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ABSTRACT 
This research aimed to assess the predictive ability and applicability for sexual diagnosis 
of algorithms developed from measurements of humeri and femurs from skeletons 
belonging to the CEAF Identified Skeletal Collection of the University of Pernambuco, 
Brazil. The sample was composed of 483 humeri and 452 femurs, obtained from 401 
skeletons, 208 male and 193 female, with ages ranging from 15 to 109 years. The 
variables used were the transverse and vertical diameters of the humeral and femoral 
heads and the epicondylar width of these bones. The data collected were analyzed using 
R software (version 3.6.1, R Foundation for Statistical Computing). Only the univariate 
logistic regressions were considered predictive, making it possible to estimate sex based 
on any single variable in this study. The accuracy ranged from 93.8% to 97.5% for the 
humerus evaluation and from 92.9% to 95.6% for femurs, with the transverse diameter 
of the right humeral head being the most dimorphic measurement. Therefore, it is 
inferred that the sexual dimorphism presents in the measurements of the humeri and 
femurs of our sample is high and enables the classification of sex reliably and assertively 
using the algorithms created. 

Keywords: Human Identification, Forensic Anthropology, Sexual Dimorphism, Sex 
Determination Analysis, Humerus, Femur 
 

1. INTRODUCTION 
         Forensic anthropological investigations on skeletonized human remains aim 
to identify and classify biological patterns through a process known as 
anthropological identification Torimitsu et al. (2016), classically categorizing 
human skeletons regarding ancestry, sex, age, and stature, thus establishing the 
biological profile Navega et al. (2015). This step makes it possible to establish 
identity or direct the identification process Canãdas and Gonzalo (2021).    
        The pelvis and the skull are body structures traditionally used for sex 
estimation, and the other bones are considered subsidiary for this purpose, 
especially if the pelvis is present, complete, and intact Arbenz (1988), Couto 
(2011), Soni  et al. (2013), Torimitsu et al. (2016), Ogedengbe et al. (2017), since 
it has the highest sexual dimorphism, regardless of the population studied Murail  
et al. (2005), Quatrehomme et al. (2016), Brůžek et al. (2017). However, only 
damaged, fragmented, or incomplete bones may be available in forensic practice 
due to taphonomic phenomena, such as the action of cadaveric fauna  

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/
https://doi.org/10.29121/granthaalayah.v9.i6.2021.3923
https://dx.doi.org/10.29121/granthaalayah.v9.i10.2021.4346
https://dx.doi.org/10.29121/granthaalayah.v9.i10.2021.4346
https://dx.doi.org/10.29121/granthaalayah.v9.i10.2021.4346
https://orcid.org/0000-0001-8337-0194
https://orcid.org/0000-0002-5620-9431
https://orcid.org/0000-0002-0352-8439
https://orcid.org/0000-0003-1270-2352
https://crossmark.crossref.org/dialog/?doi=10.29121/granthaalayah.v9.i10.2021.4346&domain=pdf&date_stamp=2021-11-09
mailto:evelyne.soriano@upe.br


Biological Sexual Profile Based on Linear Dimensions of Humeri and Femurs of Adult Brazilian Human Skeletons 
 

International Journal of Research - GRANTHAALAYAH 278  

Zapico and Adserias-Garriga (2021). Bones rich in sexual characteristics, such as the 
pelvis, are fragile and therefore more susceptible to damage due to the thin bone 
cortices that compose them. Furthermore, these structures may not be present in a 
sample Thompson and Black (2007), Spradley and Jantz (2011), Chiba et al. (2018). 

On the other hand, denser, robust, resistant, and tubular bone elements, such 
as the long bones, have greater chances of being in a better state of preservation 
than the pelvis and the skull Spradley and Jantz (2011), Masotti et al. (2013), 
Carvallo and Retamal (2020). Thus, the anthropological study of bone with a greater 
expectation of perenniality has increased, and long bones are among the most 
actively studied for sex assessment Siddiqi and Norrish (2018). 

Since the demands and samples in Forensic Anthropology are varied, the 
consolidation of new methodologies for sexual diagnosis is a necessity, and, 
therefore, different anatomical sites have been studied for sexual diagnosis in 
human bones. Thus, the present study evaluates the sexual predictive capacity of 
algorithms developed through measurements of humeri and femurs of 
contemporary identified skeletons from the CEAF Identified Skeletal Collection of 
the University of Pernambuco, Northeast of Brazil. 

 
2. MATERIALS AND METHODS  
This research aimed to assess the predictive capacity for sex diagnosis of 

algorithms based on logistic regression to indicate the true positives in a sample 
composed of humeri and femurs. A blind diagnostic accuracy study was performed, 
and it is linked to the research project 'Metric analysis of long bones for sex 
estimation in the Brazilian population', which the Research Ethics Committee 
approved under Opinion No. 4.081.061 - CAAE: 28215019.6.0000.5207.  

The sample consisted of a total of 483 humeri and 452 femurs, being 363 
humeri and 343 left femurs and 120 humeri and 109 right femurs, obtained from 
401 skeletons selected among the 427 ones belonging to the Identified Skeletal 
Collection of the Center for Studies in Forensic Anthropology (CEAF), University of 
Pernambuco (UPE), Brazil Cunha et al. (2018), Carvalho et al. (2020). 

A total of 208 male and 193 female skeletons were used, with ages ranging from 
15 to 109 years (mean of approximately 70.2 years for women and 58.3 years for 
men). Humeri and femurs that presented incomplete epiphyseal consolidation were 
excluded from the sample (once this is a characteristic of bone growth in progress), 
or those whose anatomical sites of interest were impaired by taphonomy, trauma, 
malformations, prostheses, or extensive or severe pathologies. 

The set of metric variables in this study is linked to the methodological 
parameters established by Gonçalves (2014), Buikstra and Ubelaker (1995), and the 
contributions made by Alunni-Perret Staccini and Quatrehomme (2008). Thus, the 
vertical and horizontal dimensions of the humeral and femoral heads and their 
epicondylar width were used as a basis. The definition and representation of these 
measurements are shown in Table 1 and Figure 1, respectively. 

Table 1 Quantitative variables used and their corresponding definition 

Quantitative variables Definition Lateralization 
  Right  Left 

Transverse humeral head 
diameter (THHD) 
Gonçalves (2014) 

Figure 1A 

Greater anteroposterior distance of the 
humeral head. 

 
RTHHD 

 
LTHHD 
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Figure 1 Humeral and femoral variables. A) Transverse humeral head diameter; B) Humeral head 
vertical diameter; C) Humeral epicondylar width; D) Transverse femoral head diameter; E) Vertical 
femoral head diameter; F) Epichondylar femoral width. 

 
As recommended by Martin annd Saller (1957), each variable was measured 

three times with the aid of a 150 mm universal digital caliper, and the mean of the 
values obtained was recorded in millimeters, to one decimal place, for statistical 
analysis. The same examiner performed two examinations at each anatomical site 
of interest, with a minimum of seven days between the first and second 
measurements. The agreement could be verified using the intraclass correlation 
coefficient (ICC), as shown in Table 2. 

 
 

Humeral head vertical 
diameter (HHVD) 
Gonçalves (2014) 

Figure 1B 

The largest dimension of the humeral 
head, when considered in the same 

direction as the long bone axis. 

 
RHHVD 

 
LHHVD 

Humeral epicondylar width 
(HEW) 

Gonçalves (2014) 
Figure 1C 

Distance from the medial epicondyle to 
the lateral epicondyle. 

RHEW LHEW 

Transverse femoral head 
diameter (TFHD).  

Gonçalves (2014) 
Figure 1D 

The greater anteroposterior distance of 
the femoral head. 

RTFHD LTFHD 

Vertical femoral head 
diameter (VFHD) 

Gonçalves (2014) 
Figure 1E 

The largest dimension of the head, when 
considered in the same direction as the 

long bone axis. 

RVFHD LVFHD 

Epichondylar femoral 
width (EFW) 

Alunni-Perret Quatrehomme 
(2008) 

Figure 1F 

Distance from the medial epicondyle to 
the lateral epicondyle. 

REFW EFWW 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/


Biological Sexual Profile Based on Linear Dimensions of Humeri and Femurs of Adult Brazilian Human Skeletons 
 

International Journal of Research - GRANTHAALAYAH 280  

 

Table 2 Intraobserver agreement analysis to evaluate the reproducibility of humerus and 
femur measurements 

Variables  Intraobserver  
N ICC [95%CI] P-value 

THHD 10 0.999 [0.996-1.000] <0.001 
HHVD 10 0.999 [0.994-1.000] <0.001 
HEW 10 0.999 [0.992-1.000] <0.001 
TFHD 10 0.999 [0.995-1.000] <0.001 
VFHD 10 0.997 [0.986-0.999] <0.001 
EFW 10 0.999 [0.998-1.000] <0.001 

ICC = intraclass correlation coefficient; CI = confidence interval; P = probability of significance. N = 
number of individuals evaluated. 

 
Data Analysis 
The data collected were analyzed using R software (version 3.6.1, R Foundation 

for Statistical Computing). The parameters of interest of the humerus and femur, on 
both sides, were compared between sexes by the t-Student test, after the analysis of 
normality distribution by Shapiro-Wilk and Kolmogorov-Smirnov tests. 
Sequentially, quantitative variables were evaluated as an individual (unadjusted 
analyses) and combined (adjusted analyses) sex estimators. 

Multivariate (adjusted) analyses were not possible because when statistical 
checks were performed with more than one variable of interest, they did not result 
in predictive models (p>0.05) for all analyses. So, only the individual analyses of 
each variable were completed and evaluated for predictive power by analyzing the 
area under the ROC curve (Receiver Operating Characteristic Curve).   

Univariate logistic regression was used to analyze the parameters as sex 
estimators, with the reference category being female sex (Female sex = 0; Male sex 
= 1). The adequacy of these models was assessed using the deviance parameter and 
the deviance < reference chi-square analysis and the hit rates (PPV = Positive 
Predictive Value and NPV = Negative Predictive Value). A significance level of 5% (p 
= 0.05) was adopted for all analyses. 

 
3. RESULTS  
The intraclass correlation index (ICC) values obtained based on measurements 

of a total of 10 humeri and 10 femurs, on both sides and in equal numbers, ranged 
from 0.997 to 0.999, indicating excellent intraobserver agreement. 

It was observed, in all variables, differences in the means of the measurements 
between male and female sexes (p<0.05), with dimensional prevalence in structures 
of male subjects compared to females. The results of the t-Student test showed that 
in both sexes, only the DTCU variable showed average dimensional symmetry 
between sides (Table 3).  

Table 3 Distribution of the values obtained for the measurements in each variable and 
comparison between female and male sexes 

Variable Sex Mean * Standard 
deviation 

Minimun Maximun p-value 
** 

RTHHD Female 36.33 A 2.11 32.4 41.6 <0.001 
  Male 42.68 G 2.19 36.9 46.4   

HHVDD Female 39.60 B 2.81 34.4 46.6 <0.001 
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  Male 46.36 H 2.45 39.4 53.8   
HEWD Female 53.78 C 4.03 43.4 65.2 <0.001 

  Male 62.30 I 3.56 54 70.1   
RTFHD Female 39.81 D 2.87 33.7 45.6 <0.001 

  Male 45.52 J 2.6 39.7 51.5   
RVFHD Female 39.80 E 2.9 33.2 45.9 <0.001 

  Male 45.67 K 2.52 41.2 53.2   
REFW Female 72.68 F 4.2 59.3 81.2 <0.001 

  Male 81.64 L 4.41 70.4 92.6   
LTHHD Female 36.35 A 2.05 31.7 43.8 <0.001 

  Male 42.56 G 2.15 35.7 48   
LHHVD Female 39.35 B 2.33 34.4 47.3 <0.001 

  Male 45.94 h 2.49 37.8 53.1   
HEWE Female 53.27 C 3.46 43.9 65.3 <0.001 

  Male 61.63 i 3.83 49.8 72.5   
LTFHD Female 39.51 d 2.33 34.3 47.7 <0.001 

  Male 45.48 J 2.49 37.9 54.1   
LVFHD Female 39.84 e 2.39 34.6 47.9 <0.001 

  Male 45.87 K 2.49 37.8 54.1   
EFWW Female 72.25 F 3.89 59.8 86.3 <0.001 

  Male 81.54 l 4.05 70.6 91.8 
 

*Student's t-test. Equal letters of different sizes indicate a statistical difference between right and 
left side measurements within the same sex. ** Significance level = 5% 

 
 All individual quantitative variables were predictive of sex, resulting in hits 

that ranged from 92.9% to 97.5%, and all univariate models were considered 
adequate for classification from the deviance < reference chi-square check (Table 
4). Based on these parameters, cutoff points were determined for the measures of 
the variables and the probabilities generated by equations of each model (Table 5). 
Thus, values equal to or above the cutoff point classify the individual as male, and 
below, they classify the individuals as female.The accuracy ranged from 94.3% 
(HEWE) to 96.9% (LTHHD) in humerus and from 95.0% (EFWW) to 95.6% (LTFHD) 
in femur for the left side. For the right side, the respective accuracy rates were 
93.8% (HEWD) to 97.5% (RTHHD) in the humerus and 92.9% (RTFHD) to 94.4% 
(RVFHD) in the femur. The transverse diameter of the right humeral head was the 
most dimorphic measurement in this population. 

Table 4 Results for the prediction of sex from the variables of interest 

Variable Cutoff  
p 

Cutoff m AUC (IC95%) Deviance Q-Q reference 

RTHHD 0.441 39.30 97,50% (97,09 – 
97,91) 

37.73 112.02 

HHVDD  0.701 44.40 95.58% (95.27 – 
95.89) 

51.40 125.45 

HEWD 0.322 57.06 93.80% (93.63 – 
93.97) 

69.01 134.36 

RTFHD 0.552 42.93 92.90% (92.59 – 
93.21) 

58.72 109.77 

RVFHD 0.336 41.89 94.40% (94.03 – 
94.77) 

54.08 110.89 
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REFW 0.418 76.66 93.10% (92.91 – 
93.29) 

61.54 118.75 

LTHHD 0.465 38.94 96.90% (96.65 – 
97.15) 

110.02 303.96 

LHHVD 0.620 42.87 96.30% (96.11 – 
96.49) 

142.36 345.66 

HEWE 0.587 57.74 94.30% (94.21 – 
94.39) 

213.63 396.75 

LTFHD 0.493 42.73 95.60% (95.41 – 
95.79) 

148.52 321.09 

LVFHD 0.508 43.20 95.50% (95.31 – 
95.69) 

153.27 326.44 

EFWW 0.581 78.06 95.00% (94.89 – 
95.11) 

169.41 339.26 

Logistic regression. cutoff=cut-off point of the value of the variable of interest. p = probability. m = 
measurement in millimeters. AUC = Area Under Curve. CI95% = Confidence Interval 95%. 
Deviance = deviance function. Q-Q = Reference Chi-square. Deviance<Reference chi-square = 
adequate model for prediction. Significance level = 5%. 

 

Table 5 Equations for estimating the probabilities in predicting sex from each of the 
variables of interest 

Variable Prediction Equations 
RTHHD P (male) = 1/1+ e – (-41.51+1.05*RTHHD) 
HHVDD  P (male) = 1/1+ e – (-36.89+0.86*HHVDD) 
HEWD P (male) = 1/1+ e – (-30.42+0.52*HEWD) 
RTFHD P (male) = 1/1+ e – (-32.85+0.77*RTFHD) 
RVFHD P (male) = 1/1+ e – (-37.97+0.89*RVFHD) 
REFW P (male) = 1/1+ e – (-39.43+0.51*REFW) 

LTHHD P (male) = 1/1+ e – (-41.81+1.07*LTHHD) 
LHHVD P (male) = 1/1+ e – (-38.53+0.91*LHHVD) 
HEWE P (male) = 1/1+ e – (-33.14+0.58*HEWE) 
LTFHD P (male) = 1/1+ e – (-39.77+0.94*LTFHD) 
LVFHD P (male) = 1/1+ e – (-39.28+0.91*LVFHD) 
EFWW P (male) = 1/1+ e – (-44.17+0.57*EFWW) 

e = Euler's constant (2.7182) 

 
The test's discriminant power was evaluated using positive and negative 

predictive values from the cutoff points' parameters. Thus, for the positive 
predictive value (PPV), related to sensitivity, males (category 1) were the outcome 
variable and had the assertiveness varying from 84.89% to 94.87% in the humerus 
and 81.59% to 98.0% in the femur. On the other hand, the negative predictive value 
(NPV), related to specificity, has female sex (category 0) as the outcome variable and 
had an accuracy rate ranging from 83.33% to 93.7% in the humerus and 77.5% to 
93.43% in the femur (Table 6). 

Table 6 Distribution of subjects' ratings and hit rates from the generated cutoff points and 
comparison with the actual ratings 

Variable Estimated 
Classification 

Actual 
Classification 

  Predictive 
values (%) 

  

    Female Male PPV NPV 
RTHHD Female 38 4 92.00% 92.68% 

  Male 3 46     
HHVDD Female 42 10 82.75% 93.33% 
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  Male 3 48     
HEWD Female 40 6 90.75% 83.33% 

  Male 8 57     
RTFHD Female 34 9 82.00% 87.17% 

  Male 5 41     
RVFHD Female 31 1 98.00% 77.50% 

  Male 9 49     
REFW Female 32 8 86.20% 82.05% 

  Male 7 50     
LTHHD Female 102 8 94.87% 91.89% 

  Male 9 148     
LHHVD Female 119 15 91.62% 93.70% 

  Male 8 164     
HEWE Female 146 29 84.89% 90.12% 

  Male 16 163     
LTFHD Female 120 17 88.81% 91.60% 

  Male 11 135     
LVFHD Female 123 17 88.74% 89.78% 

  Male 14 134     
EFWW Female 128 30 81.59% 93.43% 

  Male 9 133     
PPV=positive predictive value. NPV=negative predictive value 

 
4. DISCUSSIONS  
The presence of measurable structures of interest in 93.9% of the sample is 

expected, due to the robustness and consequent tendency to structural preservation 
of long bones, such as humerus and femur. Moreover, long bones meet the 
requirement of the practicality of identification methods, both by the ease of sorting 
these bone structures among the others and by the simplified process of obtaining 
measurements on the structures of interest Carvallo  and Retamal (2020). 

As in other studies, the logistic investigation showed that the mean 
measurements of the males' variables are higher than those of females, which allows 
us to infer that there is dimensional dimorphism in the anatomical structures 
investigated. The reasons for this discrepancy are genetic, labor, hormonal, and 
muscle mass particularities between men and women Steyn and Isçan (1997), 
Rauch et al. (2004), Frutos (2005), Forriol and Shapiro (2005), Rauch (2005), 
Alunni-Perret et al. (2008), Kranioti and Michalodimitrakis (2009), Soni et al. 
(2013), Ogedengbe et al. (2017), Carvallo and Retamal (2020), Chatterjee et al. 
(2020). 

The statistically significant predictive models produced in this research are 
exclusively univariable. Therefore, it is possible to gather decisions regarding sex 
from each of the possible individual variables, but gathering more than one of them 
in a single model does not generate assertive decisions. Thus, the utility of these 
regressions as sex classifiers is enhanced since even in situations with few viable 
structures, the presence of only one measurable bone fraction can allow sex 
estimation. Similarly, Cuzzullin et al. (2020) observed that their best predictive 
indices were obtained when using isolated variables. 

The cutoff points established for the measurements of all variables and the 
probabilistic results of the algorithms allow the diagnosis of sex with a high 
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possibility of accuracy. The reliability of the models is reinforced by the results 
achieved for the positive and negative predictive values, which indicate the 
satisfactory sensitivity and specificity of the logistic regressions produced. In this 
study, the most dimorphic measure was RTHHD, and the least predictive was 
RTFHD.  

The assertiveness of all logistic regressions in the present study is in 
accordance with the observations of Spradley and Jantz (2011) regarding the 
discriminative superiority of models generated from long bones concerning the 
predictive capacity of models obtained from cranial structures. It is inferred, 
therefore, that the long bones of this sample have more evident sexual metric 
particularities than the skull bones whose use in sexual diagnosis was once reputed 
to be more reliable Soni et al. (2013), so that, in the absence of the pelvis, humerus, 
and femur are configured as preferable alternatives to the skull. 

The statistical investigation of both sides of the humerus and femur showed 
significant metric asymmetry between the HHVD, HEW, TFHD, VFHD, and EFW 
dimensions. This dimensional difference may result from a more significant 
imposition of mechanical forces applied to the bones on one side since most of the 
population is right-handed Papadatou-Pastou et al. (2019), and these stresses may 
increase bone growth, mass, and geometry Rauch et al. (2004), Forriol  and Shapiro 
(2005), Rauch (2005), Zymbal et al. (2017). 

Duckworth (1919) recommended that only the height of the acromion and 
greater trochanter concerning the ground be measured bilaterally, and the others, 
preferably on the left side. Therefore, comparing results with those of other studies 
will be based only on the indicated side. However, future research could standardize 
bilateral measurements in even structures for methodological validation in all 
available bones due to the global prevalence of right-handed individuals Papadatou-
Pastou et al. (2019) and the specificity of metric methods Coma (1999), Gonçalves 
(2014), Siddiqi and Norrish (2018). 

Studying the transverse diameter of the humeral head (CTHD) of 82 Portuguese 
individuals, Gonçalves (2014) obtained an accuracy rate of 85.7%, a result similar 
to that obtained for the Colombians Moore et al. (2016), which was 86.0%. Zapico 
and Adserias-Garriga (2021) developed statistical models in the European and Latin 
American samples with 83.0% and 73.0% accuracy, respectively. However, better 
metric dimorphisms were obtained in Indians Reddy and Doshi (2017), whose 
predictions were assertive between 97.0% and 84.0% for males and females, 
respectively, and by Fowller and Hughes (2018), with accuracy rates of 94.54% in 
the Guatemalan population. 

Based on the humeral head vertical diameter (HHVD), accuracy rates in sex 
diagnosis of 88.4% and 89.9% were observed for the Portuguese Gonçalves (2014) 
and Greek Kranioti and Michalodimitrakis (2009), samples, respectively. The white 
South African population Ogedengbe et al. (2017) had a lower hit rate of 82.5% of 
European ancestry. The North American sample from the 19th and 2040 centuries 
generated algorithms with 93.7% and 96% accuracy for females and males, 
respectively, and the Central American population Frutos (2005) produced a 
discriminant function with 95.5% accuracy for both sexes. 

The epicondylar width of the humerus (HEW) was considered statistically 
insignificant in the Colombian population Moore et al. (2016), in contrast to the 
present analysis findings. This variable produced correct sex classification of 85.7% 
and 85.1% in European populations, respectively for Portuguese Gonçalves (2014) 
and Cretans (Kranioti and Michalodimitrakis, 2009), and 87% in the samples 
studied by Zapico and Adserias-Garriga (2021). Boldsen et al. (2015) showed metric 
sexual dimorphism with an accuracy of 94.0 for females and 93.1% for males. In 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/


Evelyne Pessoa Soriano, Rodrigo Araújo de Queiroz, Emília Alves do Nascimento, Patrícia Moreira Rabello, Luiz Gutenberg Toledo de Miranda 
Coelho Junior, and Marcus Vitor Diniz de Carvalho 

 

International Journal of Research - GRANTHAALAYAH 285 
 

Latin American Zapico and Adserias-Garriga (2021) and Central American Frutos 
(2005) populations, the probability of correct diagnosis was 80.0% and 91.1%, 
respectively. 

The metric sexual dimorphism of the transverse femoral head diameter (TFHD) 
of Portuguese specimens Gonçalves (2014) allowed the development of a 
discriminant function with an accuracy of 81.6%. Using the same method, the 
Chinese sample Isçan and Shihai (1995)  presented an accuracy rate of 83.1%. The 
Colombian Moore et al. (2016) and Dutch Colman et al. (2018) populations 
presented 80.8% and 86.0% assertiveness, respectively. 

The vertical femoral head diameter (VFHD), on the other hand, produced in the 
Indian population Soni et al. (2013) a hit rate of only 72.5% in Male’s femurs and 
85% in Females. For this variable, Gonçalves (2014) correctly classified the sex in 
82.9% of the cases, and Colman et al. (2018) obtained a 90% assertiveness rate for 
the same task in the Dutch population. 

Although Soni et al. (2013) did not obtain statistically significant results for sex 
diagnosis based on epicondylar femoral width (EFW), other investigations have 
been successful in this same mission. In the Nepalese population Singh et al.  (2016), 
only 68% of the bones were correctly classified, making it inadvisable to use this 
variable alone for sex diagnosis in that sample. Moore et al. (2016) observed that 
EFW was the most sexually characteristic femoral measurement in their specimens 
with 82.9%. A higher assertiveness of 94.9% and 95.4% were obtained from Chinese 
Isçan and Shihai (1995) and French Alunni-Perret et al. (2008) femurs, respectively. 
A comparison of the assertiveness rates for estimating the sex of each variable in 
this research with their counterpart measures in the cited studies shows that the 
highest hit rates were obtained in the algorithms produced based on the present 
samples of Northeastern Brazilians. 

Carvallo and Retamal (2020) stated that the femur has evolutionary advantages 
in expressing sexual characteristics over the other long bones. For Albanese et al. 
(2008), this sexual dimorphism results from the relationship between the proximal 
epiphysis (femoral head) and the pelvis. However, in this study, all femoral variables 
showed similar probabilistic accuracy, suggesting no sexual dimorphism between 
the extremities. Moreover, contrary to the cited authors, we observed a higher 
probability of correct sex classification when made using humeral variables in our 
sample. 

A practical contribution of the metric methods of sex diagnosis for forensic 
anthropology is establishing cutoff points based on measurements. In this study, the 
cutoff points were established for each variable in millimeters, from which a bone is 
classified as a male and below which it is estimated as a female. Despite the 
practicality of this information, the literature has been scarce for this parameter, 
usually presenting the cut points of each variable employing statistical functions or 
relations, whose interpretation and calculation are more complex. 

The DTCU of European populations shows values for the section points from 
39.3820 to 42.04511 millimeters. In Latin American populations, it ranged from 
38.7311 to 42.9537 millimeters. In this study, a section points of 38.94 mm closer 
to the value found in the Latin American sample Zapico and Adserias-Garriga (2021) 
was found. The HHVD of the Portuguese population Gonçalves (2014) had a section 
point of 42.36 mm, which is a smaller dimensional reference than that obtained in 
this northeastern Brazilian sample, whose value was 42.87 mm. The HEW cutoff 
point for the Portuguese population Gonçalves (2014) was 56.63 millimeters, and 
for the Europeans studied by Zapico and Adserias-Garriga (2021), a lower value of 
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42.19 millimeters. In this investigation, this variable presented the cutoff point at 
57.74 millimeters. 

This variability in the dimensional values of the cutoff points highlights the 
population specificity of the metric methods for sex diagnosis since the 
measurements of bone structures can be influenced due to geographic and temporal 
aspects, different social and nutritional customs, and degrees of physical demands 
Coma (1999), Vick (2005), Frutos (2005), Stulp and Barrett (2016), Siddiqi and 
Norrish (2018), Colman et al. (2018), Maass and Friedling (2018), Musilová  et al. 
(2019). Ancestry can also interfere in sex diagnosis, with metric similarities being 
registered in populations of the same ancestry Boldsen et al. (2015), an increase in 
assertiveness with the inclusion of this variable Maass and Friedling (2018), in 
addition to the relationship of bone length and thickness and robustness with 
characteristics specific to European and African descendants Spradley and Jantz 
(2011), Colman et al. (2018). Therefore, standardized formulas and regressions 
should not be carried from one population to another Alunni-Perret et al. (2008), 
under penalty of invalidating the results Frutos (2005). 

In Brazilian research, Galvão and Vitoria (1996) developed a multivariate 
predictive model for sex based on the HHVD and VFHD variables, with accuracy 
rates ranging from 94% to 96.2% for northeastern females and males, respectively. 
Cuzzullin et al. (2020) studied femurs of contemporary Brazilians from the 
Southeast and obtained lower accuracy rates, ranging from 81.5% to 84.5%, for 
variables similar to the present study. In this case, the apparent decrease in 
dimorphism present cannot be attributed to chronological factors since Galvão and 
Vitoria (1996) did not characterize their sample in these terms, but only 
geographically. 

All the variables investigated in our sample showed a degree of sexual 
differentiation higher than a Brazilian sample from the Southeast Cuzzullin et al. 
(2020). They were similar to the Northeastern sample previously studied Galvão 
and Vitoria (1996), even considering that the latter used multivariate analysis. 

Moreover, the measurement of the section points found in the present analysis 
for femurs showed a higher value when compared to the results of Cuzzullin et al. 
(2020).  Galvão and Vitoria (1996) reported only the RVFHD cutoff point of 42.8 
millimeters, whose result is close to the 43.2 millimeters found in the homologous 
variable of this study. These findings ratify the linkage of the somatometric sex 
estimates to the sample studied. 

 
5. CONCLUSIONS  
The results obtained in this research allow us to infer a pronounced metric 

dimorphism in the sample studied, and all algorithms generated for sexual diagnosis 
presented hit rates similar to the highest hits found in other studies. Furthermore, 
the assertiveness of the logistic regressions produced on each variable isolated from 
humerus and femur is higher than that obtained using skulls, establishing these long 
bones as the structures of the first choice for sex diagnosis in the absence of the 
pelvis. However, considering the specificity of the methodologies of metric sex 
diagnosis and their accuracy linked to the populations studied and, in addition, the 
influence of factors such as ancestry and the recognized Brazilian miscegenation, 
nutrition, historical period, geography, and culture, it is suggested that the 
assertiveness of the algorithms produced in this study be checked in homologous 
measurements of other specimens available in Brazil. 
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