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Abstract

Background: This study aimed to investigate the prevalence of dental traits and anomalies in five North
Indian populations (Khas Bodhi, Jaat, Khatri, Garhwali, and Gujjar) and predict the population of origin
based on these traits and anomalies for forensic applications.

Methods: We assessed dental traits and anomalies in 454 individuals through intraoral examination. Neural
network analysis was employed to predict the population of origin based on a combination of dental traits
and anomalies.

Results: Shovel-shaped incisors exhibited the highest prevalence among the studied traits and anomalies, occurring
in 65.4% of the sample. Moreover, shovel-shaped incisors were found to be the most important predictor of
population. Neural network analysis indicated that the most accurate population prediction among the studied
populations was for the Garhwali origin, achieving a recall rate of 78.3%. While this may appear relatively low, it is
crucial to emphasise that the proposed method serves as a corroborative tool for various forensic investigations.
Conclusion: This study suggests that dental traits and anomalies can be valuable in predicting the population
of origin within Indian populations for forensic purposes. The work enhances the forensic identification
process by providing an additional layer of evidence for consideration in identifying both individuals and
their ethnic backgrounds. Further research is necessary to enhance the robustness of prediction models.
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INTRODUCTION

The principal use of forensic odontology is the identification
of human remains using the distinctive features present in
human teeth.! When highly dismembered and mutilated
dead bodies are recovered that are beyond recognition
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following disasters such as landslides, tsunamis, bomb
blasts, airplane crashes, earthquakes, terrorist attacks, and
road and train accidents, odontological evidence plays a
critical role in identification.’”! Teeth, being the hardest
organ in the human body, usually remain unaffected during
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such catastrophes.*”! Each tooth has distinctive class
characteristics that help broadly classify individuals. Studies
have revealed that teeth class characteristics are useful in
determining age, sex, ancestry or ethnicity, and profession,
among other traits.l In addition, the diverse shapes, sizes,
and gaps between the incisors, canines, premolars, and
molars that constitute the adult human dentition form
individual characteristics and serve as the foundation for
personal identification among individuals.” Other features
that aid identification include dental disease, restorations,
and dental anomalies.®!

The information obtained from dental traits and anomalies
can be utilised to narrow down the search by estimating an
individual’s ancestry. Dental traits, including the scooping or
shovelling of the upper incisor (particulatly frequent among
Amerindians and Asians), peg-shaped teeth, chisel-shaped
incisors, taurodontism, protostylid, and Carabelli’s cusp (as
an essential marker of European ancestry), can be used
to identify an individual’s ethnicity.”'? Dental traits
and anomalies have several etiologic origins, including
genetic, epigenetic, and environmental.l”! Deciduous and
permanent dentition can both be impacted by factors that
may start before or after birth."’! Ethnic vatriations were
emphasised as a potential primary explanation for this
diversity as different studies indicate varying frequencies
of dental traits and anomalies in different ancestries."'
Indian populations are divided into several castes, tribes,
and religious groups. Rigid socioreligious borders, stringent
endogamy practices, and evolutionary processes have all
added to the already abundant, high-level diversity.'"" The
complex genetic origin coupled with diverse sociocultural
practices, and dietary patterns makes Indian populations
intriguing candidates for studies on dental diversity and
anomalies. Despite the high level of diversity in the
prevalence of dental anomalies in different regions and
populations of India, it is somewhat surprising that only
a limited number of studies have attempted to capture
the population-specific prevalence of dental traits and
1> Considering this research gap, the present
study aims to estimate the prevalence and patterns of dental
traits and anomalies in five North Indian populations (Khas
Bodhi of Himachal Pradesh, Jaat of Haryana, Khatri of
Punjab, Garhwali of Uttarakhand, and Gujjar of Uttar
Pradesh).

anomalies.!

With respect to personal identification, the present study
explores dental traits and anomalies based on neural
network analysis to predict the population of origin. Neural
network analysis offers greater predictive potential than
traditional analytic approaches such as multiple regression
from a methodological standpoint."¥ It is an effort to

reduce prediction error and improve model accuracy.
Neural networks have previously been used effectively to
identify underlying trends in challenging datasets. Neural
networks typically have separate layers; the input layer
is the first and contains the dependent variables. Each
variable is linked to a middle layer by an optimal number
of ‘nodes’, each connecting all inputs to the next layer,
which houses the chosen output variable. Neural networks
often try to minimise the inaccuracy in output estimations
throughout the learning phase by methodically improving
the interconnecting weights between the network’s nodes.!"”
Neural networks have been explored and used in various
forensic applications, such as age prediction through DNA
methylation analysis.”**!l To reiterate, the present study
aims to estimate the prevalence and patterns of dental
traits and anomalies and predict the population of origin
based on dental traits and anomalies for forensic and
anthropological purposes.

METHODS

Study design and participants

For the present population-based cross-sectional
study, 454 participants (140 females) aged 18-35 years
belonging to five North Indian populations were
recruited from their native states by using convenience
sampling. Of the recruited participants, 85 were Khas
Bodhi of Himachal Pradesh, 74 were Jaat of Haryana,
105 were Khatri of Punjab, 99 were Garhwali of
Uttarakhand, and 91 were Gujjar of Uttar Pradesh.
All the recruited participants were healthy (having no
self-reported physical or mental illness). Individuals
with caries-affected teeth, cleft lips and palates, Down
syndrome, ectodermal dysplasia, and those who received
orthodontic treatment and did not consent to the
study were excluded from the research. The study was
conducted in accordance with the STROBE guidelines.
Ethical clearances for the study were obtained from
the Departmental Ethics Committee, Department of
Anthropology, University of Delhi (ethical clearance ref
no.: Anth/2021-22/07/002). Informed written consent,
typed in the local language, was obtained from each
participant before recruitment.

Sample size calculation

The minimum sample required for this study was estimated
to be 357, based on observations reported by Patil
et al.,”? wherein the prevalence of dental anomalies in a
North Indian population was found to be 36.7%, with
the margin of error (d) taken as 0.05. With an additional
margin of 25%, the calculated sample size was 447. Finally,
in total, 454 individuals were recruited.
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Training and calibration

A pilot study was conducted on the same population in
the aforementioned geographical areas. The number of
participants was limited to around 10% of the estimated sample
size. In the pilot study, two dentists (R.S. and M.K.KP) were
trained to identify the dental anomalies and traits by using the
criteria mentioned in Table 1 by an experienced Oral Medicine
and Diagnostic Specialist. In case of any discrepancies, his
opinion was deemed decisive for anomaly identification.
Following dental anomalies were assessed: Talon’s cusp,
macrodontia, microdontia (peg-lateral incisors), amelogenesis
imperfecta (Al), dentinogenesis imperfecta (DI), hypodontia/
anodontia, hyperdontia (mesiodens and supernumerary
teeth |excluding mesiodens]), transposed teeth, crowding,
and midline diastema. Apart from dental anomalies, dental
morphological traits, including shovel-shaped incisors and the
cusp of Carabelli, were assessed. The inter-examiner reliability
was determined to be 0.92, demonstrating excellent internal
consistency at a 95% confidence interval. These subjects
assessed in the pilot study were not included in the final study.

Data collection

Data were collected with the aid of community-based
dental health camps organised by collaborations with local
NGOs that conducted dental screening procedures in a

mobile dental van (MDV). MDV programs are a part of
dental initiatives developed and implemented in India by
institutions and organisations that provide dental care to
neglected, underserved, and isolated rural areas through
dental camps. These vans include dental machinery and
equipment, are completely furnished, and house a waiting
area.’’! Data related to sociodemographic variables such
as age, sex, and community were collected from each
participant by using a modified interview schedule and
birth certificates. A comprehensive medical and dental
history was taken by the examiners. Dental hard-tissue
traits and anomalies were visually examined on the field
in the MDV. The intra-oral examination was done visually
with a sterilised mouth mirror and dental explorer using
light from the dental chair in the MDV (Dunning Type 111
examination). Before examining each tooth, loose intra-oral
debris was removed, and the teeth were dried using gauze.
Participants who were found to have dental anomalies that
needed radiological confirmation for a conclusive diagnosis
were required to take an intra-oral peri-apical (IOPA) at
the discretion of the examiners.

Statistical analysis
Statistical analysis was done using SPSS version 28 and MS
Excel 10. The overall and population-wise prevalence of

Table 1: Diagnostic criteria of various dental traits and anomalies taken in the study:

Dental traits and anomalies Diagnostic criteria References

Talon’s cusp Talon’s cusp was diagnosed when an accessory cusp was observed in the form of a cingulum close to [23]
the cementoenamel junction on the lingual surface of anterior teeth (O=absence; type I-lll=presence)

Shovel-shaped incisors Shovel-shaped incisors were diagnosed when the palatal/lingual surface of upper and lower anterior [24]
teeth was surrounded by a clearly defined raised mesial and distal enamel border forming a hollow
area (as per ASUDAS: O=absence; 1-7=presence).

Cusp of Carabelli The cusp of Carabelli was diagnosed when a tubercle was observed on the palatal surface of the [25]
mesiopalatal cusp of permanent maxillary I-Molar (as per ASUDAS: O=absence; 1-7=presence).

Macrodontia Macrodontia was diagnosed when a tooth was abnormally large compared to its antimere. [26]
Peg lateral (microdontia) Peg lateral incisors (a form of localised microdontia) were diagnosed as those maxillary lateral [27]
incisors with no incisal edge on the occluding surface and a cone-shaped crown.

Amelogenesis imperfecta (Al) The Al was diagnosed when the teeth involved appeared discoloured, prone to disintegration or [28]
sensitive, pitted, and the enamel appeared hypomineralised, hypoplastic, or both. (As per Witkop:

O=absence; type |-IV=presence)

Dentinogenesis The DI was diagnosed when the teeth involved appeared grey to yellowish-brown in colour, had wide [29]

imperfecta (DI) crowns, and constriction in the cervical region that gave the teeth a ‘tulip’ form (as per Shields:
O=absence; type I-lll=presence).

Hypodontia/anodontia Hypodontia/anodontia was diagnosed when one or more teeth were absent (O=absence; 1=presence. [30]
(Exclusion criteria: missing third molar, tooth extracted during caries, orthodontic treatment, or trauma)

Mesiodens Mesiodens was diagnosed when a supernumerary tooth was present between upper central incisors [31]
in the midline.

Supernumerary tooth The supernumerary tooth was diagnosed when an increased number of teeth was observed in [32]
addition to the normal complement. (Exclusion criteria: mesiodens; inclusion criteria: paramolars,
parapremolars)

Transposed teeth Transposed teeth were diagnosed when an interchange between two adjoining teeth was observed in [33]
the same quadrant of the dental arch.

Dental crowding Dental crowding was diagnosed when there was a disparity between the teeth size and the arch’s [34]
dimensions, leading to a malocclusion.

Midline diastema Midline diastema was diagnosed when a gap was observed between maxillary or mandibular central [35]
incisors (0=no diastema [space <0.5 mm]; 1=diastema [space>0.5 mm]).

Dens evaginatus Dens evaginatus was diagnosed when an odontomere or tubercle was observed on the central sulcus [36]

of upper or lower premolars (O=absence; 1=presence).

*ASUDAS: Arizona State University Dental Anthropology System
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each dental trait and anomaly were determined. Chi-square
tests (X2) were used to determine significant differences
in the frequency distribution of various dental traits and
anomalies. A P value of <0.05 was considered statistically
significant for all the statistical analyses.

Neural network analysis was employed to predict the
population of origin by using a combination of dental
traits and anomalies.™ The input features for the neural
network model were the dental traits and anomalies,
represented as specific terms. The neural network
architecture consisted of a single hidden layer containing
eight units. The activation function used within this hidden
layer is the hyperbolic tangent (tanh), chosen for its ability
to capture complex nonlinear relationships in the data.
The output layer responsible for producing predictions
employed an identity activation function. The output
received was the prediction of five populations by using
dental traits and anomalies (the inputs). To ensure the
robustness and generalisation capability of our model, we
partitioned the dataset into two distinct sets: a training set
and a test set. Specifically, 70% of the data was allocated
for training, while the remaining 30% was reserved for
testing. The training process of our neural network
employed the batch method. This approach updates the
model’s weights after processing the entire training dataset,
which can lead to more stable convergence and improved
accuracy. The detailed network information is provided
in Table 2.

We fine-tuned our neural network using the scaled conjugate
gradient optimisation algorithm. This choice was based on
its effectiveness in optimising neural network weights,
making it suitable for our prediction task. The effectiveness
of our model was further refined by specifying key training
options, including an initial Lambda value of 0.0000005,
an initial Sigma value of 0.00005, an interval centre set at
0, and an interval offset of =0.5.

Common metrics employed for evaluating the performance
of our classification models were accuracy, precision, and
recall. Accuracy serves as an overarching measure of the
model’s correctness and is calculated by dividing the number
of correctly predicted instances (TP + TN) by the total
number of instances in the dataset (TP + TN + FP + FN).
Precision, on the contrary, focuses on the accuracy of
positive predictions, calculated as the ratio of TP to the
sum of TP and FP. Recall (also known as sensitivity or TP
rate) assesses the model’s ability to correctly identify actual
positive instances, determined by the ratio of TP to the
sum of TP and FN. In our calculations, TP represents true
positives, TN represents true negatives, FP represents false

Table 2: The network information used in the neural network
model

Layer Parameters Details
type
Input Factors 1. Talon’s cusp
layer 2. Shovel-shaped incisors
3. Cusp of Carabelli
4. Macrodontia
5.  Peg lateral (microdontia)
6.  Amelogenesis imperfecta (Al)
7. Dentinogenesis imperfecta (DI)
8.  Hypodontia/anodontia
9. Mesiodens
10. Supernumerary tooth
11. Transposed teeth
12.  Dental crowding
13.  Midline diastema
14. Dens evaginatus
Number of units 28
Hidden  Number of hidden layers 1
layer (s) Number of unitsinthe 8
hidden layer
Activation function Hyperbolic tangent
Output  Dependent variables Population of origin (Khas Bodhi,
layer Jaat, Khatri, Garhwali, and Gujjar)

Number of units 5
Activation function Identity
Error function Sum of squares

positives, and FN represents false negatives. These metrics
collectively provide a comprehensive evaluation of our
classification model’s performance. In the present study,
we considered recall percentage as a key performance
metric. This choice is supported by the nature of the
classification task, where the identification of all TP
instances holds more importance. High recall, by design,
minimises the risk of missing critical instances within
the dataset. This aligns perfectly with our objective of
comprehensive positive class detection. In situations where
the cost of FN is high, focusing on recall ensures a more
accurate and effective model performance assessment.

RESULTS

Prevalence of dental traits and anomalies in the study
sample

The present study comprised 314 males (69.16%) and
140 females (30.83%). The mean age of the overall sample,
males, and females was 25.47 + 5.45, 25.39 + 5.32, and
25.64 £ 5.74, respectively. The minimum age of the overall
sample was 18 years, and the maximum age was 35 years.
The prevalence of dental traits and anomalies in the overall
sample, and also among male and female participants, were
found to be 86.34% (392/454 individuals), 88.85% (279/314
individuals), and 80.71% (113/140 individuals), respectively.
The prevalence of each dental trait and anomaly in the
overall sample is represented in Table 3.
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The prevalence of shovel-shaped incisors was the
highest (65.4%) among the studied traits and anomalies,
followed by teeth crowding (26.4%) and the cusp
of Carabelli (23.6%). The prevalence of DI was the
lowest (0.2%). Among the anomalies of shape and size, the
prevalence of Talon’s cusp was 2%, dens evaginatus (DE)
was 3.5%, peg lateral was 4%, and macrodontia was 0.4%.
The prevalence of Al was 0.4% among the anomalies of
structure. Among the anomalies of number, the prevalence
of hypodontia/anodontia was 4%, mesiodens was 1.1%,
and supernumerary/hyperdontia was 1.8%. Among the
anomalies of position, the prevalence of transposed tooth
and diastema was 0.7% and 15.9%, respectively. Workflow
illustrating steps from data collection to result interpretation
in predicting population of origin in given in Figure 1.

PREDICTING POPULATION OF ORIGIN BY USING
DENTAL TRAITS AND ANOMALIES: A NEURAL
NETWORK APPROACH

To predict the population of origin based on dental traits
and anomalies, the population-stratified distribution

Table 3: Prevalence of dental traits and anomalies in the
overall study sample

Nature of dental trait and anomaly  Frequency (%)
Dental Shovel-shaped incisor 297 (65.4%)
Traits Cusp of Carabelli 107 (23.6%)
Dental Talon’s cusp 9 (2%)
Anomalies Dens evaginatus 16 (3.5%)
Peg Lateral (Microdontia) 18 (4%)
Macrodontia 2 (0.4%)
Amelogenesis imperfecta 2 (0.4%)
Dentinogenesis imperfecta 1(0.2%)
Hypodontia/anodontia 18 (4%)
Mesiodens 5 (1.1%)
Supernumerary/hyperdontia 8 (1.8%)
Transposed tooth 3 (0.7%)
Midline diastema 72 (15.9%)
Teeth crowding 120 (26.4%)

of dental traits and anomalies was seen [Table 4].
Statistically significant differences were observed for
the distribution of shovel-shaped incisor (P = <0.001),
the cusp of Carabelli (P = <0.001), Talon’s cusp
(P = <0.001), mesiodens (P = 0.01), DE (P < 0.001),
peg lateral (P < 0.001), macrodontia (P = <0.001),
AI (P = 0.03), and hypodontia/anodontia (P = <0.001)
among the populations. The prevalence of Talon’s cusp
was the highest in Jaat (9.5%), with complete absence
in Garhwali and Gujjar populations. Shovel-shaped
incisors were present in all Garhwali participants (100%)
and lowest in the Jaat Population (17.6%). The cusp of
Carabelli was highest in Khatri (39%) and lowest in
Gujjar (9.9%) population. Macrodontia (2.7%) and
Al (2.7%) were only present in the Jaat population,
and hypodontia (10.8%) showed the highest prevalence
in Jaats. Furthermore, mesiodens (4.4%) occurred the
highest in the Gujjar population, and DE (11.8%)
and peg lateral incisors (12.9%) were highest in the
Khas Bodhi population. No significant difference was
observed in the distribution of other dental anomalies
among various populations.

Neural network modelling was performed to predict the
population of origin by using the studied dental parameters.
The modelling algorithm assigned normalised importance to
dental traits and anomalies for population prediction [Figure 2].
The most important traits and anomalies in population
prediction were shovel-shaped incisors, the cusp of Carabelli,
and DE, with normalised importance of 100%, 39%, and
33.4%, respectively. The least important parameters were
supernumerary tooth, macrodontia, and transposed tooth, with
normalised importance of 10.8%, 6.7%, and 6.6%, respectively.
As DI was found in only one sample unit and Al was found
in only two sample units, the model algorithm removed them
from the analysis.

Table 4: Population-wise distribution of dental traits and anomalies among the participants

Nature of dental trait and KB (N=85) JT (N=74) KH (N=105) GH (N=99) GJ (N=91) P
anomaly n (%) n (%) n (%) n (%) n (%)

Dental traits Shovel-shaped incisors 83 (97.6) 13 (17.6) 53 (50.5) 99 (100) 49 (53.8) <0.001*
Cusp of Carabelli 13 (15.3) 20(27) 41(39) 24 (24.2) 9(9.9) <0.001*

Dental anomalies Talon’scusp 1(1.2) 7 (9.5) 1(1) 0(0) 0 (0) <0.001*
Dens evaginatus 10 (11.8) 0 (0) 0(0) 4 (4) 2(2.2) <0.001*
Peglateral 11(12.9) 3(4.1) 0(0) 2 (2.0) 2(2.2) <0.001*
Macrodontia 0(0) 2(2.7) 0(0) 0(0) 0 (0) <0.001*
Amelogenesis imperfecta 0(0) 2(2.7) 0(0) 0(0) 0(0) 0.03*
Dentinogenesis imperfecta 0(0) 1(1.4) 0 (0) 0 (0) 0(0) 0.27
Hypodontia/anodontia 5(5.9) 8(10.8) 4(3.8) 1(1) 0 (0) <0.001*
Mesiodens 0(0) 1(1.4) 0(0) 0(0) 4 (4.4) 0.01*
Supernumerary/hyperdontia 2(2.4) 0(0) 1(1) 4 (4) 1(1.1) 0.27
Transposed tooth 1(1.2) 1(1.4) 1(1) 0 (0) 0 (0) 0.68
Midline diastema 13 (15.3) 9 (12.2) 15 (14.3) 15 (15.2) 20 (22) 0.46
Teeth crowding 26 (30.6) 21(28.4) 24 (22.9) 27 (27.3) 22 (24.2) 0.76

* significant at P<0.05; N=Sample size of respective populations; n=number of participants in which respective dental traits and anomalies were

found; KB=Khas Bodhi; JT=Jaat; KH=Khatri; GH=Garhwali; GJ=Gujjar
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Data collection —— Data processing

* Dental traits and anomalies
* Demographic information
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* Data normalization
* Features encoding
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Figure 1: Workflow illustrating steps from data collection to result interpretation in predicting population of origin
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Figure 2: Graph showing the importance of each dental trait and
anomaly in population prediction

In the analysis of our training and test set data, we
observed intriguing patterns of prediction accuracy across
various populations. For the Khas Bodhi population
in the training set, we encountered a mix of outcomes.
While 28 individuals were accurately predicted as Khas
Bodhi, we noticed that 22 were mistakenly identified as
Garhwali, and eight were misclassified as Gujjar. The test
set continued to present a dynamic challenge, with eight
correct predictions alongside 14 instances where Khas
Bodhi individuals were incorrectly classified as Garhwali,
and five instances as Gujjar. The Jaat population exhibited a

challenging scenario. In the training set, only one individual
was correctly identified as Jaat, and there were various
misclassifications, spanning Khas Bodhi, Khatri, Garhwali,
and Guyjjar. The test set displayed a similar complexity, with
only one correct prediction and several misclassifications,
including Khas Bodhi, Khatri, and Gujjar. The Khatri
population showed considerable challenges in the training
set, with a mix of correct predictions and misclassifications,
notably as Khatri, Garhwali, and Gujjar. However, in
the test set, there was a marked improvement, as 10
individuals were correctly classified, and the number of
misclassifications was notably reduced. The Garhwali
population had the highest training set accuracy, with 47
correct predictions and relatively fewer misclassifications.
This trend carried over to the test set, with 18 accurate
predictions and limited misclassifications. The Gujjar
population demonstrated consistent performance, with 36
individuals correctly identified in the training set. However,
they also faced misclassifications, including Khas Bodhi,
Khatri, Garhwali, and Guijjar. In the test set, 13 individuals
were correctly classified, while still contending with some
misclassifications.

The modelling results demonstrated varying degrees of
accuracy in predicting the five populations under study.
Notably, the Garhwali population stood out as the most
accurately predicted, achieving a recall percentage of 78.3%
in the test set [see Table 5]. The Gujjar population followed
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with a recall percentage of 43.3%. The Khatri population
exhibited a recall percentage of 33.3%, while the Khas
Bodhi population yielded a recall of 29.6%. In contrast,
the Jaat population had the lowest recall percentage at
7.1%, indicating a relatively less accurate prediction for
this specific group.

DISCUSSION

Forensic odontologists work with law enforcement to
identify the dental evidence gathered from crime scenes
or mass mortality events. To identify deceased victims in
a disaster, dental traits and anomalies of the corpse are
compared with the antemortem information.’” To further
the forensic odontological investigations in the Indian
context, the present study explored the prevalence and
patterns of dental traits and anomalies in five North Indian
populations and predicted the population of origin based
on dental traits and anomalies.

In the study sample, some of the most prevalent dental
traits and anomalies were shovel-shaped incisors, teeth
crowding, the cusp of Carabelli, midline diastema, peg
lateral incisors, and hypodontia. Previous studies from
India and other Asian countries have reported similar
prevalence rates of shovel-shaped incisors,”* anterior
dental crowding,*"! and peg-shaped incisors***! but higher
prevalence of the cusp of Carabelli* and hypodontia.l*>*!
The prevalence of midline diastema in previous studies
has been reported to be as low as 1.6% and as high as
64.6%.17*I'The present study found an overall prevalence
of midline diastema at 15.9%.

Shovel-shaped incisors are uncommon or non-existent in
Europeans and Africans, but they predominate in Asians,
groups descended from Asians, and Native Ameticans.?’>
The prevalence of shovel-shaped incisors in the present

study was 65.4%, comparable to previous studies, which
reported an overall prevalence of 66.1% and 68.2% in the
Asian and Indian populations, respectively.?**" A study on
the South Indian population found an overall prevalence of
antetior dental crowding at 27.37%;*!! this concords with
our study, which found an overall prevalence of 26.4%.

Carabelli’s trait appears to be most prevalent among
Europeans for permanent dentition, followed by Africans,
with Asians, having the lowest prevalence percentage.*!
According to the current study, the study group’s total
prevalence was 23.6%, which is lower than the earlier
findings.l*+>>*l 'This disparity may be caused because the
selected populations are not involved in the previous
studies and due to the study’s methodological differences.
The lower prevalence of Carabelli’s traitin the present study
can also be attributed to the fact that some of the study
groups share their genetic ancestry with Tibetans and East
Asians, which have a lower prevalence of Carabelli’s trait.[*!

In permanent dentition, the mean prevalence of
peg-shaped teeth is around 1.8% worldwide, although
a little higher (3.3%) among the Asian Population.!*’!
According to Ooshima ef @/ and Fujita es al, the
prevalence of peg-shaped teeth in the permanent dentition
of the Japanese Population is 3.2% and 0.7%, respectively.
However, Fujita ez 2/ did not study primary and
permanent dentition separately. In the current study, the
prevalence of peg-shaped incisors was 4%, comparable to
the number published by Ooshima ¢7 2" and Hua ¢t a/*’

Polder e al* and Khalaf ef a/*! reported the prevalence
of congenitally missing teeth (hypodontia) to be 6.4%
on average. The prevalence of hypodontia in the present
study was lower, with a frequency of 4%. This difference
could be because we examined only permanent dentition
in our study participants above 18 years of age, eliminating

Table 5: Neural network modelling for population prediction based on the combination of dental traits and anomalies

Sample  Observed Predicted Accuracy Precision F-1 Score
KB(n) JT(n) KH(m) GH(n) GJ(n) Recall Percent  Percent Percent
Training KB (N=58) 28 0 0 22 8 48.3% 80.4% 451% 0.47
set JT (N=57) 3 1 22 7 24 1.8% 82.8% 100% 0.03
KH (N=75) 3 0 19 31 22 25.3% 74.9% 42.2% 0.32
GH (N=76) 20 0 0 47 9 61.8% 68.8% 39.1% 0.48
GJ (N=61) 8 0 4 13 36 59.0% 73.0% 36.3% 0.45
Overall Percent 19.0% 0.3% 13.8% 36.7% 30.3% Overall Recall Percent: 40.1%
Testset KB (N=27) 8 0 0 14 5 29.6% 75.0% 40.0% 0.34
JT (N=14) 2 1 9 0 2 7.1% 89.5% 100% 0.13
KH (N=30) 1 0 10 1 8 33.3% 74.1% 45.4% 0.38
GH (N=23) 4 0 0 18 1 78.3% 68.5% 34.6% 0.48
GJ (N=30) 5 0 3 9 13 43.3% 73.3% 44.8% 0.44
Overall Percent 16.1% 0.8% 17.7% 41.9% 23.4% Overall Recall Percent: 40.3%

N=Sample size of respective populations; n=number of participants in which respective dental traits and anomalies were found; KB=Khas Bodhi;

JT=Jaat; KH=Khatri; GH=Garhwali; GJ=Gujjar

Journal of Oral and Maxillofacial Pathology | Volume 28 | Issue 3 | July-September 2024 521



Kataria, et al.: Predicting population origin via dental traits and anomalies

any potential for group bias. In addition, our sample size
was smaller. According to Rakhshan,* prevalence varies
depending on the nature of the target sample and is much
greater among orthodontic patients (1% higher) than in
the general population.

The prevalence of the abovementioned anomalies was
followed by DE, Talon’s cusp, supernumerary tooth,
and mesiodens. The phrase ‘Mongoloid or oriental
premolar’ indicates that DE is mainly seen in Asian
populations.’”* Depending on ancestry and vatiations
in diagnostic criteria, the incidence of DE ranges from
0.1% to 15%.P7" We found an overall prevalence of DE
to be 3.5%. Talon’s cusp prevalence varies from 0.06 to
7.70%, with Asian and Arabic populations having greater
prevalence rates. Decaup ez 2/ reported a mean Talon’s
cusp prevalence of 1.67%; this is almost comparable to the
present study, which found an overall prevalence of 2%.
Supernumerary teeth are often solitary and can range in
prevalence from 1.3% to 3.5%" or 0.15% to 3.8%* in
permanent dentition. In the current study, the prevalence
of supernumerary teeth was 1.8%, which concurs with
previous studies."%

Transposed teeth, macrodontia, Al, and DI were the least
prevalent dental anomalies in the present study. Tooth
transposition prevalence varies between 0.09%% and
1.4%.15% The prevalence of this anomaly in the general
population generally stays below 1% The prevalence of
transposed teeth was 0.7% in our study. Furthermore, studies
have reported the prevalence of macrodontia ranging from
0.2% to 1.9%0;4%-7I this concords with the present study,
which found an overall macrodontia prevalence of 0.4%.

The prevalence of Alis 1.25:10,000 in Israel, 43:10,000 in
Turkey, 10:10,000 in Argentina, and 14:10,000 in Sweden.
These numbers indicate that the average occurrence of
Al across the globe is <1 in 200 (or <0.5%)."" This aligns
with the present study, which found an overall prevalence
of 0.4%. A study on the Indian population reported the
prevalence rate of DI to be 0.09%. We found an overall
0.2% prevalence for DI. This difference can be attributed to
the nature and size of the study sample. However, another
study reported an overall prevalence of 0.33% for DI,
comparable to the present study. In earlier investigations,
mesiodens prevalence ranged between 0.1% and 1.9%."
The overall prevalence of mesiodens among North Indians
was reported to be 1.4%, comparable to the present
study’s overall prevalence of 1.1%.

When we examined the population-wise distribution of
dental traits and anomalies, we found significant differences

among the studied populations in the prevalence of Talon’s
cusp, shovel-shaped incisors, the cusp of Carabelli, DE,
peg lateral incisors, macrodontia, Al, hypodontia, and
mesiodens. In our neural network modelling, shovel-shaped
incisors, the cusp of Carabelli, DE, and peg lateral incisors
emerged as the top four predictors of population groups
due to their significant distribution differences. Notably,
the Garhwali and Khas Bodhi populations exhibited
the highest prevalence of shovel-shaped and peg lateral
incisors, respectively. In addition, DE was also the most
prevalent dental anomaly in both of these populations.
This observed pattern can be attributed to the genetic
affinities between population groups from Himachal
Pradesh and Uttarakhand states and Tibetan and East
Asian populations,®# These Asian populations are known
to have a higher prevalence of shovelling,?"? peg lateral
incisors,” and DEP™ compared to other population

groups.

Following shovel-shaped incisors, the cusp of Carabelli
was identified as the second most important predictor of
populations in our study. The Khatri population reported
the highest prevalence of the cusp of Carabelli, followed
by the Jaats. This higher prevalence in these populations
can be linked to Indo-European speakers in Punjab and
Haryana, who share genetic affinities with several European
populations®* known for their higher prevalence of the
cusp of Carabelli.PV

Our neural network modelling showed that the Garhwali
population could be predicted with the highest accuracy
among all the studied populations. This was because the
top predictor, shovel-shaped incisors, was present in all
Garhwali participants. Conversely, the recall percentage
was the lowest for the Jaats (7.1%). Notably, Khas
Bodhi individuals from Himachal Pradesh were often
misinterpreted as Garhwali individuals from Uttarakhand,
while Jaats from Haryana were frequently confused with
Khatri individuals from Punjab. This prediction error can
be attributed to the close genetic relationships between the
populations of Himachal and Uttarakhand, as well as the
genetic influence of Punjab on Haryana. To enhance the
robustness of prediction models, further studies should
be undertaken.

Some of the strengths of the present study are that, in
contrast to samples of pedodontics and orthodontic
patients, the present study is a population-based study,
constituting a general population, hence a representative
sample. Dental examinations conducted on the general
population are likely to have the following advantages:
the permanent dentition could be examined because the
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participants were above 18 years of age; bias, such as
that present in samples of only orthodontic patients, is
eliminated; samples drawn from different north Indian
regions could capture the possible inter-population
variations in dental traits and anomalies. Participants
who were found to have dental anomalies that needed
radiological confirmation for a conclusive diagnosis
were required to take an IOPA at the discretion of the
examiners. The information gathered was then relayed and
utilised for finalising the anomaly. The findings may thus
be compared favourably to eatlier research that examined
dental anomalies from orthopantomogram archives.

The primary limitations of our study were its relatively
smaller sample size and the absence of scales or grading in
the assessment of dental traits. Instead, we simply reported
their presence or absence. This binary approach, while
efficient for data collection, may overlook subtle variations
or gradations in dental characteristics that could provide
deeper insights into the population under investigation.
Future research could benefit from incorporating a more
nuanced grading system to enhance the precision of
dental trait assessments. Furthermore, we acknowledge
the complexities surrounding the identification of an
individual’s ethnicity, a subject that inherently presents
challenges and sensitivity. Our research underscores the
intricate nature of this endeavour, highlichting the need
for caution and a comprehensive approach when dealing
with ethnicity identification. In conclusion, our work
aims to enhance the forensic process by providing an
additional layer of evidence for consideration, recognising
the inherent complexities involved in the identification of
both individuals and their ethnic backgrounds.

CONCLUSION

The findings of our study indicate that dental traits and
anomalies can be valuable for personal identification.
Shovel-shaped incisors were the most prevalent dental
trait among the participants. Moreover, shovel-shaped
incisors were found to be the most important predictor
of population, with the accuracy being the highest for
the Garhwali population. Our research has yielded an
identification recall rate of 78.3%. While we acknowledge
that this may seem relatively low, it is essential to emphasise
that the proposed method serves as a corroborative
tool within the context of individualisation. In forensic
science, achieving absolute certainty in identification can
be exceptionally challenging, and our approach contributes
to the overall body of evidence available for analysis. It
is quite likely that constructing an individual’s biological
profile through the assessment of dental traits and

anomalies will prove useful in cases involving unidentified
remains, particularly when dealing with mutilated and
dismembered body parts, or in situations where the cadaver
has undergone advanced stages of putrefaction or charring,
Further research involving other Indian populations with a
larger sample size can help strengthen the findings reported
in the present study.
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