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ABSTRACT

Aim and objectives: Using CBCT, ascertain MB2’s incidence and inter-orifice distance of MB1-MB2 and
MB2-PC in maxillary first molars in a specific Lucknow population using CBCT technique.

Methodology: One hundred CBCT scans of maxillary first molars meeting inclusion criteria were
retrospectively analyzed. The presence or absence of the MB2 canal was recorded. For teeth with an MB2,
the linear distances between the centres of the MB2 and MB1 orifices and between the MB2 and PC
orifices were measured at the pulpal floor level using specialised 3D imaging software. Data were analyzed
using descriptive statistics and chi-square tests.

Results: The MB2 canal was present in 68% of the studied maxillary first molars. The mean inter-orifice
distance between MB1 and MB2 was 2.03 + 0.50 mm, ranging from 0.70 mm to 3.80 mm. The mean
distance between MB2 and the Palatal Canal was 4.92 + 0.92 mm, ranging from 3.3 mm to 6.5 mm. The
high prevalence confirms the MB2 as a common anatomical feature in this population.

Conclusion: The MB2 canal is highly prevalent in the maxillary first molars of the Lucknow population. The
measured inter-orifice distances provide clinically valuable, population-specific guidelines for access cavity
modification and targeted troughing, promoting a proactive "search and treat" approach to improve
detection rates and the long-term success of endodontic therapy.

Keywords: MB2 canal, Cone-beam computed tomography, Prevalence, Inter-orifice distance, Maxillary first
molar, Root canal anatomy.

Introduction

The goals of a good root canal treatment are excellent mechanical debridement of the root canal system
and complete biological sealing of the canals for good periapical health and ensure long-term retention of
the dentition.t The foundation for achieving these goals rest upon a profound understanding of the
structure of the root.2

The maxillary first molar possesses one of the most complex and challenging structures for endodontic
treatment of any tooth. It typically features three roots: two buccal (mesiobuccal and distobuccal) and one
palatal.3The second mesiobuccal (MB2) canal is the most commonly overlooked canal in clinical practice,
its high prevalence in the mesiobuccal root has been well-documented for decades.45

The complexity of the MB root was first systematically classified by Vertucci (1984)4, who described eight
different canal configurations. Type IV, one of the most frequent MB root topologies, has two discrete
canals from the pulp chamber to the apex, whereas Type | in this categorisation reflects a single canal from
pulp chamber to apex. Therefore, the existence of an MB2 canal—which may be a component of a Type II,
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III, IV, or other complicated configuration—is a common anatomical reality rather than an oddity. The MB2
orifice usually occurs mesiopalatally to the main mesiobuccal (MB1) canal. It can often be hidden below a
dentinal shelf or within a groove referred to as the "mesiopalatal groove," making it tough to spot clinically
without cautious access cavity modification and superior visualisation.6?

The clinical significance of the MB2 canal cannot be overstated. An untreated MB2 canal serves as a
potential reservoir for microorganisms and necrotic tissue, which can perpetuate periradicular
inflammation and lead to the failure of an otherwise technically perfect endodontic treatment on the MB1,
distobuccal, and palatal canals.®8 Evidence has shown that many root canal treatments in maxillary 1st
permanent molars fail due to the inability of the dentist to locate and treat the MB2 canals.® Consequently,
the pursuit of the MB2 is considered a standard of care in modern endodontics, necessitating a shift from
a "see and treat" approach to a "search and treat" philosophy, guided by the knowledge of its high
probability of existence.

The emergence of three-dimensional imaging has profoundly reshaped how root canal anatomy is explored.
Micro-computed tomography (micro-CT) is considered the current gold standard for ex-vivo anatomical
studies, providing sub-micron resolution and allowing for detailed 3D reconstructions and quantitative
analyses of the internal and external morphology of teeth.10.1112 However, its high radiation dose and ex-
vivo nature preclude its use in clinical patient care.

CBCT is a very potent in assessing complicated root canal systems. Compared to medical CT scanners,
CBCT offers high-resolution, sub-millimeter, three-dimensional volumetric data at a far lower effective
radiation dosage.13 This technology allows clinicians and researchers to visualize the root canal system in
axial, coronal, and sagittal planes, effectively "unfolding" the complex anatomy and eliminating the
superimposition of structures. CBCT enables the clear identification of additional canals, isthmuses, canal
fusions, and complex configurations that are undetectable on conventional radiographs.14 Consequently,
CBCT is now regarded as the gold-standard imaging tool for determining the existence of MB2 canal before
starting root canal treatment.11

Numerous studies performed worldwide employing CBCT technology have examined the MB2 canal's
occurrence in maxillary first molar teeth, highlighting extensive regional and ethnic variance. An overall
pooled prevalence of 73.8% was discovered in a study that examined 5250 makxillary first molars from a
global population, with a wide variation from 48% in a Venezuelan population to 97.6% in a Belgian
population.15 This highlights that the likelihood of finding an MB2 is highly population-specific.

Focusing on the Indian subcontinent, the data, though growing, is still emerging and exhibits regional
variations. MB2 canals were found to be highly prevalent (61.9%) in a study on a Karnataka population.
Age 20-40 years had highest prevalence of MB2 (67.4%), followed by those over 40 (57.5%), and those
under 20 (50.6%),16 underscoring its common occurrence and the need for clinicians to anticipate its
presence. However, given India's vast genetic and ethnic diversity, findings from one region cannot be
universally extrapolated. The population of Lucknow, in North-Central India, represents a distinct
demographic that warrants specific investigation to provide locally relevant clinical data for practitioners in
that region.

The inter-orifice distance between the MB1 and MB2 canals is a crucial clinical criterion in addition to the
MB2 canal's presence or absence. Clinicians can use the accurate measurement of this distance as a
quantitative guidance when preparing and troughing access cavities. Knowing the average distance and its
range helps in directing the search for the MB2 orifice efficiently, minimizing unnecessary removal of
dentin and reducing the risk of perforation. Studies have consistently shown that the MB2 orifice is
typically located approximately 1-3 mm mesially and 2-4 mm palatally from the MB21 orifice.”17 For
instance, a CBCT study by Al-Habib and Howait (2021)18 in a Saudi subpopulation not only assessed the
prevalence but also measured the inter-orifice distance, providing valuable clinical benchmarks. Similar
quantitative data specific to the Indian population, particularly from Lucknow, is sparse and constitutes a
significant gap that this research aims to fill.

Thus, the purpose of this study is to evaluate the prevalence of the second mesiobuccal (MB2) canal and
MB1-MB2, MB2-PC orifice distance in maxillary first molars of a specific Lucknow population with the help
of CBCT imaging. The results of this study will offer solid, locally applicable epidemiological data that can
directly influence the clinical practice of general dentists and endodontists in the area. It will emphasise
how crucial it is to anticipate the MB2 canal, direct the degree of access cavity modification and troughing,
and eventually help increase the success rates of endodontic therapy for the maxillary first molar.

Materials and methodology

This study sought to determine the prevalence of the MB2 canal in maxillary first molars as well as
measure the orifice distance between MB2-MB1 and MB2-PC in maxillary first molars in the Indian
population from Lucknow. The Institutional Ethical Committee gave its clearance for this investigation. The
Department of Oral Medicine and Radiology at Babu Banarasi Das College of Dental Sciences, BBDU,
Lucknow, provided the CBCT images. Specialised imaging software was used to recreate and analyse the
images.
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Materials/Equipments used

e Conelbeam computed tomography unit (Vatech Smart Plus, South Korea)

e Ez3D[i imaging software (Vatech Smart Plus, South Korea) for reconstruction and measurement
in coronal, axial, and sagittal planes

Methodology

The study included 100 CBCT images of maxillary first molars that satisfied the qualifying requirements.
The existence of MB2 canal was assessed for each scan. Using specialised software, the second
mesiobuccal canals' inter-orifice distance from the mesiobuccal (MB1) and palatal canals was then
determined at the pulpal floor level.

Inclusion criteria:

1. Indian citizens residing in Lucknow city.

2. Age range 20-40 years.

3. Permanent maxillary first molars with fully developed roots.

Exclusion criteria:

1. Teeth with developmental anomalies, fractures, endodontic surgery, or calcification.

2. Teeth previously subjected to endodontic treatment.

3. Presence of fixed prosthesis in the maxillary first molar region.

4. Poor[dquality CBCT images or absence of maxillary first molar in the scan.

Sample preparation and analysis

CBCT scans were obtained from the department's archive database. Ez3D-i software was used to rebuild
each scan. The MB1, MB2, and palatal canal orifices were located using multi-planar reconstructions
(axial, coronal, and sagittal). The following characteristics were noted:

1. Prevalence of MB2 canal - noted as present or absent in the mesiobuccal root.

2. Inter™orifice distance - linear distance (in millimeters) between the centers of the MB2 and MB1
orifices and PC and MB2 orifices at the pulpal floor level, measured using the software’s
measurement tool.

One calibrated examiner conducted every measurement. Twenty percent of the samples were

reevaluated after a two-week period in order to evaluate intra-examiner reliability.

Results
Table - 1 Prevalence of MB2

0,
2nd MesioBuccal canal (MB2) | No. (N=100) % 5455/5 Cl for prevalence of
Absent 32 32.0
(58.86-77.14)
Present 68 68.0

The prevalence of the second mesiobuccal canal (MB2) was assessed in a total of 100 maxillary molars.
The MB2 canal was present in 68% of the cases, while it was absent in 32%.

The estimated prevalence of MB2 was 68.0%, with a 95% confidence interval ranging from 58.86% to
77.14%, indicating that more than half of the maxillary molars in the study population exhibited an MB2
canal.

Overall, these findings highlight a high prevalence of the MB2 canal, underscoring the clinical importance
of careful exploration and detection of this canal during endodontic treatment to ensure complete canal
debridement and improve treatment outcomes.

Table - 2 Descriptive Summary of Inter orifice distance between 2nd MesioBuccal (MB2) and Mesiobuccal
(MB1) canal

Inter orifice distance bw 2nd MesioBuccal (MB2)
and Mesiobuccal (MB1) canal
Parameter
Mean 2.03
SD 0.50
95% Cl Lower 191
Upper 2.15
Minimum 0.70
Maximum 3.80
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The inter-orifice distance between the mesiobuccal (MB1) and second mesiobuccal (MB2) canals was
evaluated to understand their spatial relationship. The mean inter-orifice distance was 2.03 mm, with a
standard deviation of 0.50 mm, indicating moderate variability among the samples.

The 95% confidence interval for the mean distance ranged from 1.91 mm to 2.15 mm, suggesting that the
true average distance in the population is likely to lie within this narrow range. The minimum recorded
distance was 0.70 mm, while the maximum distance was 3.80 mm, reflecting considerable anatomical
variation.

Overall, these findings demonstrate that the MB2 canal is typically located approximately 2 mm from the
MB1 canal, but with notable variability. This information is clinically relevant for endodontic procedures, as
awareness of this average distance and its range may aid in more accurate and efficient localization of the
MB2 canal during access cavity preparation.

Table - 3 Descriptive Summary of Inter orifice distance between Second MesioBuccal (MB2) and Palatal
canal (PC)

Parameter Inter orifice distance bw 2nd MesioBuccal (MB2)
and Palatal canal (PC)

Mean 4.919

SD .9206
4.696

95% Cl Lower

Minimum 3.3

Maximum 6.5

The spatial relationship between the second mesiobuccal (MB2) canal and the palatal canal (PC) was
assessed by measuring the inter-orifice distance. The mean distance between MB2 and PC was 4.92 mm,
with a standard deviation of 0.92 mm, indicating moderate anatomical variability.

The 95% confidence interval for the mean ranged from 4.70 mm to 5.14 mm, suggesting that the true
population mean is likely to fall within this range. The minimum recorded distance was 3.3 mm, while the
maximum distance reached 6.5 mm, reflecting a wide range of anatomical presentations.

Overall, these findings show that the MB2 canal is typically located approximately 5 mm from the palatal
canal. Knowledge of this average distance and its variability is clinically important, as it can assist
clinicians in accurately locating the MB2 canal during endodontic access preparation and reduce the risk
of missed canals.

Discussion

The ultimate goal of endodontic therapy is to establish periapical health and long-term retention of the
native tooth by completely debridement and closing the root canal system.! This goal requires a deep
understanding of root canal anatomy. A significant clinical problem is the maxillary first molar's intricate
mesiobuccal (MB) root structure. If left untreated, a second mesiobuccal (MB2) canal is a common cause
of endodontic failure and persistent apical periodontitis.28 CBCT was used in this investigation to evaluate
the orifice distances between MB1-MB2 and MB2-PC, as well as to determine the prevalence of the MB2
canal in a population in Lucknow, India. The results revealed an MB2 prevalence of 68.0%, with mean
interCorifice distances of 2.03 + 0.50 mm (MB2-MB1) and 4.92 + 0.92 mm (MB2-PC).

The finding of a 68.0% prevalence of MB2 canals in the present study aligns closely with several CBCT-
based investigations conducted in Indian populations. Neelakantan et al. (2010)17, in a CBCT study of an
Indian cohort, reported a 68.7% prevalence of MB2 canals, a figure nearly identical to our findings.
Similarly, Singh and Pawar (2015)38, in a North Indian population, found a prevalence of 63.3%. Another
Indian study by Kewalramani et al. (2019)16 in a Karnataka population reported a prevalence of 61.9% in
three-rooted molars. These consistent results across different regions of India underscore that the MB2
canal is a common anatomical feature. Globally, a large multicenter CBCT study by Martins et al. (2018)15
involving 5,250 maxillary first molars from 21 regions reported a pooled worldwide MB2 prevalence of
73.8%, further validating the high frequency of this canal, albeit with significant geographical variation.

The mean interCorifice distance of 2.03 mm between the MB1 and MB2 orifices observed in our study
provides valuable clinical guidance. This measurement is in strong agreement with other CBCT studies that
have quantified this parameter. AIC]Habib and Howait (2021)18, in a Saudi subpopulation, found a mean
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MB1-MB2 distance of 1.98 mm at the pulpal floor level. Normando et al. (2022)45 in a Brazilian
population reported an average distance of 2.0 mm.

This remarkable consistency across diverse populations suggests a relatively stable spatial relationship
between these two orifices. Clinically, this implies that once the MB1 orifice is located, a focused search
approximately 2 mm palatally and mesially—within a range of 0.70 to 3.80 mm as found in our study—is a
rational and efficient approach to locating the MB2 orifice, minimizing unnecessary dentin removal.
Regarding the distance between the MB2 and Palatal (PC) canal, our study found a mean of 4.92 mm.
Direct comparative studies reporting the MB2-PC distance is less common than those for MB1-MB2.
However, this measurement contributes to a more comprehensive spatial mapping of the pulpal floor.
Knowledge of this distance aids in defining the boundaries of the access cavity and troughing, ensuring
that the search for the MB2 remains within the anatomical confines of the mesiobuccal root and does not
encroach dangerously towards the palatal canal.

The mean inter-orifice distance between the MB2 and palatal canal (PC) measured in this Lucknow
population was 4.919 £ 0.9206 mm. This specific metric provides a crucial third point for spatial mapping
of the pulp chamber floor in maxillary first molars. When contextualized within the existing literature, this
value demonstrates significant variation. It is markedly higher than the 0.74 £ 0.21 mm reported in a Saudi
Arabian CBCT study,*# indicating substantial demographic influences on anatomy. However, it aligns more
closely with values from other Asian populations, such as the 3.96 mm (micro-CT) and 4.33 mm (micro-CT)
reported in Chinese and Korean studies, respectively.2527 A critical observation is that while MB2
prevalence and MB1-MB2 distances have been frequently documented for Indian populations, a specific,
directly comparable MB2-PC distance from a CBCT study in India is conspicuously absent from the current
body of published literature. Therefore, the measurement presented here for the Lucknow cohort fills a
specific gap, providing the first quantitative, CBCT-derived benchmark for this parameter within an Indian
demographic. This new data enhances the preoperative anatomical blueprint available to clinicians, further
aiding in defining the safe and effective boundaries for access cavity modification in this region.

While our findings are consistent with a substantial body of literature, it is important to acknowledge
studies that have reported divergent results, primarily due to population-specific anatomical variations. For
instance, a recent CBCT study in a Japanese population reported an MB2 prevalence of 52.9%47, while a
study in a Bruneian population found a prevalence of 51.3%48. Conversely, studies in some Asian
populations have documented exceptionally high prevalence rates. Zheng et al. (2010)25 in a Chinese
population and Tian et al. (2016)38 reported prevalences of 93% and 97.6%, respectively. The disparity
highlights genuine ethnic and genetic differences in root canal morphology.

Furthermore, methodological factors such as CBCT scan parameters (voxel size), observer experience, and
the precise criteria used to define a "canal" (e.g., detectable orifice vs. patent canal to apex) can influence
reported prevalence rates.17:42

This study has immediate and important clinical consequences for practitioners in Lucknow and similar
demographic contexts. The high prevalence (68.0%) confirms that the MB2 canal should be anticipated as
the norm rather than the exception. The measured interCorifice distances provide a practical,
evidence[dbased guideline for access cavity modification. A rhomboid[Jshaped access with careful
troughing approximately 2 mm palatomesial to the MB1 orifice, guided by the knowledge that the MB2 lies
within a range of roughly 0.7-3.8 mm from the MB1, can significantly improve the detection rate. Failure to
incorporate this "search and treat" philosophy, aided by knowledge of these metrics, risks leaving a necrotic
tissue reservoir that compromises treatment outcomes.16.18

LIMITATIONS OF THE STUDY

This study has certain limitations. As a retrospective CBCT study, it reflects anatomical presence but not
necessarily clinical negotiability. The sample was drawn from a specific regional population, which may limit
direct extrapolation to all Indian demographics. Additionally, a single examiner completed all
measurements; nevertheless, intra-examiner calibration was carried out to reduce bias.

CONCLUSION

In conclusion, this CBCT-based investigation discovered a high prevalence (68.0%) of MB2 canals in
maxillary first molars, which is in line with the majority of recent Indian and international research. With a
mean MB1-MB2 distance of 2.03 mm and a mean MB2-PC distance of 4.92 mm, it further set
quantitative benchmarks for the inter-orifice distances. These findings reinforce the imperative for
clinicians to actively seek the MB2 canal and provide a concrete spatial framework to do so effectively and
safely. Future prospective clinical studies correlating these CBCT findings with actual clinical detection and
negotiation success rates would further strengthen the translational value of this anatomical data.
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