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INTRODUCTION 

Anthropometry represents one of the most fundamental 

tools in human biological research, providing quantitative 

descriptions of the physical dimensions and proportions of 

the human body. Head and craniofacial measurements 

occupy a central position within anthropometry because 

the skull reflects both evolutionary adaptation and 

developmental stability, making it a reliable anatomical 

structure for comparative and population-based analysis.1 

Head measurements in adults offer particular advantages 

for anthropometric analysis. Unlike long bones which may 

be affected by trauma, disease or postural changes, the 

cranial vault remains relatively resistant to external 

modification in adulthood. The strong biological relevance 

of cranial morphology has led to sustained interest in head 

anthropometry across forensic anthropology and human 

biology.5 

 

Figure 1: Anthropometric evaluation. 
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Differences in measurement landmarks, classification 

systems and reporting styles hinder meaningful 

comparison across populations and regions.9 

The present review is therefore framed to critically 

examine anthropometric head measurements in South 

Indian adult populations from a comprehensive, 

multidisciplinary perspective. By consolidating existing 

knowledge on cranial dimensions, biological determinants, 

regional variation and applied significance, this review 

aims to clarify the role of head anthropometry in 

understanding human diversity within South India. 

Through this synthesis, the review seeks to provide a 

foundational reference for researchers, clinicians and 

forensic practitioners while identifying gaps that warrant 

future investigation.10 

HEAD ANTHROPOMETRY 

Head anthropometry constitutes a specialized domain 

within physical anthropology and human anatomy that 

focuses on the systematic measurement of cranial and 

facial dimensions. The human head, encompassing the 

skull and overlying soft tissues, serves as a biologically 

stable and morphologically informative region for 

assessing human variation.11 

 

Figure 2: Head anthropometry. 

The scientific relevance of head anthropometry extends 

across multiple disciplines, including anatomy, forensic 

science, medicine, ergonomics and evolutionary 

anthropology. Cranial dimensions reflect both genetic 

inheritance and adaptive responses to long-term 

environmental pressures, such as climate and nutrition.2 

Classification of head measurements 

Head measurements are broadly classified based on the 

nature of the dimension being assessed and the anatomical 

structures involved.13 

Linear measurements represent straight-line distances 

between two predefined anatomical landmarks. These 

measurements form the foundation of head anthropometry 

and include parameters such as head length, head breadth, 

facial height and bizygomatic breadth. Their simplicity and 

reproducibility make them particularly suitable for large-

scale population assessments.14 

Angular measurements describe the spatial relationship 

between cranial or facial structures by quantifying angles 

formed between intersecting planes or lines. They are 

frequently applied in orthodontics, craniofacial surgery 

and cephalometric analysis, where facial harmony and 

proportionality are of clinical importance.15 

Circumferential measurements involve measurements 

taken around curved surfaces, most notably head 

circumference. These measurements reflect overall cranial 

size and volume and are particularly useful in clinical 

screening, neurological assessment and anthropometric 

comparisons. Head circumference is widely recognized as 

a reliable indicator of cranial growth and development and 

retains relevance in adult populations for comparative and 

ergonomic applications.16 

Another important classification in head anthropometry 

distinguishes between external head measurements and 

cranial (skeletal) dimensions. External measurements are 

taken over the soft tissues using palpable surface 

landmarks and are applicable to living subjects. These 

measurements are non-invasive and practical for clinical 

and forensic settings. While cranial measurements offer 

greater anatomical precision, external head measurements 

are more commonly employed in population studies due to 

their feasibility and ethical acceptability.17 

Commonly used head parameters 

Several head parameters have achieved widespread 

acceptance in anthropometric research due to their 

anatomical relevance, ease of measurement and strong 

correlation with overall cranial morphology.18 

Head length is defined as the maximum anteroposterior 

diameter of the head, measured from the most prominent 

point of the forehead to the most projecting point of the 

occiput.19 

 

Figure 3: Head measurements. 

Head breadth represents the maximum transverse diameter 

of the head.20 Head circumference is measured as the 
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maximum horizontal perimeter of the head, typically 

passing above the supraorbital ridges and over the occipital 

prominence.21 The cephalic index is a derived 

anthropometric index calculated as the ratio of head 

breadth to head length multiplied by 100. This index 

provides a standardized numerical expression of cranial 

shape, allowing classification into dolichocephalic, 

mesocephalic and brachycephalic types.23 

 

Figure 4: Cephalic index. 

Facial dimensions, including facial height, bizygomatic 

breadth and nasal width, complement cranial 

measurements by capturing variation in the midface and 

lower facial regions.24 

 

Figure 5: Facial dimensions. 

Instruments and standardization 

The accuracy and reliability of head anthropometric data 

depend heavily on the instruments used and adherence to 

standardized measurement protocols.25 Traditional 

anthropometric tools have been designed to ensure 

precision while remaining practical for field and clinical 

use.  

Spreading calipers are primarily used to measure curved or 

broad dimensions of the head, such as head breadth and 

bizygomatic breadth. Sliding calipers are suited for smaller 

linear measurements, particularly facial dimensions, where 

precision is essential.  

Measuring tapes are typically used for circumferential 

measurements, such as head circumference, due to their 

flexibility and ease of application.26 Standardization of 

measurement techniques is critical for ensuring 

comparability across studies and populations.27 

BIOLOGICAL DETERMINANTS OF HEAD 

MEASUREMENTS  

Head dimensions in adults reflect the combined effects of 

growth completion, age-related remodeling, sex-linked 

biological differences and population genetic structure.28 

Age-related changes in adult head dimensions 

Post-maturity stability is a defining feature of adult cranial 

anthropometry and many core head dimensions show 

relative constancy once skeletal growth has ceased. This 

stability is one reason cranial measures are widely used for 

adult identification, comparative population assessment 

and device design.29,30 

Sexual dimorphism in head measurements 

Sexual dimorphism is one of the most consistent biological 

determinants in craniofacial anthropometry. Across many 

populations, adult males tend to have larger absolute 

cranial and facial dimensions than adult females, reflecting 

differences in overall body size, muscle mass, hormonal 

influences and developmental trajectories.36 This 

foundational observation underlies the common forensic 

practice of using cranial metrics as supportive evidence in 

sex estimation when pelvic data are unavailable.  

Beyond simple size differences, sexual dimorphism can 

interact with age. Mydlová and colleagues examined facial 

appearance and reported that both age and sex significantly 

influence facial form and shape, indicating that 

dimorphism may change in expression across adult age 

brackets.40 This matters for review synthesis: pooled adult 

samples spanning wide age ranges may show “blurred” sex 

effects if age-related facial changes are not considered.  

Genetic and ethnic influences 

Head anthropometric patterns are shaped by heredity and 

population structure and cranial morphology has long been 

used as a marker of population affinity though modern 

interpretations stress careful, non-deterministic, ethically 

responsible use.41 

For South Indian populations “regional gene pools” are 

also shaped by sociocultural practices particularly long-

standing endogamy, local marriage patterns and 

community structure potentially increasing differentiation 

among subgroups over time. In practical terms, a review 

should treat “South India” as internally heterogeneous 

prioritize subgroup-specific reporting where possible and 

interpret anthropometric variability as multifactorial, 
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reflecting genetics, environment and developmental 

context rather than a single cause. 

REGIONAL DIVERSITY WITHIN SOUTH INDIA 

South India exhibits marked regional heterogeneity in 

craniofacial and head anthropometric characteristics, 

reflecting a complex interplay of ancestry, ecology, 

nutrition and sociocultural history. Although often 

grouped together in pan-Indian or “South Asian” datasets, 

populations from Tamil Nadu, Kerala, Karnataka, Andhra 

Pradesh, and Telangana display distinct cranial patterns 

that warrant separate consideration. Anthropometric 

investigations conducted across these states consistently 

demonstrate that head dimensions and indices are not 

uniform within South India, emphasizing the importance 

of regional reference values for clinical, forensic and 

anthropological applications.45 

Variations across South Indian States 

Tamil Nadu has been one of the most frequently 

represented South Indian regions in anthropometric 

literature. Krishan and Sharma, in their broader 

anthropometric discussions, highlighted that South Indian 

groups, including those from Tamil Nadu.46 Research 

focusing on Tamil Nadu adults has also emphasized sex-

specific cranial patterns, with males demonstrating 

significantly larger head length, breadth and circumference 

than females, reinforcing the role of sexual dimorphism in 

regional datasets. 

In Kerala, anthropometric patterns show subtle but 

meaningful differences compared with neighboring states. 

Studies summarized by Bhasin and colleagues indicated 

that populations from the southwestern coastal belt, 

including Kerala, tend to show slightly higher cranial 

breadth values relative to length, contributing to a higher 

proportion of mesocephalic and brachycephalic head types 

when compared with interior peninsular regions.47 

Karnataka represents a geographically and culturally 

diverse state and anthropometric findings from this region 

reflect that diversity. Investigations among adult 

populations in Karnataka have reported variability in head 

length, head breadth and cephalic index, often influenced 

by rural–urban residence and ethnic background.  

In Andhra Pradesh and Telangana, head anthropometric 

studies have reported distinctive cranial proportions 

influenced by regional ancestry and socioeconomic 

factors. Research synthesized by Reddy and co-workers 

demonstrated that adult populations from this region often 

exhibit relatively longer cranial dimensions, contributing 

to a higher prevalence of dolichocephalic head types in 

certain groups.49 

Across all South Indian states, a recurring theme is 

heterogeneity rather than homogeneity. Bhasin and Walter, 

in their extensive anthropological syntheses, emphasized 

that South India cannot be treated as a single 

anthropometric unit due to long-standing population 

subdivision, endogamy and localized adaptation. Their 

work reinforces the importance of state-wise and 

community-specific data for accurate interpretation of 

head measurements in adults. 

Rural versus urban differences 

Beyond state-level variation, rural–urban differences 

represent another important dimension of craniofacial 

diversity in South India. Environmental exposure, 

childhood nutrition, healthcare access and lifestyle 

patterns. Ulijaszek and Johnston emphasized that 

anthropometric traits, including craniofacial 

measurements, are sensitive to early-life nutritional and 

environmental conditions, which often differ markedly 

between rural and urban populations.50 

Urban populations in South India generally experience 

improved childhood nutrition, reduced infectious disease 

burden and greater access to healthcare, factors that may 

contribute to slightly larger mean cranial dimensions in 

adulthood. Wells discussed how secular changes 

associated with urbanization can influence body 

proportions, including cranial size, through improved 

developmental conditions.51 

Comparison with other populations 

Comparisons between South Indian and North Indian 

populations consistently reveal measurable differences in 

head anthropometric parameters. North Indian populations 

often demonstrate relatively broader cranial dimensions 

and higher cephalic indices compared with South Indian 

groups, which more frequently exhibit elongated cranial 

forms. Krishan and Kanchan emphasized that these 

differences likely reflect a combination of ancestry, 

climatic adaptation and long-term population history rather 

than simple geographic separation.53 

In a global context, South Indian cranial patterns also differ 

from those reported in European, African and East Asian 

populations. Molnar noted that craniofacial dimensions 

reflect both deep evolutionary history and regional 

adaptation, making global comparisons informative but 

context dependent.12,55 

CEPHALIC INDEX PATTERNS IN SOUTH INDIAN 

ADULTS  

The cephalic index remains one of the most enduring and 

widely applied indices in craniofacial anthropometry, 

offering a concise numerical representation of cranial 

shape derived from the relationship between head breadth 

and head length. In South Indian adult populations, 

cephalic index patterns reveal both regional consistency 

and intra-regional variability, reflecting the combined 

influences of genetics, environment, nutrition and long-

term population history.56 
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Classification of head types 

Dolichocephalic head types are characterized by a 

relatively long anteroposterior cranial dimension in 

relation to transverse breadth. This cranial form has 

frequently been reported among South Indian adult 

populations and has been interpreted as reflecting both 

genetic ancestry and adaptation to long-standing 

environmental conditions.  

Mesocephalic head types represent an intermediate cranial 

form, with balanced proportions between head length and 

breadth. Mesocephaly is commonly observed in 

populations undergoing admixture or occupying 

transitional geographic zones. Molnar noted that 

mesocephalic patterns often dominate in populations 

where diverse ancestral components intersect, making this 

category particularly relevant for regions of South India 

with complex population histories.58 

Brachycephalic head types are defined by relatively greater 

cranial breadth in proportion to length, yielding higher 

cephalic index values. While brachycephaly is more 

frequently associated with certain North Indian, Central 

Asian and East Asian populations, it is also present in 

South India, particularly in coastal or urbanized groups. 

Krogman and İşcan cautioned that brachycephaly should 

not be interpreted simplistically, as cranial breadth can be 

influenced by multiple factors, including nutrition and 

secular trends.59  

Although this tripartite classification has historical roots, 

modern authors stress that cephalic index categories should 

be used as descriptive tools rather than rigid racial 

classifiers. When applied within ethically responsible and 

population-specific frameworks, these categories continue 

to offer meaningful insight into cranial morphology [60]. 

Distribution trends in South Indian 

Across South Indian adult populations, dolichocephalic 

and mesocephalic patterns emerge as the most frequently 

reported cranial forms, although the relative dominance of 

each varies by state, community and sex. Bhasin and 

Walter, in their extensive syntheses of Indian 

anthropometric data, consistently reported lower mean 

cephalic indices in South Indian groups compared with 

northern populations, supporting the predominance of 

elongated cranial forms in the south. In Tamil Nadu–based 

datasets, authors such as Krishan and Sharma observed that 

adult populations often cluster around mesocephalic to 

dolichocephalic ranges, with males tending toward slightly 

lower cephalic indices than females due to greater head 

length. These findings reinforce the interaction between 

sexual dimorphism and cranial shape classification. 

Clinical and anthropological implications 

The observed cephalic index patterns in South Indian 

adults carry important clinical, forensic and 

anthropological implications. Clinically, understanding 

dominant cranial forms aids in the design and fitting of 

head-related medical devices, helmets and prosthetics. 

Farkas emphasized that population-specific cranial shape 

data improve clinical outcomes by reducing mismatch 

between device design and patient anatomy. 

In forensic anthropology, cephalic index distributions 

contribute to population affinity assessment and support 

sex estimation when used alongside other cranial and 

postcranial parameters. Krogman and İşcan stressed that 

cranial indices should never be used in isolation but can 

enhance interpretive confidence when applied within 

appropriate regional frameworks. In South India, cephalic 

index variability underscores the region’s internal 

heterogeneity and complex population structure. 

APPLICATIONS OF HEAD ANTHROPOMETRY  

Head anthropometry has wide-ranging applications across 

forensic science, clinical medicine, surgery, ergonomics 

and human biology. Because adult cranial dimensions 

exhibit relative post-maturity stability and are strongly 

influenced by sex and population background.1,2 In South 

Indian contexts, the application of head anthropometry is 

particularly relevant due to population diversity, frequent 

reliance on external measurements and the need for region-

specific reference standards. 

Forensic identification 

In forensic anthropology, head anthropometry plays a 

crucial role in sex determination, population affinity 

assessment and disaster victim identification. When 

skeletal remains are incomplete or fragmented, cranial and 

facial measurements often provide the most accessible 

biological information. Krogman and İşcan highlighted 

that the skull is second only to the pelvis in its value for 

sex estimation and is particularly useful when postcranial 

elements are missing or damaged. 

Sex determination 

Sex determination using head measurements relies on 

well-documented sexual dimorphism in cranial size and 

proportions. Farkas documented consistent male–female 

differences across multiple craniofacial parameters. For 

South Indian adults, applying equations or thresholds 

derived from non-local populations may reduce accuracy, 

underscoring the need for regional datasets. 

Disaster victim identification 

Disaster victim identification (DVI) increasingly relies on 

anthropometric data, particularly in mass fatality events 

where bodies may be fragmented or decomposed. İşcan 

emphasized that cranial anthropometry, combined with sex 

and stature estimation, can significantly reduce the pool of 

possible matches during DVI operations. In densely 

populated regions of South India, where large-scale 
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disasters may overwhelm forensic infrastructure, readily 

applicable head measurement standards can play a 

supportive role in rapid identification. 

Stature estimation from head measurements 

Stature estimation traditionally relies on long bones; 

however, head measurements offer valuable alternatives 

when limbs are unavailable or when assessment must be 

conducted on living individuals. Authors such as Krogman 

and İşcan recognized their practical utility in constrained 

forensic scenarios. 

Studies summarized by Jasuja and Singh also highlighted 

the forensic relevance of craniofacial measurements for 

stature estimation in Indian populations, particularly when 

only partial remains are available. Although prediction 

errors are typically larger than those obtained from long 

bones, head-based models remain valuable in specific 

forensic and medico-legal scenarios, such as identification 

of mutilated remains or assessment of living individuals in 

legal investigations. 

Clinical and surgical relevance 

Beyond forensics, head anthropometry has substantial 

clinical and surgical relevance, particularly in craniofacial 

surgery orthodontics and biomedical design. Accurate 

knowledge of normal cranial and facial dimensions is 

essential for diagnosis, treatment planning and outcome 

evaluation. Farkas emphasized that craniofacial 

anthropometric norms form the foundation for identifying 

deviations associated with congenital anomalies, trauma 

and developmental disorders. 

In craniofacial and maxillofacial surgery, head 

measurements guide reconstructive procedures and 

aesthetic planning. Enlow and Hans highlighted that 

understanding population-specific craniofacial proportions 

is critical to achieving functionally and aesthetically 

acceptable outcomes.  

Anthropometric head data are essential for designing 

protective helmets, respirators, hearing protection devices 

and other head-mounted equipment. Zhuang and 

Bradtmiller demonstrated that mismatches between device 

design and population-specific head dimensions can 

compromise safety and comfort. In South India, where 

occupational helmet use is widespread in construction, 

transportation and industry, locally derived head 

anthropometric data are crucial for optimizing fit and 

compliance. 

NUTRITIONAL, ENVIRONMENTAL AND 

SOCIOECONOMIC INFLUENCES  

Craniofacial and head anthropometric characteristics in 

adults are not determined solely by genetic inheritance. 

Authors such as Ulijaszek and Johnston emphasized that 

anthropometry provides a biological record of lived 

conditions, capturing the cumulative effects of early-life 

environment on adult morphology. 

Childhood nutrition plays a central role in shaping adult 

head dimensions. Adequate intake of energy, protein and 

micronutrients during prenatal life, infancy and early 

childhood supports optimal cranial growth and brain 

development. Tanner highlighted that while the cranial 

vault is less plastic than stature, chronic undernutrition 

during growth can lead to reduced cranial dimensions and 

altered proportions that persist into adulthood. As a result, 

adult head anthropometric variability within South India 

cannot be fully understood without reference to early-life 

nutritional environments. 

Climatic factors 

Beyond nutrition, climatic factors have long been 

implicated in shaping cranial morphology through 

evolutionary and developmental pathways. Classic 

anthropological theories proposed that cranial shape 

reflects adaptation to temperature and humidity, with 

elongated cranial forms associated with warmer climates 

and broader forms associated with colder environments.80 

Although these relationships are probabilistic rather than 

deterministic, they offer a biological framework for 

understanding why regional cranial patterns may persist 

across generations in climatically stable regions like South 

India. Importantly, such adaptations operate over long 

timescales and interact with genetic structure, making 

them most visible at the population level rather than in 

individual variation. 

Socioeconomic status 

Socioeconomic status (SES) further modifies cranial 

anthropometric outcomes by shaping access to nutrition, 

healthcare, sanitation and education. Wells emphasized 

that SES influences growth trajectories through its effects 

on disease burden and nutritional quality. Ulijaszek 

observed that secular trends associated with urbanization 

can lead to modest increases in cranial dimensions across 

generations, even when genetic composition remains 

stable. Farkas cautioned that such factors should be 

considered when comparing external head measurements 

across populations with differing lifestyle profiles. 

FUTURE DIRECTIONS  

Future research in head anthropometry, particularly within 

South Indian adult populations, must move beyond 

isolated datasets toward integrated, technologically 

advanced and context-aware frameworks. Bhasin 

emphasized that much of Indian anthropometric research 

has historically relied on regionally confined or 

community-specific samples, which, while valuable, may 

not capture the full extent of intra-regional diversity. In 

future South Indian studies, AI-based approaches could 

assist in sex estimation, population affinity assessment and 

pattern recognition across regional subgroups, provided 
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that ethical considerations and data governance are 

rigorously addressed. Importantly, these technologies 

should complement rather than replace classical 

anthropometric principles, ensuring continuity with 

existing literature.  

CONCLUSION  

Head anthropometry remains a robust and biologically 

meaningful approach for understanding craniofacial 

variation in adult populations. This review highlights that 

head measurements in South Indian adults are shaped by 

an intricate interplay of biological determinants, including 

age-related stability with subtle remodeling, pronounced 

sexual dimorphism and strong genetic and ethnic 

influences, alongside modifying effects of nutrition, 

environment and socioeconomic conditions. Regional 

analyses demonstrate that South India cannot be regarded 

as a homogeneous anthropometric entity, as significant 

inter-state and intra-regional variability exists in cranial 

dimensions and cephalic index patterns. 
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