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Abstract  
 

Anthropometric indices are very simple ratios based on linear measurements of the head and face and for more than a 

century have influenced the description of variation in head and facial form by anatomists, physical anthropologists and 

clinicians. This review attempts to trace the history of three commonly used indices: the cephalic (cranial) index, the facial 

index and the nasal index, from their beginnings in the nineteenth century in the field of craniometry to their current use in 

forensic applications, surgical procedures and paediatric assessment. The paper examines the evolution of measurement 

technique, from callipers, fixed anatomical landmarks to a more recent three-dimensional scanning and geometric 

morphometrics. The formula, population variation and classification categories for each index are discussed and the clinical 

or forensic importance of the index is discussed. The review also addresses the difficult history of these measurements, 

especially the use of these measures for classification of race in the nineteenth century, and how the discipline has shifted 

to more cautious, population-specific, and statistically-based interpretations. It finds that although traditional indices still 

serve as a rapid, inexpensive and convenient screening tool, the value of these indices is limited unless they are used in 

conjunction with three dimensional and statistical shape analysis methods. 
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1. INTRODUCTION 
The human head and face vary enormously in 

shape, and for as long as anatomists have studied this 

variation, they have looked for simple numerical ways to 

describe it. An anthropometric index is, at its core, 

nothing more than a ratio: one measurement divided by 

another, multiplied by 100 so that it reads as a 

percentage. [1] Despite this simplicity, indices such as 

the cephalic index, the facial index, and the nasal index 

have had an outsized influence on physical 

anthropology, forensic science, and clinical medicine, 

because they turn an otherwise qualitative impression of 

head or face shape into a number that can be compared 

across individuals, sexes, and populations. [2, 3] 

 

This review will be based on three indices 

specifically. The Cephalic Index is a ratio of the width of 

the skull, the Facial Index is a ratio of the length of the 

face and the Nasal Index is a ratio of the width of the 

nose. They have their own histories, their own systems 

of classification, and their own current applications; but 

in all three cases, they were created in the 1800s, 

composed in some way with concerns about human race 

classification, and are still used today, although 

sometimes with an understanding of the problems. 

 

This review has three aims. First, it outlines 

how these indices have come to pass historically, who 

was most associated with them and the moral issues that 

history compels us to ask. Secondly, it examines the 

evolution of the underlying measurement methods (from 

manual callipers, to 3D imaging, to geometric 

morphometrics). Third, it summarizes what is known 

about each index separately, including the formula, 

classification category, and practical applications, and 

highlight’s themes of commonality throughout and 

provides some recommendations for future studies. 

 

2. Historical Background 

Craniometry, the systematic measurement of 

the skull, developed as a distinct pursuit in the eighteenth 
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and nineteenth centuries, though isolated interest in head 

measurement is older still; Renaissance artists such as 

Albrecht Dürer measured heads and skulls in pursuit of 

more accurate figurative drawing, well before 

craniometry became a scientific discipline in its own 

right. [4] 

 

The cephalic index itself is usually credited to 

the Swedish anatomist Anders Retzius, who introduced 

it in the 1840s as the ratio of maximum head breadth to 

maximum head length, multiplied by 100. [5] Retzius 

used the index to sort ancient and modern skulls into 

broad categories dolichocephalic (long-headed), 

mesocephalic (intermediate), and brachycephalic (short 

and broad) and later authors added a fourth category, 

hyperbrachycephalic, for exceptionally broad skulls. [4] 

A formal set of boundary values for these categories was 

agreed at the Frankfurt Craniometric Conference of 

1884, and although the underlying calculation has not 

changed since Retzius's time, the classification 

thresholds attached to it have been revised repeatedly 

over the subsequent century and a half. [5] 

 

Retzius's somewhat limited interest in anatomy 

gave rise to craniometry, which evolved into a method 

for human population classification, based on presumed 

race, a growth that was more characteristic of the 

thinking environment of nineteenth century Europe and 

North America than of the measurements themselves. 

During the 1830s and 1840s, the American physician 

Samuel Morton collected a large number of skulls, and, 

relying on estimates of cranial capacity, claimed that 

there was a fixed hierarchy among the races, an argument 

that was to become one of the most heated issues in the 

history of science. [6] The French anthropologist Paul 

Broca also devised his own methods for skull 

measurements, and, like Morton, used it to assert the 

superiority of various population groups in Europe 

(Wikipedia, 2026). The cephalic index data also were 

used in the early 20th century by William Ripley to 

create racial maps of Europe, an endeavor that was 

publicly protested, and even challenged, by many 

contemporary scientists including Rudolf Virchow. 

 

Morton's legacy has itself become a case study 

in how scientific measurement can be shaped, 

consciously or not, by the assumptions a researcher 

brings to the work. In 1978 and again in his 1981 book 

The Mismeasure of Man, the palaeontologist Stephen 

Jay Gould reanalysed Morton's cranial capacity data and 

argued that unconscious bias had led Morton to 

systematically over- or under-fill certain skulls in a way 

that flattered his prior racial hierarchy. [7] Three decades 

later, a team led by Jason Lewis re-measured a sample of 

Morton's original skulls and concluded that Morton's 

data were in fact accurate, disputing Gould's central 

claim of manipulation. [8] This, in turn, prompted further 

re-analysis: revisited both Gould's and Lewis's 

arguments and concluded that a form of racial bias was 

still detectable in aspects of Morton's data collection, 

even if outright manipulation could not be demonstrated. 

[9] This unresolved and still-debated episode is a useful 

reminder that anthropometric numbers are never entirely 

free of the historical and social context in which they 

were collected, and that the categories built on top of 

them however precise the arithmetic deserve to be 

treated with a degree of caution. 

 

It is against this backdrop that the modern, more 

cautious use of craniofacial indices should be 

understood. Today the cephalic, facial, and nasal indices 

are still measured, but chiefly as descriptive tools for 

population variation, clinical screening, and forensic 

estimation, and increasingly alongside statistical and 

three-dimensional methods that reduce reliance on any 

single ratio. [10] 

 

3. Methodological Evolution 

3.1 Manual anthropometry 

Classical anthropometry relies on a small set of 

standardised bony or soft-tissue landmarks and hand-

held instruments sliding and spreading callipers, tape 

measures, and goniometers to take direct linear 

measurements on a living subject, a cadaver, or a dry 

skull. Cranial length is typically taken from the glabella 

to the most posterior point of the skull, cranial or head 

breadth as the maximum transverse diameter, facial 

height and breadth from defined points such as nasion, 

gnathion, and the zygomatic arches, and nasal height and 

width from nasion to subnasale and across the alae 

respectively. [11, 12] The appeal of this approach is that 

it is inexpensive, quick, and requires no specialised 

equipment beyond a calliper, which is why it remains the 

standard method in most population-based 

anthropometric surveys published even in the last few 

years. [13] 

 

3.2 Radiographic and cephalometric methods 

The introduction of skull radiography in the 

early-to-mid twentieth century allowed measurements to 

be taken from a two-dimensional image rather than 

directly from the head, which was particularly useful in 

orthodontics and craniofacial surgery, where lateral 

cephalograms became a standard planning tool. This 

shift also allowed internal structures, not just external 

contours, to be measured and tracked over the course of 

growth or treatment. 

 

3.3 Photographic and two-dimensional digital 

methods 

Standardised photography, taken under 

controlled lighting and a fixed distance with reference 

scales included in the frame, offered a further alternative 

that avoided direct contact with the subject and allowed 

measurements to be taken retrospectively from an image. 

This approach has been used extensively in studies of 

facial index and nasal index in dental and forensic 

contexts. 
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3.4 Three-dimensional imaging and geometric 

morphometrics 

The most significant recent methodological 

shift has been the move from single linear ratios toward 

three-dimensional surface scanning, computed 

tomography, and geometric morphometrics. Rather than 

reducing head or face shape to one or two distances, 

geometric morphometric methods record the coordinates 

of many anatomical landmarks simultaneously, apply 

Procrustes superimposition to remove the effects of 

position, orientation, and overall size, and then analyse 

the remaining shape variation statistically. [14] This 

approach has been applied to sex estimation from the 

skull, to the orbital region specifically (a well-studied 

site of sexual dimorphism), and to soft-tissue facial shape 

in living populations. [10] Compared with a single index, 

geometric morphometrics captures far more of the 

available shape information and does not force 

continuous variation into a small number of discrete 

categories, though at the cost of requiring more 

specialised equipment, software, and statistical training. 

 

3.5 Reliability and measurement error 

Whichever method is used; anthropometric data 

are only as good as their reliability. Repeated 

measurements by the same observer (intra-observer 

error) and comparisons between different observers 

(inter-observer error) are both necessary to establish that 

an index is being measured consistently, and this is 

particularly important for three-dimensional digitisation, 

where the precise placement of a landmark by hand can 

materially affect the resulting shape coordinates. [5] 

Ethnic, sex, age, and even sleep-position-related 

influences on head shape mean that reference values 

derived from one population or one clinical group cannot 

simply be transferred to another without validation. [5] 

 

4. Cranial (Cephalic) Index 

The cephalic index is calculated as maximum 

head breadth divided by maximum head length, 

multiplied by 100. On living subjects, it is usually called 

the cephalic index; on dry skulls, the equivalent 

measurement is often termed the cranial index, though 

the two terms are frequently used interchangeably in the 

literature. [15] Commonly used boundaries, based on the 

1884 Frankfurt agreement, classify skulls as 

dolichocephalic (roughly 75 or below), mesocephalic 

(around 75–80), brachycephalic (around 80–85), and 

hyperbrachycephalic (above 85), although different 

authors have adjusted these cut-offs over time. [1, 5] 

 

Population surveys consistently show that the 

cephalic index varies not only between ethnic groups but 

within them, and that it can shift across generations in 

response to environmental rather than purely genetic 

factors. A well-known early illustration of this came 

from Franz Boas's early twentieth-century study of the 

American-born children of European immigrants, which 

found measurable changes in cephalic index between 

immigrant parents and their children, changes that were 

attributed to the new environment rather than to a change 

in ancestry. More recent shifts in infant cephalic index 

have similarly been linked to changes in infant sleep 

positioning recommendations, since prolonged supine 

sleeping tends to flatten and broaden the back of the skull 

during the period of rapid postnatal growth. [5] 

 

Clinically, the cephalic index is used as an 

inexpensive first-line screening measure for infant skull 

deformities such as positional plagiocephaly and 

brachycephaly, helping clinicians decide whether more 

detailed three-dimensional assessment or corrective 

therapy, such as repositioning or a cranial remoulding 

orthosis, is warranted. Because the index is a purely two-

dimensional and linear measure, however, it cannot on 

its own capture asymmetry or the full three-dimensional 

nature of a skull deformity, and current guidance 

recommends using it alongside other two- and three-

dimensional measurements rather than in isolation. In 

forensic anthropology, cephalic and cranial index values 

also continue to be used, in combination with other 

cranial measurements, as one input among several in 

discriminant function analyses aimed at estimating the 

ancestry or sex of skeletal remains. [10] 

 

5. Facial Index 

The facial (or prosopic) index is the ratio of 

facial height to facial breadth, multiplied by 100, and 

remains one of the more frequently reported 

anthropometric indices in dental, orthodontic, and 

forensic literature. The most widely used classification, 

attributed to Martin and Saller, divides faces into five 

categories: hypereuryprosopic (very broad), 

euryprosopic (broad), mesoprosopic (medium or 

rounded), leptoprosopic (long), and hyperleptoprosopic 

(very long). [1] 

 

Reported distributions of these facial types vary 

considerably from one population to another and, within 

populations, between males and females. Several Indian 

studies, for instance, have found the mesoprosopic type 

to be the most common overall, with a higher proportion 

of leptoprosopic faces among males and a higher 

proportion of euryprosopic or mesoprosopic faces 

among females, though the precise proportions differ 

from one regional sample to the next. A recent study of 

indigenous tribal groups in the upper Himalayan districts 

of Himachal Pradesh similarly found distinct regional 

facial patterns, useful as baseline reference data for the 

population, although in that particular sample no 

statistically significant difference was found between 

males and females. [13] Other population studies from 

Nepal have reported a markedly different pattern, with 

long or very long (leptoprosopic and 

hyperleptoprosopic) faces predominating instead, 

underscoring how much facial index distributions can 

differ even between broadly similar regional 

populations. 
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The facial index has practical applications well 

beyond simple description. In orthodontics, facial type 

has been linked to the pattern of dental and skeletal 

malocclusion a patient present with, and to jaw 

relationships more broadly, making it a useful adjunct in 

treatment planning. In forensic and clinical settings, 

facial index and its associated soft-tissue proportions 

assist in the assessment of congenital and traumatic 

craniofacial deformities, in the training of reconstructive 

and plastic surgeons, and, when applied through three-

dimensional geometric morphometric analysis rather 

than a single ratio, in more detailed studies of facial 

sexual dimorphism relevant to biological profiling and 

personal identification. [14, 16] It is also frequently 

examined alongside the cephalic index, since several 

studies report meaningful associations between cranial 

shape category and facial shape category within the same 

individuals. 

 

6. Nasal Index 

The nasal index is calculated as nasal width 

divided by nasal height, multiplied by 100. Noses with 

an index below roughly 70 are classified as leptorrhine 

(narrow), those between about 70 and 85 as mesorrhine 

(medium), and those above about 85 as platyrrhine 

(broad), with slightly different boundary values used by 

different authors. [1, 13] 

 

The nasal index has been the most consistent 

focus of study amongst the three indices mentioned 

above in this review as an example of climatic 

adaptation. The concept, also known as Thomson's nose 

rule after the initial formulation of Arthur Thomson and 

Leonard Buxton, is that if a wider, flatter nose is more 

prevalent in populations of warm, humid climates, and a 

narrower, taller nose in populations of cold, dry 

climates,[17] then this is because narrower noses are 

better suited to the colder, drier environment. The 

proposed mechanism is not a description, but it is a 

mechanism that works: a wide passage makes it easier to 

breathe in cooler, drier climates, while in cool, wet 

climates it is more of an impediment to breathing.[18] 

Further studies on the shape and climatic distribution of 

the human nasal cavity have largely corroborated this 

adaptive account, and have revealed that genetic drift, 

population history, and sex are also factors that add to 

the variation that may exist beyond any climatic 

explanation. [19] 

 

As in the case of the facial index the reported 

nasal index values have been highly variable from one 

published population survey to another, and even for a 

single country there is clearly a different distribution of 

nasal types of leptorrhine, mesorrhine and platyrrhine. 

Sex differences are also observed and are commonly 

reported, being a slightly larger mean nasal index in 

males than in females from the same population. [20] 

Although a large amount of data on the nose exists 

regarding specific populations, it was concluded in a 

systematic review that the nasal index is one of the more 

clinically relevant anthropometric ratios, having a direct 

relevance to rhinoplasty and other reconstructive nasal 

surgery. [21] 

 

 
Figure 1: Schematic overview illustrating the historical progression of facial, nasal, and cranial measurement 

methodologies 

 

Clinically, the nasal index is used by plastic and 

craniofacial surgeons, otolaryngologists, and 

orthodontists as one reference point when planning 

rhinoplasty or assessing congenital nasal anomalies, 

since surgical goals are usually calibrated against what is 

typical for a given patient's sex and population 

background rather than a single universal ideal. [13, 22] 

In forensic contexts it is used, again alongside other 

cranial and facial measurements rather than on its own, 

as a supporting indicator in the estimation of ancestry 

from skeletal or soft-tissue remains. 
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7. Cross-Cutting Themes 

7.1 Sex, age, and secular variation 

All three indices show consistent sex 

differences, though the direction and size of the 

difference varies by index and population, and all three 

change over the course of growth, meaning that reference 

values derived from adults cannot simply be applied to 

children. Secular trends gradual shifts in average index 

values across successive generations within the same 

population have also been documented for the cephalic 

index in particular, driven by factors ranging from 

migration and admixture to changes in infant care 

practices. [5] 

 

7.2 Standardisation problems 

A recurring difficulty across the anthropometric 

literature is the absence of a single, universally agreed 

set of classification boundaries for any of the three 

indices. Different authors, working in different countries 

and decades, have proposed slightly different cut-off 

values, which makes direct comparison between studies 

more difficult than it might first appear and argues for 

reporting raw index values and sample-specific reference 

ranges alongside any categorical classification. 

 

7.3 Morphological Shifts 

A second general methodological trend that 

emerges from this review is that head and face shape is 

being re-conceptualized from a small number of discrete 

classes to the form of shape data that varies continuously 

and is multidimensional. Geometric morphometric 

methods are an example of this, as they use a collection 

of many landmark coordinates, instead of just one ratio, 

and use multivariate statistics and Procrustes 

superimposition. Although the classical indices are still 

useful as they are fast, cheap, and interpretable, 

geometric morphometric and machine learning-based 

indices are gaining popularity over any single classical 

index, especially when more detail in the shape is 

required, such as in forensic sex and/or ancestry 

estimation. [10] 

 

7.4 Ethical considerations 

After all, when reading the history of 

anthropometric classification, as described in Section 2, 

there is no doubt that it is not an ethically neutral 

technical exercise. Today's procedures for detecting 

skull deformities or surgical planning for reconstruction 

of the nose were applied in the nineteenth and early 

twentieth centuries for the promotion of racial hierarchy, 

a claim which has since been discredited. This is partly 

done with the use of the terms, instead of referring to 

racial types, it is instead common to refer to population 

variation and partly by placing a greater emphasis on 

reference data of the population than on fixed categories. 

Today's researchers using these indices are responsible 

to be clear about this past, and to interpret their results 

accordingly. 

 

8. Contemporary and Future Directions 

Several trends seem likely to shape the future 

use of anthropometric indices. First, three-dimensional 

imaging is becoming markedly cheaper and more 

portable, through structured-light and smartphone-based 

scanning, which should make geometric morphometric 

analysis feasible in settings that could previously only 

afford callipers and tape measures. Second, machine-

learning classifiers are increasingly being trained on 

landmark or shape data for tasks such as forensic sex 

estimation, in some cases outperforming classical 

discriminant function analysis built on individual 

indices. [10] Third, there is growing interest in linking 

anthropometric shape variation to underlying genetics, 

which may eventually clarify how much of the variation 

in, say, nasal index reflects direct climatic adaptation as 

opposed to population history or genetic drift. [19] 

Finally, as facial-recognition and other biometric 

technologies become more widespread, the statistical 

description of facial and cranial shape variation 

developed within anthropometry is finding new, and 

ethically significant, applications in digital identification 

systems, which will require continued attention to the 

same questions of representativeness and bias that 

shaped the history of this field. 

 

9. CONCLUSION 
The cephalic, facial and nasal indices have 

advanced long way from being used in the nineteenth 

century as a part of craniometry. Simple ratios, 

sometimes misused to construct the hierarchy of races 

that we no longer accept, were originally used; but 

scientists have since developed and revised their 

methods of use. Today these indices are useful, 

inexpensive, practical and very valuable in providing 

information on the growth of children, planning 

orthodontic and surgical procedures, and for forensic 

identification. Meanwhile, the field has also made a shift 

– as this review suggests – away from outright replacing 

these one-dimensional approaches with the more 

complete imaging of three dimensions and geometric 

morphometric analysis. These newer techniques are able 

to provide much more comprehensive representation of 

head and face shape and minimize misinterpretation of 

just one number. Future studies will require continued 

efforts in the development of population- and age-

specific reference data, and should employ classification 

limits that are clearly defined and based on sound 

rationale; classical anthropometry should be 

supplemented with statistical shape analysis of modern 

techniques. It is also crucial to be open with the history 

of the discipline and to consider the explanation and use 

of anthropometric results in practice carefully. 
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