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Abstract 
The Diagnose Sexuelle Probabiliste v.2 (DSP2) is an accurate tool used for es-
timating the sex of an individual through the os coxae. The goal of this study 
was to verify the applicability of the DSP2 tool in a skeletal sample from 
Northeastern Brazil and to attest for its precision, accuracy, and reliability. 
The sample was composed of 301 os coxae from the Center for Studies in Fo-
rensic Anthropology of the College of Odontology from the University of 
Pernambuco, in Pernambuco, Brazil. The results reveal that it was possible to 
correctly estimate the sex of 83.7% of the total sample. The error rate was 
0.4%, and the percentage of undetermined individuals varied according to the 
combination of measurements used. The results demonstrated a high index of 
accuracy and a low error rate, indicating that DSP2 is a reliable tool for sex 
estimation applied to this studied Brazilian population. 
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1. Introduction 

The biological profile of skeletal remains performed when forensic anthropolog-
ical analysis is essential for the identification of individuals (Krishan et al., 
2016). 

The os coxae display their sexual dimorphism pattern throughout the entire 
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modern human population, which does not occur with other skeletal elements, 
such as the cranium, which is population specific. Therefore, the os coxae are a 
primary choice for studies regarding sex estimation (Brůžek & Murail, 2006, 
Murail et al., 2005; Quatrehomme et al., 2017; Brůžek et al., 2017). This genera-
lized display of high sexual dimorphism indicates that the use of popula-
tion-specific methods and formulas is unnecessary to estimate the sex of an in-
dividual when using the os coxae (Murail et al., 2005). 

Among the different existing methodologies for sex estimation in the litera-
ture, the Diagnose Sexuelle Probabiliste v.2 (DSP2) should be highlighted as an 
accurate tool, with higher levels of reliability and precision (Brůžek et al., 2017). 

Recently, DSP2 was tested in independent populations, including in Brazil. 
However, considering the continental size of the country and its known racial 
admixture (Native Brazilians, Europeans, Africans, and Asians) (Oliveiraet al., 
2012), it is crucial to validate the tool in different regions of Brazil to cover for its 
population variation. 

The goal of this study was to verify the applicability of the DSP2 on a con-
temporary identified skeleton collection from Northeastern Brazil, to analyze the 
precision and reliability of the method as a tool for sex estimation in forensic 
anthropology to be used in the country. 

2. Materials and Methods 

The sample was composed of 301 human os coxae in a good state of preservation 
(165 male and 136 female), from adult individuals of known identity, belonging to 
the Center for Studies in Forensic Anthropology (CEAF) at University of Per-
nambuco (FOP/UPE), in Pernambuco, Brazil. The CEAF Identified Skeletal Col-
lection is a contemporary collection, with the oldest inhumation dating from the 
year 2011, and these individuals represent the current population of Northeastern 
Brazil. The Ethics Committee in Research approved the research at the Pernambuco 
University (CEP/UPE) under the number 2.284.094, CAAE 72907917.8.0000.5207. 

An individual with trauma, pathologies, or morphological anomalies in the os 
coxae, were excluded from the study. Individuals considered to be non-adults, 
under 21 years old, with still incomplete development of the skeleton, or with os 
coxae with a bad state of preservation, which could be brought some prejudice to 
the measurements, were also excluded. 

The age of male individuals varied between 21 - 99 years of age, with a mean 
age of 60 years old. The age of female individuals varied between 21 - 109 years 
of age, with a mean age of 65 years old. Only the left os coxae were used for the 
analysis, and they should provide a minimum of 04 variables to be measured. 

Two observers, blinded to the sex of the individuals, performed measurements 
of the ten variables proposed by Murail et al. (2005) and reaffirmed by Brůžek et 
al. (2017). The number of measurements taken from each os coxae was depend-
able on the availability of the skeletal structure, with a minimum of four out of 
ten possible measurements being taken. 
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The variables, in descending order of interest, were Acetabulo-symphyseal 
pubic length (PUM); Cotylo-pubic width (SPU); Innominate or coxal length 
(DCOX); Greater scieatic notch height (IIMT); Ischium post-acetabular length 
(ISMM); Iliac or coxal breadth (SCOX); Spino-sciatic length (SS); Spino-auricular 
length (SA); Cotylo-sciatic breadth (SIS); Vertical acetabular diameter (VEAC) 
(Murail et al., 2005; Brůžek et al., 2017). 

Seven groups of variables (method variation) were tested for the precision of 
sex estimation. They were: (M1) all the ten variables; (M2) eight variables 
(DCOS and SCOX were removed); (M3) best combination of four variables 
(PUM, SPU, DCOS, and IIMT); (M4) four variables from the central parts of the 
bone, simulating fragmented bone (IIMT, SS, SA, and SIS); (M5) combination of 
the first nine variables (except VEAC); (M6) combination of the first eight va-
riables (except SIS and VEAC); (M7) worst combination of four variables (SS, 
SA, SIS, and VEAC). 

Statistical Analysis 
Data were analyzed by SPSS 22.0 (IBM©, Chicago, IL, USA). The Intra Class 

Correlation Coefficient (ICC) and the confidence interval of 95% were used to 
evaluate the inter- and intra-observer replicability. Of the 25 os coxae evaluated, 
the inter-observation happened between two independent observers, and the in-
tra-observation was done by the same observer within a one-month interval be-
tween observations. 

The descriptive statistic was performed using measurements of the absolute 
frequency, percentages, means, standard deviations, and amplitude. The numer-
ic variables were tested for normality through the Shapiro-Wilk test. A 
Mann-Whitney test was then performed to compare the ten pelvic measure-
ments between males and females. A Chi-square test (χ2) was used to compare 
the frequency of sex estimation (% of sex estimation) among the seven methods 
(variables groups). The Chi-square test (χ2) and Fisher’s exact test were used to 
compare the most probable sex estimation on inconclusive cases. For all the 
analyses, the significance was 5%. 

Diagnose Sexuelle Probabiliste v2 (DSP 2) 
The Diagnose Sexuelle Probabiliste v2 is a method of sex estimation developed 

by Murail et al. (2005). It was later improved by the same authors, Brůžek et al. 
(2017), and it has a global population metric database as a reference, originated 
from Europe, Africa, North America, and Asia (Murail et al., 2005). 

Murail et al. (2005) wanted to validate the hypothesis that the pelvic bones 
follow a typical sexual dimorphic pattern that is shared among all the modern 
human population, independent of the geographic region of origin. The authors 
also had a goal to develop a tool capable of diagnosing the sex and capable of 
being effectively replicated in different populations. 

Therefore, DSP2 contains ten variables groups (anthropological measure-
ments) to estimate sex through the os coxae. Also, one can calculate the sex 
probability, using any combination of at least four of these proposed variables 
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(Murail et al., 2005; Quatrehomme et al., 2017; Brůžek et al., 2017). 
Because not every measurement needs to be used to estimate sex through the 

DSP2 tool, and the possibility of working with a variety of variables combina-
tions, the tool is applicable even when a skeletal element is fragmented (Murail 
et al., 2005; Quatrehomme et al., 2017; Brůžek et al., 2017). However, the authors 
clarified that the method’s performance is positively correlated to the number of 
variables used (Murail et al., 2005). 

The classic discriminant functional analysis measures the accuracy in classi-
fying the sexes, whereas the DSP2 also provides the reliability of this distinction 
(Mestekova et al., 2015). Accuracy is understood as the percentage of skeletal 
remains in which sex is estimated correctly; in the sample, the method is devel-
oped. Reliability is evaluated by testing the method in independent populations 
(Brůžek & Murail, 2006). Hence, when the confidence level equal or superior to 
0.95 is not achieved, the individual is considered as undetermined sex (Murail et 
al., 2005; Brůžek et al., 2017; Mestekova et al., 2015). 

3. Results and Discussion 

The goal of this study was to validate the DSP2 method in a population sample 
from Northeastern Brazil to consolidate the tool's use in the practice of forensic 
anthropology in the country. Currently, independent studies were performed 
applying DSP2 in European and Brazilian populations. 

Chapman et al. (2014) analyzed os coxae derived from the donation program 
from the University of Brussels (ULB), Mestekova et al. (2015) tested the relia-
bility of the method using CT scan images from a sample of modern French 
population, and Quatrehomme et al. (2017) studied the os coxae of individuals 
from the South of France. In Brazil, Machado et al. (2018) validated the method 
in an osteological collection of a modern population from Southeast Brazil. 
These studies prove the method's efficiency, and their results are compared to 
results achieved during the current study. 

ICC values varied from 0.926 (IIMT) to 0.996 (SCOX), indicating excellent 
intra-observer replicability (Table 1). For inter-observer replicability, only IIMT 
(ICC = 0.837) showed a value inferior to 0.90, still demonstrating excellent rep-
licability between independent observers. 

The comparative analysis of the ten pelvic measures between females and 
males is shown in Table 2. SA was the only measure that did not present a sta-
tistically significant difference between the sexes (P = 0.0059), following the 
findings of Mestekova et al. (2015). This result is also partially supported by 
Machado et al. (2018), who did not find statistically significant differences be-
tween the sexes with measures SA and PUM. 

The measures SPU, DCOX, ISMM, SCOX, SS, SIS and VEAC were higher for 
males (P < 0.001), whereas PUM and IIMT were statistically higher for females 
(P < 0.001), agreeing with the findings by Mestekova et al. (2015) and Quatre-
homme et al. (2017). This pattern of bone measures verified in distinct populations  
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Table 1. Analysis of intra and inter-observer replicability for the pelvic measurements 
evaluated in this study. 

Variables 
Intra-observer Inter-observer 

ICC [95% CI] P ICC [95% CI] P 

PUM 0.956 [0.901 - 0.980] <0.001 0.966 [0.923 - 0.985] <0.001 

SPU 0.991 [0.981 - 0.996] <0.001 0.937 [0.862 - 0.972] <0.001 

DCOX 0.995 [0.990 - 0.998] <0.001 0.994 [0.986 - 0.997] <0.001 

IIMT 0.926 [0.839 - 0.967] <0.001 0.837 [0.660 - 0.926] <0.001 

ISMM 0.995 [0.989 - 0.998] <0.001 0.994 [0.987 - 0.997] <0.001 

SCOX 0.996 [0.991 - 0.998] <0.001 0.994 [0.986 - 0.997] <0.001 

SS 0.974 [0.941 - 0.988] <0.001 0.971 [0.934 - 0.987] <0.001 

SA 0.994 [0.987 - 0.997] <0.001 0.983 [0.962 - 0.992] <0.001 

SIS 0.973 [0.939 - 0.988] <0.001 0.988 [0.972 - 0.994] <0.001 

VEAC 0.969 [0.930 - 0.986] <0.001 0.970 [0.932 - 0.986] <0.001 

ICC = intra class correlation coefficient; CI = confidence interval; P = significance. 
 

Table 2. Comparative analysis of the ten pelvic measurements among females and males 
(n = 301). 

Variables 
Male Female 

P 
Mean SD [Min - Max.] Mean SD [Min. - Max.] 

PUM 67.83 5.01 [56.0 - 81.6] 70.04 4.56 [57.7 - 80.8] <0.001 

SPU 29.84 2.54 [23.7 - 38.1] 24.95 2.90 [18.8 - 34.0] <0.001 

DCOX 208.30 9.96 [185.3 - 232.2] 189.38 8.94 [169.7 - 214.7] <0.001 

IIMT 36.65 4.70 [26.9 - 48.5] 44.17 5.78 [34.1 - 66.4] <0.001 

ISMM 107.74 5.62 [104.1 - 129.3] 95.55 4.89 [82.8 - 106.6] <0.001 

SCOX 152.18 7.89 [135.2 - 171.8] 147.00 9.15 [119.0 - 169.8] <0.001 

SS 74.59 4.98 [63.1 - 97.0] 67.83 4.54 [55.0 - 83.3] <0.001 

SA 75.20 6.00 [62.0 - 97.2] 76.61 6.34 [58.9 - 93.0] 0.059 

SIS 39.61 3.59 [32.0 - 49.9] 35.51 3.65 [27.0 - 48.0] <0.001 

VEAC 54.69 3.12 [47.6 - 64.9] 47.80 3.42 [33.2 - 58.9] <0.001 

SD = standard deviation; Min.-Max. = minimum-maximum; P = significance (Mann-Whitney Test). 
 

corroborates with the idea that os coxae have a characteristic pattern of sexual 
dimorphism in different geographic regions. 

A posterior probability superior to 0.95 was used as a threshold for sex classi-
fication. The resulting sex estimation was compared to the known data of each 
individual. Table 3 presents the results of the 301 skeletons initially analyzed. 
Sex estimation was possible in 83.7% of the total sample (male 77.5% and female 
91.2%). The gross accuracy rate was 83.4%, and the accuracy rate between bones, 
which had conclusive results was 99.6%, with higher percentages for females  
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Table 3. Evaluation of sex estimation via the DSP2 tool (n = 301). 

Variables 
Sex 

Male Female Total 

Sex estimation via DSP2    

Male 127 0 127 

Female 1 124 125 

Undetermined 37 12 49 

Total 165 136 301 

% sex estimation 77.5% (128/165) 91.2% (124/136) 83.7% (252/301) 

% undetermined 22.5% (37/165) 8.8% (12/136) 16.3% (49/301) 

% accuracy rate 77.0% (127/165) 91.2% (124/136) 83.4% (251/301) 

% accuracy 99.2% (127/128) 100% (124/124) 99.6% (251/252) 

% sex estimation = frequency of specimens in which sex was estimated. % undetermined = frequency of 
samples in which sex estimation could not be performed. % accuracy rate = frequency of samples in which 
sex estimation was correct in relation to the total performed. % accuracy= frequency of samples in which 
sex estimation was performed correctly from the total of samples possible to be estimated. 

 
(male 99.2% and female 100%). 

Only one error on sex classification was spotted among the entire sample 
(classified as female, and which was proven to be morphologically male), result-
ing in a low error rate (0.4%). The result was more satisfactory than the one 
found by Machado et al. (2018), who had five (9.43%) pelvic bones misclassified 
as males and seven (14%) as females. The high precision rate in this study fol-
lows the ones presented by Murail et al. (2005), who showed a precision between 
98.7% to 99.63% and an error rate of <2%. 

Although 49 os coxae (16.3%) were not sexed (male 22.5% and female 8.8%), 
it was possible to verify that female pelvic bones are more accurately classified, 
an argument that goes against results from Quatrehomme et al. (2017). Accord-
ing to the authors, their study showed that female pelvic bones are more fre-
quently undetermined. However, Chapman et al. (2014) and Machado et al. 
(2018) had a higher rate of undetermined sex among male bones. 

Table 4 shows the results of seven groups of method variations for sex estima-
tion through pelvic measurements. The higher percentages for sex estimation (% 
sex estimation) were observed on methods: M5—combination of first nine va-
riables, except VEAC (95.3%); M6—combination of first eight variables, except 
SIS and VEAC (94.7%): M1—all ten variables (94%): M2—combination of eight 
variables, except DCOX and SCOX (92.7%): and M3—best combination of four 
variables PUM, SPU, DCOX and IIMT (90.7%), respectively. The worst results 
for sex estimation (sex estimation %) were M7—worst combination of four va-
riables SIS, SA, SS and VEAC (61%) and M4—four variables from the central 
parts of the bone (IIMT, SS, SA, and SIS), that simulated fragmented bones 
(42%). 

The results are compatible with the ones from Brůžek et al. (2017), who  
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Table 4. Sex estimation and accuracy through seven variations of the DSP2 method pro-
posed by this study. 

Method Sex estimation Undetermined Accuracy rate Accuracy 

All ten variables (M1) 

Male 93.7% (74/79) 6.3% (5/79) 92.4% (73/79) 98.6% (73/74) 

Female 94.4% (67/71) 5.6% (4/71) 94.4% (67/71) 100% (67/67) 

Total 94.0% (141/150) 6.0% (9/150) 93.3% (140/150) 99.3% (140/141) 

Combination of eight variables, except DCOX and SCOX (M2) 

Male 91.1% (72/79) 8.9% (7/79) 89.9% (71/79) 98.6% (71/72) 

Female 94.4% (67/71) 5.6% (4/71) 94.4% (67/71) 100% (67/67) 

Total 92.7% (139/150) 7.3% (11/150) 92.0% (138/150) 99.3% (138/139) 

The best combination of four variables—PUM, SPU, DCOX, and IIMT (M3) 

Male 92.4% (73/79) 7.6% (6/79) 92.4% (73/79) 100% (73/73) 

Female 88.7% (63/71) 11.3% (8/71) 88.7% (63/71) 100% (63/63) 

Total 90.7% (136/150) 9.3% (14/150) 90.7% (136/150) 100% (136/136) 

Four variables from the central parts of the bone—IIMT, SS, SA, and SIS (M4) 

Male 50.6% (40/79) 49.4% (39/79) 50.6% (40/79) 100% (40/40) 

Female 32.4% (23/71) 67.6% (48/71) 30.9% (22/71) 95.6% (22/23) 

Total 42.0% (63/150) 58.0% (87/150) 41.3% (62/150) 98.4% (62/63) 

Combination of first nine variables except for VEAC (M5) 

Male 94.9% (75/79) 5.1% (4/79) 93.7% (74/79) 98.7% (74/75) 

Female 95.8% (68/71) 4.2% (3/71) 95.8% (68/71) 100% (68/68) 

Total 95.3% (143/150) 4.7% (7/150) 94.7% (142/150) 99.3% (142/143) 

Combination of first eight variables, except SIS and VEAC (M6) 

Male 93.7% (74/79) 6.3% (5/79) 92.4% (73/79) 98.6% (73/74) 

Female 95.8% (68/71) 4.2% (3/71) 95.8% (68/71) 100% (68/68) 

Total 94.7% (142/150) 5.3% (8/150) 94.0% (141/150) 99.3% (141/142) 

The worst combination of four variables—SIS, SA, SS, and VEAC (M7) 

Male 43.5% (67/154) 56.5% (87/154) 42.9% (66/154) 98.5% (66/67) 

Female 81.2% (108/133) 18.8% (25/133) 80.4% (107/133) 99.0% (107/108) 

Total 61.0% (175/287) 39.0% (112/287) 60.3% (173/287) 98.9% (173/175) 

% sex estimation = frequency of specimens in which sex was estimated. % undetermined = frequency of 
samples in which sex estimation could not be performed. % accuracy rate = frequency of samples in which 
sex estimation was correct in relation to the total performed. % accuracy = frequency of samples in which 
sex estimation was performed correctly from the total of samples possible to be estimated. 

 
concluded that using the group of first eight variables, more than 90% of indi-
viduals can be sexed, and by using only the four best variables, more than 87% of 
individuals can be sexed. 
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Females had the highest percentage of sex estimation for the majority of the 
methods used, except M3 and M4. The gross accuracy rate (% accuracy rate) was 
higher for M5 (94.7%), M6 (94%), and M1 (93.3%). The accuracy rate between 
bones with conclusive estimation was above 98% in every other method tested, 
achieving 100% when the best combination of four variables was used. This re-
sult shows the high level of precision and reliability of DSP2. The comparative 
analysis of the sex estimation rate and gross accuracy are shown in Figure 1 and 
Figure 2, respectively. 

The undetermined index varied between 4.7% and 58%, according to the 
number of variables available. The detailed comparative analysis using Chi- 
Square is shown in Table 5. 

Whenever all ten variables (M1) were used, the undetermined index was 6%. 
 

 
Different lowercase letters show statistically significant differences between methods (P < 0.05, 
through Chi-Square). 

Figure 1. Comparative analysis of sex estimation rate (% sex estimation) among seven 
methods tested. 

 

 
Different lowercase letters show statistically significant differences between methods (P < 0.05, 
through Chi-Square). 

Figure 2. Comparative analysis of gross accuracy rate (% accuracy rate) among seven 
methods tested. 
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Table 5. Comparative analysis of sex estimation rate (% sex estimation) and gross accu-
racy rate (% accuracy rate) among seven methods tested. 

Variables 
M2 M3 M4 M5 M6 M7 

P 

Sex estimation       

M1 0.646 0.277 <0.001 0.610 0.806 <0.001 

M2 - 0.532 <0.001 0.329 0.475 <0.001 

M3 - - <0.001 0.113 0.183 <0.001 

M4 - - - <0.001 <0.001 <0.001 

M5 - - - - 0.791 <0.001 

M6 - - - - - <0.001 

Accuracy rate       

M1 0.654 0.396 <0.001 0.624 0.806 <0.001 

M2 -  <0.001 0.353 0.497 <0.001 

M3 - - <0.001 0.183 0.277 <0.001 

M4 - - - <0.001 <0.001 0.008 

M5 - - - - 0.806 <0.001 

M6 - - - - - <0.001 

P = Significance (Chi-Square). 
 

According to Chapman et al. (2014), this index was lower, 2.56%. Quatrehomme 
et al. (2017) presented 5.17%, Mestekova et al. (2015) 7.7% for males and 2.8% 
for females, and Machado et al. (2018) registered an index of 14.57%. If DCOX 
and SCOX are excluded (M2), the index is 7.3%, being slightly below the result 
shown by Quatrehomme et al. (2017), 9.37%. 

By using the best combination of four variables (M3), this study shows that 
9.3% of bones were undetermined, considerably lower than the results by Qua-
trehomme et al. (2017) (23.08%) and Machado et al. (2018) (17.48%). For the 
combination of four variables from the central parts of the bone (M4), the unde-
termined index reached the highest level among the groups tested, 58%. Although 
expressive, the value is lower than the ones reported by Mestekova et al. (2015) 
(73.1% males and 63.0% females) and Quatrehomme et al. (2017) (67.41%). 

When the variable VEAC is excluded (M5), the study reached 4.7% undeter-
mined index, the lowest among the groups tested. For the group of the first eight 
variables (M6), the undetermined index was 5.3%, higher than the 2.56% found 
by Chapman et al. (2014). The worst combination of four variables (M7) had an 
undetermined index of 39%, following findings by Machado et al. (2018) (39.81%). 
Therefore, M4 and M7 show percentages statistically higher for undetermined 
sex estimation than the other groups (P < 0.001). Nevertheless, these values were 
lower, or better, than the ones provided by Quatrehomme et al. (2017), of 
47.13% and 67.41%, respectively. 
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These results demonstrate that, as seen in the studies by Mestekova et al. 
(2015) and Quatrehomme et al. (2017), M7 is not necessarily the worst possible 
combination of four variables, as M4 presents a higher level of undetermined sex 
estimation. It is important to note that when the variable VEAC (M5), or SIS 
and VEAC (M6), are excluded, the undetermined index is lower than when all 
ten variables are used (M1). 

Table 6 shows the comparison of percentages of undetermined pelvic bones 
among data from the literature and the current study. The analysis presents that 
the most critical disadvantage of the method is the number of undetermined in-
dividuals, depending on the number of variables available. This result happens 
because of the high threshold for sex classification (0.95), instead of using the 
usual 0.5. Conversely, the use of such a high threshold reduces the error rate sig-
nificantly, allowing for better precision and reliability. 

The analysis of inconclusive cases is shown in Table 7. The methods M1, M5, 
 
Table 6. Comparison of percentages of undetermined pelvic bones among data from the literature and the current study (M: 
males; F: females). 

Combination of variables 
Chapman 

et al.  
(n = 39) 

Mestekova 
et al.  

(n = 106) 
(M; F) 

Quatrehomme 
et al.  

(n = 100) 
(M; F; total) 

Machado  
et al. 

(n = 103) 

Current study 
(n = 150) 
(n = 287)a 

(M; F; total) 

M1 All 10 variables 2.56 7.7; 2.8 0.0; 5.17; 5.17 14.57 3.3; 2.7; 6.0 

M2 First 8 variables (exceto DCOX e SCOX) - 11.5; 3.7 1.56; 7.81; 9.37 - 4.7; 2.6; 7.3 

M3 4 best variables (PUM, SPU, DCOX e IIMT) 10.26 3.8; 14.8 1.54; 21.88; 23.08 17.48 4.0; 5.3; 9.3 

M4 
4 variables from the central parts of bone 
(IIMT, SS, SA, SIS) 

- 73.1; 63.0 24.72; 42.70; 67.41 - 26.0; 32.0; 58.0 

M5 First 9 variables (except VEAC) - - - - 2.7; 2.0; 4.7 

M6 First 8 variables (except SIS and VEAC) 2.56 - 0.0; 5.08; 5.08 - 3.3; 2.0; 5.3 

M7 Worst 4 variables (SS, SA, SIS and VEAC) 46.15 - 18.39; 28.3; 47.13 39.81 30.3; 8.7; 39.0 

aOnly the combination M7 had n = 287. 
 

Table 7. Comparative analysis of inconclusive cases on seven methods. 

Method Total undetermined 

Probability > 0.5 
(Correct sex estimation) 

Probability < 0.5 
(Incorrect sex estimation) 

n % n % 

M1 9 specimens 9 100 0 0 

M2 11 specimens 10 90.9 1 9.1 

M3 14 specimens 10 71.4 4 28.6 

M4 87 specimens 71 81.6 16 18.4 

M5 7 specimens 7 100 0 0 

M6 8 specimens 8 100 0 0 

M7 112 specimens 81 72.3 31 27.7 

Probability obtained through result from software DSP2. 
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Table 8. Results of the Chi-Squared test or Fisher’s exact test in comparison to results 
from inconclusive cases, considering probability higher than 0.5. 

Method 
M2 M3 M4 M5 M6 M7 

P 

M1 1.000 0.127 0.348 1.000 1.000 0.109 

M2 - 0.340 0.683 1.000 1.000 0.285 

M3 - - 0.468 0.254 0.253 1.000 

M4 - - - 0.351 0.344 0.126 

M5 - - - - 1.000 0.187 

M6 - - - - - 0.110 

P = Significance (Chi-Square or Fisher’s exact test). 
 

M6 obtained 100% of the correct result in case the DSP2 adopted a probability 
superior to 0.5. The lowest percentage of correct results was observed for M3 
and M7, which had 71.4% and 72.3% of correct classifications, respectively. 
However, these differences were not statistically significant, as shown in Table 8. 

4. Conclusion 

This study proved that the DSP2 tool has a high replicability rate, and it applies 
to Brazilian populations. The results showed a high index of accuracy and low 
error rate, indicating that DSP2 is a reliable tool for sex estimation in forensic 
anthropology. The best variable combinations (the ones with lower levels of un-
determined results) were the first nine or eight (M5 and M6); however, the worst 
combination was composed of the four variables of the central bone parts (M4). 
If the level of undetermined cases is considered to be satisfactory when below 
10%, every combination can be used, except for M4 and M7. The best combina-
tion of four variables (M3), showed a high index of sexual estimation and 100% 
accuracy. Thus, they can be used in this Brazilian sample. It was observed that 
although the tool can be used in fragmented bone, the method should be used 
with caution when only four variables of the central bone parts are available. 
Female individuals were more accurately classified. In sum, this study confirms 
the validity, reliability, and accuracy of the DSP2 tool. 
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