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ABSTRACT 

Cephalic (cranial) index, facial index and nasal index are among the most commonly cited ratios in physical 

anthropology, forensic science and clinical anatomy, and many studies have been conducted on the variations in 

these ratios between males and females as well as between age groups throughout the human life span. This 

review brings together that literature to provide answers to two interrelated questions: the differences in these 

indices between male and female, and the differences in these indices as a function of age ranging from infancy 

to old age. In all three indices, there are sex differences that are consistent across populations; and the direction 

of the sex difference is sometimes different across populations, but not yet fully understood. It also discovers 

that the craniofacial skeleton isn't merely static after growth ceases, but is still in a state of continuous, slow 

change throughout adulthood and old age, as a result of ongoing bone remodelling, soft tissue laxity and tooth 

loss in the case of the jaws. The review examines the implications of this variation for forensic sex and age 

estimation, for craniofacial surgery, and for the interpretation of population reference data, and suggests that 

single ratios should be used as one piece of information among many to be used to determine sex, rather than as 

fixed lifelong sex markers. 

Keywords: Sexual Dimorphism, Facial Index, Nasal Index, Cranial Index, Facial Morphology, Craniofacial 

Anthropometry  

INTRODUCTION 

Anthropometric indices reduce the complex three-dimensional shape of the head, face, and nose to a small 

number of simple ratios: head breadth relative to head length for the cephalic index, facial height relative to 

facial breadth for the facial index, and nasal width relative to nasal height for the nasal index. [1, 2] These ratios 

have long been used to describe population variation, but two further sources of variation complicate their 

interpretation and are the focus of this review: sex and age. 

Sexual dimorphism refers to the systematic differences in size and shape that exist, on average, between males 

and females of the same population. In the craniofacial skeleton, this dimorphism arises from a mixture of 
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genetic, hormonal, and developmental factors that act throughout growth and, to a lesser extent, throughout adult 

life. [2] Age-related change, meanwhile, refers to the fact that the head and face are not fixed structures once 

adolescent growth ends; they continue to remodel gradually across the decades of adulthood, and this 

remodelling is not identical in men and women. [3, 4] 

Both forms of variation matter well beyond simple description. In forensic anthropology, an accurate 

understanding of sex- and age-related variation in craniofacial indices underpins the estimation of a biological 

profile from skeletal or radiographic remains. [5, 6, 7] In clinical and surgical practice, understanding how the 

nose, face, and skull normally change with age is essential for planning reconstructive and aesthetic procedures 

and for interpreting what is 'normal' ageing as opposed to pathological change. [8, 9, 10] This review brings 

together evidence on sexual dimorphism and age-related change for each of the three indices in turn, before 

drawing out shared themes and practical implications. 

Objective 

This narrative review aimed to: 

i. Investigate sex differences in the cephalic, facial, and nasal indices among different populations and 

geographical regions. 

ii. Describe the changes in the cephalic, facial, and nasal indices throughout the lifespan, highlighting the 

effects of human growth, development, aging, and craniofacial remodelling. 

iii. Assess the value of these indices for physical and forensic anthropology, clinical anatomy, and 

craniofacial assessment, highlighting their applicability, limitations, and potential for use as sex and age 

indicators. 

METHODOLOGY 

Design and Approach 

The objective of this study was to collate and critically evaluate the existing evidence on sexual dimorphism and 

aging patterns of the three craniofacial anthropometric indices. A narrative review was chosen as the most 

appropriate design, given the nature and scope of the research question. The search strategy used was designed 

to identify publications that included sex differences, sexual dimorphism, or age-related differences and 

variations in the cephalic, facial, and nasal indices. The use of a narrative review was justified by the fact that 

the literature base for this review comprised studies that differed in terms of populations, age groups, 

geographical regions, methodologies, anatomical landmarks, measurement protocols, index calculations, and 

research goals. Therefore, a meta-analysis of the quantitative data was not considered an appropriate strategy. 

Literature Search Strategy 

A systematic search of the literature was undertaken using PubMed/MEDLINE, Scopus, Web of Science, Google 

Scholar, and the reference lists of articles and reviews identified in the search. The search terms used were 

selected to identify literature that reported on the anthropometric indices, sex differences, sexual dimorphism, 

age differences, and craniofacial anthropometry. The search strategy included combining the terms related to the 

three anatomical indices described above with terms related to sex, sexual dimorphism, age, growth, 

development, aging, and the craniofacial anthropometry. The combination of terms was selected according to 

the requirements of the databases. 

Some of the search strategies used in the databases are provided below: 

("cephalic index" OR "cranial index" OR "cranial anthropometry") AND ("sex differences" OR "sexual 

dimorphism" OR male OR female OR gender) 
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("facial index" OR "facial anthropometry" OR "facial morphology") AND ("sex differences" OR "sexual 

dimorphism" OR age OR ageing OR growth) 

("nasal index" OR "nose anthropometry" OR "nasal morphology") AND ("sex differences" OR "sexual 

dimorphism" OR age OR ageing OR growth) 

("craniofacial anthropometry" OR "craniofacial morphology") AND (age OR ageing OR aging OR growth OR 

development OR "age-related changes") 

Other combinations of the terms used included anthropometric indices, cranial dimensions, facial dimensions, 

nasal dimensions, craniofacial growth, skeletal ageing, bone remodelling, forensic anthropology, sex estimation, 

and age estimation. 

Sexual Dimorphism in the Cephalic (Cranial) Index 

Cephalic Index is the ratio of maximum head breadth to maximum head length times 100. The ratio has been 

found to be significantly different in males and females in various population surveys, although not always the 

same in different countries. A few Indian and Sri Lankan studies have found a higher mean cephalic index for 

females compared to males, which is generally attributed to the fact that females have a relatively greater 

cephalic breadth, and not otherwise, as this is not found in all other indices. A recent 3-D computed tomography 

study of adult Turkish skulls also showed that there was a significant difference in cephalic index between males 

and females, with females having a higher index, yet a higher index on the nasal index in males and a higher 

orbital index in females, showing that the direction of sexual dimorphism can vary from one craniofacial index 

to another even among the same cranial population. On the other hand, other population studies show the 

opposite pattern; males have the higher mean cephalic index, suggesting that the underlying biological basis for 

this dimorphism is influenced by population specific factors including ancestry, nutrition and perhaps even 

cranial growth pattern. 

A study of adults from the Wayanad and Thrissur districts of Kerala illustrates how this dimorphism can also 

vary regionally within a single country: in one district, both sexes were classified as dolichocephalic with only 

a small difference between them, while in the other, males remained dolichocephalic but females shifted into the 

mesocephalic category, indicating that the size of the sex difference, and not only its presence, is population-

specific. [13] Because of this variability, cephalic index alone tends to be a relatively weak standalone predictor 

of sex in forensic contexts and performs best when combined with other cranial measurements in a multivariate 

discriminant model. [5] 

Age-Related Changes in the Cephalic (Cranial) Index 

The cephalic index is not fixed even after adolescent growth is complete. During infancy, the shape of the skull 

is especially vulnerable to outside pressures. Studies have shown that the average cephalic index in populations 

has changed over the twentieth and twenty-first centuries, and part of this shift appears to be related to updates 

in advice on infant sleep positions. Because babies’ skulls grow most rapidly in the first months after birth, 

spending long periods lying on their backs can gradually flatten and widen the back of the head, leading to 

measurable changes in cranial proportions at the population level. [11] Because infant skull shape is so plastic, 

cephalic index reference values derived from adults cannot be applied to infants, and clinical classification of 

positional skull deformities requires its own age-specific norms. [11] 

In adulthood, cranial shape continues to change, albeit far more slowly. High-resolution three-dimensional 

computed tomography data from Turkish adults found that, as age increased, skull shape shifted measurably 

toward the dolichocephalic (relatively narrower, longer) category, while orbital proportions decreased and the 

nasal aperture widened, indicating that the whole facial skeleton, not only the soft tissue envelope, continues to 

remodel throughout adult life. [12] This kind of continuous adult cranial remodelling is consistent with older 

histological work showing ongoing, though slow, bone resorption and deposition across the craniofacial skeleton 

with advancing age, a process that appears more pronounced in women than in men. [14] 
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Sexual Dimorphism in the Facial Index 

The facial (or prosopic) index — facial height divided by facial breadth, multiplied by 100 — is classified using 

the scheme introduced by Martin and Saller, which divides faces into hypereuryprosopic, euryprosopic, 

mesoprosopic, leptoprosopic, and hyperleptoprosopic categories. [15] Across the population literature, males 

tend to show a somewhat higher mean facial index than females, consistent with a generally longer and narrower 

facial pattern in men, though as with the cephalic index; the specific facial-type distribution differs considerably 

between populations and even between neighbouring regions. The Kerala study referenced above, for instance, 

found that males in one district were classified as hypereuryprosopic (very broad) while females in the same 

district were euryprosopic (broad), whereas in a second district only around fifty kilometres away, males were 

mesoprosopic and females were leptoprosopic, an inversion that underlines how sensitive facial-type 

classification is to sampling and regional variation even when the underlying sex difference in absolute facial 

index value is consistent. [13] 

Supportive evidence comes from three-dimensional geometric morphometric studies, that instead of using only 

one index, are used to describe the three-dimensional pattern of sexual dimorphism in the face. These methods 

allow for the capture of multiple landmarks, and have the benefit of revealing, for example, that male faces tend 

to be wider both across the jaw and the mid-face, and have a more prominent lower third, a characteristic that is 

partially obscurred by the facial index alone. This may account for the relatively low predictive ability of facial 

index alone when it comes to sex, as with the cephalic index. [5] 

Age-Related Changes in the Facial Index 

The shape of the face varies significantly in childhood, adulthood and old age. In growth the face grows longer 

than it is broad, and this is reflected in the secular growth studies of children and adolescents, but, when the 

growth period is over, the facial skeleton is not static. Longitudinal cephalometric studies of normal occlusion 

children and adults from 17 to 61 years of age revealed that the maxilla and the mandible continue to move 

forward, facial height increases, the ramus increases in height and that the mandible rotates forward more in 

males and backward more in females. A similar longitudinal study from late adolescence to late adulthood also 

reported continuous growth in midfacial length and lower facial height, as well as significant changes in soft-

tissue which included thinning and elongation of the upper lip and the sagging of the nasal tip, again with distinct 

sex differences in the pattern of mandible movement recorded. [14] 

The facial index changes in old age, usually becoming smaller due to the progressive loss of alveolar bones after 

tooth loss, while the overall facial index remains increasingly larger due to a progressive soft-tissue laxity, thus 

suggesting that the facial index in elderly adults is modulated by a combination of progressive soft-tissue laxity 

and alveolar bone remodelling, as well as dental status. A study of the skeletal population of a medieval 

population from Europe, which had no access to modern dental treatment, revealed that fully edentulous males 

and females had shorter heights of both the maxilla and mandible, and wider orbits than the dentate of the same 

age, leading to the conclusion that much of the difference in lower face height in older adults is due to the loss 

of teeth and not to the aging process. A three-dimensional analysis of facial surface models across age fourteen 

to eighty-three also revealed that some sexually dimorphic facial measures had a strong difference between youth 

and women, but this difference tended to diminish, and for some measures, even reverse, over the lifespan, 

suggesting that facial sexual dimorphism is not a stable quantity across the lifespan. [20, 21, 22] 

Sexual Dimorphism in the Nasal Index 

The nasal index (nose width/nose height x 100) is used to categorise noses into leptorrhine, mesorrhine or 

platyrrhine.[23,24] The nasal index of the nose appears to demonstrate some of the best consistency in terms of 

sex difference of any of the three indices examined here, with males on average having a higher index than 

females across a broad spectrum of populations, and, in many populations, a greater absolute nasal width and, 

in many cases, nasal height as well.[25] A retrospective computed tomography study of the Kosovar population 

yielded a combined nasal width and nasal height of both being statistically significant and independent of sex, 

with nasal height by itself giving a good separation of sex in around sixty-five per cent of cases.A retrospective 

computed tomography study of a Kosovar population showed that both nasal width and nasal height were 
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significant and independent predictors of sex, and that nasal height alone correctly classified sex in 

approximately sixty-five per cent of cases, which is statistically significant. [26] The Turkish three dimensional 

study, cited above, showed similarly that males had significantly higher nasal index values, as is reported in 

most of the literature, although it showed the opposite (higher values in females) for the cephalic and orbital 

indices, reinforcing the fact that different craniofacial ratios can not be assumed to be dimorphic in the same 

direction. [12] 

Research later on has investigated if sex can be directly identified from nasal images, instead of using manually 

computed ratios, through deep-learning techniques. A large radiographic study of sex and age classification 

based on a convolutional neural network achieved around seventy-four per cent accuracy overall, with a lower 

rate of accuracy in younger individuals than in older, interpreted by the authors to be indicative of the lower 

level of sexually dimorphic nasal characteristics found in younger individuals, making them less able to be sexed 

and aged.[27] It is also important to remember that, regardless of the type of index employed – either manually 

computed or an automated image classification system – the biological signal of sexual dimorphism of the nose 

becomes more significant as the subject grows older. 

Age-Related Changes in the Nasal Index 

The impression of the nose as one of the facial features that continuously grows is also echoed in the 

anthropometric literature, albeit informally. A comparative study of nasal parameters in various age groups 

showed that the nasal height, width, and total nasal dimensions increased with age from childhood to old age; 

the nasal tip angle decreased with age corresponding to the nasal tip drifting downwards and forwards over the 

years. [28] A forensic anthropometric study of soft tissue analyses also suggests a similar result as nasal volume, 

surface area, and linear dimensions were all found to increase significantly from childhood to old age, the angle 

of the nasal tip decreased, and not surprisingly, the size and rate of these changes varied with sex, with males 

exhibiting larger absolute changes than females. [14] 

The skeletal level of the piriform aperture—the bony opening at the base of the nose—has been shown many 

times to enlarge with age and not just cartilage. [8] Other studies corroborate this finding of widening of 

skeletons. In a three dimensional imaging study, Turkey researchers discovered that width of the nostrils 

increased with age. Also, in a medieval European sample of skeletons, the surface area of the piriform aperture 

increased significantly with age but only in males. [18] This enlargement at the bony level is exacerbated by 

soft-tissue laxity of the nasal tip and columella and would be expected to result in a higher external nasal index 

in the elderly person compared to his youth; this is of practical significance to the surgeon, who uses external 

nasal index as one factor in rhinoplasty planning. [23] 

 

Figure 1 Morphometric analysis of age-related changes in male and female facial, nasal, and cranial indices 

across adult age cohorts. Image generated using Google Gemini. 
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Cross-Cutting Themes 

Sexual dimorphism is index-specific, not uniform 

What has become clear from this review is that the direction and intensity of sexual dimorphism may not be the 

same in the cephalic, facial and nasal indices in any given population, and is certainly not the same across the 

three indices. The Turkish three dimensional study is illustrative: The cephalic and orbital indices were higher 

in females, and the nasal index was higher, in the same sample, in the males. This is because no single index can 

be used as an overall indicator of 'craniofacial masculinity' or 'femininity', and each of the indices reflects a 

slightly different, and not fully overlapping, aspect of shape. 

Age interacts with sex 

A second theme is that sexual dimorphism itself is not constant across the lifespan. Several studies reviewed 

here found that sex differences in specific facial measurements were most pronounced in youth and early 

adulthood and diminished, sometimes to the point of disappearing, in old age. [20] Similarly, automated sex 

classification from nasal images performed distinctly worse in younger individuals, suggesting that dimorphic 

traits are still developing and are therefore less reliable markers of sex before or around the time of skeletal 

maturity. [27] Any forensic or clinical use of these indices for sex estimation should therefore take the subject's 

approximate age into account rather than applying a single set of thresholds across the whole lifespan. 

Bone remodelling and soft-tissue change act together 

Age-related change in all three indices reflects the combined effect of skeletal remodelling and soft-tissue 

change, and these two processes do not always move in the same direction. Facial height, for example, tends to 

increase through early and middle adulthood but can decrease again in old age following tooth loss and alveolar 

resorption, while facial width and nasal dimensions tend to increase more continuously across the same period. 

[8] Any interpretation of age-related change in a single index therefore needs to account for dental status, since 

edentulous and dentate individuals of the same chronological age can show quite different facial proportions. 

[18] 

Single indices versus multivariate and geometric approaches 

Across the cephalic, facial, and nasal literature, single-ratio indices consistently show statistically significant but 

only moderate accuracy when used alone to predict sex, typically in the range of the mid-fifties to mid-seventies 

per cent. [26] Combining several measurements in a discriminant function, or moving to full three-dimensional 

geometric morphometric or machine-learning-based classification, generally improves accuracy considerably. 

[5] This does not make the classical indices redundant — they remain quick, interpretable, and useful for 

population-level description and initial screening — but it does mean that where an accurate individual sex or 

age estimate is required, for example in forensic casework, single indices are best treated as one contributing 

measurement rather than a stand-alone diagnostic tool. 

Practical Implications 

These findings carry several practical implications. In forensic anthropology, sex and age estimation protocols 

that rely on cephalic, facial, or nasal index values should ideally be calibrated to the specific population under 

investigation and, where possible, to an appropriate age band, given how much both sex differences and age-

related trends vary between populations. [5] In reconstructive and aesthetic surgery, understanding the normal 

trajectory of age-related widening of the nasal aperture and lengthening, then shortening, of facial height allows 

clinicians to distinguish expected ageing change from pathology and to set realistic expectations for surgical 

outcomes. [8] In physical anthropology and human biology more broadly, the population- and sex-specific nature 

of these indices reinforces the point made in the wider anthropometric literature that reference values generated 

in one population, sex, or age group should not be assumed to transfer directly to another. [11] 
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CONCLUSION 

Sexual dimorphism and age-related change are not minor complications to be adjusted for once and then set 

aside; they are central features of how the cephalic, facial, and nasal indices behave. All three indices show 

statistically detectable, though population-specific and sometimes index-specific, sex differences, and all three 

continue to change gradually throughout adult life as bone remodelling, tooth loss, and soft-tissue laxity 

accumulate with age. Because sexual dimorphism itself appears to strengthen through early adulthood and then 

weaken again in old age, and because different indices within the same individual can be dimorphic in opposite 

directions, no single ratio should be relied upon in isolation for sex or age estimation. The most defensible use 

of these classical indices going forward is as part of a broader toolkit that combines population-specific reference 

data, multivariate statistical models, and, where resources allow, three-dimensional geometric morphometric or 

machine-learning-based shape analysis. 
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