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Abstract

Background: Information about root canal anatomical variations is important for successful
root canal treatment. This study assessed the frequency of common anomalies of permanent
mandibular first and second molars using cone-beam computed tomography (CBCT).

Methods: In this cross-sectional study, 505 CBCT scans were evaluated by an oral radiologist
and an endodontist to determine the presence/absence of the mid-mesial canal, the C-shaped
canal configuration and its type, the third root and its type, taurodontism and its percentage, and
dilaceration and its degree. To assess intra- and inter-observer agreements, all CBCT scans were
evaluated twice at a one-week interval by both observers. The data were analyzed using the
kappa coefficient and univariate logistic regression.

Results: The kappa values showed acceptable inter-observer (0.780) and intra-observer (0.983)
agreements. Of all, 21 teeth (4.17%) had a mid-mesial canal, 20 teeth (3.96%) had a third
root, and 38 teeth (7.52%) had a C-shaped canal. The frequency of the third root (P=0.01) and
C-shaped canal (P<0.000) in mandibular second molars was significantly higher than that in
mandibular first molars (P<0.000). Taurodontism was detected in 6 teeth (1.19%), while root
dilaceration was present in 162 teeth (34.23%). Age and gender had no significant association
with the presence of a mid-mesial canal, third root, C-shaped canal, or dilaceration (P>0.05).
Conclusion: Mandibular first and second molars were not significantly different in the frequency
of mid-mesial canal, taurodontism, and dilaceration. Considering the relatively high prevalence
of dilaceration and C-shaped canals in the study population, these anatomical variations should
be taken into account in root canal treatment.
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Background
Precise knowledge about the root canals is essential for
a successful endodontic treatment. The most common
morphological forms of the root canals have been well
investigated in the literature. However, some anatomical
variations are more important, and dental clinicians
should be well aware of the possible presence of such
complexities (1).

The mid-mesial canal is an anatomical variation
observed in mandibular molars. It is located between the
mesiobuccal and mesiolingual canals and has a variable
prevalence rate in the literature (2-5).

Mandibular molar root canals

show complex

anatomical variations, such as C-shaped canals. This
unique morphology manifests as the presence of one to
three canals that are mainly related to ribbon-like or fan-
shaped communication paths. This characteristic makes
their complete debridement, shaping, and obturation
more challenging. In addition, molars with C-shaped
canals are more susceptible to iatrogenic errors, such as
strip perforation, due to the thin root dentin and external
root canal wall (6). Some previous studies evaluated the
effect of race and ethnicity on the C-shaped root canal
configuration (7,8). The East Asian population (29%-45%)
has a much higher prevalence of C-shaped mandibular
molars than the North American, African, West Asian,
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and European populations (7,9).

The external anatomy of mandibular molar teeth
usually includes the presence of two roots with well-
defined borders in most cases. One exception is the
presence of an additional distolingual root known as the
radix entomolaris. Another less common variation is the
presence of an additional mesiobuccal root referred to
as the radix paramolaris. It has been confirmed that the
presence of a third root in mandibular first molars has a
close association with race (10). In general, this anatomical
variation has a high prevalence in specific populations,
including Mongols, Native American Indians, Eskimos,
and Chinese populations, such that it is considered a
normal finding in these populations (11,12).

Taurodontism is defined as the abnormal enlargement
of the pulp chamber characterized by apical displacement
of the furcation area. This anomaly is normally detected
by radiography rather than clinical examination. The
percentage of taurodontism on three-dimensional
(3D) radiographs is calculated according to the
taurodontism index and has three main classes, namely,
hypo-taurodontism, meso-taurodontism, and hyper-
taurodontism (13).

Dilaceration occurs by the angulation of each part
of the tooth length, which may include the crown,
cementoenamel junction, root length, or only the
root apex. This deformity is caused by the ectopic
development of a tooth germ. Nonetheless, trauma has
also been suggested as a possible cause, especially in the
anterior region (14). Radiography is the only method for
the detection of dilaceration. Older studies typically used
2D radiographic modalities, such as intraoral radiography
and panoramic radiography, to report the prevalence
of dilaceration, which are usually inefficient in the
demonstration of dilaceration in the third dimension (15).
Currently, cone-beam computed tomography (CBCT) is
the preferred and relatively routine imaging modality for
endodontic assessments. This modality has overcome
the low accuracy of 2D radiographic modalities and can
accurately reveal the details of the root canal system (16).

Previous studies only assessed one or two anomalies,
and, to the best of our knowledge, no study has
simultaneously evaluated different types of anomalies
and their association with demographic factors, such as
age and gender, in an Iranian population. Thus, this study
aims to assess the frequency of five common anomalies
in permanent mandibular first and second molars,
including the presence of mid-mesial canal, C-shaped
canal configuration and its type, third root and its type,
taurodontism and its percentage, and dilaceration and
its degree, using CBCT. Moreover, the association of
these anomalies with demographic factors (e.g., age and
gender) underwent analysis.

Materials and Methods
This cross-sectional study was conducted on 505 CBCT
scans obtained from the Radiology Department of the

School of Dentistry, Hamadan University of Medical
Sciences, between 2019 and 2023. The sample size was
calculated using NCSS statistical software (PASS 15;
Kaysville, Utah: NCSS, LLC; 2020 available at https://
www.ncss.com/software/pass), assuming a type I error of
0.05, an estimated proportion of mandibular molars with
mesial canals to be 0.17 (17), and a confidence interval
width of 0.067. Based on these parameters, the required
sample size was determined to be 505 mandibular first
and second molars. The eligible CBCT scans had optimal
quality, visualized at least one mandibular molar (the first
or second molar), and had been taken with the CS9600
CBCT scanner (Carestream Dental Rochester, NY, USA)
with the exposure settings of 90 kVp tube potential, 10
mA tube current, 5 x 5-inch field of view, and 70 pm voxel
size. CBCT scans without molar teeth, or molars with
open apex, root resorption, history of trauma, restoration
or crown, opacity or calcification in the pulp chamber
or root canal system, and internal/external pathologies
(periapical lesions and extensive or deep caries) were
excluded from the analysis.

All CBCT scans were evaluated by one experienced
and calibrated oral radiologist and one endodontist on
a 20-inch monitor (LG, Seoul, Korea) with a 0.5 mm
slice interval in a dimly lit room using OnDemand 3D
Viewer. Scrolling was performed once in the corono-
apical and then in the apico-coronal direction. Next, To
relate the results/data to axial view findings, all CBCT
scans were examined in coronal and sagittal views as
well. The coronal, axial, and sagittal planes relative to
the longitudinal axis of the tooth were evaluated by each
observer as desired to assess the presence of any anomaly.
Furthermore, the observers were free to do multi-planar
reconstruction with no limitations and were allowed to
zoom and change the brightness or contrast of the images.
The presence and type of the mid-mesial canal, C-shaped
canal, additional root(s), dilaceration, and taurodontism
were recorded for each tooth by each observer.

In the case of disagreement, the final assessment was
performed by another oral radiologist. To assess intra-
and inter-observer agreements, all CBCT scans underwent
evaluation again after a one-week interval by all three
observers. Normally, mandibular molars have three root
canals (two in the mesial and one in the distal root). The
mid-mesial canal manifests as a fourth additional canal
between the mesiobuccal and mesiolingual canals. Upon
its observation in the axial section, other sections were also
examined to ensure and confirm its presence (Figure 1).

Unlike the common anatomical variations of the root
canal system, the external anatomy of mandibular molar
teeth usually includes the presence of two roots with
well-defined borders in most cases. One exception is the
presence of an additional distolingual root referred to as
the radix entomolaris. Another less common variation is
the presence of an additional mesiobuccal root known
as the radix paramolaris, which is detectable by the
assessment of the axial section (Figure 2).
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Figure 1. Axial (A&C) and Cross-Sectional (B&D) CBCT Plane Showing Mid Mesial Canal Observed in the First Mandibular Molars. Note. CBCT: Cone-beam

computed tomography
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Figure 3. Axial CBCT Plane Illustrating C-Shape Canal in Mandibular Molars. Note. CBCT: Cone-beam computed tomography

In the present study, C-shaped canals were classified in
axial sections (Figure 3), according to the classification by
Fan et al (18), which has five types as follows:

o Cl: C-shaped canal with no interference

o C2: Intermittent C-shaped canal in the form of a
comma such that the alpha and beta angles are not
smaller than 60 degrees

o C3: Two or three separate canals with both alpha and
beta angles smaller than 60 degrees

o C4: One round or oval-shaped single canal

o C5:No canal lumen

In the present study, the definition by Chohayeb (19)
was used for the detection of dilaceration such that any
deviation over 20 degrees from the longitudinal tooth
axis was considered as dilaceration (Figure 4). Moreover,
the severity of dilaceration was recorded as mild (20-

40 degrees), moderate (41-60 degrees), or severe (>60
degrees). Furthermore, the bending angle of dilaceration
was measured using the method described by Schneider
(20), where the angle formed between the two hypothetical
lines connecting the apex and the orifice to the initiation
point of the curve is measured. In case of the presence of
dilaceration in only one root, the tooth was considered to
have dilaceration, and if more than one root was affected,
the highest value was reported.

The percentage of taurodontism on 3D radiographs was
calculated as the ratio of the height of the pulp chamber,
between the lowest point of the roof and the highest point
of the floor, to the distance between the lowest point of
the roof of the pulp chamber and the apex of the longest
root multiplied by 100 (Figure 5); if this index was equal
to or larger than 20, the tooth would be diagnosed with
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Figure 5. Panoramic-Like CBCT Plane Showing Taurodontism Ratio
Calculation (3.75/12.55x100) in the Second Mandibular Molar. Note.
CBCT: Cone-beam computed tomography

taurodontism. Index values between 20%-30%, 30%-
40%, and 40%-75% indicated hypo-taurodontism, meso-
taurodontism, and hyper-taurodontism, respectively. (13)

The obtained data were analyzed by SPSS, version 25.
The Shapiro-Wilk test was used to analyze the normality
of data distribution. Quantitative variables were reported
as means and standard deviations or medians (the
first and third quartiles) and ranges, depending on the
distribution of data. Qualitative variables were reported as
numbers and percentages. Additionally, the association of
anatomical anomalies with age and gender was analyzed
by binary logistic regression.

Results
A total of 1202 CBCT scans were initially evaluated, out
of which 505 scans, including 245 (48.52%) first molars
and 260 (51.48%) second molars belonging to 375 females
(74.85%) and 126 males (25.15%) with a mean age of 28
years (range 15-62 years), were enrolled according to the
eligibility criteria.

Two observers evaluated the CBCT scans independently,
and the kappa test demonstrated acceptable inter-observer
(0.780) and intra-observer (0.983) agreements according

to Altman’s scale.

Overall, 21 teeth (4.17%) had a mid-mesial canal. The
prevalence of the mid-mesial canal was 4.89% and 3.45%
in the first and second molars, respectively. However, no
significant difference was found between the first and
second molars regarding the percentage of teeth with a
mid-mesial canal (P=0.72).

The third root was observed in 20 teeth (3.96%),
including 1.63% of the first molars and 6.15% of the
second molars. First and second molars had a significant
difference in the percentage of teeth with a third root, and
the prevalence of the third root in mandibular second
molars was significantly higher than that in mandibular
first molars (P=0.01). Of molars with a third root, 75%
had a radix entomolaris, 20% had both radix entomolaris
and radix paramolaris, and 5% had radix paramolaris.

The C-shaped canals were detected in 38 mandibular
molars (7.52%); their frequency was 1.63% and 13.08%
in the first and second molars, respectively. A significant
difference was found in the percentage of C-shaped canals
between the first and second molars, such that C-shaped
canals were significantly more prevalent in mandibular
second molars than in mandibular first molars (P <0.000).
Table 1 presents the frequency of C-shaped canals in
permanent mandibular first and second molars.

Taurodontism was observed in 6 teeth (1.19%),
including 0.41% of first molars and 1.92% of second
molars. No significant difference was noted in the
frequency of taurodontism between mandibular first and
second molars (P=0.22). Table 2 provides the frequency
distribution of types of taurodontism in permanent
mandibular first and second molars. In general, 162
mandibular molars (34.23%) had root dilaceration; it had
a frequency of 29.80% in the first molars and 32.08% in
the second molars. No significant difference was found
between the first and second molars in terms of the
frequency of dilaceration (P=0.30).

Table 3 lists the frequency of dilaceration in permanent
mandibular first and second molars. Univariate logistic
regression was used to analyze the correlation of
anatomical anomalies with age and gender, which showed
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Table 1. Frequency Distribution of Different Types of C-Shaped Canals in Mandibular First and Second Molars

Permanent Molars With a C-Shaped Canal

Type of C-Shaped Canal

C1 Cc2 C3 c4 C5

Number 2 0 2 0 0
Mandibular first molars (n=4)

Percentage 50.00 0.00 50.00 0.00 0.00

Number 10 8 4 10 2
Mandibular second molars (n=34)

Percentage 29.41 23.53 11.76 29.41 5.88

Number 12 8 6 10 2
Total (N=38)

Percentage 31.58 21.05 15.79 26.32 5.26

Table 2. Frequency Distribution of Different Types of Taurodontism in Permanent Mandibular First and Second Molars

Type of Taurodontism

Permanent Molars With Taurodontism

Hypo-Taurodontism

Meso-Taurodontism Hypo-Taurodontism

Mandibular first molars (n=1)
Mandibular second molars (n=5) Frequency

Total (N=6)

1
4
5

1 -
1 o

Table 3. Frequency Distribution of Dilaceration Severity in Permanent Mandibular First and Second Molars

Permanent Molars With Dilaceration

Dilaceration Severity

Mild Moderate Severe

Number 63 10 -
Mandibular first molars (n=73)

Percentage 86.30 13.70 -

Number 79 8 2
Mandibular second molars (n=89)

Percentage 88.76 8.99 2.25

Number 142 18 2
Total (N=162)

Percentage 87.65 11.11 1.23

Table 4. Results of Binary Logistic Regression Regarding the Association of
Anatomical Anomalies of Mandibular Molars With Age and Gender

Odds Ratio 95% CI P value

Presence of mid-mesial canal

Age 0.98 0.91-1.06 0.58
Gender 0.49 0.06-4.13 0.51
Presence of a third root

Age 0.99 0.95-1.04 0.76
Gender 0.32 0.07-1.40 0.13
Presence of a C-shaped canal

Age 1.01 0.98-1.04 0.41
Gender 0.78 0.35-1.75 0.55
Presence of dilaceration

Age 0.98 0.97-1.00 0.09
Gender 0.81 0.52-1.26 0.35

Note. Cl: Confidence interval.

no association between age and gender with the presence
of mid-mesial canal, third root, C-shaped canal, and
dilaceration. Considering that the number of cases with
taurodontism was extremely small, no logistic regression
analysis was performed for this parameter (Table 4).

Discussion
Detection of the mid-mesial canal in mandibular molars

is essential for successful root canal therapy (3,4). The
possibility of the presence of a mid-mesial canal was
first proposed by Pomeranz (21), and since then, it has
been demonstrated in different populations with various
prevalence rates ranging from 3.41% (4) to 37.5% (2).
The prevalence of mid-mesial canal was found to be
4.17% in the current study, which was close to the value
reported by Qiao etal (4) Several factors maybe responsible
for the variable prevalence rates, such as the method of
assessment and detection of the mid-mesial canal. CBCT
was used for this purpose in the present study and many
previous studies, while some in vivo studies utilized an
operating microscope intra-operatively for this purpose
(2,22). Obviously, the latter method has the advantage of
detecting negotiable canals, which is probably responsible
for the higher prevalence rates reported in such studies.
Nonetheless, a previous study pointed to the comparable
efficacy of CBCT and the operating microscope for this
particular diagnostic purpose (2). The study population
is another influential parameter in this regard. Race can
affect root morphology and anatomical variations of the
root canal system. Accordingly, studies conducted on
Iranian (3), Chinese (4), and American (5) populations
confirmed 3.41%, 8.1%, and 13.72% prevalence rates for
this anomaly, respectively. The possibility of racial affinity
in Asia explains close values obtained in studies conducted
in China and Iran. Tahmasbi et al (23) evaluated the
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prevalence of mid-mesial canal and isthmus in the mesial
roots of mandibular molars using CBCT and reported the
prevalence of mid-mesial canal to be 16.4%; its frequency
in mandibular first molars was almost 3 times higher than
that in mandibular second molars. No such significant
difference was observed between first and second molars
in the current study. The CBCT exposure settings,
particularly the voxel size, are among other influential
parameters. A recent study showed that a smaller voxel
size can better reveal details, such as the presence of a
second mesiobuccal canal in maxillary molars (24). Thus,
scans taken with 70 um voxel size and limited field of view
were employed to achieve maximum resolution in the
present study.

The presence of a distolingual third root is a common
anatomical variation in mandibular molars. If the
additional root is detected prior to root canal therapy, a
larger access cavity would be prepared, and the prediction
of the presence of an additional canal would improve the
treatment prognosis (25). The reason behind the presence
of radix entomolaris is unknown; however, it may be due
to the effect of external factors during odontogenesis or
the presence of specific genes. (25) The prevalence of
radix entomolaris in mongoloid populations (Chinese,
Eskimos, and American Indians) ranges from 5% to 30%
(17). The frequency of the third root was 3.96% in the
present study, which was close to rates found by Al-Alawi
et al (26) in their study on a Saudi Arabian population
(4.5% in mandibular first molars) and Talabani et al (17)
in their study on an Iraqi population (4.1%-4.5%). A
high variation exists in this regard in the literature, such
that this rate varies from 1.9% in the Turkish population
(27) to 33.3% in the Chinese population. (28) In the
present study, gender had no significant association with
the presence of the third root, which conforms to the
findings of a study by Chandra et al (29) on an Indian
population. However, some others reported a significant
association in this respect (17,27). The presence of three-
rooted mandibular second molars has been reported in
the literature with a prevalence rate ranging from 0.26%
to 8.98% (16,30). In the current study, the third root
was a distolingual root in 75% of cases, which is in line
with previous observations on other populations (31,32).
Likewise, the frequency of four roots was 0.79% in our
study, which was close to the value found in a previous
study (0.6%) on an Emirati population (31).

C-shaped canal configuration was first suggested by
Cooke and Cox (33) The reason behind this anatomical
varjation has been proposed to be the failure in the
attachment of Hertwig’s epithelial root sheath at the buccal
or lingual root surface. Knowledge about the prevalence of
C-shaped canals in a population is important prior to root
canal therapy to take the necessary measures, such as the
use of an ultrasonic instrument for root canal irrigation
and better mechanical preparation of the root canal isthmi,
more efficient application of sealer with ultrasonic files,
and the use of thermoplasticized gutta-percha for better

obturation of isthmi. In the current study, the frequency
of C-shaped canals was 13.08% in mandibular second
molars; previous studies reported frequency values from
7.2% to 44.5% for C-shaped canals in mandibular second
molars, depending on the race of the study population and
methodology. (34) In the present study, C-shaped canals
had a frequency of 1.63% in first molars, which was close
to the prevalence rates reported in Latin American (35),
Brazilian (6), Korean (36), and Israeli (37) populations.
Unlike some previous studies that demonstrated a higher
prevalence of C-shaped canals in females (32,34-36), the
present study found no significant association between
gender and C-shaped canal configuration. Similarly, there
was no significant association between age and C-shaped
canal configuration either, which corroborates previous
findings. (32,35) Evidence shows that the prevalence
of C-shaped canals is higher in East Asian populations
compared with others. For instance, this value was 44.5%
in the Korean population (38) and 39% in the Chinese
population. (28) By moving toward the west, this value
further decreased such that it was 12.3% in the Indian
population, (39) 10% in the Thai population, (40) and 9.1%
in a Saudi Arabian population. (34) The corresponding
values were 14% and 8.5% in the Russian population
(41) and the Portuguese population, respectively (42). In
Mexico and Brazil (Latin America), this value was 14.2%
(39) and 3.5%-15%, respectively (6,43). According to
the prevalence range reported in the Middle East, that
is, 8.9%-19.1% (44,45), the value obtained in the present
study was somewhere in the middle of this range.

The assessment of morphological variations of the
C-shaped canals according to the classification by Fan et
al (18) revealed that the C1 form was most frequent in the
coronal third. This finding is in line with the results of a
previous study on Iranian and Emirati populations (31),
while the C3 type had the highest prevalence in the Saudi
Arabian population (34).

In the present study, the researchers attempted to select
CBCT scans taken with the smallest voxel size available
(70 pm) to obtain the highest resolution for the evaluation
of the root canal anatomy. Taurodontism changes the
pulp chamber and root canal morphology since it changes
the crown/root ratio. Thus, knowledge in this regard is
imperative prior to treatment since it affects all steps of
treatment, such as canal negotiation, instrumentation, and
obturation. The prevalence of taurodontism is variable in
different racial groups (46). This difference may be due
to the adopted technique for assessments or the applied
classification system.

Previous studies reported variable prevalence rates for
taurodontism in different populations; this rate was 8% in
Saudi Arabian (47) and Jordanian (48) populations, 0.4%
in north India, and 5.5% in southern Iran (49). This value
was 1.19% in the present study. Such variations may be
explained by racial and sample size differences.

Taurodontism is a developmental anomaly of Hertwig’s
epithelial root sheath observed in some syndromes, such
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as Down syndrome, and even in healthy individuals.
Some researchers have suggested that its cause is dentin
deposition, a sort of adaptive response of the pulp to
attrition due to heavy masticatory forces (50). Consistent
with previous findings (39), the prevalence of C-shaped
canals and taurodontism in second molars was higher
than that in first molars. Further, in molars with
taurodontism, the frequency of hypo-taurodontism was
higher than that of meso-taurodontism (51). No case of
hyper-taurodontism was observed in the present study.
In general, the frequency of taurodontism was 1.19%
in the current study. The prevalence of taurodontism
has been variable in studies on molar teeth (including
third molars). It had a prevalence of 1.5% in an Israeli
population (52), 0.61% in a German population (53), and
4.41% in a Turkish population. (54) Some others, similar
to the present investigation, only evaluated first and
second molars (55).

The presence of dilaceration also affects root canal
treatment success such that in severe cases of dilaceration,
alternative treatments, such as vital pulp therapy, may
be considered instead of root canal treatment. Similar to
other anomalies, high variability exists in the reported
prevalence rates for dilaceration in the literature. It is
believed to be the most common anatomical variation
in the Iranian population, accounting for 15% of all
dental anomalies (56). In the present study, 34.23% of
mandibular molars had root dilaceration. It should be
noted that many previous studies used 2D radiography
for its detection and reported prevalence rates below 9%
for this anomaly (3,56). Obviously, since 2D radiographic
modalities are incapable of visualizing the third
dimension, many cases of dilaceration are missed in such
studies, explaining the lower prevalence rates. Recently,
Asheghi et al (57) evaluated the CBCT scans of an Iranian
population and found that the prevalence of dilaceration
was 28.8%, which is in conformity with the value obtained
in the current study (34.23%).

This study was conducted on a small Iranian
subpopulation, and the mean age of patients was 28 years
(relatively young); thus, it may not be a true representation
of the entire Iranian population. Future in vivo studies
that include the same or larger sample size and use an
endodontic microscope would probably yield more
reliable results. Additionally, the gender distribution in
this study was skewed, with 74.85% female participants,
which may affect the generalizability of the findings. In
addition, the effect of gender on the frequency of each
anomaly could not be analyzed due to this limitation.
While the current sample reflects the population that
sought dental care at the Radiology Department during
the study period, it may not fully represent broader
populations. In light of this limitation, future studies
should consider a more balanced gender distribution and
various age groups to validate the results and increase the
generalizability of the findings.

Conclusion

Mandibular first and second molars were not significantly
different in the frequency of mid-mesial canal,
taurodontism, and dilaceration. Considering the relatively
high prevalence of dilaceration and C-shaped canals in
the study population, these anatomical variations should

be taken into consideration in root canal treatment.
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