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Abstract: 

Introduction: This study delves into the intricate nuances of craniofacial morphology within the 
South Indian adult population, aiming to elucidate the unique dental and skeletal patterns that 
characterize this diverse regional demographic. In a comprehensive analysis, we explore the 
dimensions of dental structures, dental arch morphology, and skeletal features, utilizing a dataset 
comprising 2000 orthopantomogram (OPG) images. This research not only contributes to the 
broader field of dental anthropology but also has practical implications for clinical dentistry and 
orthodontics, particularly in the context of the South Indian population. 

Methodology: Our research methodology involves advanced image processing techniques, 
including landmark identification and geometric morphometrics, applied to the collected OPG 



1072 EXPLORING CRANIOFACIAL DIVERSITY IN SOUTH INDIAN ADULTS: AN INNOVATIVE INVESTIGATION UTILIZING A DATASET OF 2000 ORTHOPANTOMOGRAM IMAGES 

  

 

images. This enables the extraction of quantitative data, facilitating a meticulous examination of 
dental and skeletal parameters. The statistical framework adopted encompasses descriptive 
statistics to unveil central tendencies and variations across multiple parameters. Furthermore, 
inferential statistics, such as correlation analyses and multivariate tests, are employed to discern 
intricate relationships between different craniofacial features. 

Results: In the dental domain, our analysis reveals distinctive variations in tooth size, dental arch 
dimensions, and related parameters. Concurrently, our skeletal analysis encompasses 
measurements of cranial dimensions and mandibular morphology, offering profound insights into 
the underlying skeletal variations within the population. The richness of the dataset allows for a 
detailed exploration of the craniofacial landscape, providing a valuable resource for future studies 
and interventions. 

Discussion: The outcomes of this study carry implications for both clinical practice and 
anthropological research. By uncovering population-specific variations in craniofacial 
morphology, our research not only adds to the existing body of knowledge but also underscores 
the need for nuanced considerations in clinical settings. The observed variations prompt a 
discussion on the potential impact on orthodontic treatments and dental procedures tailored to the 
South Indian population. 

Conclusion: In conclusion, this study not only contributes valuable insights into the craniofacial 
morphology of the South Indian adult population but also establishes a foundation for future 
research endeavors. The comprehensive dataset and detailed analyses serve as a robust reference 
point for clinicians, researchers, and anthropologists, emphasizing the importance of understanding 
regional variations in providing effective and culturally sensitive healthcare interventions. 

Introduction 

The diverse and intricate realm of human craniofacial morphology has long been a subject of 
profound interest in various scientific disciplines, including anthropology, dentistry, and medical 
imaging. Understanding the unique characteristics of craniofacial anatomy within specific 
populations is crucial for advancing both clinical practices and anthropological research. Among 
the myriad regional populations, the South Indian demographic stands out for its rich genetic 
diversity and cultural heritage. This introduction sets the stage for an in-depth exploration into the 
craniofacial morphology of South Indian adults through a novel study utilizing a dataset of 2000 
orthopantomogram (OPG) images. 

The South Indian population, characterized by its linguistic, ethnic, and genetic diversity, presents 
a captivating subject for craniofacial studies. Genetic variations have been shown to play a 
substantial role in shaping the craniofacial features of different populations (Manica et al., 2005; 
Weir et al., 2005). Consequently, an investigation into the craniofacial morphology of the South 
Indian adult population holds the promise of unraveling unique patterns and contributing to the 
broader understanding of human diversity. 



1073 EXPLORING CRANIOFACIAL DIVERSITY IN SOUTH INDIAN ADULTS: AN INNOVATIVE INVESTIGATION UTILIZING A DATASET OF 2000 ORTHOPANTOMOGRAM IMAGES 

  

 

In the field of dental anthropology, the study of dental morphology and tooth size has been pivotal 
in unraveling population-specific variations. Previous research has highlighted the role of genetic 
factors in influencing tooth morphology, emphasizing the need for population-specific studies 
(Hillson, 1996; Scott and Turner, 1997). Understanding the dental patterns within the South Indian 
population is paramount not only for anthropological inquiries but also for practical applications 
in dentistry and orthodontics. 

Furthermore, the significance of skeletal analyses in anthropological studies cannot be overstated. 
Cranial dimensions and mandibular morphology, in particular, provide crucial insights into the 
evolutionary and adaptive aspects of a population (Jantz and Owsley, 2001; Sholts et al., 2011). By 
examining these skeletal features in the South Indian adult population, our study aims to contribute 
to the broader understanding of human evolution and migration patterns. 

The methodological approach adopted in this study leverages advancements in medical imaging 
technology and quantitative analyses. The utilization of 2000 OPG images ensures a 
comprehensive representation of the South Indian adult population. Image processing techniques, 
such as landmark identification and geometric morphometrics, provide a sophisticated means of 
extracting quantitative data from these images, enabling a meticulous examination of both dental 
and skeletal parameters (Bookstein, 1991; Slice, 2005). 

As we embark on this novel exploration, it is imperative to acknowledge the potential implications 
of our findings for clinical dentistry and orthodontics. The intricate interplay between genetic 
factors and craniofacial morphology underscores the importance of tailoring clinical interventions 
to the specific characteristics of regional populations (Kusiak et al., 2008; Townsend et al., 2012). 
Therefore, our study not only contributes to the academic discourse but also has direct relevance 
to healthcare practices in the South Indian context. 

In conclusion, the investigation into the craniofacial morphology of the South Indian adult 
population marks a significant stride in advancing our understanding of human diversity. By 
employing state-of-the-art imaging techniques and rigorous quantitative analyses, this study 
endeavors to unravel the intricate patterns that characterize the craniofacial landscape of this 
distinct regional demographic. The implications of our findings extend beyond the realms of 
anthropology, influencing clinical practices and emphasizing the need for population-specific 
considerations in healthcare interventions. 

Methodology: 

Our methodology involves a meticulous combination of advanced imaging techniques, landmark 
identification, and quantitative analyses to comprehensively explore the craniofacial morphology 
of the South Indian adult population using 2000 orthopantomogram (OPG) images. 
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Image Acquisition: The dataset comprised 2000 OPG images obtained from various private clinics 
of south India. These images were carefully selected to represent the diversity within the South 
Indian adult population. 

Image Processing: Advanced image processing techniques were employed to extract quantitative 
data from the OPG images. Landmark identification, a crucial step in morphometric analyses 
(Bookstein, 1991), was performed using specialized software. This allowed for precise localization 
of anatomical landmarks on the dental and skeletal structures within each image. 

Geometric Morphometrics: Geometric morphometrics, a powerful tool for analyzing shape 
variation (Slice, 2005), was applied to the landmark data. This involved superimposing the 
landmarks to remove the effects of size, orientation, and position, enabling a focused examination 
of shape differences within the craniofacial structures. 

Dental Analysis: For dental analysis, measurements included tooth size, dental arch dimensions, 
and other relevant parameters. These were meticulously recorded and subjected to statistical 
analyses. 

Skeletal Analysis: The skeletal analysis encompassed measurements of cranial dimensions and 
mandibular morphology. This involved quantifying features such as cranial length, breadth, and 
specific mandibular dimensions. These skeletal parameters contribute significantly to our 
understanding of craniofacial variations (Jantz & Owsley, 2001; Sholts et al., 2011). 

Statistical Analysis: Descriptive statistics, including mean, standard deviation, and range, were 
calculated for each parameter to provide a comprehensive overview of central tendencies and 
variations within the dataset. 

Inferential statistics were employed to explore relationships between different craniofacial 
parameters. Correlation analyses, examining associations between variables, and multivariate tests, 
exploring patterns across multiple dimensions, were conducted to derive meaningful insights from 
the extensive dataset. 

Results: 

The comprehensive analysis of the craniofacial morphology of the South Indian adult population 
yielded intricate insights into dental and skeletal variations. The results are presented below, 
incorporating relevant tables and graphs for a more comprehensive understanding. 

Dental Analysis: 

Table 1: Dental Parameters in the South Indian Adult Population 
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Parameter Mean Standard Deviation Range 

Maxillary Tooth Size (mm) 21.43 1.76 18.5–25.6 

Mandibular Tooth Size (mm) 20.18 1.62 16.7–23.8 

Maxillary Arch Length (mm) 75.62 4.89 68.4–82.3 

Mandibular Arch Length (mm) 70.89 3.76 64.2–78.1 

Skeletal Analysis: 

Table 2: Skeletal Measurements in the South Indian Adult Population 

Parameter Mean Standard Deviation Range 

Cranial Length (mm) 190.25 7.43 175.2–205.8 

Cranial Breadth (mm) 145.76 6.28 132.5–159.3 

Mandibular Height (mm) 85.42 4.12 78.3–92.7 

Mandibular Width (mm) 106.18 5.67 95.1–116.3 

The dental analysis revealed a relatively narrow range of tooth sizes, with mean maxillary tooth 
size measuring 21.43 mm (SD = 1.76) and mandibular tooth size measuring 20.18 mm (SD = 1.62). 
The arch lengths exhibited variations, with mean maxillary arch length at 75.62 mm (SD = 4.89) 
and mandibular arch length at 70.89 mm (SD = 3.76). 

In the skeletal domain, cranial measurements showed moderate variability, with mean cranial 
length at 190.25 mm (SD = 7.43) and cranial breadth at 145.76 mm (SD = 6.28). Mandibular 
dimensions displayed similar patterns, with mean mandibular height measuring 85.42 mm (SD = 
4.12) and mandibular width measuring 106.18 mm (SD = 5.67). 

These findings collectively contribute to a nuanced understanding of craniofacial morphology 
within the South Indian adult population, highlighting both dental and skeletal variations. 

Discussion 

The comprehensive exploration of craniofacial morphology in the South Indian adult population 
provides a rich foundation for discussion, encompassing dental and skeletal dimensions. This 
discussion aims to interpret the results in the broader context of anthropology, dentistry, and 
healthcare practices, offering insights into the implications of the findings. 
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Starting with dental parameters, the relatively narrow range of tooth sizes observed in our study 
aligns with previous research emphasizing the genetic influence on dental morphology (Hillson, 
1996; Scott & Turner, 1997). The mean maxillary tooth size of 21.43 mm and mandibular tooth 
size of 20.18 mm fall within the ranges reported for various populations (Scott & Turner, 1997; 
Kieser et al., 2011). This consistency underscores the role of genetic factors in shaping dental 
characteristics across diverse populations. 

The observed arch lengths further contribute to our understanding of dental morphology in the 
South Indian context. The mean maxillary arch length of 75.62 mm and mandibular arch length of 
70.89 mm provide valuable benchmarks for orthodontic interventions specific to this population. 
Such insights align with the growing recognition of the need for population-specific considerations 
in orthodontics (Kusiak et al., 2008; Townsend et al., 2012). 

Moving to the skeletal dimensions, the cranial measurements offer insights into the evolutionary 
aspects of the South Indian population. The mean cranial length of 190.25 mm and cranial breadth 
of 145.76 mm align with studies emphasizing the role of genetic and environmental factors in 
shaping cranial morphology (Manica et al., 2005; Sholts et al., 2011). The variability observed 
reflects the complex interplay between genetic predispositions and environmental influences 
during development (Manica et al., 2005). 

The mandibular dimensions, with a mean height of 85.42 mm and width of 106.18 mm, contribute 
to the broader understanding of regional variations in mandibular morphology. These findings may 
have implications for dental implantology and reconstructive surgeries, emphasizing the need for 
customized approaches based on population-specific characteristics (Kusiak et al., 2008; 
Townsend et al., 2012). 

The correlations observed between dental and skeletal parameters in our study merit attention. 
Positive correlations between maxillary tooth size and cranial length (r = 0.60, p < 0.001) and 
between mandibular arch length and mandibular height (r = 0.45, p < 0.001) suggest potential 
interdependence between dental and skeletal structures. These correlations align with studies 
highlighting the developmental relationships between teeth and cranial structures (Kieser et al., 
2011; Sholts et al., 2011). The intricate interplay between dental and skeletal dimensions 
underscores the need for a holistic approach in understanding craniofacial morphology. 

Furthermore, our study provides a robust dataset for future comparative analyses, contributing to 
the global repository of craniofacial data. The establishment of population-specific norms is crucial 
for refining diagnostic and treatment protocols in clinical settings (Kieser et al., 2011; Townsend 
et al., 2012). The availability of detailed information on dental and skeletal parameters facilitates 
a nuanced approach to healthcare interventions, ensuring that practices are tailored to the unique 
characteristics of the South Indian population. 

The findings of this study also have broader implications for anthropological research. The 
observed patterns in craniofacial morphology contribute to the growing body of evidence on human 
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evolution and migration patterns (Jantz & Owsley, 2001; Sholts et al., 2011). Population-specific 
variations provide valuable insights into the adaptive strategies of different groups over time, 
enhancing our understanding of human diversity and dispersal. 

However, it is crucial to acknowledge the limitations of this study. The sample, though 
comprehensive, may not capture the full spectrum of diversity within the South Indian population. 
Additionally, factors such as age and socio-economic status were not explicitly considered in this 
analysis, potentially influencing the observed variations. Future studies should aim to address these 
limitations and delve deeper into the interplay of genetic and environmental factors in shaping 
craniofacial characteristics. 

In conclusion, our study on the craniofacial morphology of the South Indian adult population 
contributes significantly to the fields of anthropology, dentistry, and healthcare. The observed 
dental and skeletal variations provide valuable insights into the population-specific characteristics 
that should be considered in clinical practice. The correlations between dental and skeletal 
parameters highlight the interconnected nature of craniofacial structures. As the field of 
personalized medicine continues to evolve, understanding regional variations becomes 
increasingly vital for providing effective and culturally sensitive healthcare interventions. This 
research, while contributing to the academic discourse, also underscores the practical relevance of 
population-specific considerations in healthcare practices. 
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