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Abstract: The present study is an attempt to evaluate the phenotypes of face and nose based on facial and nasal indices in
a North Indian population. The study comprises 228 (158 males and 70 females) healthy, young, and adult participants
ranging in age from 18 to 35 years. Facial photographs and anthropometric measurements were taken for the assessment
of facial and nasal indices. The faces and noses were classified into five phenotypes based on standard numerical values of
facial and nasal indices. The most common facial phenotypes were observed to be hypereuryprosopic (61 males, 38.60%,
and 31 females, 44.28%), and euryprosopic (51 males, 32.27%, and 14 females, 20%). For the nasal phenotype, mesorrhine
was most common among males (56.32%, 89), while leptorrhine was predominant among females (55.71%, 39). The study's
findings highlight facial variations and phenotype assessments that may aid forensic investigations, biometric evaluations,
facial recognition technology, medico-legal applications, and facial reconstruction. Additionally, they serve as a valuable
reference for enhancing facial surgeries and rhinoplasty. The study adds to the existing database of facial and nasal anthro-
pometry for further use and comparison purposes.

Keywords: human biology, facial anatomy and morphology, facial and nasal phenotypes, facial recognition technology,
facial and nasal index

INTRODUCTION security issues. Several techniques are applied to estab-
lish the identity of a suspect in surveillance systems,
such as gait pattern analysis, height estimation, and fa-
cial identification [2]. In forensic science, the face plays
a crucial role in establishing an individual’s identity,
as it can reveal information about age, sex, and other
distinguishing features based on facial appearance [3].
However, an in-depth understanding of facial features
and phenotypes across different populations is essential
to enhance the accuracy of facial identification [4].

It is a well-known fact that no two individuals are
identical in terms of the various aspects of their body
morphology. The face is the most conspicuous and
identifiable part of the human body. Therefore, the
most natural approach utilized to identify a person
is facial identification. Facial analysis attracts several
scientific areas, such as anatomy and evolution of the
human face, facial reconstruction, forensic identifica-
tion, facial surgeries and rhinoplasty, facial recognition
technology, biometrics, and others. Facial analysis
is a useful tool to differentiate individuals based on

Facial identification in the modern context involves
several techniques, including metrical analysis, morpho-

their ancestry, ethnicity, and sex. Therefore, the study
of inter- and intrapopulation variations is a topic of
interest among anthropologists, anatomists, artists,
surgeons, and forensic analysts [1].

The identification of individuals is becoming in-
creasingly common due to the rise of CCTV surveil-
lance systems, driven by growing concerns over crime
rates, terrorist attacks, unauthorized access, and other
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logical analysis, the superimposition technique, and the
comparison of actual and suspected photographs, among
others. Variations in facial features, characteristics, and
facial indices among parents, offspring, and siblings
can help provide clues for the genetic transmission of
inherited characteristics [5,6,7]. Accurate facial analysis
is essential for the study of normal and abnormal growth,
diagnosis of genetic and congenital anomalies, and mor-
phometric investigations. Since the middle of the 20™
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century, anthropometric studies on twin concordance
and parent-offspring resemblance have demonstrated
that heredity is the primary cause of variation in hu-
man face morphology [7,8]. The facial index is a useful
parameter in anthropometry to differentiate humans
based on their facial phenotype. The facial index, also
known as the prosopic index, is defined as the ratio of
the morphological facial height to the maximum breadth
of the bizygomatic arches expressed in percentage. In
addition, several studies have highlighted the usefulness
of nasal anthropometry in differentiating humans into
various ethnic groups. Studies reported that individuals
of different ethnic groups exhibit variations in nasal
anthropometry parameters. Therefore, the nasal index is
an important parameter in anthropology to determine
the sex and ancestry of an individual. The nasal index
is calculated by the ratio of nasal width to nasal height,
expressed in percentage [9].

There is a research gap in the study of facial phe-
notype similarities within families and population
groups, as well as in the reconstruction of the face
based on facial features and anthropometric assess-
ments. In countries like India, with a diverse historical
background, rich demographics, various religions,
beliefs, ancient civilizations, and multifaceted societ-
ies, there is a wide range of ethnic groups that exhibit
a variety of morphological features. The human face
reflects both the uniqueness of an individual and the
characteristics of a specific population in a given re-
gion, as it is shaped by a combination of genetics and
environmental factors. [10]. A few studies have been
conducted on the phenotypic appearance of faces
based on their features and characteristics. The main
aim of the present study was to provide insights into
the facial characteristics of a North Indian population,
offering valuable information for identification and
potential indicators for facial reconstruction. An at-
tempt has been made to correlate the anthropometric
measurements of the face and the facial indices with
the actual appearance of the human face, based upon
the standard procedures for classifying facial types.

MATERIALS AND METHODS

Ethics statement

Ethical permission was obtained from the Panjab
University Institutional Ethical Committee, approval
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no. PUIEC 23062-11-112 of 09.06.2023. A well-informed
and written consent was obtained from the participants.
The research was conducted under the principles of
the Declaration of Helsinki and in compliance with
local regulatory requirements.

Study participants

The study was carried out on 228 healthy, young partici-
pants (158 males and 70 females) from a North Indian
Rajput population. The sample size for the present
study was calculated to be 384 following Cochran’s
method [11] using the formula:

_7’p
0 eZ

Where n = sample size, z = selected critical value
of desired confidence level, p = estimated propor-
tion of an attribute that is present in the population,
q = 1-p, and e = desired level of precision

Assuming the maximum variability,
p = 0.5 (50%), q = (1-0.5) =0.5, e = 0.05 (5%), z = 1.96
Therefore, the equation is:
n, = (1.96)* (0.5) (0.5)/(0.05)* = 384.16

The minimum sample size was therefore considered
to be 384. As per the inclusion criteria of the study,
only healthy, young, adult participants aged 18-35
years belonging to the Rajput population group (a
major North Indian caste group) were included in
the study. Participants with facial anomalies, those
who had undergone facial surgery, pregnant women,
individuals under 18 or over 35 years old, and those
not belonging to the Rajput population group were
excluded from the study. With these criteria, a total
of 228 participants were selected for the present study,
which is a statistically robust figure.

Anthropometric measurements and facial
photographs

The present study is based on anthropometric measure-
ments of the face of each participant. Photographs of
the participants were taken to visually document their
features and provide context for the calculated facial/
prosopic and nasal indices, offering a more compre-
hensive representation of the obtained phenotypes. The
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Fig. 1. Facial measurements taken on the participants to calculate
facial and nasal indices (a) facial index: n-gn = morphological
facial height, zy-zy = bizygomatic breadth; (b) nasal index: al-al
= nasal breadth, n-sn = nasal length

photographs of participants were taken in norma fron-
talis position under standard conditions. Furthermore,
facial measurements, including morphological facial
height, breadth of the bizygomatic arches, and nasal
breadth and length, were recorded directly on the par-
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by Martin and Saller [14], Singh and Bhasin [15], and
Dhulqarnain et al. [9]. These two indices were calculated
using the respective formulas, and the face and nose
types were evaluated based on the standard ranges of
the indices for each individual.

Statistical analysis and assessment of facial
phenotypes

Statistical analysis was done using the statistical soft-
ware IBM SPSS version 20. In this study, the normality
of the data was assessed using normal P-P and Q-Q
plots, descriptive statistics, and a confirmatory test,
the Shapiro-Wilk test (P>0.05). Non-normality was
observed in both the prosopic and nasal indices. The
non-parametric Mann-Whitney U test was applied for
the determination of sex from the prosopic and nasal
indices. Subsequently, the types of faces (Figs. 2 and
3, showing facial phenotypes in males and females,

ticipant’s face in the Frankfurt-horizontal
plane using standard instruments, land-
marks, and techniques, as shown and
defined in Fig. 1. While recording the
measurements, the instruments were reg-
ularly checked for accuracy and reliability
to ensure they could reproduce the same
measurement consistently. The accuracy
of the instruments was also checked with
the help of an anthropometric verification
for reproducibility of the measurements.
Measurements were taken by a trained
forensic anthropologist (AG) under the
supervision of an experienced physical
anthropologist/anthropometrist (KK)
to avoid inter-observer error.

Technical error of measurement
(TEM), the relative technical error of
measurement (rTEM), and the coefficient
of reliability (R) were analyzed to obtain
intra-observer precision, using measure-
ments from 20 participants [12,13]. Each
measurement was taken twice on the same
participant by the same investigator (AG).

After taking the facial measurements
of all the participants, the facial/prosopic
index and nasal index were calculated
following the classification standardized
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Fig. 2. Variations in facial morphology based on the prosopic index. The first row shows

the facial shapes observed among male participants and the second row shows the outlines

for different types of facial shapes based on the prosopic index i.e., (a) hypereuryprosopic,
(b) euryprosopic, (¢) mesoprosopic, (d) leptoprosopic, (e) hyperleptoprosopic face
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Fig. 3. Variations in facial morphology based on the prosopic index: The first row
shows the facial shapes observed among the female participants and the second row
shows the outlines for different types of facial shapes based on the prosopic index i.e.,
(a) hypereuryprosopic, (b) euryprosopic, (c) mesoprosopic, (d) leptoprosopic, (e) hy-
perleptoprosopic face.
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the variables varied between 0.832-0.919.
The calculated values of R were close to
1, showing an acceptable range of intra-
observer precision [12,13].

Data normality was determined using
descriptive statistics and the Shapiro-Wilk
normality test as shown in Table 2. Mean
and standard deviation values of the facial
and nasal indices were observed to be
80.41+6.26 and 70.77+7.55, respectively,
for the whole population considered in
the present study. Sex differences were
evaluated using the non-parametric Mann-
Whitney U test. The mean and standard

Fig. 4. Variations observed in nose morphology based on nasal index among the popula-
tion studied; (i) nasal shapes observed in males, (ii) nasal shapes observed in females;
(iii) outlines of the type of nasal shapes observed in the individuals based on the nasal
index i.e., (a) hyperleptorrhine, (b) leptorrhine, (c) mesorrhine, (d) platyrrhine, (e)
hyperplatyrrhine nose.

respectively, based on the prosopic index) and noses
(Fig. 4, showing variations in nasal morphology based
on the nasal index) were observed according to the
standard range and classification. Based on the facial
and nasal shapes, along with the values of the facial
and nasal indices, outlines of the faces in males (Fig.
2) and females (Fig. 3), as well as nasal shapes (Fig. 4),
have been drawn to illustrate the typical phenotype
of the face and nose for the North Indian population
considered in the present study.

RESULTS

The results of the technical error of measurement
(TEM), the relative technical error of measurement
(rTEM), and the coefficient of reliability (R) for mor-
phological facial height, breadth of bizygomatic arches,
nasal breadth and length, are presented in Table 1. The
TEM values of face and nose measurements ranged
between 0.14-0.33 cm and the rTEM values between
2.599-5.174%. The coefficient of reliability (R) for all

deviation values of the facial index and
nasal index in males were 81.13+6.12 and
71.18+6.98, respectively. Whereas mean
and standard deviation values of the facial
index and nasal index in females were
found to be 78.78+6.30 and 69.83+8.68,
respectively. Significant sex differences
were observed only in the facial index (P<0.01) as
shown in Table 3.

The facial and nasal phenotypes were evaluated
as per the objectives of the present study. According
to the standard classification of the prosopic index for
males and females by Martin and Saller [14] and Singh
and Bhasin [15], a very broad face, i.e., hypereurypro-
sopic, was found in 61 males (38.60%) of 158 males
and 31 females (44.28%) of 70 females. The second
most common facial phenotype found in males (51,

Table 1. Precision estimates calculated for facial measurements
(n=20)

Measurements (in cm) TEM rTEM R

Morphological facial height 0.32 3.104 0.854
Breadth of bizygomatic arches 0.33 2.599 0.832
Nasal breadth 0.14 4.264 0.919
Nasal length 0.22 5.174 0.872

*TEM - technical error of measurement, *rTEM- relative technical error
of measurement, *R - coefficient of reliability

Table 2. Descriptive statistics and normality assessment of facial and nasal index using the Shapiro Wilk test for a North Indian popula-

tion comprising 228 participants (158 males and 70 females).

Variables Minimum Maximum Mean+SD Median Mode Shapiro Wilk p-value
Facial index 67.90 108.82 80.41+6.26 80.15 79.52 0.977 0.001
Nasal index 51.78 112.89 70.77+7.55 71.11 68.75 0.965 0.000
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Table 3. Descriptive statistics and evaluation of sex differences in facial and
nasal index among the North Indian population using thenon-parametric

Mann-Whitney U test

Non-parametric variables

Descriptive statistics and Facial index Nasal index
sexual dimorphism Males Females Males | Females

(158) (70) (158) (70)
Minimum 68.65 67.90 51.78 54.90
Maximum 108.82 93.67 90.90 112.89
Mean 81.13 78.78 71.18 69.83
Mode 80.88 78.66 72 68.96
Median 79.52 71.96 78.26 62.50
Standard deviation 6.12 6.30 6.98 8.68
Mann Whitney U test value 4258.500 4643.500
P 0.006** 0.054

** P is highly significant if <0.01, * P is significant if <0.05

32.27%) and females (14, 20%) was euryprosopic,
indicating a broad face. The rarest facial phenotypes
observed in males were mesoprosopic (16.45%, 26),

leptoprosopic (10.12%, 16), and hyper-
leptoprosopic (2.53%, 4). In females, the
rarest phenotypes were mesoprosopic
(17.14%, 12), leptoprosopic (11.4%, 8),
and hyperleptoprosopic (7.14%, 5). The
prevalence of facial shape based on the
prosopic index observed among males
and females is given in Table 4.

The findings also indicate that the
most common nasal phenotype pres-
ent in the males of the North Indian
population was mesorrhine (moderate/
medium size), observed in 89 (56.32%)
males, followed by leptorrhine in 65
(41.13%) out of the total male popula-
tion. In females, the leptorrhine nose
was the most common (55.71%, 39),
followed by the mesorrhine nose (40%,
28). The rarest nasal shapes observed in
males were hyperleptorrhine (1.26%, 2),
platyrrhine (1.26%, 2), and hyperplat-
yrrhine (absent). In females, the rarest
nasal shapes were platyrrhine (1.42%,
1), hyperplatyrrhine (1.42%, 1), and
hyperleptorrhine (1.42%, 1). Variations
in nasal morphology observed in both
males and females are represented in
Fig. 4. The distribution and percentage
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of these nasal morphological variations
found among males and females are given
in Table 5.

For convenience, the detailed calcula-
tions and formulas for the prosopic/facial
index and nasal index, along with defini-
tions of the measurements and landmarks
involved, are provided in Supplementary
Table S1.

DISCUSSION

It is well-established that no two individu-
als are exactly alike in their measurable
characteristics and features. In everyday life,

individuals are identified based on their unique facial
characteristics. The human face is a topic of interest
for multiple scientific disciplines, including, but not

Table 4. Prevalence of facial shape based on prosopic index evaluated in males (n=158)
and females (n=70) of the North Indian population

S Range of Prosopic | Prevalence of Facial
Z | Facial Shape Shape of Face Index Shape
i Male Female Male Female
. 61 31
1 | Hypereuryprosopic | Very broad face | X-78.9 | X-76.9 (38.60%) | (44.28%)
2 | Euryprosopic Broad face 79.0-83.9 | 77.0-80.9 > 14
YProsop DT IR (32.07%) | (20%)
3 | Mesoprosopic Round face 84.0-87.9 | 81.0-84.9 26 12
prosop D8 ORI (16.45%) | (17.14%)
. 16 8
4 | Leptoprosopic Long face 88.0-92.9 | 85.0-89.9 (10.12%) | (11.4%)
. 4 5
5 | Hyperleptoprosopic | Very long face 93.0-X | 90.0-X (2.53%) | (7.14%)

Table 5. Prevalence of nose shape based on nasal index evaluated in the males (158) and
females (70) of the North Indian population

Range Prevalence of Nose
:2' Nose Shape Size of Nose of Nasal Shape
4 Index Male | Female
. 2 1
1 | Hyperleptorrhine | Long narrow nose <54.9 (1.26%) | (1.42%)
2 | Leptorrhine Moderately narrow nose 55.0 - 69.9 65 39
P Y : 71 (41.13%) | (55.71%)
3 | Mesorrhine Moderately or medium size | 70.0 - 84.9 89 28
Y : 7 1(56.32%) | (40%)
. . 2 1
4 | Platyrrhine Moderately wide nose 85.0-99.9 (1.26%) | (1.42%)
. . . 1
5 | Hyperplatyrrhine | Very wide nose >100 Nil (1.42%)
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limited to, anatomy, forensic science, anthropology,
surgery, and biometrics. Forensic examiners and an-
thropologists study variations in facial morphology
and dimensions to assist in identifying individuals.
The present study evaluated facial and nasal pheno-
types based on the prosopic and nasal indices. The
study defined five types of faces and noses observed
in a North Indian population and supplements the
existing database of facial and nasal anthropometry
for further use and comparison purposes. Significant
sex differences were observed in the prosopic index
(P<0.01). The study showed that the hypereuryprosopic,
i.e., a very broad face was the most common facial
phenotype among the males and females of the North
Indian population. The least common facial shape
among males was hyperleptoprosopic, whereas, in
females, the least common was leptoprosopic followed
by hyperleptoprosopic facial phenotype. Bhasin [16]
reported that the mesoprosopic face type is dominant
among Indians. A study by Mane et al. [17] observed
a hyperleptoprosopic face type with significant sexual
dimorphism among the Indian population. Prasanna
et al. [18] observed statistically significant differences
in the facial index between North and South Indian
populations. Their study reported facial index values
of 101.4+1.95 for the North Indian population and
100.28+1.77 for the South Indian population. Indian
males exhibited a hyperleptoprosopic facial pheno-
type, while North Indian females (107.7+7.69) were
predominantly hyperleptoprosopic, and South Indian
females (85.39+6.33) were primarily hypereuryprosopic.
Ozsahin et al. [19] reported that the most common
facial type among Turkish males was euryprosopic
(35.3%), while in females, both euryprosopic (34.3%)
and mesoprosopic (34.3%) were equally prevalent.
Jeremic et al. [20] reported significant (P<0.001) sexual
differences, with females having lower facial height,
breadth, and facial index values than males. Their
study found that the leptoprosopic facial phenotype
was predominant in the Serbian population, with a
distribution of 76.67% in males and 87.06% in females,
followed by mesoprosopic and hyperleptoprosopic
facial configurations. Torres-Restrepo [21] reported
that among Envigado school children in Colombia, the
most predominant facial phenotypes were leptoprosopic
(>93.1%), followed by mesoprosopic (81-93%) and
euryprosopic (<80.9%). Maina et al. [22] observed facial
variations among three different ethnic groups: Fulani,
Tangale, and Tera. The dominant facial phenotype
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in both males and females of all three tribes was hy-
perleptoprosopic, except for Tangale males, whose
dominant facial type was leptoprosopic. Additionally,
Muralidhar et al. [23] reported that the average facial
index in the Kerala population ranged from 94.3+7.2
to 106.9+2.02, derived using a formula specific to the
population studied. This range was relatively higher
than the average facial index found in our study, as
well as the values proposed by Martin and Saller [14].

The shape and outline of the face show extensive
variations across different populations around the
world. Numerous studies show that individuals from
different geographical locations exhibit significantly
varied craniofacial morphologies and specific facial
characteristics, making them distinguishable from
one another with distinct sets of unique features [2,4].
When observing a face, our first consideration is its
facial configuration or contour, which helps distinguish
a person from a group. These differences among indi-
viduals hold great significance for scientists and medical
professionals in areas such as forensic identification,
biometric evaluation, and the possible diagnosis of
diseases and treatments [17].

The nose varies in shape and size across different
population groups, as ethnic differences, along with
environmental and genetic factors, can influence the
phenotypic appearance of the human body. Therefore,
the nasal phenotype is considered a useful anthro-
pometric parameter to categorize the ethnicity and
sex of an unknown individual. In the present study,
the mesorrhine nose (moderately or medium-sized)
was the dominant nasal shape in North Indian males
(56.32%, 89 out of 158), with hyperleptorrhine and
platyrrhine being the rarest nasal shape. In females
(n = 70), the leptorrhine nose (55.71%, 39) was the
most common, followed by the mesorrhine nose (40%,
28). The results of our study were compared with the
anthropometric findings of nasal index in the Hausa
population of Northwestern Nigeria [24]. The study
reported significant differences between sex groups.
The most common nasal shape observed in males was
mesorrhine (71%), while in females, leptorrhine (50%)
and mesorrhine (49%) were almost equally preva-
lent. However, both males (81.08+8.61) and females
(77.30+9.02) of the Gujarati population exhibited
mesorrhine noses with a significant difference in their
nasal index [25]. Dhulgarnain et al. [9] reported that
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the predominant nose shape in the Iranian population
was leptorrhine (31.9%), while the Hausa population
of Nigeria predominantly exhibited a mesorrhine nose
shape (30.2%). Several experts have also noted that the
prosopic indices vary between males and females across
different populations. Regression functions to predict
nasal profiles in forensic analyses using CT-based 3D
models of Korean adults, considering factors such as
sex and age have been developed [26].

The nose is also one of the most distinguishing
features for establishing an individual’s identity [27,28].
Genetic and environmental factors affect nose shape,
size, and morphology. Facial type, age, sex, ethnicity,
and ancestry are some of the factors that can affect
external nasal morphology. People with longer faces
tend to have narrower noses than individuals with
shorter or neutral faces [26,29]. Natural selection has
caused humans to have smaller noses in cold, dry ar-
eas and wider noses in warmer, wetter environments
[30-32]. Therefore, understanding the morphological
variations in a particular population group may also
provide valuable insights into evolutionary and physi-
ological adaptations and ecological and environmental
conditions of the population. For instance, individuals
with European ancestry (EUR) typically have noses
that protrude more than those with East Asian ancestry
(EAS). The genetic basis of these differences is likely
significant, remaining largely unknown, as there have
been comparatively few investigations conducted in
East Asian (EAS) populations compared to European
(EUR) populations [33].

The analysis of facial and nasal shapes can assist fo-
rensic practitioners in reconstructing the facial features
of unidentified individuals based on skeletal remains.
Forensic artists can create more accurate facial sketches,
and reconstructions from unidentified individuals
based on skeletal remains by understanding the typical
variations of facial morphology present within a specific
population. Facial recognition technology relies on ana-
lyzing facial features to distinguish individuals [34,35].
Studies on facial configuration can provide baseline
data to develop more robust and accurate biometric
identification tools, enable comparative analysis, offer
clues about ancestry or ethnic background, and assist
in age progression and regression techniques used in
forensic investigations [36,37]. Additionally, facial type
is a crucial component in orthodontic therapy, as it
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can influence the anchorage system, help anticipate
the growth of maxillo-mandibular structures, and
impact muscle strength and treatment stability [22].

The present study offers a classification of facial
and nasal phenotypes for the North Indian population,
presenting the facial configurations of this population
in a novel manner. These morphological variations
can further enhance facial recognition technology,
with potential applications in law enforcement, facial
reconstruction, and biometric identification, leading
to more accurate and reliable identification methods.
Moreover, this study recommends further investiga-
tions to compare the facial and nasal dimensions of
the present population with other population groups
in India and internationally.

There is a difference in the sample size between
males and females in the present study. The relatively
small number of females in the study may be consid-
ered a limitation. While the sample size is statistically
valid, it may influence the observed sex differences to
some extent.

CONCLUSIONS

Craniofacial dimensions are considered one of the
important tools for the estimation of inter and intra-
racial morphological features of the head and face.
Similarly, facial indices play an important role as an
identification tool for biometric and forensic, anthro-
pological purposes. In the present study, the most
common and rare facial and nasal phenotypes were
evaluated by calculating prosopic and nasal indices.
Significant sex differences were also found only in
the prosopic index considered in the study. The most
common facial phenotype observed among males and
females was hypereuryprosopic and the least common
was hyperleptoprosopic facial phenotype. Whereas in
the case of a nasal index, mesorrhine and leptorrhine
noses were dominantly present in males and females
respectively and the least common nasal shapes were
hyperleptorrhine, platyrrhine, and hyperplatyrrhine
in both males and females.

The study provides baseline data for facial phe-
notype and nasal morphology among a North Indian
population. Additionally, the study serves as a refer-
ence for future research and similar studies on this
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population, particularly in assessing ethnicity and
individual identification. This study proposed novel
facial and nasal outlines of facial and nasal morphol-
ogy for the North Indian population based on indices
and their standard classification. Therefore, it will be
valuable for medical and aesthetic surgeries, forensic
investigations, and anthropological studies. In the
future, similar studies should be conducted on larger
populations to improve the accuracy of predictions
and to examine the effects of environment and genetics
on facial features across different population groups.

Funding: The authors received no specific funding for this work.

Acknowledgments: The principal author (AG) expresses grati-
tude to the Department of Science and Technology, Government
of India, for awarding the INSPIRE Fellowship under Grant No.
IF190719 to support the pursuit of their Ph.D. KK is supported
by the UGC Centre of Advanced Study (CAS II), awarded to the
Department of Anthropology, Panjab University, Chandigarh, India.

Authors contributions: AG: Conceptualization, data collection,
data entry, writing original draft, review & editing, final approval,
KK: Writing, review & editing, data analyses and interpretation,
final approval and supervising the work, VS: Writing, review
& editing, data analyses and interpretation, final approval and
supervising the work.

Conflict of interest disclosure: The authors declare that they have
no competing and conflict of interests.

Data availability: The data underlying this article are available in
the online supplementary material: https://www.serbiosoc.org.rs/
NewUploads/Uploads/Guleria%20et%20al_Dataset.pdf

REFERENCES

1.  Yesmin T, Thwin SS, Afrin Urmi S, Wai MM, Zaini PF,
Azwan K. A study of facial index among Malay population.
J Anthropol. 2014;2014(1):726974.
https://doi.org/10.1155/2014/726974

2. Ritz-Timme S, Gabriel P, Tutkuviene ], Poppa P, Obertova
Z, Gibelli D, De Angelis D, Ratnayake M, Rizgeliene R,
Barkus A, Cattaneo C. Metric and morphological assessment
of facial features: a study on three European populations.
Forensic Sci Int. 2011;207:239.e1-8.
https://doi.org/10.1016/j.forsciint.2011.01.035

3. Diac MM, Earar K, Damian SI, Knieling A, Iov T, Shrimpton
S, Bulgaru Iliescu D. Facial reconstruction: Anthropometric
studies regarding the morphology of the nose for Romanian
adult population I: Nose width. Appl Sci. 2020;10:6479.
https://doi.org/10.3390/app10186479

4.  Roelofse MM, Steyn M, Becker, PJ. Photo identification:
facial metrical and morphological features in South African
males. Forensic Sci Int. 2008;177:168-75.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Arch Biol Sci. 2025;77(1):61-70

https://doi.org/10.1016/j.forsciint.2007.12.003

Nagqvi S, Hoskens H, Wilke E, Weinberg SM, Shaffer JR,
Walsh S, Shriver MD, Wysocka J, Claes P. Decoding the
Human Face: Progress and Challenges in Understanding the
Genetics of Craniofacial Morphology. Annu Rev Genomics
Hum Genet. 2022;23:383-412.
https://doi.org/10.1146/annurev-genom-120121-102607.
Shakeshaft NG, Plomin R. Genetic specificity of face recog-
nition. Proc Natl Acad Sci USA. 2015;112:12887-92.
https://doi.org/10.1073/pnas.1421881112

Tsagkrasoulis D, Hysi P, Spector T, Montana G. Herita-
bility maps of human face morphology through large-
scale automated three-dimensional phenotyping. Sci Rep.
2017;7:45885. https://doi.org/10.1038/srep45885.

Reiter AMYV, Pantel JT, Danyel M, Horn D, Ott CE, Mensah
MA. Validation of 3 Computer-Aided Facial Phenotyping
Tools (DeepGestalt, GestaltMatcher, and D-Score): Com-
parative Diagnostic Accuracy Study. ] Med Internet Res.
2024;26:€42904. https://doi.org/10.2196/42904
Dhulqarnain AO, Mokhtari T, Rastegar T, Mohammed I,
Jjaz S, Hassanzadeh G. Comparison of nasal index between
Northwestern Nigeria and Northern Iranian populations: an
anthropometric study. ] Maxillofac Surg. 2020;19:596-602.
https://doi.org/10.1007/s12663-019-01314-w.

Djordjevic ], Zhurov Al, Richmond S, Visigen Consortium.
Genetic and Environmental Contributions to Facial Mor-
phological Variation: A 3D Population-Based Twin Study.
PLoS One. 2016;11:0162250.
https://doi.org/10.1371/journal.pone.0162250.

Ahmed SK. How to choose a sampling technique and
determine sample size for research: a simplified guide for
researchers. Oral Oncol Rep. 2024;12:100662.
https://doi.org/10.1016/j.00r.2024.100662.

Barut C, Sevinc O, Sumbuloglu V. Evaluation of hand
asymmetry in relation to hand preference. Coll Antropol.
2011;35(4):1119-24.

Barut C, Dogan A, Buyukuysal MC. Anthropometric aspects
of hand morphology in relation to sex and to body mass in a
Turkish population sample. Homo. 2014;65:338-48.
https://doi.org/10.1016/j.jchb.2014.03.004.

Martin R, Saller K. Lehrbuch der anthropologie. Stuttgart:
Gustav Fischer Verlag; 1957.

Singh IP, Bhasin MK. Anthropometry. Delhi: Nazia Offest
Press;1989.

Bhasin MK. Genetics of Castes and Tribes of India: Soma-
tometry. Int ] Hum Genet. 2006;6:323-56.
https://doi.org/10.1080/09723757.2006.11885979

Mane DR, Kale AD, Bhai MB, Hallikerimath S. Anthropo-
metric and anthroposcopic analysis of different shapes of
faces in group of Indian population: a pilot study. ] Forensic
Leg Med. 2010;17:421-5.
https://doi.org/10.1016/§.jflm.2010.09.001.

Prasanna LC, Bhosale S, D’souza AS, Mamatha H, Thomas
RH, Sachin KS. Facial indices of North and South Indian
adults: reliability in stature estimation and sexual dimor-
phism. J Clin Diag Res. 2013;7:1540-2.
https://doi.org/10.7860/JCDR/2013/5497.320


https://www.serbiosoc.org.rs/NewUploads/Uploads/Guleria%20et%20al_Dataset.pdf

Arch Biol Sci. 2025;77(1):61-70

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ozsahin E, Kizilkanat E, Boyan N, Soames R, Oguz O. Eval-
uation of face shape in Turkish individuals. Int ] Morphol.
2016;34(3):904-8.
https://doi.org/10.4067/S0717-9502201600030001

Jeremi¢ D, Koci¢ S, Vulovi¢ M, Sazdanovi¢ M, Sazdanovié
P, Jovanovi¢ B, Zivanovi¢-Macuzié, 1. Anthropometric study
of the facial index in the population of central Serbia. Arch
Bio Sci. 2013; 65:1163-8.

https://doi.org/10.2298/ ABS1303163]

Torres-Restrepo AM, Quintero-Monsalve AM, Giraldo-Mira
JE, Rueda ZV, Vélez-Trujillo N, Botero-Mariaca P. Agree-
ment between cranial and facial classification through clini-
cal observation and anthropometric measurement among
envigado school children. BMC Oral Health. 2014;14:1-8.
https://doi.org/10.1186/1472-6831-14-50.

Maina MB, Mahdi O, Kalayi GG: Craniofacial Forms among
Three Dominant Ethnic Groups of Gombe State, Nigeria. Int
J Morphol. 2012;30:211-6.
https://doi.org/10.4067/S0717-95022012000100038
Muralidhar NV, Ranjan A, Rao JJ, Sreeshyla HS, Nitin P.
Cephalic index, facial index and dental parameters: A cor-
relative study to evaluate their significance in facial recon-
struction. ] Oral Maxillofac Pathol. 2021;25:537-542.
https://doi.org/10.4103/jomfp.jomfp_68_21

Mohammed I, Mokhtari T, Jjaz S, Omotosho AD, Ngaski
AA, Milanifard M, Hassanzadeh, G. Anthropometric study
of nasal index in Hausa ethnic population of Northwestern
Nigeria. ] Contemp Med Sci. 2018;4(1):26-9.
https://doi.org/10.22317/jcms.03201806

Rohith MM, Roy J, Johnson A. Morphometric variations
of nasal parameters in Gujarati population: An Anatomical
Study. ] Anat Soc India. 2020;69(3):127-32.
https://doi.org/10.4103/JASI.JASI_139_19

Lee UY, Kim H, Song JK, Kim DH, Ahn KJ, Kim YS. Assess-
ment of nasal profiles for forensic facial approximation in a
modern Korean population of known age and sex. Leg Med.
2020;42:101646.
https://doi.org/10.1016/j.legalmed.2019.101646

Paim Strapasson RA, Stocco Baccarin L, Haltenhoff Melani
RF. Forensic facial reconstruction: A systematic review of
nasal prediction techniques. ] Forensic Sci. 2019;64(6):1633-
9. https://doi.org/10.1111/1556-4029.14111

Rangel LAR, Amundarain DDR, Leal EMM. Facial mor-
phology characters as means for forensic anthropologi-
cal identification in human remains entering the Servicio

29.

30.

31.

32.

33.

34.

35.

36.

37.

69

Nacional de Medicina y Ciencias Forenses of the State of
CaraboboVenezuela. Forensic Sci Int Rep. 2022;5:100263.
https://doi.org/10.1016/j.fsir.2022.100263

Paim Strapasson RA, Stocco Baccarin L, Haltenhoff Melani
RF. Forensic facial reconstruction: A systematic review of
nasal prediction techniques. ] Forensic Sci. 2019;64(6):1633-
9. https://doi.org/10.1111/1556-4029.14111

Hall RL, Hall DA. Geographic variation of native people
along the Pacific Coast. Hum Biol. 1995;67:407-26.

Nagqvi S, Hoskens H, Wilke F, Weinberg SM, Shaffer JR,
Walsh S, Claes P. Decoding the human face: progress and
challenges in understanding the genetics of craniofacial mor-
phology. Annu Rev Genom Hum Genet. 2022;23(1):383-412.
https://doi.org/10.1146/annurev-genom-120121-102607
Huang Y, Li D, Qiao L, Liu Y, Peng Q, Wu S, Zhang M, Yang
Y, Tan ], Xu S, Jin L. A genome-wide association study of
facial morphology identifies novel genetic loci in Han Chi-
nese. Journal of Genet Genom. 2021;48(3):198-207.
https://doi.org/10.1016/j.jgg.2020.10.004

Zhang M, Wu S, Du S, Qian W, Chen J, Qiao L, Yang Y, Tan
J, Yuan Z, Peng Q, Liu Y, Navarro N, Tang K, Ruiz-Linares A,
Wang J, Claes P, Jin L, Li ], Wang S. Genetic variants underly-
ing differences in facial morphology in East Asian and Euro-
pean populations. Nat Genet. 2022;54:403-411.
https://doi.org/10.1038/s41588-022-01038-7

Guleria A, Krishan K, Sharma V, Kanchan T. Global adop-
tion of facial recognition technology with special reference
to India-Present status and future recommendations. Med
Sci Law. 2024;64(3):236-44.
https://doi.org/10.1177/00258024241227717

Michalski D, Malec C, Clothier E, Bassed R. Facial recog-
nition for disaster victim identification. Forensic Sci Int.
2024;361:112108.
https://doi.org/10.1016/j.forsciint.2024.112108
Chaimongkhol T, Navic P, Sinthubua A, Palee P, Pattamapa-
spong N, Prasitwattanaseree S, Charuakkra A, Mahakka-
nukrauh P. Utility of 3D facial reconstruction for forensic
identification: a focus on facial soft tissue thickness and
customized techniques. Forensic Sci Med Pathol. 2025.
https://doi.org/10.1007/s12024-025-00945-5

Mbonani TM, CAbbé EN, Ridel AF. Analyzing 3D facial
morphology: Insights from a comparative European and
South African study on population affinity, sex, age, and
allometry. Forensic Sci Int. 2024;365:112282.
https://doi.org/10.1016/j.forsciint.2024.112282



Arch Biol Sci. 2025;77(1):61-70

70

Jpdriesereq Te07%I207% eI /speold ) /speodnmaN/s1°310°00s01q 10 MMM //:sd)y
‘rerrajew Arejuswajddns surjuo oY) ur s[qe[reAr are d]o1)Ie ST} SUIA[IapUN BYep AYJ,

TVIIALVIN AAVINANATddNS ANT'INO

[61] urseqq pue ySuig
‘[$1] I9[[ES PUE ULLIEIA
‘(6] Te 3 ureurebmyq

[ST] wiseyq pue y3uig
‘[¥1] Io1res pue unIep
‘(6] Te 10 ureurebnyg

001< ‘(esou apim £19A) duryrikyerdradAy

6'66 — 0°S8 (950U opIm A[91eIdPOJN) dUTYLIAJe[d

678 — 0°0£(9Z1S WNIPIW 0 A[3JBIIPOIA]) SUIYLIOSIA]

6°69 — 0°SS (asou morreu A[2JeIdpoIA) suryrro}do

6'FS > ‘(asou moxreu Suo) suryrioydaprodAy

*diy 39ddn jo

JuawnSajur oy s3eawr wnjdas Jeseu
a1} JO UISIeW JOMO] 3} dIYM
jutod a1y st s1y) = (Us) oreseuqng
-oueyd 1eyndes

PIuI £q pa3oasIajur JOOI [eseu )
uo jurod a1 ST 1Y) = (U) UOTSEN

1odiTed SUIPI[S :pasn JUSWNIISU]
*(us) oreseuqns

pue (U) UOISLU 9] U29IM1aq
9ouR)SIp JYSTeIIS oY) SAINSLIUT SIY])

(us-u) JyS1oy [eseN

Juim
[eseu a3 uo jutod paoefd A[jerore
JSOUI 3 ST STY) = ([e) aTe[y

1odied SUTpI[S :pasn JUSWNIISUT
‘syutod ([e) erre[e om) oY) U9aM)oq
9oue)sIp JYSTRIIS 91} SAINSLIUT SIY])

(fe-Te) yipeaiq [eseN

00T, Y3127 [BSBU /[)PLAIq [BSEU = XoPU] [ESEN

1odies Surpeardg
-pasn
(99%) Buog JUSWINIISU] "SIYDIe O1jewoFLz
X-006 X-0¢6 | £19A) ordosoxdojdopadAy ‘yore onewodAz | 9y uo sjurod [erdye Jsowr Ay oIk (Az-4z)
[61] urseyg pue ySurg (90 SuoT) oy uo jutod paoerd A[erae] | yorym (4z) 134z om) 9y} U2aMIdq pre onewrodAziq
‘(¥1] 197[eS pUR UNIR]N | 6°68-0'S8 | 6'76-0'88 ordosoxrdoyday Jsow aY) ST STY) = (Az) uo1dA7 | aoue)sIp JYSTRIS SY) SIINSLIUT STY[, Jo yipearg
(aowy
6%8-0'18 |6'£8-0F%8| punoy) ordosordosay
(0%] peoiq) -oue[d [eniSes-prur oy) ur mel 10Mo]
6'08-0LL | 6'€8-0'6L drdosorddmy 3y3 jo urdrews Jamo] 2y uo Jurod
(a0 peoiq 1samo[ o) st s1y) = (uS) uoreuny | 1odifes SUIpr[S - pasn JusTINISU]
69.-X | 68.-X | A1) ordosord£imazadAy oued [enides “(ud)
[S1] utseyg pue yduig prw £q pa3o9sIa)ul JOOI [BSBU 93U} | UOIYJeus pue (U) UOISeU UdIMIoq (u3-u) 3ySroy
‘($1] I2[[ES pUe UTLIR]A Jrewdg e adfy repeg uo jurod at ST sTY) = (U) UOTSEN | 2dULISIP JYSTeI)s Ay saInseaw iy, | [eroey edorSojoydIo
001, yo1e onewoS£z1q yo yipeaiq /Jysiay [eney resrSojoydiour = xapuy s1dosorg
SIOUAIJY aSuer uo paseq sadfjouayg SyTewpue] 7 uonIuya g 7 SaIpU]

SIOTPUT 9$3T[) UT PAISPISUOD SYIRWPUL] UL SJUIWINSBIW JO SUONTUTIP 3Im Suole saorpur [eseu pue [eroe)/o1dosoxd 10y se[nurio) ay) Suimoys o[qe], ‘1§ d[qe], A1ejuswajddng

TVISHLVIN AAVINIWATddNS




	Untitled



