaresh et
al. 2013). Sharma et al. reported a case about endodontic
management of a mandibular first molar with six canals
(three canals in the M root and three in the D root)
(Sharma et al. 2016). These studies serve to demonstrate
the anatomic variation of root canals in mandibular first
molars.
Several techniques, including intraoral periapical radiog-

raphy, use of transparent samples and polyester resin im-
pressions, and sectioning, have been used for in vivo and
in vitro evaluation of root canal morphology (Chen et al.
2009; Martos et al. 2010; Navarro et al. 2007; Yew and
Chan 1993). However, because of superimposition of den-
tal structures or irreversible changes to tooth samples, the
results obtained by these methods are not completely reli-
able (Song et al. 2010). Cone-beam computed tomography
(CBCT) allows accurate and immediate three-dimensional
(3D) reconstruction imaging of axial, sagittal, and coronal
planes and minimizes the superimposition of dental struc-
tures (Zhang et al. 2011; Zhang et al. 2011). Matherne et
al. demonstrated that CBCT image analysis provides more
accurate data about root canal systems than digital radio-
graph analysis (Matherne et al. 2008). For this reason,
CBCT is used as a noninvasive tool in endodontic treat-
ment for effective evaluation of root and canal morpholo-
gies (Cotton et al. 2007; Nair and Nair 2007; Patel et al.
2007; Tyndall and Rathore 2008).
To date, few studies have evaluated the root canal

morphology of mandibular first molars according to sex
or the incidence of MM canals according to age in a
Chinese population. Therefore, this study aimed to
evaluate the variation of root canal morphology in per-
manent mandibular first molars in a Chinese population
by using CBCT.

Methods
CBCT images of 900 mandibular first molars were
acquired from 646 patients (female, 344; male, 302; age,
13–82 years) who visited the hospital, between May and
September 2016. These images had been acquired as a
part of preoperative assessment for root canal treatment,
implant surgery, or orthodontic treatment. Mandibular
first molars were selected in accordance with the following
criteria: (1) mature teeth with completely formed roots
and (2) mandibular first molars without carious cavities,
root resorption, root canal treatment, or restoration. The

procedure for collection of imaging data was explained to
the patients or legal guardians, and appropriate informed
consent was obtained.

Image acquisition and analysis
Images were acquired using a CBCT device (J. Morita
Mfg. Corp., Kyoto, Japan) operated at 80 kVp and 5 mA,
with field of view of 8 cm× 8 cm, a scanning time of 9.4 s,
and slice thickness of 0.125 mm. Image acquisition was
performed by an experienced oral radiologist in accord-
ance with the manufacturer’s instructions. The images
were then adjusted and analyzed using the Volume Viewer
software. Serial sagittal, coronal, and axial images were an-
alyzed independently by two endodontists and an oral
radiologist. Disagreements were settled by discussion for
reaching a consensus. Additionally, 20% of the images
were randomly selected and reevaluated by the three ex-
aminers after 2 months. The kappa value for repeatability
was 0.9, which indicated that the data were reliable.
CBCT images of mandibular first molars were evalu-

ated for the following details: (1) number of roots
according to sex, (2) number of apical foramina accord-
ing to sex, (3) frequency distribution of root canal con-
figurations defined in accordance with Vertucci’s
classification, and (4) frequency of occurrence of MM
canals according to age.
The MM images of each layer were imported into the

Mimics software (Mimics, V 10.01, Materialise, Belgium)
and edited to create closed contours according to the
gray scale of enamel, dentine, and pulp, respectively.
This contour on different layers was matched to recon-
struct the 3D surface model of the root canals.

Statistical analysis
Data were recorded, tabulated, and analyzed for descrip-
tive statistics using the SPSS 22.0 software (IBM Corp,
Armonk, NY, USA). The chi-square test was used for
the comparison of number of roots and apical foramina
between the sexes. The distribution frequency of root
canal morphologies was analyzed with the Fisher exact
and chi-square tests. Differences in frequency of occur-
rence of MM canals according to age were analyzed with
the chi-square test. Significant differences were consid-
ered at P < 0.05.

Results
Number of roots in mandibular first molars according to
sex
A total of 900 CBCT images were selected in accordance
with the inclusion criteria. As shown in Table 1, the
percentages of two- and three-rooted mandibular first
molars were 74.9% (674/900) and 25.0% (225/900),
respectively. A mandibular first molar with fused roots
was detected, where it was difficult to distinguish the M
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and D roots. The numbers of mandibular first molars
with two roots (M and D roots) among the female and
male patients were 344 (73.3%) and 330 (76.6%), respect-
ively; the corresponding numbers of teeth with three
roots (M, distobuccal (DB), and distolingual (DL) roots)
were 125 (26.7%) and 100 (23.2%), respectively. There
was no significant difference in the distribution fre-
quency of number of roots in mandibular first molars
between the sexes (P > 0.05).

Number of apical foramina in mandibular first molars
according to sex
The frequency of number of apical foramina was evalu-
ated by CBCT images of axial plane and following the
coronal to apical direction. Table 2 presents the number
and distribution of apical foramina among the 900 eli-
gible mandibular first molars. While 134 teeth (14.9%)
possessed two apical foramina (M and D), 499 (55.4%)
and 267 (29.7%) mandibular first molars exhibited three
(MB, ML, and D) and four apical foramina (MB, ML,
DB, and DL), respectively. The frequencies of occurrence
of two, three, and four apical foramina among the female
patients were 13.6% (64/469), 55.4% (260/469), and
30.9% (145/469), respectively; the corresponding fre-
quencies among the male patients were 16.2% (70/431),
55.5% (239/431), and 28.3% (122/431). There were no
significant differences in the frequencies of occurrence
of apical foramina in mandibular first molars between
the sexes (P > 0.05).

Distribution of root canal configurations in mandibular
first molars according to sex
Table 3 and Fig. 1 present the variations in root canal
configurations of mandibular first molars. Among the
899 evaluated two- and three-rooted mandibular first
molars, the most common root canal configuration in M
roots was type IV (690/899; 76.8%), followed by types II
(149/899; 16.6%), I (27/899; 3.0%), V (12/899; 1.3%), III
(3/899; 0.3%), and VI (1/899; 0.1%); in addition, 17 teeth
(1.9%) exhibited three mesial canals (type VIII+). All

MM canals merged with ML canals at the apical or mid-
dle third level. In D roots, type I root canal configuration
(535/674; 79.4%) was the most prevalent, followed by
type II (43/674; 6.4%). Among DB roots, 98.7% (222/
225) exhibited type IV canal configuration, while 1.3%
(3/225) exhibited type II configuration. All DL roots
possessed type I root canals. There were no significant
differences in the distribution frequencies of different
canal configurations among M, D, DB, or DL roots of
mandibular first molars between the sexes (P > 0.05).

Frequency of occurrence of MM canals according to age
The overall frequency of occurrence of MM canals was
1.9% (17/899). Table 4 presents the distribution fre-
quency of MM root canals in three age groups (groups
A–C: < 30, 30–50, and > 50 years). Among these age
groups, group A exhibited a greater occurrence of MM
canals (10/241; 4.1%) than group B (6/431; 1.4%) or C
(1/227; 0.4%; P = 0.003). All MM canals merged with ML
canals in the apical or middle third level by observing
the 3D surface models of the root canals (Fig. 2).

Discussion
In root canal treatment, overlooked canals may hinder
the effectiveness of the shaping, cleaning, and filling pro-
cedures and lead to microbial colonization, thus affect-
ing the prognosis of endodontic treatment. Therefore, it
is necessary to always evaluate the root canal system at
the start of the treatment. Clinical and radiographic ex-
aminations are essential methods used for evaluating
root canals and detecting most anatomic variations
(Mukhaimer 2014). In this study, we evaluated the ana-
tomic variations of the root canal system in vivo by
using CBCT. Several studies have demonstrated that ser-
ial sagittal, coronal, and axial views allow excellent
visualization of root canal anatomy, and the number of
roots and canals can be visually evaluated in serial axial
images acquired by CBCT at a low radiation dosage.
Blattner et al. and Zheng et al. demonstrated the reliabil-
ity of CBCT in detecting the second mesiobuccal (MB2)

Table 1 Number and frequency of roots in mandibular first molars according to sex

Sex 1 root (%) 2 roots (%) 3 roots (%) Additional (%) Kappa value P value

Female (469) – 344 (73.3%) 125 (26.7%) – 1.2372 0.2660

Male (431) – 330 (76.6%) 100 (23.2%) 1 (0.2%)

Total (900) – 674 (74.9%) 225 (25.0%) 1 (0.1%)

Table 2 Number and frequency of apical foramina in mandibular first molars according to sex

Sex 1 (%) 2 (%) 3 (%) 4 (%) 5 (%) Kappa value P value

Female (469) – 64 (13.6%) 260 (55.4%) 145 (30.9%) – 1.5320 0.4649

Male (431) – 70 (16.2%) 239 (55.5%) 122 (28.3%) –

Total (900) – 134 (14.9%) 499 (55.4%) 267 (29.7%) –
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canal in maxillary first molars (Blattner et al. 2010;
Zheng et al. 2010). Wang et al., too, evaluated the root
canal morphology of mandibular first molars by CBCT
and indicated that CBCT is a useful tool for the study of
anatomic variations (Wang et al. 2010).
In general, mandibular first molars have two roots, lo-

cated mesially and distally (de Pablo et al. 2010). In the
present study, two-rooted mandibular first molars
(74.9%) were greater in proportion than three-rooted
ones (25.0%); this proportion of two-rooted mandibular
first molars is lower than that reported in a Brazilian
population (87%) but higher than that reported in
Korean children (66.9%) (Silva et al. 2013; Song et al.
2009). However, the present results are in general agree-
ment with those of a previous study in a western
Chinese population, in which 73.5 and 25.8% of man-
dibular first molars possessed two and three roots,
respectively (Wang et al. 2010). The incidence of four
roots in mandibular first molars is rare and has only
been reported in three cases to date (Friedman et al.
1986; Ghoddusi et al. 2007; Lee et al. 2006). Four-rooted
mandibular first molars were not detected among the
present 900 CBCT images. As shown in Table 2, man-
dibular first molars with three apical foramina (55.4%)
were greater in proportion than those with four (29.7%)
or two (14.9%) apical foramina. This anatomic variation

Table 3 Frequency of distribution of root canal configurations in mandibular first molars according to sex

Type I Type II Type III Type IV Type V Type VI Type VII Type VIII +

Root Sex 1-1 2-1 1-2-1 2-2 1-2 2-1-2 1-2-1-2 3-

Mesial F (469) 23 (4.9%) 69 (14.7%) 2 (0.4%) 357 (76.1%) 9 (1.9%) 1 (0.2%) – 8 (1.7%)

M (430) 4 (0.9%) 80 (18.6%) 1 (0.2%) 333 (77.4%) 3 (0.7%) – – 9 (2.1%)

T (899) 27 (3.0%) 149 (16.6%) 3 (0.3%) 690 (76.8%) 12 (1.3%) 1 (0.1%) – 17 (1.9%)

Distal F (344) 260 (75.6%) 26 (7.6%) 4 (1.2%) 30 (8.7%) 24 (7.0%) – – –

M (330) 275 (83.3%) 17 (5.2%) 1 (0.3%) 23 (7.0%) 12 (3.6%) – – 2 (0.6%)

T (674) 535 (79.4%) 43 (6.4%) 5 (0.7%) 53 (7.9%) 36 (5.3%) – – 2 (0.3%)

Distobuccal F (125) 123 (98.4%) 2 (1.6%) – – – – – –

M (100) 99 (99%) 1 (1%) – – – – – –

T (225) 222 (98.7%) 3 (1.3%) – – – – – –

Distolingual F (125) 125 (100%) – – – – – – –

M (100) 100 (100%) – – – – – – –

T (225) 225 (100%) – – – – – – –

Fig. 1 Examples of root canal anatomy: (a) CBCT images of coronal
plane in mandibular first molars, (b) CBCT images of sagittal plane in
M roots, (c) CBCT images of sagittal plane in D roots, and (d–f) CBCT
images of axial plane in mandibular first molars

Table 4 Frequency of occurrence of middle mesial (MM) canals
in mandibular first molars in three age groups

Age groups

A (< 30 years) B (30–50 years) C (> 50 years)

Teeth with MM, n (%) 10 (4.1%) 6 (1.4%) 1 (0.4%)

Teeth without MM, n (%) 231 (95.9%) 425 (98.6%) 226 (99.6%)

Total 241 431 227
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could be evaluated by 3D image analysis, which allows
accurate observation in the sagittal, coronal, and axial
directions, ultimately leading to accurate conclusions
about the number of roots and apical foramina.
In the present study, the most frequent canal configur-

ation among M roots was type IV (76.8%), followed by
type II (16.6%); among D roots, the most frequent canal
configuration was type I (79.4%), followed by type II
(6.4%). In a Palestinian population, Mukhaimer et al.
found that the most common canal configurations
among M and D roots were types IV (53.8%) and I
(57.5%), respectively, followed by type II (both; 38.8 and
22.5%, respectively) (Mukhaimer 2014). Mohammadza-
deh Akhlaghi et al. also found types IV (55.3%) and I
(61.3%) to be the most common canal configurations
among M and D roots in an Iranian population
(Mohammadzadeh Akhlaghi et al. 2017). The differences
in distribution frequencies of root canal configurations
between the present and previous studies might be be-
cause of differences in analysis methods or ethnicity of
study populations.
In most studies, M roots have most frequently been

described as possessing two canals. However, three ca-
nals are occasionally observed in M roots in cases where
the isthmus between the MB and ML canals is clinically
evident. The isthmus is one of the more difficult clinical
challenges because the area is complex and not easy to
clean thoroughly by mechanical preparation. As shown
in Tables 3 and 4, 1.9% of mandibular first molars in the
present study possessed three mesial canals, and the
highest frequency of occurrence of MM canals was
among patients in the age group A (< 30 years) (4.1%).
In most case reports to date, the MM canal has been
shown to join the MB or ML canal at the apical third
level (Aminsobhani et al. 2010; Reyhani et al. 2007;
Sharma et al. 2016). In the present study, all MM canals
merged with ML canals in the apical or middle third

level, and we found no instances of three independent
canals in the M root. These findings suggest that end-
odontists should pay greater attention to the occurrence
of MM canals among Chinese people below the age of
30 years.
The limitation of our study protocol was the small

sample size of different ethnic groups. Further research
is warranted to evaluate the variation of root canal
morphology in permanent mandibular first molars
among different ethnic groups with larger sample sizes.

Conclusions
Mandibular first molars most commonly possess two
roots. The most common canal configurations were
types IV, I, and II. The highest frequency of MM canals
occurs in the population below the age of 30 years. No
statistically significant differences were found between
the sexes in terms of number of roots, incidence of
apical foramina, or distribution of different canal config-
urations of mandibular first molars.
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