
The aim of the present study is to describe the simplified facial pattern of young Brazilian 
men and women using the facial index (FI), upper face index (UFI), and nasal index (NI) 
in indirect anthropometric measurements applied to frontal photographic images. The 
images were obtained from 660 adult white men and 689 adult white women aged 
30 years ± 6 months, and classified according to regions of birth, as follows: south (S), 
southeast (SE), midwest (MW), northeast (NE), and north (N). The nasion, zygion, gnathion, 
stomion, subnasale, and alare landmarks were labeled on the images using the SAFF 
2D® software. Based on the coordinates, the linear distances between the landmarks of 
interest were calculated and presented as indices. The analysis of variance and Student’s 
t-test were used for assessing the regions of birth and gender, respectively. The collected 
data allowed obtaining the facial profile of the young adult Brazilian population. There 
were differences in the facial profiles between men and women and also between some 
regions, especially between the N and the other Brazilian regions (p<0.05). The UFI did 
not show a statistically significant difference (p>0.05) between genders for any of the 
regions. The discriminant analysis for gender assessment demonstrated higher accuracy 
when the three indices were analyzed together. In the decision tree for gender assessment, 
the NI showed better results than the other indices.
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Introduction
Anthropometry is widely used in areas such as 

medicine, dentistry, nutrition, and arts. This technique is of 
utmost importance in facial analysis, as it helps diagnose 
craniofacial anomalies (1), set a standard for the planning 
of facial reconstruction surgeries (2), and establish growth 
and aging patterns (3,4). 

While facial analysis is employed in numerous fields of 
modern science, the single reference standard, which dates 
back to the Renaissance period, does not correspond to the 
current ideals of facial harmony. Populations change over 
time and a single pattern cannot represent all peoples and 
ancestries, which have notable differences in their physical 
features (5). Facial anthropometric parameters have been 
described for the Caucasian population for 30 years (6). 
However, several authors have proven there are differences 
across population groups and have thus underscored the 
importance of investigating several populations. Despite 
the importance of such data, information on the Brazilian 
population is still lacking, probably because larger and more 
representative samples of the whole country are required. 

Anthropometric measurements are either direct 
(applied directly to the subject) or indirect (based on the 
representation of an individual, including, for instance, 
photographs and computerized tomography images). 
Photography is an acceptable method for the measurement 
of facial parameters and it is used by many authors (7-9). 

The aim of this study is to verify the facial patterns of 

male and female young adult Brazilians by assessing the 
facial index (FI), upper face index (UFI), and nasal index 
(NI) and the differences between them as well as peculiar 
characteristics of each Brazilian region. Discriminant and 
tree decision analyses were utilized for gender assessment. 
The null hypothesis is that there are no differences in facial 
indices between genders and the Brazilian regions. 

Material and Methods
All the principles of the Declaration of Helsinki were 

followed. The study was approved by the local Research 
Ethics Committee (Process no. 1484305). 

Indirect anthropometric measurements were made 
based on frontal facial photographs of 660 men and 689 
women obtained from the Brazilian Federal Police database. 
The identities of the subjects were kept confidential 
pursuant to the security standards followed by Brazilian 
Federal Police civil servants. 

The following criteria were adopted in the present study: 
a test power of 0.80; a significance level of 0.05; a standard 
error of 2%; and the inclusion of 10% more images to make 
up for occasional losses. At least 120 images of white young 
adults aged 30 years (± 6 months) were included for each 
Brazilian region, namely: south (S), southeast (SE), midwest 
(MW), northeast (NE), and north (N). 

The images were included following these criteria: 
images made with a 35 mm equivalent focal length using 
a digital camera positioned at the eye level of the subject 
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being photographed, at a distance of approximately 1.5 
meters; images with a resolution equal to or greater than 
480 x 640 pixels and 24-bit RGB; images with the face 
positioned centrally on the sagittal plane and sagittal 
axis; individuals with a neutral facial expression, with 
their lips closed, looking straight into the camera; absence 
of global features such as beard, mustache, makeup or 
accessories that could hinder the visualization of facial 
structures of interest; absence of severe asymmetries, 
evident deformations, or plastic surgeries that could bias 
the outcomes. Images on which the face was not centrally 
positioned were excluded, and so were those on which 
subjects were smiling, had strabismus, or were not looking 
straight into the camera, or if the self-reported gender did 
not match the one seen on the image.

Proper images were classified as to ancestry, keeping 
only those that shared common characteristics and 
depicted white individuals. The inclusion criteria were: 
beige or pink skin color (fair skin), thin or medium-sized 
lips, and narrow or medium-sized nasal base. The exclusion 
criteria were: naturally ulotrichous hair (curly hair), large 
nasal base compatible with that seen in black individuals, 
thick lips compatible with those of black individuals, and 
eyes compatible with those of Asian or native Brazilian 
individuals. The classification was revised by at least two 
researchers. In case of a consensus between the researchers, 
the image was included in the sample; otherwise, the image 
was evaluated by a third researcher. If the third researcher 
agreed with either of the other two researchers, the image 
was included in the sample; otherwise, it was excluded. 

Nasion (n), zygion (zy), gnathion (gn), stomion (sto), 
subnasale (sn), and alare (al) landmarks were manually 

recorded by the researchers, using the SAFF 2D® – the 2D 
forensic facial analysis software program developed by the 
Brazilian Federal Police (Fig. 1). 

Intrarater and interrater agreement analyses were 
performed using the intraclass correlation coefficient. For 
the analysis of intrarater reliability, 10 duplicate images, 
at an interval greater than 15 days, were marked by the 
same researcher. 

The two-dimensional coordinates of the assessed 
points were stored on Federal Police web servers and 
exported to Microsoft EXCEL®. For the statistical analysis, 
the coordinates, recorded in pixels, were changed into 
linear distances calculated by the geometric formula for 
the distance between two points, according to equation .

The n-gn, zy-zy, n-sto, al-al, and n-sn linear distances 
were changed into indices, as follows: FI= n-gn.100/zy-zy, 
UFI= n-sto.100/zy-zy, and NI= al-al.100/n-sn (Fig. 1).

The descriptive and statistical analyses were performed 
with the Mini Tab 17 and Stata 14.3 software programs. 
Student’s t test was used to assess the difference between 
the means obtained for men and women. The analysis 
of variance, with Bonferroni post-hoc test, was used to 
estimate the difference across Brazilian regions (10). The 
significance level was set at 95% (p=0.05) for all tests. 

Data mining was employed for gender assessment, 
using the Orange 3.4.2 software. 

Results
A total of 1,349 frontal photographs of 660 Brazilian 

men and 689 Brazilian women aged 30 years (± 6 months), 
sorted by region of birth, were assessed. The correlation 
coefficient revealed intrarater and interrater reliability. 

Figure 1. Location of points and distances that make up FI, UFI, and NI, respectively, and the layout of the SAFF 2D® software. On the left: template 
with the points available for marking, and on the right: photographic image to be manually marked by the examiners. 
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Analyzing the Brazilian population as a whole, there was 
a statistically significant difference between genders for 
the three indices (p>0.05). UFI did not show a significant 
difference (p>0.05) between genders for any of the regions.

By taking only female individuals into account, FI 
revealed some differences between the N region and all 
the other regions. UFI showed some differences (p<0.05) 
between the N region and the S, SE, and MW regions. NI also 
indicated some differences (p<0.05) between the N region 
and the other regions, in addition to differences between 
the NE region and the S and SE regions. Regarding male 
individuals, the analysis indicated variation in FI and UFI 
(p<0.05) for the S and NE regions, and also between the 
N region and the S, SE, and MW regions. UFI also differed 
(p<0.05) between the NE and N regions. NI showed some 
differences (p<0.05) across regions: between the S region 
and the SE, NE, and N regions, and between the MW region 

and the N and NE regions.
 The indices per region of birth and gender are 

graphically represented in Figure 2. 
The discriminant analysis for gender assessment 

demonstrated better accuracy rates (70% for men and 
73% for women) when the three indices were analyzed 
together. The equation for males was S=-371.24+(FI*0.73) 
+(UFI*7.70) +(UFI*3.49) and the one for females was S=-
353.03+(FI*0.50) +(UFI*7.87) +(UFI*3.39). 

In addition, data mining with machine learning shown 
in the decision tree was used for gender assessment (Fig. 
3). NI had the best results for gender (gain ratio =0.04 
and Gini coefficient = 0.05), with a 76.77% cutoff point. 

Discussion
Indirect anthropometric measurements based on 

standardized photographs have the following advantages: 
the object being measured does 
not move; errors caused by 
pressure of the instrument on the 
skin are avoided; landmarks can 
be made several times without 
causing any disturbance to the 
subject being measured; and 
the information can be stored 
for future access (11). However, 
the indirect method shows some 
variability when absolute values 
are assessed at some points, when 
compared with the direct manual 
method. This variability has to do 
with the researcher’s difficulty in 
finding the points on the image, 
due to the loss of some anatomic 
references, to distortions on the 
photographs, to differences in 
object’s plane structures and in 
the image represented on the 
photograph, or to distortion of 
soft tissues in direct landmarks 
caused by pressure of the 
instrument, which could lead to 
errors (7,12). However, there is 
some agreement between direct 
and indirect anthropometric 
measurements regarding some 
points which, combined with 
the advantages of the method, 
substantiates its use (1,7,9,11). 
Moreover, the use of proportions 
for the analysis of the results 
minimizes possible distortions of Figure 3. Decision tree for gender assessment, Brazil 2017. 

Figure 2. Graph showing the difference between the means obtained for facial index (FI), upper 
face index (UFI) and nasal index (NI) for men and women by region of birth.
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the image from the real object, since the magnification 
factor is eliminated (13). 

The present study focused on white individuals, as this 
population accounts for 47.7% of Brazilians, as pointed out 
by the 2010 census carried out by the Brazilian Institute 
of Geography and Statistics. The criteria for classification 
of complexion, nose morphology, and lip thickness are 
described in the literature as predictors of ancestry/
ethnicity (14).

The age of 30 years (± 6 months) at the time of the 
photographic record was chosen because it represents 
soft tissue stability, with no interference from growth 
and aging (15).

Most female individuals can be classified as leptoprosopic 
(36.8%) whereas male individuals are mesoprosopic 
(29.74%) when the overall FI mean is estimated (5). The 
difference in FI between men and women is also evident 
in other populations, and this index is usually lower in 
women than in men (2,16,17). 

The upper face corresponds to the distance from the 
nasal root (n) to the end of the upper lip (sto). To calculate 
this index, the height is divided by face width (zy). According 
to UFI, most of the investigated population is classified as 
mesen (47.7%). The UFI mean for the population of this 
study was 53.2 for females and 52.6 for males. Another 
study using 3D images of 10 white Brazilians shows a mean 
of 52.0, which is similar to our findings (18). 

NI shows the relationship between nose width and 
height. Nose morphology can be associated with the 
geographic origin of the population, with predominance of 
mesorrhine individuals in Latin America (19). The difference 
in nose size between men and women is also observed in 
other populations (8,20,21). 

When the female gender was investigated by region, the 
S and SE, S and MW, SE and MW, SE and NE, and MW and NE 
regions did not reveal any differences for any of the three 
indices. UFI was the index with less remarkable difference 
across regions, with some difference only between N and S 
and between NE and MW. NI was the index with the most 
frequent differences between genders, observed between 
S and NE and N, SE and N and S, and SE, MW and N. 

UFI was the index with the largest variation among 
men and with the smallest variation among women. Both 
for men and women, the three indices showed differences 
between S and MW and between SE and MW, but no 
difference between MW and N. 

Considering the territorial distribution of the 
population, lower means was observed for FI and UFI for the 
N region. UFI did not show statistical differences between 
males and females for any of the regions. NI showed the 
highest mean for females. The mean NI for males was 
similar for N and NE. 

The differences in facial pattern across regions can 
be explained by several immigration episodes that took 
place in Brazil, and also by the country’s vast territorial 
extension. Brazil is a continental country that went through 
an important migration process, with migrants coming 
from different European and African countries during 
its colonization. For over 350 years (1500-1850), Brazil 
received about 500,000 Portuguese and 4 million African 
individuals – the latter were concentrated especially in the 
south and northeast regions. The south was home mainly 
to immigrants from Italy, Spain, and Germany (22). This 
distribution is also observed in genetic markers of ancestry, 
which indicate the larger presence of Europeans in the 
southern region. African ancestry is widely present in Brazil, 
except for the southern region, with the highest frequency 
in the east region. Genetic markers of native Brazilians are 
predominantly found in the northern region (23). Therefore, 
interracial marriage is considered to have been a complex 
process, with noticeable impact on the facial profile of the 
Brazilian population and, for that reason, the population 
was assessed by region of birth, in an attempt to describe 
the facial pattern peculiarities of each region. 

A similar study was conducted in Turkey, where the 
population was analyzed after being split into seven regions 
with different climate characteristics. Facial measurements 
turned out to be different across the assessed regions (24). 

In the medical area, it is necessary to perform studies on 
gender characteristics, showing differences between bone 
and soft tissue measurements in men and women. Gender 
assessment obtained for the population in the present 
study showed an accuracy of 70% for men and 73% for 
women. Skull measurements had 77% to 88% of accuracy 
(25), whereas soft tissue measurements reached 94% (26). 

In addition, data mining and machine learning 
techniques demonstrated that the nasal index is the one 
that best describes sex differences. The use of algorithms 
for the analysis of data is a tendency in the healthcare 
sector and could improve diagnostic accuracy, in addition 
to allowing for important predictions (27,28). 

Even though there is predominance of white individuals 
in Brazil, relatively dark-skinned, black and native 
Brazilian individuals have racial representativeness, and 
further studies should be undertaken to investigate the 
anthropometric differences between these ancestries.  

The data herein allowed obtaining the simple profile of 
young adult Brazilians. There were differences in the facial 
profile between genders and also in some regions, especially 
between the north and the other Brazilian regions. Thus, 
the null hypothesis was rejected. When sorted by region, 
UFI did not differ between genders for any of the regions. 
The discriminant analysis for gender assessment showed 
better accuracy when the three indices were analyzed 
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together. In the decision tree for gender assessment, NI 
yielded the best results. 

As a limitation of this study, authors point out the 
analysis of white ancestry only, whereas the Brazilian 
population is made up of white, brown, and black 
individuals. 

Resumo
O objetivo do estudo é verificar o padrão facial simplificado a partir dos 
índices facial (IF), da face superior (IFS) e nasal (IN) de homens e mulheres 
jovens brasileiros a partir da antropometria indireta aplicada em imagens 
fotográficas em norma frontal. Foram utilizadas imagens de adultos 
brancos de 30 anos (± 6 meses), sendo 689 do gênero feminino e 660 
do masculino, divididos pela região de nascimento, sendo Sul, Sudeste, 
Centro-oeste, Nordeste e Norte. Os pontos: násio, zígio, gnátio, estômio, 
subnasal e alar foram marcados nas imagens por meio do software SAFF 
2D®. A partir das coordenadas geradas em pixels, foram calculadas as 
distâncias lineares entre os pontos de interesse, que foram transformadas 
em índices. Os índices foram analisados estatisticamente de acordo com 
a região do nascimento pela análise de variância e o gênero pelo teste t 
de Student. Com os dados foi possível traçar o perfil simplificado da face 
da população brasileira de adultos jovens por meio da fotoantropometria. 
Foram observadas diferenças no perfil facial entre os gêneros e também 
entre algumas regiões, com maior frequência entre a região N e as demais 
partes do país (p<0,05). Quando separados por regiões do país, o IFS não 
mostrou diferença estatisticamente significante (p>0,05) entre os gêneros 
para nenhuma região. A análise discriminante para estimativa de gênero 
mostra que melhores taxas de acerto são alcançadas quando considerados 
os três índices em conjunto. Para a árvore de decisão de estimativa de 
gênero, o IN desempenhou os melhores resultados, quando comparado 
aos demais índices analisados.
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