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Abstract

Background: Root canal treatment is compromised when one or more root canals are left unmanaged,
especially in the case of multirooted teeth. Cone-beam computed tomography (CBCT) has the advantage of
clearly recognizing the anatomical structures without any blurring and superimposition. There are few
studies that assess the middle mesial canal (MMC) prevalence in the Saudi population using CBCT imaging.
Thus, the present study was conducted to assess the MMC prevalence in the first and second mandibular
molars in the Saudi population using CBCT imaging.

Materials and methods: Data from 616 patients and 1014 teeth were assessed. The mesial roots of the
mandibular first and second molars were examined using CBCT to assess the presence of the MMC in both
axial and coronal sections. The potential correlation between the prevalence of MMC was assessed with
gender and age. The data collected were subjected to statistical analysis using IBM SPSS version 20.0
software (IBM Corp., Armonk, NY).

Results: The mean age was 34.39 = 12.12 years, showing male predominance. A total of 2.6% and 0.2% cases
of MMC were found in the first and second molars, respectively. A significant difference (p-value < 0.05) was
observed among both genders in relation to age groups and the presence of MMC. MMC in the first molar
was seen mainly in patients aged <20 years and only one case was reported with MMC in the second molar
among patients aged 41-60 years.

Conclusion: A higher incidence of MMC was found in the first than the second mandibular molar. For
accessing the MMC, the patient's age, high magnification, and troughing are some influential factors. In the
future, clinical studies with long-term follow-ups are required to assess the influence of biomechanical
preparation of MMC on the result of nonsurgical endodontic management in mandibular first as well as
second molars.

Categories: Dentistry
Keywords: cone-beam computed tomography, endodontics, cbct, saudi arabia, mandibular molar, middle mesial
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Introduction

Root canal therapy is aimed at removing various irritants (such as microorganisms and their byproducts and
necrotic pulp tissue) from the root canal system. For successful endodontic therapys, it is important to have a
detailed knowledge of the morphology and configuration of root canals of the tooth [1]. Disparity in roots
and their morphology, such as the occurrence of fins, delta, loops, multiple orifices, and accessory canals,
are common. Root canal treatment is compromised when one or more root canals are left unmanaged,
especially in the case of multirooted teeth [2]. The most frequently endodontically treated tooth is the
mandibular molar. It is a bi-rooted tooth, usually having one or two canals in the distal root and two root
canals in the mesial root [3]. Various studies have revealed different variations in the root canal anatomy of
mandibular molars, which are being determined by genetics and race. Variations observed were C-shaped
anatomy of the roots, an isthmus between the mesiobuccal (MB) and mesiolingual (ML) canals, a separate
distolingual root, and a third canal in the mesial root known as the middle mesial canal (MMC) [4].

The rate of prevalence of the MMC ranges from 0.2% to 50% [5]. Pomeranz et al. [6] categorized MMC into
three classes: (1) canal starts from a different orifice, which continues independently without having
interaction with ML or MB canals till the apex; (2) canal shows fusion and continues with either ML or MB
canal showing confluence; and (3) canal is joined with an isthmus to ML or MB canal along its path showing
finning. The most prevalent MMC type is confluent, followed by fin, and independent [5-7].

Different methods are being used to evaluate root canal morphology, such as clearing and staining of root
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canals, clinical studies, transparent tooth specimens, microscopic teeth sections, conventional radiography,
micro-CT, and cone-beam computed tomography (CBCT). Recently, CBCT has attained huge recognition
because of the advantage of clearly recognizing the anatomical structures without any blurring and
superimposition that is usually seen in conventional two-dimensional imaging like panoramic and
periapical radiography.

There are few studies that assess the MMC prevalence in the Saudi population using CBCT imaging. Thus,
the present study was conducted to assess the MMC prevalence in the first and second mandibular molars in
the Saudi population using CBCT imaging.

Materials And Methods

This prospective study was conducted in the Department of Restorative Dental Sciences, King Khalid
University Dental Clinics, Saudi Arabia, from 2017 to 2022. Before starting the study, ethical approval was
taken from the Institutional Review Board, King Khalid University, Kingdom of Saudi Arabia
(IRB/KKUCOD/ETH/2022-23/011). Patients were explained about the study, and written informed consent
was taken. CBCT data of patients who underwent radiographic scanning were reviewed.

A total of 806 patients were observed. Among those patients, 616 patients and 1014 teeth were included
based on the inclusion criteria: (1) patients aged 18-60 years; (2) Saudi nationality; and (3) presence of either
first or second mandibular molars. The exclusion criteria were (1) non-Saudi patients, (2) age less than 18
years (as roots may not be completely formed) and above 60 years (as roots may become calcified), and (3)
missing first and second mandibular molars.

The mesial roots of the mandibular first and second molars were examined using CBCT (KKGT-0060, KaVo
Kerr, Biberach, Germany) by two trained clinicians to assess the presence of the MMC. The MMC was
recorded when clearly seen in both axial and coronal sections. The CBCT data volumes with different voxel
sizes might have led to the inability to detect some MMC, as a narrow MMC might be missed when a larger
voxel size is used. The potential correlation between the prevalence of the MMC was assessed and correlated
with the gender and age of patients. The data collection was subjected to statistical analysis using IBM SPSS
version 20.0 software (IBM Corp., Armonk, NY).

Results

The maximum (62.99%) cases were aged 20-40 years, with the mean age being 34.39 + 12.12 years, showing
male predominance. It was observed that in 2.6% and 0.2% of cases, the MMC was found in the first and
second molars, respectively (Table ).
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Parameters Frequency (n) Percentage (%)
<20 49 7.954
20-40 388 62.99
Age groups (years)
41-60 154 25
>60 25 4.06
Female 285 46.3
Gender
Male 331 53.7
Molar agenesis 145 235
MMC 1st molar Absent 455 73.9
Present 16 2.6
Molar agenesis 73 11.9
MMC 2nd molar Absent 542 88.0
Present 1 0.2
Total 616 100.0
Mean age 34.3912 12.12152

TABLE 1: Demographic data

MMC: middle mesial canal.

Among males, more cases of MMC were observed in both the molars. It was found that a significant
difference (p-value < 0.05) was observed among both genders in relation to age groups and the presence of
MMC (Table 2 and Figure 1).
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Male (n = 331) Female (n = 285)
Parameters
Frequency (n) Percentage (%) Frequency (n) Percentage (%)

<20 24 7.25 25.0 8.77

20-40 194 58.61 194.0 68.07
Age groups

41-60 98 29.61 56.0 19.65

>60 15 4.53 10.0 3.51
Chi-square 1.127
p-value 0.051*

Molar agenesis 85 25.7 60 211
MMC 1st molar Absent 235 71.0 220 77.2

Present 11 3.3 5 1.8
Chi-square 2.019
p-value 0.032*

Molar agenesis 32 9.7 41 14.4
MMC 2nd molar Absent 298 90.0 244 85.6

Present 1 0.3 0 0
Chi-square 2.289
p-value 0.043*

TABLE 2: Correlation between both genders in relation to various parameters

* P-value < 0.05 is significant. MMC: middle mesial canal.

FIGURE 1: Mandibular first molars with middle mesial canals

A greater number of males was seen in age groups above 40 years of age. MMC in the first molar was seen
mainly in patients aged <20 years, followed by 41-60 years and 20-40 years of age. Only one case was
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reported with MMC in the second molar among patients aged 41-60 years (Table 3).

<20 20-40 41-60 >60
Parameters
n % n % n % n %
Mean age (mean + SD) 18.20 0.41 29.13 5.44 47.95 5.28 64.24 4.21
Female 25 51.0 194 50.0 56 36.4 10 40.0
Gender
Male 24 49.0 194 50.0 98 63.6 15 60.0
Chi-square 1.718
p-value 0.042*
Molar agenesis 10 20.4 86 22.2 43 27.9 6 24.0
MMC 1st molar Absent 37 75.5 293 75.5 106 68.8 19 76.0
Present 2 41 9 23 5 3.2 0 0
Chi-square 2.167
p-value 0.018*
Molar agenesis 3 6.1 43 11 23 14.9 4 16.0
MMC 2nd molar Absent 46 93.9 345 88.9 130 84.4 21 84.0
Present 0 0 0 0 1 0.6 0 0
Chi-square 2.007
p-value 0.002*

TABLE 3: Correlation between age groups in relation to various parameters

* P-value < 0.05 is significant. MMC: middle mesial canal.

Discussion

In clinical practice, mandibular molars are the most commonly encountered teeth requiring endodontic
treatment, as they are the most vulnerable to the development of dental caries, leading to endodontic
treatment [8]. The successful endodontic treatment is based on meticulous instrumentation and thorough
irrigation, followed by obturation. Disparity in the morphology of root canals can be a challenge to
clinicians, mainly deviations in the MMC of roots of first and second mandibular molars, as it is rare in
occurrence. It needs an additional endeavor for identifying and treating MMC. Various interventions are
being utilized for evaluating the incidence of MMC, such as clinical studies, dental operating microscopes,
intraoral radiography, CBCT, and micro-CT [9]. In recent years, the utilization of CBCT imaging has become
famous among endodontists, as it provides images of oral tissues without blurring or superimposition, which
is commonly observed in panoramic and intraoral radiographs. Thus, the present study was conducted on
the first and second mandibular molars using CBCT imaging [10].

In our study, the maximum cases were aged 20-40 years, with the mean age being 34.39 + 12.12 years,
showing male predominance. Similar to our study, Peiris et al. [11] suggested that the rate of incidence of
MMC is higher among patients aged 30-40 years old, coinciding with the time of completion of
differentiation of the root canal. They stated that this is because of changes in the configuration of the root
canal and maturation after the root development completion and apex closure. A constant secondary dentin
deposition occurs within the root canals that causes a more complicated configuration of the root canal with
the chances of formation of a third root canal in the mesial root of the first and second mandibular molars
[12].

In our study, it was observed that in 2.6% and 0.2% of cases, MMC was found in the first and second molars,
respectively. Aldosimani et al. [1] observed that MMC was found in 1.3% of cases in first molars and in 0.4%
of cases of second molars. Kim et al. [13] observed a lower prevalence rate of 0.35% of MMC in the first
mandibular molar. Similar to our study, Wang et al. [14] found a prevalence rate of 2.7% in the first
mandibular molar. Srivastava et al. [15] observed a considerably higher rate of prevalence of MMC as
compared to the results of our study with a prevalence of 18.2%.

2023 Alsanah et al. Cureus 15(10): e47554. DOI 10.7759/cureus.47554 50f 7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

We also found that among males, more cases of MMC were observed in both the molars. It was found that a
significant difference (p-value < 0.05) was observed among both genders in relation to age groups and the
presence of MMC. A greater number of males was seen in age groups above 40 years of age. MMC in the first
molar was seen mainly in patients aged <20 years, followed by 41-60 years and 20-40 years of age. Only one
case was reported with MMC in the second molar among patients aged 41-60 years of age. Kuzekanani et al.
[3] observed that the incidence of MMC was higher among females than males. The variability observed in
results can be due to various causes like study design, sample size, region, and population studied.

Increased knowledge of variations in morphological patterns of molars can enhance the success rate for both
surgical and non-surgical root canal treatment, thus avoiding treatment failure. In vivo CBCT analysis is a
clinically effective and non-invasive tool that determines the morphology of the root and root canal [9].

The limitation of the current study is the CBCT data volumes with different voxel sizes might have led to the
inability to detect some MMC, as a narrow MMC might be missed when a larger voxel size is used. The use of
limited-field CBCT scans is recommended to make sure smaller voxel sizes are used.

Conclusions

This study revealed a higher incidence of MMC in the first than the second mandibular molar. The
identification and biomechanical cleaning of MMC during surgical or nonsurgical root canal treatment is
crucial. For accessing the MMC, the age of the patient, high magnification, and troughing are some
influential factors. In the future, clinical studies with long-term follow-ups are required to assess the
influence of biomechanical preparation of MMC on the result of nonsurgical endodontic management in
mandibular first as well as second molars.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. IRB, College of Dentistry,
King Khalid University issued approval IRB/KKUCOD/ETH/2022-23/011. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

1. Aldosimani MA, Althumairy RI, Alzahrani A, Aljarbou FA, Alkatheeri MS, AlGhizzi MA, Abughosh TK: The
mid-mesial canal prevalence in mandibular molars of a Saudi population: a cone-beam computed
tomography study. Saudi Dent J. 2021, 33:581-6. 10.1016/j.sdentj.2020.08.004

2. Igbal S, Kochhar R, Kumari M: Prevalence of middle mesial canal in the Indian subpopulation of Greater
Noida and the related variations in the canal anatomy of mandibular molars using cone-beam computed
tomography. Endodontology. 2022, 34:50-4. 10.4103/endo.endo_108 21

3. Kuzekanani M, Walsh L], Amiri M: Prevalence and distribution of the middle mesial canal in mandibular
first molar teeth of the Kerman population: a CBCT study. Int ] Dent. 2020, 2020:8851984.
10.1155/2020/8851984

4. Huang RY, Cheng WC, Chen CJ, et al.: Three-dimensional analysis of the root morphology of mandibular
first molars with distolingual roots. Int Endod J. 2010, 43:478-84. 10.1111/j.1365-2591.2010.01702.x

5. Bansal R, Hegde S, Astekar M: Morphology and prevalence of middle canals in the mandibular molars: a
systematic review. ] Oral Maxillofac Pathol. 2018, 22:216-26. 10.4103/jomfp.JOMFP_194 17

6. Pomeranz HH, Eidelman DL, Goldberg MG: Treatment considerations of the middle mesial canal of
mandibular first and second molars. ] Endod. 1981, 7:565-8. 10.1016/50099-2399(81)80216-6

7. Harris SP, Bowles WR, Fok A, McClanahan SB: An anatomic investigation of the mandibular first molar using
micro-computed tomography. ] Endod. 2013, 39:1374-8. 10.1016/j.joen.2013.06.034

8. Navarro LF, Luzi A, Garcia AA, Garcia AH: Third canal in the mesial root of permanent mandibular first
molars: review of the literature and presentation of 3 clinical reports and 2 in vitro studies. Med Oral Patol
Oral Cir Bucal. 2007, 12:E605-9.

9. Versiani MA, Ordinola-Zapata R, Keles A, Alcin H, Bramante CM, Pécora JD, Sousa-Neto MD: Middle mesial
canals in mandibular first molars: a micro-CT study in different populations. Arch Oral Biol. 2016, 61:130-7.
10.1016/j.archoralbio.2015.10.020

10.  Azim AA, Deutsch AS, Solomon CS: Prevalence of middle mesial canals in mandibular molars after guided
troughing under high magnification: an in vivo investigation. ] Endod. 2015, 41:164-8.
10.1016/j.joen.2014.09.013

11. Peiris HR, Pitakotuwage TN, Takahashi M, Sasaki K, Kanazawa E: Root canal morphology of mandibular
permanent molars at different ages. Int Endod J. 2008, 41:828-35. 10.1111/j.1365-2591.2008.01428.x

12.  Bhargav K, Sirisha K, Jyothi M, Boddeda MR: Endodontic management of contralateral mandibular first
molars with six root canals. ] Conserv Dent. 2017, 20:282-5. 10.4103/JCD.JCD_257 16

13.  Kim SY, Kim BS, Woo J, Kim Y: Morphology of mandibular first molars analyzed by cone-beam computed

2023 Alsanah et al. Cureus 15(10): e47554. DOI 10.7759/cureus.47554 60f7


javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1016/j.sdentj.2020.08.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sdentj.2020.08.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/endo.endo_108_21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/endo.endo_108_21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2020/8851984?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2020/8851984?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2010.01702.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2010.01702.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/jomfp.JOMFP_194_17?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/jomfp.JOMFP_194_17?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(81)80216-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(81)80216-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2013.06.034?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2013.06.034?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/18059249/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.archoralbio.2015.10.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.archoralbio.2015.10.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2014.09.013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2014.09.013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2008.01428.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2008.01428.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/JCD.JCD_257_16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/JCD.JCD_257_16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2013.08.015?utm_medium=email&utm_source=transaction

Cureus

tomography in a Korean population: variations in the number of roots and canals. ] Endod. 2013, 39:1516-
21.10.1016/j.joen.2013.08.015

14.  WangY, Zheng QH, Zhou XD, Tang L, Wang Q, Zheng GN, Huang DM: Evaluation of the root and canal
morphology of mandibular first permanent molars in a western Chinese population by cone-beam computed
tomography. ] Endod. 2010, 36:1786-9. 10.1016/j.joen.2010.08.016

15.  Srivastava S, Alrogaibah NA, Aljarbou G: Cone-beam computed tomographic analysis of middle mesial
canals and isthmus in mesial roots of mandibular first molars-prevalence and related factors. ] Conserv
Dent. 2018, 21:526-30. 10.4103/JCD.JCD_205_18

2023 Alsanah et al. Cureus 15(10): e47554. DOI 10.7759/cureus.47554 7of7


https://dx.doi.org/10.1016/j.joen.2013.08.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2010.08.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2010.08.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/JCD.JCD_205_18?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/JCD.JCD_205_18?utm_medium=email&utm_source=transaction

	Prevalence of Middle Mesial Canal in Mandibular Molars of a Saudi Subpopulation: A Prospective Cone-Beam Computed Tomography Study
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Demographic data
	TABLE 2: Correlation between both genders in relation to various parameters
	FIGURE 1: Mandibular first molars with middle mesial canals
	TABLE 3: Correlation between age groups in relation to various parameters

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


