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Background: In endodontic treatment, the aim is to completely determine, shape, 
and fill all root canals in a three‑dimensional way. Missed canals lead to treatment 
failure. In mandibular molars, there may be an extra canal called the middle 
mesial canal between the mesiobuccal and mesiolingual canals. Aim: The aim 
of this study was to evaluate the prevalence of missed middle mesial canals in 
root canal-treated mandibular molar teeth. Materials and Methods: In this study, 
cone‑beam computed tomography (CBCT) images of 1054 patients were analyzed. 
We identified 121 endodontically treated mandibular molars and evaluated the 
prevalence of missed canals. Results: Although 33.05% of the root canal-treated 
teeth did not have a middle mesial canal, this canal was detected in the other 
66.94%; 97.53% of teeth with a middle mesial canal could not be detected by 
clinicians. Conclusion: Clinicians performing endodontic treatment of mandibular 
molar teeth should not ignore the presence of the middle mesial canal. Thus, it is 
very important for clinicians to have sufficient information about the localization, 
morphology, and variations of the middle mesial canal.
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chewing function. Mandibular molars are usually 
described as having two roots, one mesial and one 
distal. The mesial root usually has a mesiobuccal canal 
and a mesiolingual canal, whereas the distal root usually 
has a centrally located canal. Sometimes, a second canal 
can be found in the distal root. Between the mesiobuccal 
and mesiolingual canals, there is a narrow connection 
known as the isthmus, which contains pulp tissue. The 
extra canal in the isthmus is called the middle mesial 
canal.[4]

The presence of the middle mesial canal was 
first reported in 1974 by  Vertucci and Williams[5] 
and  Barker et al.[6] Since then, numerous case reports 
of aberrant canal morphology of mandibular molars 
have been published[6-9] Pomeranz et al.[10] classified the 
middle mesial canal into three categories: confluent, 
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Introduction

Success in endodontic treatment depends on 
the complete removal of bacteria and bacterial 

by-products from the root canal system. Microorganisms 
in root canals that cannot be cleaned adequately 
are highly likely to cause apical periodontitis in the 
periapical tissues.[1]

In teeth with complex root anatomy including deltas, 
fins, accessory canals, loops, and multiple orifices, 
improper cleaning of any part of the canal system 
carries the risk of microorganisms surviving in the root 
canal system.[2] It is very important to have sufficient 
information about the configurations of the root canals 
for successful endodontic treatment in these teeth. In 
multi-rooted teeth especially, one or more canals that 
are overlooked or undetected can lead to failure of the 
endodontic treatment if left untreated.[3]

Mandibular molars are among the teeth that most 
frequently need endodontic treatment. It is important 
to protect these teeth in order not to lose their effective 
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independent, and fin. In the confluent type, the middle 
mesial canal emerges as an independent orifice and 
merges with the mesiobuccal or mesiolingual canal 
before the apex. In the independent type, the middle 
mesial canal starts as an independent orifice and ends 
at the apex with a different foramen, without interacting 
with the mesiobuccal or mesiolingual canals along the 
course of the canal. In the fin type, there is an isthmus 
at any point between the middle mesial canal and the 
mesiobuccal or mesiolingual canal, and an instrument 
can freely pass through this region.[10] Bansal et al.[11] 
reported that the most common middle mesial canal type 
was confluent, followed by fin, and the least common 
type was independent.

The diameter of the middle mesial canal is usually 
smaller than the diameter of the mesiobuccal and 
mesiolingual canals. In addition, the middle mesial canal 
has a much smaller volume than the two main canals 
in the mesial root.[12] Therefore, over-preparation of the 
middle mesial canal may cause perforations.[13]

The prevalence of the middle mesial duct in the 
literature varies widely (from 0.2% to more than 50%). 
This wide range of variation is thought to be caused by 
multiple factors.[11] One of the most important of these is 
the imaging method used in the evaluation of root canal 
anatomy [microscopic tooth sections, clinical studies, 
transparent tooth samples, conventional radiography, 
cone beam computed tomography (CBCT), micro‑CT, 
etc.].[14]

CBCT has gained popularity in recent years because it 
offers the opportunity to clearly visualize anatomical 
structures. Because it provides a three‑dimensional 
evaluation of the teeth, it makes it possible to examine 
all the details of root canal morphology. Thus, the 
safety of the diagnosis and treatment stages of teeth 
with complicated root anatomy that require endodontic 
treatment is improved.[15]

In this retrospective study, we aimed to evaluate the 
prevalence of missed middle mesial canals by examining 
CBCT images of root canal‑treated mandibular molar 
teeth.

Materials and Methods
In this study, the data of 1054 patients who underwent 
a CBCT scan for any reason between 2018 and 2021 
were retrospectively analyzed after ethics committee 
approval. An iCAT CBCT device (Model 17–19, 
Imaging Sciences International, Hatfield, Pa) with a 
voxel thickness of 0.3 mm was used in the previously 
obtained CBCT images. The CBCT images were viewed 
with a 22-inch monitor with a resolution of 1680 X 1050 

pixels. The inclusion criteria for mandibular molar teeth 
were as follows: having a root canal‑treated first or 
second molar tooth, images taken in the last 5 years, 
and high image quality. Single roots or fused roots 
were excluded in this study. Axial, sagittal, and coronal 
images were exported in DICOM file format and on all 
planes evaluated with iCATVision (Imaging Sciences 
International, Hatfield, PA) software. CBCT images were 
evaluated according to pre‑defined criteria by two expert 
endodontists with more than 5 years of experience. A 
pilot study was conducted using the Cohen kappa test to 
assess inter-observer consistency, and the inter-observer 
reliability was high (κ =0.96). The mid mesial canal was 
recorded when it could be clearly seen in both the axial 
and coronal sections. The data of 121 teeth that met the 
inclusion criteria of mandibular first molars and second 
molars with root canal treatment were analyzed. The 
presence of the middle mesial canal and whether root 
canal filling was performed in endodontically treated 
teeth were evaluated. The obtained data were analyzed 
by observing the frequency and percentile values.

Results
In total, 121 root canal-treated mandibular molar teeth 
were detected in the 1054 CBCT images analyzed. 
Although 33.05% of the root canal-treated teeth did 
not have a middle mesial canal, 66.94% of them did 
(57.02% in mandibular first molars, 9.91% in mandibular 
second molars). Overall, 97.53% of teeth with a middle 
mesial canal could not be detected by clinicians and root 
canal fillings were not performed [Figure 1].

Discussion
Mandibular first molars are the first permanent teeth 
to erupt. Because they are the teeth with the highest 
risk of developing caries, they are the most exposed 
to root canal treatment.[2] Therefore, having sufficient 
knowledge about the root canal anatomy of these teeth 
and possible variations significantly affects the success 
of endodontic treatment.

Figure 1: Cross-sectional images of the coronal (a) and apical (b) regions 
of a missed middle mesial canal
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A middle mesial canal that is overlooked during root 
canal treatment can lead to periapical inflammation. In 
the same way, combined endodontic-periodontal lesions 
may occur and a permanent infection site may endanger 
the longevity of the related tooth.[16] Therefore, knowing 
how often the middle mesial canal will be encountered 
guides the clinician applying endodontic treatment to the 
mandibular molar teeth.

The middle mesial canal in mandibular molars and 
variations in this canal are anatomical formations 
that complicate treatment for clinicians. Detecting 
this canal, identifying it, and treating it appropriately 
require additional effort. In the literature, there are 
many studies in which the prevalence of the middle 
mesial canal has been evaluated by different methods 
(such as intra-oral radiography,[17] clinical studies,[3] 
CBCT,[18] and micro-CT[12]).

CBCT provides clear three‑dimensional images by 
eliminating the superposition of anatomical structures 
seen in periapical and panoramic radiographs.[19] For this 
reason, it has become popular in recent years, especially 
among endodontists. Locating overlooked canals 
provides accurate results in many subjects, such as cases 
of retreatment, root resorption, apical periodontitis, and 
root fractures.[20]

CBCT imaging has proven to be as effective as a dental 
operating microscope in locating the middle mesial canal. 
Investigations using an operating microscope show that 
the incidence of the middle mesial canal ranges from 1% 
to 37.5%.[10,21,22] Therefore, CBCT is a good alternative 
for understanding root canal morphology when a dental 
operating microscope is not available.[23]

In our study, the prevalence of missed middle mesial 
canal in mandibular molar teeth treated with root canal 
was evaluated using CBCT. A middle mesial canal 
was detected in 66.94% of the examined teeth. Only 
2.46% of these canals were identified by the clinician 
performing the endodontic treatment, whereas 97.53% 
were missed and no root canal filling was performed. 
In a study by Weinberg et al.,[23] in which they 
evaluated the prevalence of the middle mesial canal, 
they reported that 66.66% of the teeth studied had a 
middle mesial canal. The rate of identification of the 
middle mesial canal in this study was almost equal to 
our study results.

In the literature, great differences can be seen in the 
prevalence of the middle mesial canal. For example, 
Azim et al.[24] detected the middle mesial canal in 
46.2% of the 91 mandibular molar teeth they evaluated. 
However, Srivastava et al.[25] evaluated the CBCT 
images of 130 Saudi patients and found a significantly 

lower (18.2%) middle mesial canal prevalence compared 
to our results. Wang et al.[18] evaluated the CBCT images 
of 558 Chinese patients and reported that the prevalence 
of the middle mesial canal in mandibular molars was 
2.7%. The lower prevalence than the data we obtained in 
our study may be because of differences in both sample 
size and methodology. In addition, the differences in the 
ethnic groups in which the study took place may also 
lead to inconsistent results.

Tahmasbi et al.[26] evaluated CBCT images of 90 patients 
and reported that the prevalence of the middle mesial 
canal was 26.4% in first molars and 8% in second 
molars. In the study of  Aldosimani et al.,[14] in which 
they evaluated the prevalence of the middle mesial canal 
in the Saudi population, they reported that they detected 
the middle mesial canal more often in mandibular first 
molars than in mandibular second molars. In our study, 
middle mesial canals were detected more frequently in 
first molars compared to second molars. These results 
are supported by the results of studies showing that 
middle mesial canals are more frequent in mandibular 
first molars than in second molars.

It is also very important to have sufficient information 
about the localization of the middle mesial canal 
entrance during endodontic treatment. The middle mesial 
canal entrance may be at the enamel–cementum junction 
or 1–2 mm deeper.[27] If the canal entrance is located in 
the apical part of the enamel–cementum junction, this 
may also cause the clinician performing the endodontic 
treatment to miss the middle mesial canal. This may be 
because of the high prevalence of the middle mesial 
canal, which could not be detected by the clinicians in 
our study.

In conclusion, the presence of an untreated middle mesial 
canal is an important cause of failure of endodontic 
treatment. It is very important for clinicians performing 
endodontic treatment to have sufficient knowledge 
about the morphology of the middle mesial canal and 
to follow current studies. Clinicians should thoroughly 
examine the pulp chamber to identify the middle mesial 
canal, which is most likely to be present in mandibular 
molars during endodontic treatment. In particular, a 
1–2 mm deep canal mouth should be sought between the 
two mesial canals. In addition, effective use of CBCT 
or a dental operating microscope for the detection of the 
middle mesial canal would be an appropriate approach 
for its detection.
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