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SUMMARY: In human identification for forensic purposes the sex is one of the most important and first features to be assessed in
each case. Baudoin condylar index is a sex determination method based on measurements of length and width of the gdeipita¢ cond
aim of this research was to apply the Baudoin condylar index for sex determination, and evaluate its reliability. The saopieosed of
100 Brazilian human skulls, 50 male and 50 female from Sdo Gongalo cemetery, City of Cuiabd, Brazil. The measurementevalues wer
statistically analyzed in order to compare the matching rate for each sex, each side, as well as the overall averageshbeedshiat the
overall percentage of success in applying the Baudoin index was 44.83% to males, and 51.93% to females, amounting to¥g5% matc
The accuracy of the Baudoin index to sex determination was quite low for this Brazilian sample, the reason why this miethied shou
disregarded as a criterion to sexing skulls in a forensic context.
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INTRODUCTION

Forensic human identification is commonly achieved The local evaluation of population-specific features is
by fingerprint analysis. However, this method may not bdeemed to have fundamental value regarding the application
generally used due to soft tissue destruction, carbonization,and reliability of anthropological methods to human
decomposition. In these cases, forensic anthropology arisesdsntification (Houston, 1983). Therefore, the aim of this study
a reliable method of human identification, since its interpretsas to apply the Baudoin condylar index to sex determination,
information in the skeleton, determining basic features as sed evaluate its accuracy for a Brazilian contemporary sample.
age, stature and ancestry, as well as particular characteristics,
ideally pointing out only to one person (Gonzaeal, 2011;

Grawet al, 2005; Patil & Mody, 2005; Whitet al, 2011). MATERIAL AND METHOD

Sex determination may be achieved by qualitative

methods based in morphological evaluation of bone structures,  We analyzed 100 human skulls, 50 males and 50
or by quantitative methods based in anatomical measuremefgmales, belonging to the collection of the Sdo Gongalo

and indexes. The occipital condyle is one of the anatomicggmetery, in the city of Cuiaba, State of Mato Grosso, Brazil.

elements with sexual dimorphism, for it has been used in mettising convenience sampling, the skulls which met the eligibility

and morphological evaluation (Gapettal, 2009; Gunay & criteria were selected. The criteria for inclusion were those skulls
Altinkok, 2000; Machadet al, 2005; Suazet al, 2009; Suazo with complete registration of sex and age, belonging to adults
etal, 2010). The Baudoin index (Bl) was created to assess ffuwer 22 years old), which were in a state of preservation
sexual dimorphism based on measurements of length and widtlowing measurement. We excluded those which had a history
of the occipital condyle (Machada al; Suazcet al, 2010).  of trauma, gross asymmetry or taphonomic damage.
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Using a digital caliper with accuracy of 0.01mmerror =V Sd2/2n, where d = difference between 1st and
(Digimess®, Sao Paulo, Brazil), the length and width dtnd measurements, and n = number of repetitions.
the right and left occipital condyles were directly
determined. All the measurements were performed by a
single examiner, with zero setting of the caliper tips befoRESULTS
every new measurement, in order to avoid small variations
of the equipment provoking bias in the outcome.
According to the Student’s t-test for paired samples,
Using the software SPSS 15.0, statistical descriptdisere was no intra-examiner error statistically significant;
were calculated from the measurements, and the averatihessame was observed in the systematic and random error
for each sex were analyzed by Student’s t-test, and thassessed by Dahlberg’s formula (Glnay & Altinkék, 2000)
with p<0.05 were considered significant. (Table ). The comparison between the sexes regarding the
average values of length and width of both condyles analyzed
The diagnostic value of the Baudoin index waby Student’s t-test showed sexual dimorphism statistically
analyzed to determine the level of agreement in the diagjgnificant, taking into account both sides together, with
nosis between the left side and right side, the accuracynodiles presenting higher measurements (Table 11). In the right
the method, sensitivity, and the positive predictive valueondyle examination, the males presented the greater ave-
for each sex. Classification according to the Baudoirage Baudoin index; females had the highest average when
condylar index represented by the following formula, witlenly the left condyle is considered (Table III).
score greater than 55 points to female; score below 50
points to male; score between 50 and 55 remains  The interpretation of the Baudoin condylar index (mean
inconclusive8. of both sides) has pointed to be male 43 skulls, from which
only 19 (44.1%) matched; among the 28 skulls supposed to be
Baudoin condylar index = (maximum width of thefemale according to the index, only 14 (50%) matched. Twenty-
condyle/ maximum length of the condyle) x 100 nine skulls had scores between 50 and 55, and remained in the
overlapping zone without conclusion. Upon analyzing the right
The measurements were repeated in 25% of thead left sides separately, the success rate was lower for the
sample after a two-weeks interval to assess the intraght side (45.2%), and slightly higher for left side (51.3%).
examiner reliability. In order to assess random error, tAde final success rate was 44.83% for males, and 51.93% for
test proposed by Dahlberg (Suaal, 2009) was used: females, totalizing 47.5% of matching, as shown in Table IV.

Table I. Mean, standard deviation of the measurements, Student’s t-test and Dahlberg’s error for systematic and casual error.

1% Measurement 2" M easur ement
Measure t p Error
Mean SD Mean SD
= Right condyle 27.24 311 27.15 3.01 0.484 0.633* 0.70
o6
E) Left condyle 26.77 297 26.73 3.24 0.218 0.829* 0.62
< Right condyle 12.36 1.56 12.46 1.54 1.361 0.186* 0.28
=
'g Left condyle 12.51 1.63 12.52 1.72 0.019 0.985* 0.37

Table II. Difference between the mean of both sexes by Student’s t-test.

Male Female
M easure o]
M ean SD M ean SD

= Right condyle 26.74 2.96 25.45 3.21 0.038 *
on

E L eft condyle 26.85 2.97 24.65 3.23 0.001 *
= Right condyle 1351 1.38 12.68 1.56 0.006 *
=

g L eft condyle 13.79 1.39 12.71 1.75 0.001*

*

Statistically significant difference (p < 0.05)
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Table Ill. Mean value obtained by the Baudoin index for both sexes.
M ale average Female average

Right condyle 51.55 51.35
L eft condyle 51.86 52.39
Averagefor both sides 51.67 50.54

Table IV. Classification and success rates by applying the Baudoin index.

Classified Classified I nconclusive Success
asmale Successrate  asfemale Successrate range ratefor
(X <50) (X >55) (50< X <55) both sexes
Right side index 49 21 (42.8%) 24 12 (50%) 27 45.2%
L eft side index 42 20 (47.6%) 34 19 (55.8%) 24 51.3%
Mean index (both sides) 43 19 (44.1%) 28 14 (50%) 29 46%
Mean 44.83% 51.93% 47.5%

DISCUSSION

This research has tested the sex determination through  Despite being a method recommended by many authors
a quantitative method, and statistical analysis by Student’{francesquini Junioet al., 2007; Franklinet al, 2005;
test due to its greater objectivity, according to other autho@onzalezet al; Grawet al; Glnay & Altinkok; Kemkes &
who stated that this kind of method overcomes the subjectiviGobel; Kimmerleet al.; Kranioti et al; Machadoet al;
bias of morphological features, being more reliable and r&tonticelli & Graw; Naikmasuet al; Patil & Mody; Suazet
producible (Patil & Mody; Steyn & Iscan, 1998). al., 2009, 2010; Teket al, 2007; Veyre-Goulett al, 2008;
White et al). Suazoet al (2010) verified that the Baudoin
The skulls included in the sample belong to a Brazilianondylar index has a low yield as a diagnostic test for
region with a high degree of interethnic mixture betweedetermining the sex in the skulls studied. This situation can be
Amerindians, Africans and Europeans, especially Portuguessplained by observing methods currently in use to assess the
The human variation of craniometrical patterns is observaldecuracy of diagnostic tests, they are mainly based on the
from one population to another, being affected by ancestgnalysis of differences with statistical significance, which in
geography, weather, diet, culture, and sociological factors. Thar study was, on the other hand, by calculating the percentage
accuracy of sex determination methods in highly interbreaf success. The success rate of the Baudoin index for sex
populations is usually lower than in areas with ethnidetermination was 44.83% to the skulls classified as males,
predominance of a single group, as in Central Europe (Byeasyd 51.93% to the supposedly females, amounting an average
2010; Naikmasuet al, 2010; Suazet al, 2010). of 47.5% when considering both sexes together. This result
was higher than that found by Suatal (2010) who obtained
The anthropological characteristics should be analyzedsuccess rate of 41.39%, but lower than the results of Macha-
in specific populations, specially to the different raciatioet al, who has shown 58.1% of accuracy.
characteristics found in each region of the world. The samples
used in the study are a limiting factor in research, once they =~ When determining the sex of a human skull, the
were not selected by the racial characteristic, because it isaadomly guessing would present an average accuracy of 50%,
mixed population, thus discrepancies in the results may occsince theoretically the guess would be right in half of the cases
Moreover, age and skin complexion are other factors whigkiVhiteet al). The Baudoin index has achieved, in this sample,
may contribute to possible changes in the outcome. a success rate of 47.5%, which does not increase the accuracy
already existing by simple guessing. These findings are in
The result has proven that both length and width of tregreement with Machadst al. and Suazeet al (2010) who
occipital condyle have higher mean value in males, whidiad also tested this method in Brazilian samples.
agrees with other anthropological researches of sex
determination by craniometrical variation (Dugical, 2005; The results of this study allow concluding that, on
Glnay & Altinkdk, 2000; Machadet al; Kemkes & Gobel, sexing a supposedly Brazilian human skull, the Baudoin
2006; Kimmerleet al,, 2008; Kraniotet al,, 2008; Monticelli index should be disregarded by the forensic expert, since it
& Graw, 2008; Naikmasugt al.). does not collaborate as additional criterion. There are many
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