Clinical, Cosmetic and Investigational Dentistry Dlovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Prevalence and Association of Mandibular
Three-Rooted Deciduous Second and Permanent
First Molars: A Retrospective CBCT Study in Iraqi
Pediatric Population

Ranjdar Talabani ', Zhwan Jamal Rashid 2, Arass Noori(®?, Anwar Amin 72,

Hawzhen Masoud Mohammed Saeed ('

IDepar‘tment of Conservative Dentistry, College of Dentistry, University of Sulaimani, Sulaimani, Sulaimani, 46001, Irag; 2Depar‘tmem: of
Orthodontics, College of Dentistry, University of Sulaimani, Sulaimani, 46001, Iraq; *Department of Pedodontics and Community Oral Health,
College of Dentistry, University of Sulaimani, Sulaimani, 46001, Iraq

Correspondence: Arass Noori, Department of Pedodontics and Community Oral Health, College of Dentistry, University of Sulaimani, Sulaimani,
46001, Iraqg, Tel +964 770 144 5808, Email arass.noori@univsul.edu.iq

Purpose: To estimate the prevalence of three-rooted mandibular deciduous second molars (3RME) and three-rooted mandibular
permanent first molars (3RM6) in Iraqi children and to evaluate their association using cone-beam computed tomography (CBCT).
Methods: This retrospective cross-sectional study analyzed CBCT scans of Iraqi children aged 7-12 years (N = 196). Root
morphology was assessed in axial, coronal, and sagittal planes. Prevalence was calculated at the patient level (presence of >1 affected
tooth). Associations between 3RME and 3RM6 were tested using the chi-square test, and age/sex were explored as predictors using
logistic regression. Intra- and inter-examiner reliability were assessed with Cohen’s kappa.

Results: Three-rooted morphology was identified in 3/196 children for 3RME (1.53%; 95% CI 0.52—4.40) and 10/196 children for
3RM6 (5.10%; 95% CI 2.80-9.14). A significant association was observed between 3RME and 3RM6 (x*(4, N = 196) = 96.48, p <
0.001; Cramér’s V = 0.50). Age and sex were not significant predictors (p > 0.05).

Conclusion: Three-rooted mandibular molars were uncommon in this Iraqi pediatric sample; however, 3RME co-occurred signifi-
cantly with 3RM6, indicating a strong association that may be clinically useful for anticipatory diagnosis and treatment planning.
Keywords: molar teeth, mandibular deciduous second molars, mandibular permanent first molars, cone-beam computed tomography,

radix entomolaris

Introduction

A knowledge of individual tooth anatomy is essential for proper treatment planning in all branches of dentistry, especially
in endodontics, pedodontics, and orthodontics." A knowledge of root and canal anatomy is of the utmost importance in
endodontics because the number and configuration of the roots and their canals, canal anatomy including the presence of
any lateral or accessory canals, apical deltas, and the size and taper of the canal influence the outcome of pulpotomy and
root canal therapy in both deciduous and permanent teeth.”* Additionally, in orthodontics, the number and shape of roots
of the teeth can influence the rate of tooth movement, anchorage requirements, and final result of orthodontic
treatment.>*

Morphological and anatomical similarities between the deciduous second molar and the permanent first molar of the
mandible are present,” and a well-known anatomic variation is the existence of a supernumerary root, usually distolin-
gual, also known as radix entomolaris (RE) or supernumerary root, which was described for the first time by Carabelli in
1844.® The exact etiology is unknown, but it is believed to be of multifactorial origin, with a combination of genetic and

environmental factors.?’
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The prevalence of Radix entomolaris (RE) differs between ethnic groups, and in European populations it has been
found to be 3.4-4.2%,'™"" while it is 3% in African populations'? and generally below 5% in Indian and Eurasian
groups.'*'> Much higher prevalence, up to 5% and 30%, have been found in East Asian and Native American
populations, particularly in individuals of Mongoloid descent, which suggests a possible hereditary background of the
trait.'*'> These geographical and ethnic differences were further supported by a 2022 meta-analysis by Aung and Myint,
which showed significant regional differences in prevalence of three-rooted permanent mandibular first molar (3RM6)."

Despite this recognized ethnic variability, population-specific data for Iraqi children remain limited, and the relation-
ship between three-rooted morphology in the deciduous mandibular second molar (3RME) and the permanent mandib-
ular first molar (3RM6) is underreported in pediatric samples. Establishing pediatric prevalence is clinically relevant
because early recognition of 3RME could alert clinicians to an increased likelihood of 3RM6 in the same patient,
supporting anticipatory diagnosis and optimized access design, imaging decisions, and treatment planning.'®'’

Therefore, the aim of this study was to determine the prevalence of three-rooted mandibular deciduous second molars
(3RME) and permanent first molars (3RM6), and to evaluate their association in an Iraqi pediatric population using
CBCT. The null hypothesis states that there is no significant association between the presence of 3RME and 3RM6 in this
population.

Materials and Methods
Study Design and Ethical Approval

This retrospective cross-sectional study aimed to evaluate the anatomical features of 3RMEs and 3RM6s in an Iraqi
pediatric sub-population. Ethical approval was obtained from the College of Dentistry, University of Sulaimani (Protocol
Code: 564, Registration Number: 125/22, dated August 9, 2022).

All procedures were performed in accordance with the ethical standards of the College of Dentistry, University of
Sulaimani, and the Declaration of Helsinki. To ensure patient data confidentiality, all retrospective CBCT data used in
this study were fully anonymized and de-identified prior to analysis. No personal identifying information and no direct
identifiers (such as names, patient ID numbers, or contact details) were accessed, recorded, or reported. Access to the
imaging archives was strictly controlled and limited to researchers involved in the anatomical evaluation.

Sample Selection

A total of 196 CBCT scans of Iraqi children aged 712 years were retrospectively collected from the archives of B&R
and Baxshin Dental Centers (January 1, 2018 to June 30, 2021). All eligible scans were included regardless of root
morphology in order to estimate prevalence. Scans were included if at least one mandibular deciduous second molar and/
or mandibular permanent first molar was present and evaluable with adequate image quality to determine the number of
roots and visualize root apices.

Deciduous second molars were included when external root resorption involved less than one-quarter of root length.
Permanent first molars were included when more than two-thirds of root formation was completed. Teeth with extensive
restorations (eg, posts/cores, crowns), previous endodontic treatment, root or crown fractures, severe caries compromis-
ing root assessment, or periapical lesions obscuring apical anatomy were excluded Scans with motion artifacts, severe
beam-hardening artifacts, or inadequate contrast were excluded. Cases with missing age/sex data or outside the target age
range were excluded. Minor restorations not affecting root visualization were permitted.

CBCT Imaging and Analysis
All CBCT scans were acquired using the GALILEOS Sirona Comfort PLUS unit (Sirona Dental Systems GmbH,
Bensheim, Germany), featuring a spherical imaging volume of 15.4 cm and an isotropic voxel size of 0.125 or 0.25 mm.
Imaging parameters were standardized (98 kVp, 3—5 mA, 14-second exposure time). The scans were processed using
Sidexis XG software (v2.6) and Galileos Implant software (v1.9).

Root morphology was assessed in axial, coronal, and sagittal planes. A molar was classified as “three-rooted” if an
additional distolingual root was present along with the mesial and distal roots.
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Sample Size Calculation

Sample size was calculated using G*Power software (version 3.1.9.4). Assuming a small expected effect size based on
Cohen’s criteria (|p| = 0.2), a significance level of a = 0.05, and 80% power, a total of 191 CBCT scans was determined to
be necessary using a two-tailed point biserial correlation model.'®!'? Although the minimum required sample size was
191, a total of 196 scans were included to enhance robustness and improve the reliability of the statistical analysis.

Reliability Assessment

To ensure consistency, a pilot study was conducted using 10 CBCT scans selected at random. Two trained examiners
independently reviewed the images to identify three-rooted molars. A standard evaluation protocol was developed and
refined after pilot testing. Intra- and inter-examiner reliability was assessed using Cohen’s kappa coefficient, with values
above 0.8 indicating substantial agreement. Each examiner re-evaluated the same scans after a two-week interval to

measure intra-examiner agreement.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics (v25). Descriptive statistics summarized age (mean £+ SD), sex distribu-
tion, and patient-level prevalence of 3RME and 3RM6 with 95% confidence intervals. Associations were assessed using
the chi-square test (with effect size reported as Cramér’s V). Logistic regression was used to explore age and sex as
potential predictors. A p-value < 0.05 was considered statistically significant.

Results

Sample Selection and Demographics
Out of an initial pool of 290 CBCT scans from patients aged 7—12 years, 196 scans (103 males, 93 females) met the
eligibility criteria and were included (Figure 1). The mean age was 9.08 £ 1.42 years (Table 1).

Prevalence of Three-Rooted Molars (Patient-Level)

Three-rooted mandibular deciduous second molars (3RME) were identified in 3/196 children (1.53%; 95% CI
0.52-4.40), including 2 unilateral cases (1.02%) and 1 bilateral case (0.51%). Three-rooted mandibular permanent first
molars (3RM6) were identified in 10/196 children (5.10%; 95% CI 2.80-9.14), including 4 unilateral cases (2.04%) and 6
bilateral cases (3.06%).

290 CBCT images screened

94 CBCT images excluded

196 CBCT images included

103 males 93 females

Figure | Flow diagram showing inclusion and exclusion of cone-beam computed tomography (CBCT) images.
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Sex Distribution

Table | Descriptive Characteristics of the Study
Sample (N = 196)

No. | Metric Value

| Mean age 9.08

2 Age SD (years) +1.42

3 Male, n (%) 103 (52.55)

4 Female, n (%) 93 (47.45)

5 3RME n (%) [95% CI] | 3 (1.53) [0.52—-4.40]

6 3RM6 n (%) [95% CI] | 10 (5.10) [2.80-9.14]
Notes: Confidence intervals are Wilson 95% Cls for
proportions.

Abbreviations: 3RME, three-rooted mandibular

deciduous second molar; 3RM6, three-rooted mandibular perma-
nent first molar.

Males showed slightly higher frequencies than females; however, the differences were not statistically significant (p >
0.05) (Figure 2).

Association Between 3RME and 3RMé6

A significant association was found between the presence of 3RME and 3RM6 using the chi-square test (x*(4, N = 196) =
96.48, p < 0.001; Cramér’s V = 0.50). This indicates a strong association, as all patients identified with 3RME also
exhibited 3RM6 in this sample; however, this observation is based on a very small number of cases and should be

interpreted with caution (Table 2).

Number of Cases

Male

Gender

Female

Figure 2 Bar chart showing prevalence of three-rooted mandibular deciduous second molars (3RME) and three rooted mandibular permanent first molars (3RM6) by

gender.
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Table 2 Cross-Tabulation of Three-Rooted Mandibular Deciduous second Molars (3RME)
and Three-Rooted Mandibular Permanent First Molars (3RM6) at the Patient Level (N = 196)

3RME Status\3RMé Status | 3RM6 Absent | 3RMé Unilateral | 3RMé Bilateral | Total
3RME absent 186 4 3 193
3RME unilateral 0 0 2 2
3RME bilateral 0 0 | |
Total 186 4 6 196

Note: Patient-level classification: a patient was considered positive if at least one eligible tooth exhibited three roots.
Abbreviations: 3RME, three-rooted mandibular deciduous second molar; 3RMé, three-rooted mandibular permanent

first molar.

Morphological Confirmation Using CBCT

Figure 3 presents clinical CBCT images and 3D reconstructions used to confirm the presence of three-rooted mandibular

molars. The case is demonstrated through a series of axial slices (A-D) capturing the root morphology at various levels,

a buccolingual cross-section (E) of the right side, and a 3D rendered lingual view (F) of the mandible. These views

clearly delineate the accessory roots, identifying both the radix entomolaris in the first permanent molar and the

additional root in the second deciduous molar.

Figure 3 CBCT confirmation of three-rooted right mandibular molars. (A-D) A series of axial CBCT views at different root levels demonstrating the three-rooted
morphology of the first permanent molar (3RMé6) and the second deciduous molar (3RME). (E) Buccolingual CBCT view of the right mandibular quadrant. (F) Lingual view of
the 3D rendered model showing the extra roots of the first permanent and second deciduous molars. Yellow arrows indicate the radix entomolaris of the first permanent

molar and the extra root of the second deciduous molar.
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Predictors of 3RME and 3RMé6
Logistic regression models assessed the effect of age and sex as predictors for 3RME and 3RM6:
3RME: Age: P = 0.39 and Sex: P = 0.66
3RM6: Age: P = 0.33 and Sex: P = 0.10
None of these factors were statistically significant, indicating that neither age nor sex significantly predicted the

presence of three-rooted molars.

Discussion

The present study aimed to evaluate the anatomical variations of the mandibular deciduous second molars and permanent
first molars in an Iraqi sub-population by using CBCT, and the retrospective nature of the study, along with a statistically
appropriate sample size, calculated using G*Power, provided strong estimations of the prevalence of the investigated
variables. CBCT provided high diagnostic accuracy and allowed detailed visualization of the root morphology, moreover,
the limitations of 2D imaging, particularly in DL roots which may be obscured by overlapping anatomical structures in
periapical radiographs, were minimized.'”°

The present study’s overall prevalence (3RME: 1.53%, 3RM6: 5.1%) falls within the global prevalence, and it
emphasizes the wide variability of this trait in various ethnic populations, supporting the significance of genetic factors
and geographical distribution in the prevalence of dental anatomical variations.'®?! The results of the present study are in
line with the previous reports of significant geographical and ethnic variations in the prevalence of three-rooted
mandibular molars.'!-'**?

The statistically significant association between 3RME and 3RM6 observed in this study (p < 0.001) suggests
a potential shared developmental or genetic basis influencing root morphology in both the deciduous and permanent
dentitions. This aligns with findings from other populations, where anatomical traits in deciduous teeth were found to
predict similar features in their permanent successors.” Accordingly, the null hypothesis was rejected. This finding
supports the concept that three-rooted morphology in the deciduous dentition may be associated with three-rooted
morphology in the permanent dentition within the same patient. However, given the cross-sectional retrospective
design, this association should be interpreted as correlational and not evidence of a shared developmental pathway or
causality.

A slightly higher prevalence was recorded in males, however, there was no significant gender difference, because it
has been reported that gender has minimal influence on the prevalence of supernumerary roots.” Age was not found to be
a significant factor, which agrees with the fact that root morphology is almost entirely determined at the time of tooth
eruption and does not change significantly over time.*

The clinical significance of the three-rooted mandibular molar is that the treatment complexity increases due to
difficulty in locating and negotiating the additional canal, and the curvature of the root is more complex, and the access
cavity design is also more difficult. In radix entomolaris, the traditional triangular access cavity design often needs to be
modified to trapezoidal or rectangular in order to have a better vision and location of the distolingual canal.® If the extra
DL canal is not located or negotiated, it would easily lead to incomplete debridement and obturation, and would
compromise the long-term success of the treatment. The extra root also affects the anchorage and biomechanics in
orthodontic treatment, and the three-rooted molars may respond to orthodontic force in a different way, while the
unrecognized anatomical variations can affect the efficiency and the outcome of the movement. Therefore, a thorough
pre-treatment radiographic assessment with high-quality images is essential for identifying the variations and incorpor-
ating the variations into the endodontic and orthodontic treatment plan.’

However, this study has some limitations, because it was a retrospective study that used pre-existing CBCT scans for
specific clinical indications and not for population screening, which may introduce a selection bias. Moreover, the studied
population was from a single ethnic background, an Iraqi subpopulation, and the findings should be interpreted with
caution when generalized to other populations, therefore prospective multicenter studies on larger and more diverse
populations are recommended to provide further information on the prevalence, distribution and clinical significance of
these anatomical variations. A key limitation of this study is the very small number of positive cases, particularly for
3RME (n = 3), which limits statistical precision and may inflate the strength of observed associations. Additionally,
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a recent study using CBCT scans from a Brazilian subpopulation also showed regional and ethnic differences in radix

molaris prevalence, thus highlighting the need for population-specific data on dental morphology and treatment
.24

planning.

Conclusion

In this Iraqi pediatric CBCT sample, three-rooted mandibular deciduous second molars and permanent first molars were
uncommon. A strong association was observed between 3RME and 3RM6, suggesting that detection of 3RME may be
clinically useful for prompting careful assessment of 3RM6. Because this was a referral-based retrospective CBCT study
with few positive cases, the findings should be interpreted cautiously, and larger multicenter studies are warranted.
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