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Introduction: Sex estimates are generally based on the evaluation 

of qualitative and quantitative aspects of anatomic structures, 

however, the latter has better reproducibility and reliability. 

Objective: Aiming to evaluate the viscerocranium as a tool for 

sexual prediction and verify the possibility of creation of a 

logistic regression model for sexual prediction. Materials and 

Methods: 167 craniums - 100 male and 67 female between 22 and 

85 years old from a Brazilian university´s Biobank - were 

evaluated. Results: It was observed that of the measures carried 

out were presented as sexually dimorphic, except for the 

measures of the right frontozygomatic point – right zygion; left 

frontozygomatic point – left zygion. Besides, it was possible to 

create a logistic regression model Sex = [logits/Sex = -24.5 + 

(0.20 * Nasion - Naso spine) + (0.18 * Right zygion - Naso 

spine)]. Conclusion: It was concluded that the measures of the 

viscerocranium present themselves as a factor of sexual 

dimorphism and the quantitative method developed was 81.4% 

accurate. 
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Introduction 
 

The face is a very important part of the human body because it expresses 

ancestry, sex, and age of individuals, as well as emotions and part of the human 

psyque [1,2]. A great part of this expression is due to the osseous framework, 

developed through hormonal influence during adolescence, named somatic sex, 

influenced by, inter alia, the local environment, nutrition, practice of physical 

exercise, and genetics. These influences are vital to adaptation and survival of 

different population groups and make their measures and anatomic angles more 

peculiar. Regionalized research allow, thus, for more reliable and effective 

measurements in anthropological evaluations.  

Studies point to the fact of the cranium being, overall, the most commonly 

found body part, both in crime scenes and in places of mass-casualty accidents 

[2,3]. Moreover, its characteristics regarding sexual dimorphism are significant, 

what makes accurate results for sexual prediction possible [4-8].  

Physical anthropometry is considered by Interpol [9] the secondary method in 

disaster victims identification, as it is used once other methods of human 

identification are not viable, such as in cases of carbonized bodies, bodies in an 

advanced state of decomposition or mutilated bodies. The data collected is used 

to trace profiles and decrease the number of possible victims, accelerating the 

process of human identification.  

The forensic anthropologic method for estimating age and sex via 

measurements of osseous structures - the somatometric method - provides 

mathematical precision and allows the reproducibility of information in addition 

to practicality in execution [10]. 

The logistic regression allows the estimation of the probability of the 

dependent variable assuming a determined value when there are other known 

variables, which facilitates individual classification in categories and providing 

results in probabilities with high reliability. 

The benefit of the attainment of a logistic regression model for the cranial 

facial area that uses only two measures of the viscerocranium is that it enables 

sex determination in a secure and fast manner, with no need for costly 

examinations and equipments, serving, therefore, any professional, regardless of 

institution and context. 

The present study sought to create a logistic regression model for sexual 

prediction and analyse sexual dimorphism of some measures of the 

viscerocranium: from the right frontozygomatic point to the left frontozygomatic 

point, from the left frontozygomatic point to the left zygion, from the right 

frontozygomatic point to the right zygion, from the right zygion to naso spine, 

from the left zygion to naso spine, from nasion to naso spine (nasal height), and 

maximum width of the piriformis (nasal width).  

 

 

Materials and methods 
 

Sample composition 
 

This is an analytical cross-sectional observational study based on the 

collection of skeletal remnants of the Osteological and Tomographic Biobank 

Prof. Eduardo Daruge of FOP/UNICAMP, with skeletons of both genres – 67 
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women and 100 men – aged between 22 and 85 years. The sample calculation was 

done based on the population estimates for Brazilian Municipalities and 

Federation Units, made by the Brazilian Institute of Geography and Statistics, 

which indicated the population of the state of São Paulo to be 45.538.936 

inhabitants. As a result of the sample calculation for the obtention of valid data, 

based on the aforesaid population and considering a 90% trust level and a 5% 

margin of error. The exclusion criteria were: all the skeletons were from 

Brazilians, aged over 22 years old, without anomalies or pathologies that could 

interfere with the metric analysis. 

 

Measurements studied  
 

An examiner made the following linear measurements, using a precision digital 

caliper (Stainless® – hardened 150 mm, Mauá, São Paulo, Brazil), as shown in 

Figure 1, namely: 

 
Figure 1 – Measures evaluated in the viscerocranium 

 

Ethics evaluation 
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This study was approved by the Human Research Ethics Committee and is in 

agreement with the resolution 466/12 with approval of the 

CEP/FOP/UNICAMP 138/2014 CAAE 38522714.6.0000.5418, opinion number 

1.900.981.  

 

Intra and intercalibration examiner 
 

To start the measurements, the inter- and intracalibration was performed 

using the intraclass correlation test, as shown in Table 1. It was performed in 

three different periods in 25 skeletons, with a one-month interval between them. 

 

Table 1. Intraclass correlation test (ICC) for intra-examiner reproducibility. 

Measures ICC P Result 

Frontozygomatic point (R) - 

Frontozygomatic point (L) 

0.99

54 

p < 

0.0001 
excellent reproducibility 

Frontozygomatic point (L) - Zygion (L) 
0.94

95 

p < 

0.0001 
excellent reproducibility 

Frontozygomatic point (R) - Zygion (R) 
0.96

22 

p < 

0.0001 
excellent reproducibility 

Zygion (R) - Naso spine 
0.95

93 

p < 

0.0001 
excellent reproducibility 

Zygion (L) - Naso spine 
0.99

35 

p < 

0.0001 
excellent reproducibility 

Nasion - Naso spine 
0.98

15 

p < 

0.0001 
excellent reproducibility 

Maximum width of the piriformis 
0.80

41 

p < 

0.0001 
excellent reproducibility 

 

 

At the end of this step, and calibrated, the other skulls were measured to 

totalize 167 skulls, whose sex, age, and ancestry were known, among other 

existing information.  

 

Statistical analysis of the data obtained 
 

Data analysis was performed using the Kolmogorov-Smirnov & Levene test 

and unpaired t test. For logistic regression, the backward stepwise (Wald) was 

used. Hosmer & Lemeshow and Nagelkerke test was also used. The GRAPHPAD 

PRISM 7.0 was the software used. 

 

 

Results 
 

The Kolmogorov-Smirnov and Levene tests showed the data presented, 

respectively, normality (after transformation) and homoscedasticity; thus, the 

unpaired t test was applied to compare both sexes considering each measure 

separately, as shown in Table 2.  
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Table 2. Values (mean ± standard error) of the measures according to sex.  

 Sex  

 Male (n=100) Female (n = 67) P 

A - Frontozygomatic point (R) - Frontozygomatic 

point (L) 

102.7 (±0.47) 99.4 (±0.51) <0.0001 

B - Right frontozygomatic point - Right zygion 44 (±0.59) 42.4 (±0.62) 0.0663 

C - Left frontozygomatic point - Left zygion 43.9 (±0.31) 42.8 (± 0.59) 0.064 

D - Right zygion - Naso spine 85.2 (±0.46) 80.2 (±0.55) <0.0001 

E - Right zygion - Naso spine 85.6 (±0.48) 79.8 (±0.83) <0.0001 

F - Nasion - Naso spine 51.2 (±0.55) 47.3 (±0.41) <0.0001 

Maximum width of the piriformis 25.3 ± 0.24 24.3 (±0.26) 0.0098 

 

The table reveals clear sexual dimorphism in the measures, and the measures 

right frontozygomatic point - left frontozygomatic point, right zygion - naso 

spine, left zygion - naso spine, nasion - naso spine, and maximum width of the 

piriformis were greater for men. However, the measures right frontozygomatic 

point - right zygion, and left frontozygomatic point - left zygion were similar 

between sexes. 

To observe the influence of sex on the measures, logistic regression (Forward 

Stepwise-Wald) was calculated, considering “1” for male and “0” for female, for 

calculation purposes.  

Regression showed the model composed of the measures D (right zygion - naso 

spine) and F (nasion - naso spine) were the best (Chi-square = 53.7, p<0.0001) to 

predict sex. The measures A (p = 0.21), B (p = 0.59), C (p = 0.81), E (p = 0.17) 

and G (p = 0.30) were not relevant to the model. The Nagelkerke R2 showed the 

variables are responsible for 38.2% of the variation found in sex. In addition, the 

Hosmer-Lemeshow test showed the model was adequate (p=0.13). Table 3 shows 

this model. 

 

Table 3. Logistic regression for sex, considering the variables under study. 

 coefficient 

Standard 

error 

Wald p-Value 

Coefficient  

Standardized 

D - Right zygion - Naso spine 0.18 0.05 15.67 <0.0001 1.20 

F - Nasion - Naso spine 0.20 0.06 10.39 0.0012 1.22 
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Constant -24.5 4.23 33.6 <0.0001 - 

 

The logits was obtained: 

Logistic regression model [Sex = -24.5 + (0.20 * Nasion - Nasio spine) + (0.18 

× Right zygion - Naso spine)].  

Values higher than 0.5 (cutoff point) would be considered “male” and lower, 

“female.” Table 4 shows the prediction considering this relation. 

 

Table 4. Prediction of sex by applying logistic regression. 

  Prediction using the formula  

  Female Male Correct percentage 

Sex  Female 47 19 71.2 

 Male 11 84 88.4 

   Correct overall percentage 81.4 

 

This table shows the method results in 88.4% sensitivity, 71.2% specificity, 

and 81.3% accuracy, thus proving to be more effective in the sex prediction. 

 

 

Discussion  
 

Sexual dimorphism from the analysis of skeletal human remains is a 

fundamental step in forensic investigation. Men and women show different 

characteristics such as hormonal and skeletal physiology that correspond to 

sexual dimorphism. The skeletal characteristics have the advantage of resisting a 

long time after death, allowing for analysis for sexual differentiation. Authors 

assert [2,4,5-8] based on their studies that the certainty degree of the sexual 

diagnosis varies according to the number and nature of the elements analysed. 

When only the hipbone is used for analysis, the probability of correctness is 95%, 

whilst when only the cranium is used, 92%, and when analysed together, the 

process reaches 98% probability of being correct [11]. 

One of the branches of forensic anthropology is sex determination through 

osseous analysis. Usually, metric and morphologic methods are used to determine 

sexual dimorphism. The advantage held by the metric method lies in its 

mathematical precision, given that it generates equations, deriving of measures 

acquired by a safe, practical and reproducible methodology, besides being more 

objective [6,12].  

The present study assessed measures of the viscerocranium for sexual 

prediction and the results acquired allow one to infer that five of the measures 

studied are dimorphic and two of them (right frontozygomatic point - right 

zygion, and left frontozygomatic point - left zygion) are not adequate for sex 

determination. It is suggested, regarding the small difference between men and 

women in those two measures (left and right sides), that this could be justified by 

the large intermingling existent in Brazil, which would have caused modifications 

in the characteristics that would be distinguishable among the different 
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ethnicities, therefore allowing for less sexual differentiation. Such situation was 

also found by Steyn & Iscan [13], in which they verified that the bizygomatic 

measure was the most dimorphic among the 91 evaluated skeletons from the 

Pretoria and Witwatersand Collection.  

The authors believe that if the sample was composed of less intermingled 

individuals, such as indigenous and quilombo, a difference of 2 to 4% higher in 

males compared to females would be observed. This is supported by the studies of 

Zaki et al. [14] that, by measuring 149 cephalometrics obtained from Libia’s 

archaeological sites, verified that the studied craneous measures of individuals 

who had not gone through much intermingling were larger in males in the order 

of 8.5% when compared to female craniums. Only the anterior nasal spine to 

posterior nasal spine measure was not considered dimorphic. Also, Naikmasur et 

al. [15], studying 105 radiographic images of Tibetan and South Indian 

individuals, observed an accuracy level of 81.5% for South Indians and 88.2% for 

Tibetans. The most dimorphic measurements found are the bizygomatic width, 

the ramus height and face depth.  

It was possible to create a logistic regression model [Sex = -24.5 + (0.20 × 

Nasion - Nasio spine) + (0.18 * Right zygion - Naso spine)] to determine sex, 

with level of accuracy of 81.4%. This datum corroborates the findings by Almeida 

Júnior et al. [16], who studied the transverse index – maximum height and width, 

obtaining level of accuracy of 76.25% by using discriminant analysis and 81.50% 

through regression. Also with little variation, Francesquini Jr. et al. [17], who 

studied the skull base, obtained level of accuracy of 78.2% using logistic 

regression. 

In the same norma basalis used by Uthaman, Al-Rawi & Al-Timimi [18], the 

foramen magnum (its length and width) was studied, obtaining level of accuracy 

of 67% by using discriminant analysis and 69.3% using multiple regression. Jain, 

Jasuja & Nath [19] assessed the length of the foramen magnum, obtaining level of 

accuracy of 75.5%. In turn, Franklin, Freedman & Milne [20] obtained level of 

accuracy from 77% to 80%, and the facial width was the most discriminant. Also, 

Oliveira et al. [21] found using the bizygomatic measurement and measures of 

basal lambda in a regression model with the data from a file of bones of Cuiabá, 

obtaining level of accuracy of 72% was possible. 

One believes that obtaining a level of accuracy close to 100% is possible only 

when the mathematical model for sex determination in bone collections whose 

representatives are highly dimorphic (big male skulls and small female skulls), not 

representative of the current population. The Brazilian and European populations 

has from 10 to 20% of undifferentiated skulls [3]. This fact can explain the 

findings by Mahakkanukrauh [22], who obtained 91.4%.  

It is emphasized that studies that present discordant results from this study 

cannot be found in Brazilian literature. Besides, the linear measurements choice 

made in this study are also not listed in literature, which denotes that this is an 

unprecedented study.  

The current Brazilian population, due to intermingling, has a difference as to 

ancestrality. The Brazilian Institute for Geography and Statistics (IBGE)22 

presents Brazilian ethnic distribution as the following: white (45.5%), brown 

(45%), black (8.6%), and other groups (0.9%). Such data are very coincident with 

the sample of the present research and very representative of the current 

Brazilian population, namely: white (58.75%), brown (27.81%), black (13.12%), 

and asiatican (0.32%). 
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Conclusion 
 

The viscerocranium has presented itself as an effective tool in sexual 

prediction once five of the measurements taken were considered sexually 

dimorphic, except for the frontozygomatic point - right zygion; left 

frontozygomatic point - left zygion. Two measures have shown greater sexual 

dimorphism, and were used for the creation of a logistic regression model to 

determine the sex [logits/Sex = -24.5 + (0.20 * Nasion - Naso spine) + (0.18 * 

Right zygion - Naso spine)]. The quantitative method developed results in level of 

accuracy of 81.4%. 
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