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Abstract 
Introduction: Untreated middle mesial canals (MMCs) of mandibular permanent molars can result in endodontic treatment failure. Aim: The 
aim of this retrospective study was to investigate the incidence of MMC of mandibular molars in a Romanian population. Patients, Materials 
and Methods: In total, there were evaluated 144 mandibular first permanent molars and 140 mandibular second permanent molars by 
using cone-beam computed tomography (CBCT) scans. Results: The MMC was identified in 5.67% of mandibular first permanent molars, 
respectively in 4.28% of mandibular second permanent molars. The male/female ratio of MMC presence was 1:3 of mandibular first molars 
and inverted for mandibular second molars (5:1). The presence of MMC in mandibular first molars was associated in all cases of our study 
with a second distal canal, unlike the mandibular second molars where no second distal canal was associated with a MMC. Conclusions: 
In Romanian population, the MMC of mandibular first molars, when present, is commonly associated with a second distal canal, unlike the 
mandibular second molars where the occurrence of a MMC was associated with only one distal canal. When performing the preoperative 
evaluation, it has also to be considered the patient gender, since the male/female ratio of MMC was 1:3 in mandibular first molars and 5:1 
in mandibular second molars. 
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 Introduction 

The successful outcome of the endodontic therapy  
is closely correlated with the ability of proper accessing, 
enlarging and filling of the root canal system. However, 
the efficiency of any root canal treatment is depending in 
the end on the unforeseeable internal morphology of the 
teeth, and the mandibular first and second permanent molars 
are not an exception from the rule. 

The mandibular first permanent molar is normally a 
two-rooted tooth, with a mesial and distal root broader 
buccolingually than mesiodistally, which are separated at 
furcation level [1]. 

The canal system of a typical two-rooted mandibular 
first permanent molar presents two mesial canals 95.8% 
and one distal canal 68.3% of the time. The incidence of 
a single mesial canal is of 4.2% and of two distal canals 
of 31.7% [1]. 

According to Zhang et al. [2], the two-rooted mandibular 
first permanent molars reveal four morphological variants 
of the root canal system, as follows: only one canal in each 
root, one canal in the mesial root and two canals in the 
distal one, two canals in the mesial root and one canal in 
the distal one, and two canals in each root. 

The mandibular second permanent molar is typically 

(76.2%) a two-rooted tooth with a mesial and distal root, 
broader buccolingually than mesiodistally, similar to the 
mandibular first permanent molar. However, unlike the 
first molar the roots are closer together and frequently may 
present in common a longer root trunk [1]. 

Normally, the canal system of two-rooted mandibular 
second permanent molars displays two canals in the mesial 
root and one canal in the distal one. However, unlike the 
mandibular first lower molar, the incidence of only one 
canal in mesial root of the second molar is higher (14%) 
[1]. 

Numerous clinical and radiographic studies report the 
unusual internal morphology of mandibular first molar that 
may have more than three root canals. Pomeranz et al. 
[3] succeeded to identify a middle mesial canal (MMC) in 
seven out of 61 mandibular permanent first molars and 
in five out of 39 mandibular permanent second molars. 

Fabra-Campos [4] found that 20 (2.6%) out of 760 
mandibular molars had a MMC. In another study of 145 
endodontically treated mandibular first molars, Fabra-
Campos [5] reported only four molars with three canals in 
mesial root. Unlike the mesial root, the distal one presented 
a higher incidence of canal aberrations [5]. Moreover, a 
number of 69 distal roots out of 145 mandibular first molars 
had two canals [5]. A review study of de Pablo et al. [6], 
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including overall 4535 mesial roots of mandibular molars, 
reported two canals in 94.4% of cases and three canals in 
2.3% of cases. 

The conventional intra-oral periapical radiograph has 
a limited diagnostic performance because is the result of 
compressing three-dimensional (3-D) anatomy into a two-
dimensional image. The root structure is visualized only 
in the mesio-distal plane, so that an accessory canal, such 
as the MMC of lower molars, may not be fully valued [7]. 

Cone-beam computed tomography (CBCT) is a more 
objective and accurate investigation technique than peri-
apical radiography because it eliminates the superimpo-
sition of mineralized anatomical structures, by providing 
undistorted 3-D imagistic information [8]. 

CBCT is an effective and safe way to overcome the 
shortcomings of periapical radiographs. Using axial slices, 
CBCT may visualize unidentified root canals that escaped 
to conventional examination by periapical radiographs, 
even if taken with the paralleling technique at different 
angles of exposure [8]. 

Aim 

The purpose of this study was to investigate the 
incidence of the MMC in mandibular permanent molars 
in a Romanian population using CBCT. 

 Patients, Materials and Methods 

This retrospective study was performed over a period 
of three years and six months in the private dental offices 
of the participating dentists. The study was conducted in 
full accordance with the World Medical Association (WMA) 
Declaration of Helsinki. Written consent of the patients 

was obtained according to the above-mentioned principles. 
There were collected CBCT images as part of the 

routine diagnosis and treatment planning. Therefore, in 
order to achieve a preoperative evaluation mainly for dental 
implants, impacted teeth, facial trauma, and tumors, there 
were enrolled 284 consecutive male and female patients. 
Additionally, in few cases, CBCT was used for endodontic 
assessment due to insufficient information provided by 
conventional intraoral radiographs. 

In total, a number of 144 first mandibular permanent 
molars (89 females and 55 males) and 140 second 
mandibular permanent molars (77 females and 63 males) 
were analyzed by CBCT for the presence of an additional 
mesial canal. 

 Results 

The CBCT examination showed an additional mesial 
canal (middle mesial) in eight mandibular first molars out 
of 144 (5.67%), respectively in six mandibular second 
molars out of 140 (4.28%) (Table 1). Excluding the wisdom 
teeth, a total of 4.92% out of 284 mandibular molars 
presented a MMC (Figure 1) on a CBCT image, which 
was clinically confirmed by an operative microscope 
(Figure 2). 

Table 1 – Frequency distribution (%) of MMCs in 
mandibular molars 

Tooth No. of teeth MMCs Frequency 

First molar 144 8 5.67% 

Second molar 140 6 4.28% 

Total 284 14 4.92% 

MMCs: Middle mesial canals. 
 

 

Figure 1 – Preoperative transverse CBCT image showing 
three mesial root canals in tooth 36. The mesiobuccal 
and mesiolingual canals were previously instrumented 
and obturated. The middle mesial root canal is still 
untreated. A second untreated distal canal is also displayed. 
CBCT: Cone-beam computed tomography. 

Figure 2 – Pulp chamber floor of tooth 36 showing the 
gutta-percha filling of mesiobuccal and mesiolingual 
canals. The orifice of presently instrumented middle mesial 
canal is located close to the mesiobuccal canal. 

 

Depending on gender, the incidence of MMC in 
mandibular first molar was higher in females than in males 
(3:1 ratio). The female/male ratio of a MMC was inverted 
in the mandibular second molar, i.e., 1:5 (Table 2). 

In case of insufficient information provided by peri-
apical radiographs for endodontic assessment (Figure 3), 
the use of CBCT enabled proper diagnosis and subsequent 
adequate treatment (Figure 4). It was also observed that 

the presence of MMC in mandibular first molars was 
associated in all cases of our study with a second distal 
canal (Figures 5 and 6). 

In mandibular second molars, in total there were 
four canals (three mesial and one distal) when a MMC 
occurs (Table 3). Unlike the mandibular first molars, in 
mandibular second molars no second distal canal was 
associated with a MMC. 
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Table 2 – Gender-dependant distribution of MMCs in 
mandibular molars 

No. of MMCs 
Gender No. of subjects First 

molar 
Second 
molar 

Males 55 63 2 5 

Females 89 77 6 1 

Male/female ratio  1:3 5:1 

MMCs: Middle mesial canals. 

Table 3 – Distribution of MMCs in mandibular molars 
based on molar type and presence of a second distal canal 

Tooth 
No. of 

examined 
teeth 

No. of teeth 
with MMC 

No. of teeth with 
second distal 

canal 

First molar 144 8 8 

Second molar 140 6 0 

Total 284 14 8 

MMCs: Middle mesial canals. 
 

Figure 3 – Preoperative periapical radiograph of tooth 
36. 

Figure 4 – Postoperative radiograph of tooth 36 showing 
an independent middle mesial canal in mesial root and 
two canals in distal root. 

 

Figure 5 – Preoperative transverse, respectively longitudinal CBCT 
image showing the distal root of tooth 36 with previous filling of 
distobuccal canal. A metallic screw post is cemented in distolingual 
uninstrumented root canal. CBCT: Cone-beam computed tomography. 

Figure 6 – Pulp chamber floor of tooth 36 
showing the gutta-percha filling of disto-
buccal canal and the orifice of presently 
instrumented distolingual canal. 

 
 Discussions 

The anatomy of the root canal system in mandibular 
first molars is controversially discussed in literature since 
the complexity of root canal configurations in individual 
cases does not match with already described classification 
systems. Although the variation of canal configurations 
occurs in both roots, it prevails in the mesial root. 
However, in mandibular molars, unlike the three-rooted 
form of first molars or the “C-shape” form of second 
molars, it seems that the configuration of the root canal 
system has no direct relationship with ethnicity [6]. 

The MMC is one of anatomical variations displayed by 
internal complexity of the endodontic system in mandibular 
permanent molars that are thought to be characterized by 
genetics and race [6, 9, 10]. 

The conventional methods used in current endodontic 

practice to identify root canals are clinical inspection with 
mirror and endodontic probe, and periapical radiographs. 
According to Corcoran et al. [11], the successful exami-
nation of the pulp chamber floor depends on operator 
knowledge, clinical experience and skill in detecting 
additional canals. 

The use of magnified illumination provided by operating 
microscope is also increasing the possibility of locating 
the extra canals that cannot be identified by traditional 
visual inspection with the naked eye. However, it seems 
that the efficacy of the magnifying instruments is directly 
influenced by the learning curve of clinical training. The 
desired aim of correctly detecting and negotiating additional 
canals, such as the MMC of lower first molars can only be 
achieved through the experience gained by manipulating 
the microscope on patients [11]. 
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The MMC is located in the groove that links the 
mesiobuccal and the mesiolingual canals of lower molars. 
It is of high practical importance to identify the MMC 
since this accessory root canal represents a real clinical 
challenge in the endodontic treatment of the mandibular 
first molar [12]. 

At visual inspection, the presence of mesial groove in 
the pulpal floor and the clear color difference between 
the dentin bordering the canal orifices and the dentin of 
pulp chamber floor are extremely useful clinical points of 
reference [13]. 

The literature survey points out those deviations from 
anatomical norm of the root canal system are not 
uncommon. The detection and treatment of additional root 
canals, such as the MMC of lower molars are definitely 
challenging, but the inability to adequately solve these 
issues results in failures [14]. 

Pomeranz et al. [3] divided the MMCs in three classes: 
independent (separate apical foramen), confluent apically 
with mesiobuccal or mesiolingual, and fin (free transverse 
communication with mesiobuccal or mesiolingual). 

Nosrat et al. [9] encountered among 15 MMCs the 
following incidence in decreasing order: 46.7% confluent 
anatomy, 33.3% fin anatomy, and 20% independent 
anatomy. These results are in contrast with Pomeranz  
et al. [3], who found 67% fin anatomy or with Karapinar-
Kazandag et al. [15], who described only confluent 
anatomy. 

Moreover, Karapinar-Kazandag et al. [15] suggested 
that the MMC has to be considered an isthmus linking 
the main mesial canals mesiobuccal and mesiolingual, and 
not as an actual canal. Later on, in a study on 44 lower 
first molars de Toubes et al. [12] found under operating 
microscope that this accessory canal is situated in the 
mesial groove of the pulpal floor with the highest 
incidence closer to the mesiobuccal canal (46%), at the 
center of the groove (23%) or in the proximity of the 
mesiolingual canal (31%). 

It was also observed under the operating microscope 
and confirmed by periapical radiographs in oblique 
projection that the MMC had an independent path to the 
apical foramen only in 8% of cases, whereas in the other 
cases it was connected either to the mesiobuccal (54%) 
or to the mesiolingual (38%) canal [12]. 

Though the clinical inspection with a naked eye is 
still widespread, nowadays it is accepted that adequate 
coronary access, including the use of ultrasonic tips to 
clean the groove linking the mesiobuccal and mesio-
lingual canals, and the dental operating microscope are 
crucial in identifying the accessory mesial canals of 
lower molars [12]. 

The mandatory clinical procedure for eliminating the 
dentin protuberance of the mesial wall and exploring the 
isthmus on the pulpal floor between the orifices of main 
mesial canals, mesiobuccal and mesiolingual, could not 
achieve the expectations for locating the accessory canals 
without the facilities offered by the dental operating 
microscope [13]. 

The operating microscope, unlike the inspection by 
naked eye or using surgical loupes, allowed locating the 
small orifice openings and constricted orifices. Similarly, 
by microscope it was easier to locate the calcified orifices 
due to the difference in color compared to surrounding 
dentin and also to recognize the dentin coverage over the 

canal orifices. Moreover, this dentin coverage that usually 
occurs in the case of MMC of lower molars can be 
accurately removed under microscope with an adequate 
ultrasonic tip [16]. 

In an in vivo study on 75 first and second lower molars 
Nosrat et al. [9] found that 20% of them presented 
negotiable MMCs and in 60% of molars with a MMC a 
second distal canal was also located. 

By comparing in clinical setting the detection rate of 
root canal orifices using three different methods, naked 
eye, surgical loupes, and dental operating microscope, 
Yoshioka et al. [16] found out that the microscopic 
method detected more exactly the canal orifices than the 
other two methods. Accordingly, an opinion was advanced 
that the inspection by naked eye or surgical loupes is 
relatively ineffective compared to the use of a dental 
operating microscope. 

It was also noticed that the incidence of MMCs 
decreased with age. In patients aged 20 years or younger, 
Nosrat et al. [9] reported that 32.1% of MMCs were 
clinically negotiable. According to their study, it seems 
that the key of identifying and negotiating the MMCs relies 
upon the magnification and careful tactile inspection of 
the pulpal floor with a sharp endodontic explorer, and it 
depends not in the very least on the patient’s age. 

In a more complex study, de Toubes et al. [12] 
compared in vitro four diagnostic methods to detecting 
accessory mesial canals in lower first molars: clinical 
inspection, digital radiography, dental operating microscope 
and CBCT, which is an extra-oral imaging system. A better 
agreement was found between the dental operating 
microscope and CBCT in identifying the accessory mesial 
canals as compared to clinical inspection and digital 
radiography, which were less accurate. 

Even if using the parallax principle and several 
exposures taken with angle changes of 10–15º, the 
conventional periapical radiographs do not guarantee the 
identification of root canals, which are in the same plane 
[7]. 

Moreover, since even by using the paralleling technique, 
serial intra-oral periapical radiographs did not prove to 
be consistently reproducible, the customized stents bite 
block was also tried to improve the reliability of image 
geometry. However, some inconsistencies could not be 
eliminated and this procedure can also not be used in 
patients with developing skeleton and dentition [7]. 

The conventional intraoral periapical radiograph has 
its inherent limitations in reproducing the morphological 
details of the complex endodontic system due to the 
exposure angulation and image contrast, which are not 
always appropriate [14, 17]. 

The inherent limitations of conventional radiographs 
in endodontics are the anatomic noise produced by over-
lying bone structures that mask the tooth root area of 
interest and the lack of a 3-D volume of imagistic data [18]. 

CBCT can overcome the disadvantage of anatomical 
noise expressed in conventional radiographs by selecting 
slices that allow separate visualization of the roots in 
molars without superimposition of the adjacent roots and 
thick overlying alveolar bone in mandible or zygomatic 
buttress in maxilla [18]. 

Developed in the late 1990s, CBCT utilizes an extra-
oral imaging scanner. The X-ray beam is cone-shaped 
and the size of the field of view (FOV) is variable so 
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that the limited volume CBCT scanners may capture a 
cylindrical or spherical volume of data from a small region 
of maxilla or mandible, similar in height and width to a 
conventional intraoral radiograph (40 mm high by 40 mm 
diameter). Hence, the CBCT with limited FOV is suited 
for the capture of imagistic data involving no more than 
one or two neighboring teeth [18]. 

The tomographic slices may be displayed simultaneously 
in three orthogonal planes: sagittal, axial, and coronal and 
the software allows the reconstruction of a new set of 
orthogonal images in order to assess at any angle the area 
of interest for diagnosis and treatment planning [18]. 

Due to the small dimension of voxels, the last gene-
ration of CBCT, with limited FOV, has higher image 
resolution and proved to be suitable for identifying the 
morphology of the endodontic system [19]. 

Since the CBCT voxels are equal in length, height 
and depth (isotropic), unlike the CT voxels, which are 
anisotropic, they allow in any plane the precise linear 
measurements of CBCT data regardless of the skull 
orientation during X-ray exposure [18]. Though it was 
studied on a small sample of teeth, when using voxel size 
75 μm, Michetti et al. [20] observed a high correlation 
between CBCT images and histological sections of roots. 

CBCT is a nondestructive method, which enables both 
in vivo and ex vivo assessment of root canal anatomy. 
CBCT is also able to identify additional canals, such as 
MMC of mandibular molars [21]. 

CBCT provides more detailed information for adequate 
endodontic diagnosis and treatment planning than conven-
tional periapical radiograph. Moreover, on CBCT images, 
the anatomic variations prevalence of root canals system 
can be simply compared bilaterally [22]. 

Although the CBCT technology is known since the 
1980s, only in the last decade it became an accepted 
option in endodontics as a diagnostic tool. The main 
advantages are thought to be the digital imaging and the 
increasingly detailed information provided by a 3-D image 
because the isotropic voxels allow accurate measurements 
in different directions [19]. 

The main limitations of CBCT images compared with 
conventional intra-oral radiographs are the poorer resolution 
and the scattering and beam hardening created by the high 
density of neighboring structures, such as enamel, or metal 
restorations and posts [18]. 

However, in the past few years, because of the 
technological progress, CBCT proved to be a reliable tool 
for the proper imagistic investigation in endodontics [14, 
17]. Although the periapical radiographs were taken in 
ortho, mesial and distal angulation, no mesial accessory 
canal was visualized, whereas the CBCT identified 27% 
of them [12]. 

Matherne et al. [17] used 72 extracted teeth to compare 
the diagnostic efficacy of digital radiography with CBCT 
and found that despite respecting the parallax rule the 
digital modalities failed to identify one root canal in 
36.5% of teeth and at least two canals in 4% of teeth. 
Their conclusion was that, unlike CBCT, by using digital 
radiographs some root canals might remain undiscovered. 

Regardless of the skill and clinical experience of  
the endodontist, de Toubes et al. [12] reported that for 
the detection of MMCs the clinical inspection without 
magnification was less reliable than inspection under 
dental operating microscope or CBCT. 

However, using a dental operating microscope, the 
number of identified MMCs increased from 27% to 30%. 
Likewise, an increased number of accessory canals were 
located by dental operating microscope than those identified 
by CBCT, 85% vs. 58% [12]. 

Despite the lower identification rate of MMCs in lower 
molars using CBCT, this imagistic method is superior to 
the dental operating microscope because it allows the 
visualization of the entire canal length, mainly its mid and 
apical third, whereas the microscope is limited only to the 
inspection of the straight segment of the root canal [12]. 

The main advantage of CBCT as a newcomer imagistic 
tool of investigation is its noninvasive 3-D diagnosing 
principle for reproducing the internal tooth morphology. 
Literature pointed out that CBCT, unlike the conventional 
periapical radiography, is able to identify the complex 
anatomical features of lower first permanent molars, such 
as additional root canals and isthmuses. 

Though CBCT does not signalize the presence of a 
more complex morphological configuration of the endo-
dontic system as the micro-CT technology does, since it 
does not have the same spatial resolution, it is important 
to note that this commonly used diagnostic tool in clinical 
setting is capable to identify Vertucci’s type I and II 
root canals [21]. 

According to previous studies, the prevalence of the 
MMCs in lower permanent molars ranges from 1–18% 
[3, 15, 23]. Wang et al. [23] recorded by CBCT, in a 
western Chinese population, a 2.7% incidence of mandibular 
first molars with three mesial canals. Pomeranz et al. [3] 
and Karapinar-Kazandag et al. [15] found the MMC in 
7.1% and, respectively, 18% of lower first molars. An 
increased incidence of 30% was reported by de Toubes 
et al. [12] due to the microscopic inspection. 

Silva et al. [10] looked for the variation of the root 
canal system on CBCT images of 234 lower first molars 
and 226 lower second molars and observed an accessory 
mesial canal only in 2% of the cases. 

de Carvalho & Zuolo [13] found out MMCs in 8.6% 
out of 93 lower first molars and in only 2.3% out of 111 
lower second extracted molars. In their study, the operative 
microscope increased with 18.6% the number of located 
MMCs as compared to usual naked eye inspection. Coaxial 
illumination and magnifications ranging from 3× to 20× 
are the main characteristics of microscopic examination. 

According to the review study of de Pablo et al. [6], 
52.3% mesial root canals displayed Vertucci type IV and 
35% of them Vertucci type II configuration. In 59% of 
cases, two independent apical foramina were present, in 
38.2% one foramen, and in 1.6% three foramina. 

The analysis of 3378 distal roots of mandibular molars 
revealed Vertucci type I configuration (62.7%), type II 
(14.5%), and type IV (12.4%) configuration. The isthmuses 
type V configuration occurred on an overall of 1615 teeth 
in 54.8% of mesial roots and 20.2% of distal roots [6]. 

The incidence of the MMC in lower permanent molars 
(type VIII of Vertucci’s classification) was found to be 
2.6%. The presence of isthmuses as anatomical communi-
cations between the canals situated in the same root of 
lower permanent molars is considered a normal issue 
rather than an abnormality. The incidence of type V 
isthmuses in the mesial root of lower first molars may 
range from 23% to 77.4% and in the distal root between 
8–55% [6]. 
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Plotino et al. [22] found out in 34 patients that 70.6% 
of lower first molars and 81% of lower second molars 
showed a perfect symmetry of the endodontic system. 
The symmetry of root canal morphology, when treating 
two opposite teeth in the same patient, is of paramount 
importance for a successful clinical outcome since their 
internal anatomy might be different. Accordingly, since 
around 30% of first molars and 20% of second molars might 
have asymmetric variations, care should be taken when 
bilaterally treating same mandibular molar in a patient. 

Since radiographic examination is crucial in endo-
dontics, nowadays CBCT is a valuable imagistic tool for 
diagnostic and treatment planning [19]. The benefits of 
CBCT as an investigation tool in the diagnosis and planning 
of endodontic treatment aiming to bring together an adequate 
amount of information has to prevail over any potential 
risks of ionizing radiation [18]. 

 Conclusions 

This study performed on a Romanian population by 
using CBCT scans evaluated the presence of the MMC in 
144 mandibular first permanent molars and 140 mandibular 
second permanent molars. The incidence of MMC ranged 
from 5.67% in first molars to 4.28% in second molars. 
The occurrence of MMC in mandibular first molars was 
associated in all cases of our study with a second distal 
canal, unlike the mandibular second molars where the MMC 
was associated with only one distal canal. With the 
limitations of this study, it is worthy to consider the patient 
gender when performing the preoperative evaluation since 
the male/female ratio of MMC was 1:3 in mandibular first 
molars and 5:1 in mandibular second molars. 
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