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EDITORIAL

A Antropologia Forense é uma ciéncia multidisciplinar dedicada a prover de
conhecimentos cientificos a sociedade no resgate de fatos pretéritos, geralmente criminosos,
com implicagbes muito importantes.

Destaca-se a identificagéo de restos mortais, saber se sdo humanos ou ndo, langando
mao de todos 0s recursos disponiveis como parametros definidos de forma genérica, ou de
forma bem especifica, como as comparacdes intra-vitae e post-mortem. Entretanto,
temporalidade, causas e circunstancias também sao objetivos da Antropologia Forense.

Como toda ciéncia, suas “certezas” sdo acompanhadas de graus de probabilidade e,
no caso da Antropologia Forense, estes sdo muito relevantes, e deste fato decorre a
necessidade de aglutinar a maior quantidade possivel de meias-certezas, para se chegar a
uma concluséo mais préxima da realidade possivel.

Dificil definir a extensdo da atuacdo da Antropologia Forense, que muitas vezes se
soma a de outras areas do saber, como Medicina Legal, Odontologia, Biologia, Arqueologia,
entre tantas outras. Da mesma forma, os cendrios sdo muito diversos: um Unico corpo
putrefeito encontrado em local ermo, um acidente aéreo com mudltiplas vitimas, fendmenos
naturais como desabamentos e terremotos ou hipéteses de violagdes de direitos humanos
como diversos corpos inumados clandestinamente em valas comuns.

Neste cenario de extrema dificuldade, atua a Associagdo Brasileira de Antropologia
Forense - ABRAF, aglutinando os profissionais que atuam nesta area, propiciando um
ambiente fértil para a troca de experiéncias.

E nesta quarta gestdo, nossa Presidente Evelyne Pessoa Soriano, antecipando as
comemoracfes de uma década da ABRAF, apresenta o Brazilian Journal of Forensic
Anthropology & Legal Medicine, um instrumento que faltava algar ainda mais a Antropologia
Forense Brasileira no cenario cientifico internacional.

Serd um espaco democratico, onde todos poderemos apresentar os resultados de
nossas pesquisas e atuagfes, compartilhando saberes e experiéncias no formato digital,
como forma de atingirmos o objetivo da ABRAF: congregar todas as pessoas interessadas no
desenvolvimento cientifico da Antropologia Forense e apoiar a pratica pela difusdo do
conhecimento.

Seja bem-vinda, BJFA&LM!

Malthus Galvao
Ex-presidente da ABRAF
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ABSTRACT

Adults’ age at death is one of the most problematic parameters in the assessment of
biological profile, particularly in forensic contexts, despite a large number of methods
that can be applied to the different parts of the skeleton. Regarding the estimation of
age at death in adults through the skull, the method which still stands out for its

popularity continues to be the one of cranial sutures’ obliteration. However, the
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accuracy of the results achieved is far from being consensual. The aim of this study
was precisely to test its effectiveness and try to understand what information can be
gained from the closure of the vault sutures combined with palatine sutures, and how
its study can help us to more accurately estimate age ranges for adults, specifically
middle-aged and elderly. For that purpose, we analyzed a sample of 200 identified
subjects aged older than or equal to 50 years from two identified skeletal collections,
chronologically spaced apart by a century and both belonging to the Department of

Life Sciences of Faculty of Sciences and Technology of the University of Coimbra.

The results allowed us to conclude that there is a gradual increase in the degree of
sutures closure until about age 70 and after that a slight decrease. The comparison
between the two collections only revealed different results for the palatine sutures. We
also noted that there are differences in the obliteration of the sutures between females
and males, the males showing an earlier closure time than females. The correlation
between the chronological age and the age estimated, the biological one, from the
observed degree of obliteration revealed very low values due to large individual
variability, which, in turn, lies on the cranial sutures obliteration. These results lead us
not to advise the use of this method alone, yet not neglect its value when inserted in a

global context as a general and secondary age indicator.

Keywords: Age at death; Vault sutures; Palatine sutures; Forensic Anthropology.

Introduction

In recent years Forensic Anthropology has been showing exponential growth.
Simultaneously, the presence of the forensic anthropologist in collaboration with the
pathologist in the autopsy room takes on an increasing nature of strong complicity.
Since the estimation of age at death is a parameter of extremely importance for
assessing the biological profile of skeletonized corpses and/or human remains in
different stages of decomposition and recognizing the limitations that estimation of age
at death in adults over 50 years encloses, currently there are no virtual methods to
estimate the age of the elderly. It is virtually impossible to discriminate whether the
senior was 70, 80, or 90 years®. Therefore, the possibility of defining more specific age

ranges for these people becomes a major concern.
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The real challenge of forensic anthropologist earns the largest dimension when
faced with an isolated skull, which in many instances appears toothless. Cunha
(2008)? asserts that the skull is the part of the human skeleton most often sent to the
forensic investigation. In these cases, the most popular method for the estimation of
age at death has been the closure time of the cranial vault sutures (coronal, sagittal
and lambdoid), but its character is controversial, and the debate keeps on®**. Although
Vesalius in 1542 possibly has been the first to realize the real relationship between
age and synostosis of the cranial sutures®”’, the idea that the sutures obliterate during
life only appears in literature from the middle of the sixteenth century, with Fallopius®.
Several studies have been developed over the years by researchers as Welcker,
Picozzo, Dwight, Todd and Lyon, McKern and Stewart, Ascadi & Nemeskeri,
highlighting the creation of the 5 degrees scale of Broca to classify the state of suture
obliteration, the popular method developed by Masset (1982)° and the method of
Meindl and Lovejoy (1985)*° which improved the accuracy of the estimation of age
through sutures closure as an age indicator and their utility when associated with other
trustworthy osteological markers. In the 20th century, and early of the 21st stand out
some of the papers published by Key et al., (1994)*, Hershkovitz at al., (1997)%
Nawrocki (1998)*2, Schmitt (2002)°, Sahni at al., (2004)** among others who pursued
this challenge.

On the other hand, authors like Franklin (2009)** point to the limited usefulness
of the cranial sutures as an indicator of age at death, since the majority of studies
show inaccurate results. Another problem concerns the large age ranges, which,
within the forensic investigation, revealed little avail®. Despite these assumptions, why
some investigators keep using sutures?

As the cranial vault sutures, the palatine sutures also provide an important
source of interest. In 1987, Mann and collaborators™® were pioneers in developing a
method to estimate the age at death through the progressive obliteration of the
palatine sutures. Over time have emerged further studies in this area, like Gruspier et
al. (1991)*, Ginter (2005)'" and Beauthier et al. (2010)’. Can these sutures provide
more reliable results, especially when combined with other methods, including the
cranial sutures, in older age groups?

With this study, we intend to test the reliability of the method for estimating the
age at death in individuals over 50 years through the analysis of cranial vault and
palatine sutures. Furthermore, the aim is to compare the effectiveness between the
ectocranial, endocranial and palatine sutures and ascertain, if, indeed, the palatine
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sutures, which theoretically close later, are more efficient to estimate the age at death
in older individuals. We also aim to verify whether the closure of sutures behaves
similarly in females and males and confirm the existence, or not, of secular drift
between two identified osteological collections with a chronological difference of a
century. Finally, we want to advise or discourage, in a clear way, the use of the

analyzed sutures to estimate the age at death of the elderly.

Materials and Methods

This study used two bone collections: The International Exchange Collection
(CTI) dated from the late 19th and early 20th century, and the 21st Century ldentified
Skeletal Collection (CEI/XXI) century. Since this study aims to assess the reliability of
age estimation obtained from observation of the cranial and palatine sutures in middle-
aged and elderly adults, all who were aged below 50 years were automatically
excluded.

Other exclusion parameters were situations that could compromise the results,
like pathological conditions, taphonomic alterations, and metopic suture. It was
intended to achieve a normal distribution, so that the composition of each age group
considered to include the same number of individuals, whether male or female.
Nevertheless, differences in the representativeness of particular age groups, namely
the one with ages equal or larger than 90, clearly less, made this assumption not
always allowed. A total of 200 skulls were examined, 136 belonging to CTI and 64 to

CEI/XXI, with ages at death ranging from 50 to 109 years (tables 1 and 2).

Table 1 - Distribution of the total sample (N = 200), by 10 years age range groups.

Age Range CTI CEI/XXI Total
(years) 3 2 3 2
50-59 16 16 1 1 34
60-69 16 16 7 5 44
70-79 16 16 9 3 44
80-89 15 15 9 18 57
=90 3 7 3 8 21

Total 66 70 29 35 200




Table 2 - Descriptive statistics of the total sample (N=200).

Collection N Mean Standard Minimum Maximum
Years Deviation Age Age
CTI 136 70,40 13,244 50 109
CEIIXXI 64 79.05 10,958 50 95
Total 200 73,17 13,167 50 109

The degree of suture obliteration was examined in the three main ones, coronal,
sagittal, and lambdoid, both ecto- and endocranially. Each one was analyzed taking
into account their different segments, C1, C2, and C3 for the coronal, S1, S2, S3, and
S4 to the sagittal and L1, L2, and L3 for the lambdoid. In the case of coronal and
lambdoid, both right and left sides were scored and the average scored between
symmetrical segments was calculated. In total, we counted up 10 segments. This
procedure was an adaptation of Masset’s (1982)° principle. Noteworthy that although
each segment was taken into account, we only took into consideration the average
value for each of the major sutures. We also examined, individually, the median and
the transverse palatine sutures.

To classify the degree of obliteration of each portion was used the scale created
by Broca (1875)'¢, which was later reversed by Ribbe (1885)™. This scale classifies
the degree of obliteration of each segment with scores between zero, fully opened,
and four, fully closed, going through intermediate stages: 1 - 25% or less closed; 2 -
approximately 50% closed, 3 - to about 75% closed>”.

The first step of the analysis of the cranial vault and the palatine sutures
comprised an essay/training phase of the method, tested in fifteen skulls randomly
selected. During this stage, the classifications attributed were compared with those of
a second observer. The second step was to evaluate the intra-observer error, 30 skulls
were randomly selected, and then two observations were made temporally spaced
blindly. Afterwards, it was calculated the technical error of measurement (TEM), the
coefficient of reliability (CR), and the absolute mean difference (AMD).

All the sutures were examined macroscopically with the support of a magnifying
glass. Because endocranial sutures are difficult to access, we also used a flashlight in

order to improve the observations of the different segments. Data records of personal
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information such as age at death and sex of the individuals of our sample were only
linked to them once the practical study was completed.

Subsequently to the observation of the sutures, values were collected in a
database, namely the obliteration rates, the average of their sum, their age range and
sex of each individual, for both collections. Afterwards, it was created a second
database identical to the previous one, where were encoded the observed obliteration
coefficients and the theoretically expected obliteration coefficients on SPSS® -
Statistical Package for Social Sciences program.

For the ectocranial sutures was calculated the obliteration coefficient of the
coronal, sagittal, and lambdoid individually and, later, for the total. In the case of
endocranial sutures, only the total coefficient of the three was calculated. Towards
palatine sutures was estimated the obliteration coefficient for the median and
transverse palatine sutures individually and the sum of both.

The descriptive analysis of the mentioned variables allowed their
characterization, obtained through their mean values, standard deviation, and
minimums and maximums found for the five age ranges considered. In addition to
these, outliers were also considered. The application of statistical tests took into
account the distribution of the variable, thereby to the normal distribution variables we
used the T-student test, and for the non-normal distribution variables we used the Chi-
square and Mann-Whitney tests.

To test the results of our observations, we created a priori, a set of expected
results. According to experience, it is expected that an individual with completely open
sutures exhibits a coefficient equal to 0. Inversely, an individual with completely closed
sutures must correspond to a maximum coefficient, equivalent to 4. This is the premise
of the logic, which involved the creation of groups of tables that show the theoretically
expected obliteration coefficients for each type of suture. According to that, the first
ones to close will be the endocranial sutures, then the ectocranial ones, and finally
palatine sutures (individually the first will be sagittal, then the coronal, and finally the
lambdoid). Each of the following tables (3-5) reflects the obliteration coefficient values

expected for each type of suture for each age range.
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Table 3 - Age range and obliteration coefficient theoretically expected for lambdoid suture, the
sum (>) of ectocranial sutures, and palatine sutures.

Age Range Obliteration Coefficient
<49 0-0,9
50-59 1,0-1,9
60-69 2,0-2,9
70-79 3,0-3,9
> 80 4

Table 4 - Age range and obliteration coefficient theoretically expected for coronal and sagittal
sutures.

Age Range Obliteration Coefficient
<49 0-0,9
50-59 1,0-2,9
60-69 3,0-3,9
=270 4

Table 5 - Age range and obliteration coefficient theoretically expected for endocranial sutures.

Age Range Obliteration Coefficient
<49 0-2,9
50-59 3,0-3,9

>60 4
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Results

Table 6 shows the values of the technical error of measurement (TEM) and the
absolute mean difference (AMD) to classify the obliteration degree of the sutures. In
both categories, the error is less than 1, indicating that the observations have a low
difference. The same table shows the values of the coefficient of reliability (CR); these

are very close to 1, showing that the error has a very small influence on this variance.

Table 6 - Technical error of measurement (TEM), coefficient of reliability (CR), and absolute
mean difference (AMD), to classify the obliteration coefficient of sutures.

Calculation Ectocranial Sutures Endocranial Sutures Palatine sutures
(n =200) (n =200) (n =151)
TEM 0.0532 0.05 0.1936
AMD 0.0033 0.0033 0.05
CR 0.9999 0.9999 0.9999

For each variable was analyzed the basic statistics, towards ectocranial
sutures, these values were calculated for the mean of the sum of the coronal, sagittal,
and lambdoid (Cecto) and for each of them separately (Cc, Cs, and CL), table 7. The
results show that in all cases, except for sagittal suture, there is an increase in the
obliteration coefficient only between 50 and 69 years, thereafter, that coefficient tends
to decrease gradually, although small variations are observed. The values of sagittal
suture appear to be more constant; indeed, there is an increased obliteration
coefficient with increasing age, but from around 90 years, this coefficient declines
drastically. The sum of endocranial sutures shows that there is an increased
obliteration coefficient between 50 and 79 years, decreasing slightly thereafter (Table
8).

For palatine sutures, we observed the average sum of the median and
transverse sutures (CPalatine) and for each individually (CPM and CPT). Their
behavior is very identical to that recorded for the endocranial sutures, except for the
transverse palatine suture, which reveals less regular coefficients (table 9). Through
general analysis of mean obliteration coefficients, it can be noted that for all age

ranges the closure order of cranial sutures proceeds as follows: first endocranial
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sutures, after the ectocranial and, as expected, the palatine last. When analyzed

individually, the closure order of ectocranial sutures is: sagittal, coronal, and, finally,

the lambdoid. Moreover, for the palatines, first to close is the median and later the

transverse.

Table 7 - Obliteration mean, Standard Deviation, minimums, and maximums to the ectocranial
sutures Cecto, CC, CS, and CL, according to age ranges.

Age N Cecto Cc Cs Cl
Range

Mean S.D. Min.  Max. Mean S.D. Min.  Max. Mean S.D. Min.  Max. Mean S.D. Min. Max.
50-59 34 2.0824 0.84260 0.50 3.50 1.9118 0.83508 0.17 4.00 2.5331 1.03596 0.25 4.00 1.6520 0.88608 0.00 3.00
60-69 44 2.4920 0.50887 1.05 3.50 2.4394  0.53807 1.50 3.67 2.8210 0.67793 0.25 4.00 2.1061 0.66384 1.00 3.33
70-79 44 2.4818 0.62804 1.20 3.70 2.4318 0.67755 1.00 3.67 2.8438 0.67132 1.00 4.00 2.0492 0.81140 0.67 3.67
80-89 57 2.5228 0.90243 0.35 3.90 2.4386 0.90338 0.33 3.83 2.8509 1.02819 0.13 4.00 2.1696 0.97462 0.17 4.00
290 20 2.2375 0.90203 0.50 3.90 2.2250 0.84686 0.67 4.00 2.4500 1.00770 0.63 4.00 1.9667 0.98021 0.17 3.67

Table 8 - Obliteration mean, Standard Deviation, minimums, and maximums to the

endocranial sutures Cendo, according to age ranges.

Age Range N Cendo
Mean S.D. Min. Max.
50-59 34 3,6368 0,59764 1,90 4,00
60-69 44 3,8818 0,15741 3,20 4,00
70-79 44 3,9057 0,30466 2,10 4,00
80-89 57 3,6579 0,76227 1,00 4,00
290 20 3,7375 0,56913 1,85 4,00

Table 9 - Obliteration mean, Standard Deviation, minimums, and maximums to the palatine
sutures Cpalatine, CPM, and CPT, according to age ranges.

Age Range N Cpalatine CPM CPT
Mean S.D. Min. Max.| Mean S.D. Min.  Méax.| Mean S.D. Min.  Max.
50-59 24 13333 1.02858 0.00 3.50| 1.5000 0.93250 0.00 4.00| 1.1667 1.23945 0.00 4.00
60-69 37 15405 091574 050 3.50| 1.6757 0.85160 1.00 3.00| 1.4054 1.11703 0.00 4.00
70-79 37 15541 1.00543 0.00 3.00| 1.7568 0.98334 0.00 3.00| 1.3514 1.15989 0.00 4.00
80-89 38 1.3947 1.04078 0.00 3.00| 1.5000 1.13304 0.00 4.00| 1.2895 1.18340 0.00 3.00
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290 15 1.5667 1.08342 0.50 3.50| 1.7333 1.09978 0.00 4.00| 1.4000 1.24212 0.00 4.00

The detection of outliers in this sample is essential for the interpretation of the
method. For ectocranial sutures, only one case was reported; however, the graph
shows that there is a wide dispersion of values, especially in the age ranges of 80-89
and = 90 years (Fig. 1). The endocranial sutures showed the largest number of
outliers, a total of 26 individuals (Table 10 and Fig. 2). This is related to the higher
concentration of obliteration coefficient values between grades 3 and 4, and
consequently, a smaller dispersion.

The age ranges that include individuals with 80 years or more seem to be the
most problematic, there is the greatest concentration of outliers (14) and also where
the largest discrepancy is observed. In these two classes, the minimum values are
significantly lower and show extreme variability. The palatine sutures were the only
group where there are no outliers. This fact is related to the greater dispersion of the

obliteration coefficients distribution (figure 3).

Table 10 - Relation between real age and obliteration coefficients (C) for endocranial sutures
outliers.

? 3
Age N
Range Real Age| CEndo Real Age| CEndo Mean
(CEndo)
50-59 6 50 2.10 59 1.90 3.6368
52 2.70
54 2.40
54 2.70
57 2.90
60-69 4 61 3.60 60 3.60 3.8818
68 3.60 67 3.20
70-79 2 75 2.10 3.9057
75 3.25
80-89 11 80 3.30 82 3.70 3.6579
82 1.50
82 2.00
82 2.80
83 1.40
83 1.80
83 3.90
86 1.00
86 1.70
89 3.10
290 3 90 1.85 3.7375
96 2.70
98 2.10
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Fig. 1 - Graphical representation of outliers and obliteration coefficients dispersion of
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Fig. 3 - Graphical representation of outliers and obliteration coefficients dispersion of palatine
sutures.

To assess the effectiveness of the estimated obliteration coefficients to age at
death in adults, we compared the percentage of correct diagnoses with the incorrect
ones, in each age range for the different sutures. In general, this method has
extremely low efficiency, except for endocranial sutures, where the value of correct
diagnosis (54.5%) was slightly above the wrong (45.5%) but still constitutes
particularly low effectiveness. Regarding the differences between the five age ranges,
the obliteration method of the ectocranial and palatine sutures seems to reduce its
effectiveness significantly from 70 years on, where values are extremely low, reaching
a correct diagnostic efficacy of 0, as in the case of the sum of ectocranial and palatine
sutures and for individuals older than 80 years. Contrary, the endocranial sutures
show a greater efficacy from 70 years. When individually analyzed, the sutures of the
cranial vault and the palate provide results quite insufficient, with low reliability in the

estimation of age at death in individuals aged from 50 years (Table 11).
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Table 11 - Accuracy of the estimation of age at death through the ) ectocranial sutures,
coronal, sagittal, lambdoid, > endocranial, > palatines, median palatine, and transverse
palatine suture.

Age Range Correct Diagnhosis Incorrect Diagnosis Total
N % N % N %
> Ectocranial 52 26 148 74 200 100
Coronal 35 17.5 165 82.5 200 100
Sagittal 45 22.5 155 77.5 200 100
Lambdoid 44 22 156 78 200 100
> Endocranial 109 54.5 91 45.5 200 100
> Palatines 22 14.6 129 854 151 100
Median Palatine 37 24.5 114 75.5 151 100
Transverse Palatine 22 14.6 129 85.4 151 100

The application of the t-student and the Mann-Whitney tests for independent
variables allowed identifying the differences that may exist in the obliteration
coefficients of the sutures between the two collections that have a difference in time of
100 years. The significance value found for the ectocranial sutures is higher than 0O,
05, indicating that the obliterating coefficients scanned in two collections are not
significantly different. In contrast, levels of significance assessed for the endocranial
(0.017) and palatine (0.006) sutures, refer to the existence of statistical evidence to
claim that their obliteration coefficients differ depending on the collection. When
comparing the mean of endocranial sutures recorded for each collection, we find that
there is practically no difference; however, the value of the Mann-Whitney test shows a
significant value, this may be due to a bias caused by the large difference in the
number of individuals of each collection (N = 64 and N = 136). Regarding the palatine
sutures, there is actually a small discrepancy, indicating that these sutures obliterate

earlier in the most recent collection CEI/XXI (tables 19 to 22).

Table 19 - The obliteration coefficients Mean and Standard Deviation, observed for ectocranial
sutures on both collections.

Collection Ectocranial Sutures
N Mean S.D.
CEI/XXI 64 2.3742 0.86212

CTI 136 2.4059 0.06319
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Table 20 - T-Test for the relation between the coefficients of obliteration observed in
ectocranial sutures between the two collections.

Type of Sutures N t-student Degrees of liberty p

Ectocranial 200 0.268 198 0.789

Table 21 - The obliteration coefficients Mean and Standard Deviation, observed for
endocranial and palatine sutures on both collections.

Type of Sutures CEI/XXI CTI
N Mean S.D. N Mean S.D.
Endocranial 64 3.7570 0.63651 136 3.7588 0.51261
Palatine 45 1.8333 1.03901 106 1.3255 0.94123

Table 22 - Mann-Whitney (u) for the relation between the coefficients of obliteration observed
in endocranial and palatine sutures between the two collections.

Type of Sutures N u p
Endocranial 200 3518.000 0.017
Palatine 151 1725.000 0.006

We also evaluated the existence of differences between males and females in
the total sample, the resulting values are significant, allowing us to conclude that the
closure time of the sutures differs between sexes, happening earlier in males and later
in females (tables 23 to 26).

Table 23 - The obliteration coefficients Mean and Standard Deviation, observed for ectocranial
sutures between two sexes on the total sample.

Sex Ectocranial Sutures
N Mean S.D.
Female 105 2.2043 0.89088

Male 95 2.6074 0.56058
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Table 24 - T-Test for the relation between the coefficients of obliteration observed in
ectocranial sutures between males and females, on the total sample.

Type of Sutures N t-student Degrees of liberty p

Ectocranial 200 3.784 198 0.000

Table 25 - The obliteration coefficients Mean and Standard Deviation, observed for
endocranial and palatine sutures between two sexes on the total sample.

Type of Sutures Q )
N Mean S.D. N Mean S.D.
Endocranial 105 3.5910 0.71790 95 3.9432 0.11360
Palatine 79 1.0253 0.81216 72 1.9722  0.94530

Table 26 - Mann-Whitney (u) for the relation between the coefficients of obliteration observed
in endocranial and palatine sutures between males and females, on the total sample.

Type of Sutures N u p
Endocranial 200 3510.500 0.000
Palatine 151 1259.000 0.000

Given that differences were observed between sexes, we decided to investigate
how these differences revealed themselves within each collection. Collection CEI/XXI
shows that the significance value of ectocranial sutures (p = 0.279) indicates that there
are no significant differences between men and women. Contrary, the endocranial
sutures exhibit a premature synostosis value in females compared to males, inversely
palatine sutures indicate a higher coefficient in men. For CTI, all values are significant,
and this collection clearly shows a premature sutures closure in males relative to that

observed in females (tables 27 to 34).

Table 27 - The obliteration coefficients Mean and Standard Deviation, observed for ectocranial
sutures between two sexes on CEI/XXI.

Sex Ectocranial Sutures
N Mean S.D.
Female 35 3.6071 0.13891

Male 29 3.9379 0.03194
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Table 28 - T-Test for the relation between the coefficients of obliteration observed in
ectocranial sutures between males and females, on CEI/XXI.

Type of Sutures N t-student Degrees of liberty p

Ectocranial 64 1.093 62 0.279

Table 29 - The obliteration coefficients Mean and Standard Deviation, observed for
endocranial and palatine sutures between two sexes on CEI/XXI.

Type of Sutures Q g
N Mean S.D. N Mean S.D.
Endocranial
35 3.6071 0.82178 29 2.5034 0.52029
Palatine
23 1.4565 1.10693 22 2.2273 0.81251

Table 30 - Mann-Whitney (u) for the relation between the coefficients of obliteration observed
in endocranial and palatine sutures between males and females, on CEI/XXI.

Type of Sutures N u p
Endocranial 64 385.000 0.041
Palatine 45 150.000 0.017

Table 31 - The obliteration coefficients Mean and Standard Deviation, observed for ectocranial
sutures between two sexes on CTI.

Sex Ectocranial Sutures
N Mean S.D.
Female 70 2.1729 0.79831

Male 66 2.6530 0.57525
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Table 32 - T-Test for the relation between the coefficients of obliteration observed in
ectocranial sutures between males and females, on CTI.

Type of Sutures N t-student Degrees of liberty

Ectocranial 4.003 134 0.000

Table 33 - The obliteration coefficients Mean and Standard Deviation, observed for
endocranial and palatine sutures between two sexes on CTI.

Type of Sutures Q 3
N Mean S.D. N Mean S.D.
Endocranial 70 3.5829 0.66621 66 3.9455 0.07683
Palatine 56 0.8482 0.57934 50 1.8600 0.98478

Table 34 - Mann-Whitney (u) for the relation between the coefficients of obliteration observed
in endocranial and palatine sutures between males and females, on CTI.

Type of Sutures N u p
Endocranial 136 1517.000 0.000
Palatine 106 550.000 0.000
Discussion

The present study sought to test the reliability of the method to estimate age at
death in adults of both sexes, over than 50 years, by analyzing the obliteration of the
cranial sutures. Should we, or not, continue to look for the sutures closure as an
indicator of age? Moving away from the majority of the studies based on the closure of
the cranial sutures, this study focuses on an elderly identified sample, which ages are
between 50 and 109 years, with the particularity that these individuals are from two
different osteological collections, separated by an interval of approximately 100 years.

The purpose of using these two collections was to establish the possible
existence, or not, of the secular trend phenomenon that Masset (1982)°, Perizonius
(1984)%, iscan (1989)%, Reichs and Bass (1998)* have linked to the sutures closure.
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In addition to the more traditional cranial sutures (coronal, sagittal and lambdoid) were
also examined palatine sutures. Because the skull is the anatomical segment more
often sent for forensic analysis and that, in many situations, the expert has only this
isolated piece (including skulls without teeth), the question that arises is to know how
the cranial sutures may indicate a reliable age at death.

The descriptive statistics of the obliteration coefficients calculated for all sutures
(Tables 7 to 9) allowed us to find, as expected, that there is an increase in the
obliteration coefficient of most of the sutures to the age range of 70 years. However,
with advancing age the evolution of this coefficient is far from being linear or gradual.
Contrary to what would be expected this ratio decreased from 80 years, often reaching
values significantly lower compared to inferior age ranges and then would be waiting.
It should be kept in mind that the age of 90 years’ interval comprises a smaller number
of individuals, apart from the possible effect of sampling bias, the significant decrease
of obliteration coefficient in the older group is an important finding.

Through a comparative analysis of obliteration, coefficients mean it was
possible to realize that there is a sequential order of obliteration among several
sutures. The first to enclose are endocranial sutures, after the ectocranial and lastly
the palatine sutures. Sahni et al. (2004)*3, in his study of the closure of the cranial
sutures based on a sample of Indians individuals of the XXI century also concluded
that the obliteration starts earlier in the endocranial face than in ectocranial. According
to the theoretical expectations, when individually analyzed, the ectocranial sutures
revealed that the first to close is sagittal, then coronal, and by the end the lambdoid. It
is also known that for the sagittal suture the first closing segment is S3 and for the
coronal suture is the C3. Regarding the palatine sutures, we found that the first to
obliterate is the median and then the transverse, these results agree with those found
by Beauthier et al., (2010)” in their study of palatine sutures of 134 skulls identified and
Mann et. al. (1987)™.

For a better understanding of what is going on in each age range in relation to
the progression of sutures obliteration the outliers were analyzed, they inform us of the
dispersion of the results and help us to understand the differences that can be found in
the sample. In the case of ectocranial sutures was detected only an individual whose
obliteration coefficient moves away significantly by deficit from the other individuals in
the group (Figure 1), the age range where it occurs is precisely that one which exhibits
the smaller dispersion, in all other the dispersion of values recorded is significantly
higher, mainly from 80s. For endocranial sutures it stands out the high number of
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outliers (26 individuals). There is a large concentration of values between grades 3
and 4, which in turn, indicates a much smaller dispersion of the values found for the
total sample of individuals. The age group of 80 years reflects this situation particularly
well (Figure 2), and indicates a great variability in the obliteration coefficients for these
individuals, demonstrating that, although most show higher obliteration degrees, we
must keep in mind that lower coefficients do not necessarily mean a lower age. Key et
al., (1994)™ in their study of 183 skulls of Spitalfields collection of the late nineteenth
century also found that after 50 years most individuals showed obliteration coefficients
above grade 3, however several individuals obliteration coefficients persisted below,
which means that there are always elderly individuals who persist with open sutures.
Palatine sutures were the ones that did not register outliers, being the group, which
exhibits a greater dispersion in all age ranges, reducing the possibility of individuals
with more extreme coefficients.

In general, the efficiency of the method for estimating the age at death using the
obliteration coefficients of the cranial sutures in older adults was very low, the more
assertive values were achieved by endocranial sutures, and still, with only 54.5% of
correct diagnosis, which is insufficient. All other sutures showed a higher percentage
of incorrect diagnosis than correct ones, particularly the palatine sutures, which
indicate an accurate obliteration coefficient for only 22% of subjects. Our results,
somehow, come out to the Todd and Lyon (1925)° and Key et al., (1994)*!, who claim
that the use of endocranial sutures reveals to be more assertive than the study of
ectocranial sutures, adding that, the latter is more sensitive to inter-population
variation. Beauthier et al. (2010)’ claim that the palatine sutures seem not to be more
effective than sutures of the cranial vault on the estimation age at death, which meets
our results. As Gruspier et al., (1991)% state that the obliteration coefficients of
palatine sutures assume values so broad that it would not be recommended for use it

as an isolated method of estimating the age at death in forensic cases.

Hershkovitz et al. (1997)* studied a sample of 3638 skulls with known ages to
establish the performance of the sagittal suture in age estimation, the results proved
not to be able to establish any relationship between age and the real level of suture
closure. Both these studies and the results that here obtained show that for each of
the major sutures, whether used alone or altogether (the sum of ecto- and endocranial
and also to the palatine sutures), the low percentage of correct diagnosis leads us to
discourage the use of sutures to estimate the age at death as an isolated indicator.

Through our results, we also realize that the ectocranial and palatine sutures show
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percentages of correct diagnoses higher up the age range of 70 years and that this
percentage decreased dramatically over this age. In contrast, endocranial sutures
appear to be less effective to estimate the correct age at death in individuals aged up
to 69 years, and more effective for older than 70 years (Table 11). We also claim, as
Beauthier et al. (2010)’, a tendency to underestimate the age of older adults.

Regarding the comparative analysis of the two collections, the results indicate a
similar evolution of the ectocranial and endocranial sutures obliteration in CTI and
CEI/XXI. Palatine sutures show a closure difference between the two collections
(table 21 and 22), this occurs early in the new collection CEI/XXI. This latter result
conflicts with what is advocated by authors such as Masset (1982)°, Perizonius
(1984)%, Iscan (1989)*, Reichs and Bass (1998)%%, which defend an existence of a
secular trend that can manifest itself in the closure of the cranial sutures that seems to
occur more slowly in modern populations.

When we examined the comparative behavior of sutures obliteration for both
sexes, there are significant disparities in the rate of sutures closure for ectocranial,
endocranial, and palatine sutures. In these three groups, the rate of sutures
obliteration is faster for men than for women, the same conclusion was ascertained by
Beauthier et al. (2010)’, Ginter (2005)*, Sahni et al., (2004)®, Masset (1982)° and
Key et al. (1994)*,

Since the comparative study between sexes in the overall sample showed
differences in obliteration degrees, it seemed to be a relevant question to see how
these differences manifested themselves within each collection. The behavior of
ectocranial sutures synostosis in the more recent collection (CEI/XXI) is identical in
males and females, as opposed to endocranial sutures that perform prematurely in
women. This last result is opposite to that seen in the total sample, which may be
justified by the number of individuals, in CEI/XXI the number of women is half (N = 35)
than its counterpart in the CTI (N = 70), leading that the results found in CEI/XXI when
aggregated to the CTI decrease its influence. The palatine sutures behave differently
between sexes of CEI/XXI coefficient foreclosure is higher in men than in women. The
oldest collection (CTI) revealed differences between males and females present in
ectocranial, endocranial and palatine sutures, the three-point that males show higher
obliteration coefficients, leading us to conclude that in men the foreclosure process
occurs at a faster pace than in women.

Why is there such a variable behavior on sutures? This is the never-ending
guestion. Cranial sutures are affected by all intra- and interpersonal variations, which
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in itself justifies some differences in the progression of their closure. Increasingly it is
admitted that longevity may be closely linked to genetic factors. Given the difficulties
that exist in executing cross-sectional studies on the sutures obliteration process,
when confronted with an isolated skull, the forensic anthropologist should make a joint
analysis of all the information that characterizes the cranium, using multi-factorial
techniques rather than a single technique as well as necessarily use a specific
standard to each population®.

The most aged skulls reflect skeletal changes that evolve over the years, such
as the bregma position. Another difference has to do with the fact that the vault tends
to move downwards and backward relative to the central position of the cranium with
the spine. Some individuals may present a large decrease in the thickness of the

23, Also, the external surface of the

cranial vault and/or increasing the thickness thereo
cranial vault of elderly individuals displays a rougher and granular texture, with areas
of salient muscle insertion particularly in the base and in the lateral zones, and a
flattening of the parietal. The internal surface stresses a greater depth brand
meningeal artery, and along the sagittal suture can be found pacchionian
depressions®. In addition to these, we should still be evaluated degenerative joint
disease (the occipital condyles and the mandibular fossa) and non-articular
degenerative pathology (the external occipital protuberance, the palatine vault, and
alveoli). The articulation of all these features, together with the observation of cranial
sutures had to be the tools of the forensic anthropologist for the estimation of age at
death in older adults, emphasizing its extreme importance, especially when dealing

with toothless skulls.

Conclusion

This study examined the reliability of the method of estimating age at death in
individuals over 50 years, through the cranial vault sutures and palatine sutures, in a

sample composed of 200 skulls identified.
We concluded that:

a) The obliteration coefficients showed a gradual increase until about the age group of
70 years, registering a decline of values after that age;

b) The sutures revealed a sequential closure order: the first is endocranial, after the
ectocranial, and lastly, the palatine sutures. Individually, the first to obliterate is the



26

sagittal suture, followed by the coronal and finally the lambdoid, in the case of palatine
sutures, first closes the median and then transverse;

c) The comparison between the two collections (100 years spaced), only showed
differences in obliteration coefficients calculated for the palatine sutures, which
showed higher degrees of synostosis in CEI/XXI, the latest collection;

d) It was also concluded that the process of sutures obliteration occurs differently
between males and females. Generally, men show higher degrees of synostosis than
women, which means that the suture closure is faster in men. The only exception
occurred in CEI/XXI, where females showed for the endocranial sutures higher
obliteration values than males.

According to the earned results, and given to the low number of correct
diagnoses, cranial sutures have not shown to be a credible method to estimate age at
death in individuals over 50 years. There is great variability in the closure time of the
cranial sutures, and each individual is influenced by internal and external factors that
may partly explain the low reliability of this method.

The estimation of age at death in elderly adults through the cranial sutures in an
isolated skull is not advised, but its interpretation should not be neglected, we must
have an understanding of all degenerative manifestations that express themselves in
the rest of the skull. Only through a global and contextual approach, the cranial
sutures should be interpreted.

Industrialization and improvements in living and medical conditions have driven
the increase in prolongation of longevity, however, many areas are yet to discern, like
genetics, particularly in the aging phenomenon, and hence further studies in this area

are required.
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ABSTRACT

This research is aimed at mapping and analyzing scientific production within the area
of Forensic Anthropology in Brazil. The bibliographic search was performed within the
major online scientific databases (PubMed, Scopus, Scielo, Lilacs). Only publications
originated in Brazil and published in scientific journals were included in the study.
Collected data was introduced into an SPSS database and analyzed statistically. A
total of 161 studies (1992-2017) fulfilled the inclusion criteria. A significant increase in

the number of publications during the last ten years was observed. Seventy-one
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percent of publications originated at the Faculties of Dentistry, and the University of
Sdo Paulo was the leading research center in this area. Almost 38% of scientific
production was performed within a single institution, 45% included national
collaboration, and 17% was conducted with international cooperation. Fifty-eight
percent of research focused on the subject of Forensic Odontology and 42% on
Forensic Anthropology. The main focus of the research was human identification
(39%), followed by age estimation (21%) and sex estimation (15%). Thirty-five percent
of the articles presented a new approach, and 28% focused on method evaluation.
The rest was equally distributed (18.5%) between case reports and field evaluations.
The number of scientific productions is relatively low but is quickly growing. The
potential for collaboration could be better explored. The research is centralized and

lead by the Faculties of Dentistry, with a major focus on Forensic Odontology.

Keywords: Forensic Anthropology; Forensic Dentistry; Science, Technology, and

Innovation Indicators.

Introduction

For the construction of a quality academic and professional field that would
guarantee the homogeneity of training, regularization of professional performance and
uniformity of procedures that would allow the best development of the area, it is
necessary to know the profile of the discipline, its reality and its concept within a
concrete context’. Given the recent growth of Forensic Anthropology and the opening
of this field in Brazil, the lack of studies and scarce scientific production in this area, as
well as the lack of unified training offered, among other circumstances, justify a
detailed analysis of various aspects of this discipline in order to understand the
challenges, needs, and perspectives of Forensic Anthropology in Brazil.

The productivity, development, and the state of art of a scientific discipline can be
evaluated through the quantification of its scientific production. Statistical data — bibliometric
indicators — obtained from the analysis of scientific publications allow the evaluation of the
scale, extent, and trends in knowledge production of a particular field of science?.

For this reason, the following research aims at evaluating the state of the art, mapping,
and analyzing the scientific production within the area of Forensic Anthropology in Brazil to
understand the advances, directions, and perspectives in knowledge production in this

discipline. Furthermore, it seeks to comprehend the difficulties and challenges and to reflect on
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the future development of this area that is becoming increasingly essential in the Medical-
Legal and Human Rights contexts. We will focus mainly on the subject such as the trends in
the production of knowledge, the main research centers, the potential of collaboration, and the

focus of the research.

Materials and Methods

The research was based on a systematic bibliographic analysis of the scientific
production in the last 26 years related to Forensic Anthropology in Brazil. Being a
relatively new area and considering the historical context of Brazil and its implications,
it was not expected that there would be much production and research in this field
before the 1990s. Therefore, the period of research was established between 1992,
when the Forensic Anthropology Group was created within the Office of Public Safety
in Brasilia® until the year 2017.

The data was collected by a thorough search and analysis of scientific articles
indexed within the PubMed - Medline database
(https://www.ncbi.nlm.nih.gov/pubmed). Additionally, local databases SciELO and
Lilacs were analyzed together with the archives of the Revista Brasileira de
Odontologia Forense (RBOL), which traditionally publishes research related to
Forensic Odontology and Anthropology. The search was performed from March to
August 2018.

For the bibliographic search, the following keywords were used: forensic
anthropology, sex estimation, age estimation, stature estimation, height estimation,
ancestry estimation, taphonomy, forensic analysis, forensic methodology, forensic
methods, their possible combination, and always together with the word “Brazil.” The
search was performed in English, Portuguese, and Spanish, where the keywords were

translated accordingly.
The inclusion criteria for the articles were the following:

1. Scientific articles published between 1992 and 2017,

2. Use of both quantitative and qualitative methodology, as well as bibliographic
reviews, field evaluation, and opinion;

3. The relationship with the field of Forensic Anthropology that included analysis of
partially or totally skeletonized human remains with the aim of sex, age, stature,
ancestry, time since death and possible death cause estimation, application or

evaluation of existing methods, facial reconstruction and technical development
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related to the previously mentioned aspects. The analysis also included the field
of Forensic Odontology considering teeth being a part of a skeleton but only with
the aim of human identification;

4. Papers written in Portuguese, English, and Spanish in both national and
international scientific journals;

5. Atrticles indexed in PubMed (Medline), Scielo, Lilacs, and RBOL archives;

6. Works originated in Brazil, but which may include the participation of foreign
researchers. The origin of the research was considered following the academic

affiliation of the first author.

During the analysis, data regarding the number of publications, authors, type of
journal, its impact factor, the language of publication, research center, existing national
and international collaborations, as well as the main focus of the study were collected
for each article in a PSAW18 database.

In order to analyze the focus of the research, each publication was attributed to
the Forensic Anthropology or Forensic Odontology area depending on whether the
object of the study was explicitly the dental arcade and the oral cavity (Forensic
Odontology) or other parts of the body/skeleton (Forensic Anthropology). Each
research was also attributed to a specific subject that included sex estimation, age
estimation, stature estimation, ancestry estimation, human identification, facial
reconstruction, technical development, multiple (if combining at least two topics) and
other (if the research was based on the bibliographic review, opinion or field
evaluation). The scope of the study was defined as the field in which the analysis was
placed, and this could vary between a new approach, field evaluation, case report, and
existing method evaluation. The statistical analysis included the examination of
descriptive and frequency statistics.

Results
Number of publications

The keyword search delivered a total of 2,202 articles, out of which only 161
were selected for further analysis. The first articles that fulfill the inclusion criteria of
this research were detected in 1999, what constitutes a 7-year time frame (1992-1999)
without relevant publications in the area from the a priori established time 1992-2017.

The total number of articles represents a relatively low activity in the production of
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knowledge (~6 articles per year), considering that the research covers 26 years. If
taking into account only the period in which the scientific production was identified — 19
years — the average amount of articles per year goes up to 8.5, which is still quite low.
However, there was a strong tendency observed towards the increase in the number
of publications related to the area of Forensic Anthropology or Odontology during the
last ten years (Fig. 1), and the observed movement permits the prediction that this

tendency will probably continue.
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Fig. 1 Number of identified publications per year in the analyzed period (1992 — 2017)

Type of publication

Slightly more than half (56.52%) of the articles were published in international
journals, the rest accounted for national publications. Ninety-four papers (58.39%)
appeared in journals with Impact Factor, and these included both national and
international publications. A vast majority of publications were written in English (111),
46 in Portuguese, and 4 in Spanish, which indicates that even national papers are
often prepared and presented in English, which increases the international visibility of
the research. Although the tendency of increasing the number of English-written
publication was observed, in the year 2017, the last year included in this analysis, this
proportion significantly dropped — 22 vs. 7 (English vs. Portuguese) in 2016 to 19 vs.
14 in 2017 (respectively).

Only 59% of analyzed research (94) was published in collaboration with at least
two different institutions. Within this number, 74% of publications (70) were realized in
partnership among Brazilian research centers, and 26% (24) had international
participants, respectively representing 43% and 15% of the total production.
International collaboration remains, therefore, quite a minor portion of Brazilian

scientific production in the field of Forensic Anthropology and Archaeology. There was,
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however, observed a significant increase in the number of publications prepared within
the cooperation among at least two national institutions in the last ten years. Still, a big

part of the research belongs to a single center.

Research center

The research identified 34 different institutions, among them the Ministry of
Justice (2: Federal Police and State’s Prosecutor’s Office), the State Public Safety
Office (13 — Medico-Legal Institutes) and independent practitioners (7), as centers
where research in Forensic Anthropology or Odontology is being conducted in Brazil.
The leading research center was USP (University of Sdo Paulo), with almost 30% of
the total count of analyzed publications. It was followed by UNICAMP (State University
of Campinas) with 12.42% of analyzed scientific production, the State Public Safety
Office with 8.07% of participation, and UFG (University of Goids) with 7.45%. The
remaining institutions delivered between 1 and 7 publications.

The faculties of Odontology are the leading centers of research in both Forensic
Anthropology and Odontology® (111/161) (Fig. 2). The research is also conducted,
however, to a significantly lower extent, in the Faculties of Medicine (12),
Anatomy/Morphology (11), and Health (3). There exists an important contribution to
the research (24) in non-academic institutions, mainly the Medico-Legal Institutes and

private dental practitioners.

2%

W DENTISTRY
MEDICINE
H ANATOMY/MORPHOLOGY
W OTHER
W HEALTH

Fig. 2 Distribution of departments where research in Forensic Anthropology and Odontology is
being conducted in Brazil (other = independent researchers, Medico-Legal Institutes etc.)

Research focus

t A common term, Department of Odontology is used here for various departments related to the science of Odontology (i.e. Dpt.
of Social Odontology, Dpt. of Stomatology, Collective Health and Forensic Odontology, Dpt. of Clinic and Social Dentistry, Dept. of
Odontology and Biomedical Service, Dpt. of Dentistry, Dpt. of Community Dentistry) as states in the affiliation provided by the
authors of the articles.
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Of the analyzed publications, 56.52% (91/161) were categorized as belonging
to the Forensic Odontology area, and the remaining 43.48% were attributed to
Forensic Anthropology. The most prevailing subject was human identification (61),
followed by age estimation (32) and sex estimation (27). 8% of the research involved
more descriptive work, such as field evaluation, bibliographic review, and historical
background of the field of Forensic Odontology and Anthropology. Ten publications
focused on facial reconstruction issue, and 9 proposed a technical development to
existing methods. Six articles combined at least two categories, and none raised the
subject of ancestry estimation. Regarding the scope of the publications, the highest
percentage (33.54%) aimed at presenting a new approach to the analyzed subject
(29), and these were mostly related to sex estimation and positive human
identification. Nineteen percent of analyzed material focused on applying and
evaluating existing methods on Brazilian samples, 21.74% were classified as literature

review or field evaluation, and 15.53% were examples of a case report.

Discussion

The analysis of the trends in the field of Forensic Anthropology and Odontology
in Brazil revealed that the production of knowledge in this area, until very recently was
relatively low. There exists a tendency of fast growth, however. Only in the last five
years (2013-2017), the number of scientific articles doubled in relation to all previous
years in which scientific activity in this field was detected (1999-2012). This trend is
consistent with the worldwide tendency observed for this discipline®. Nevertheless, it
represents a relatively insignificant minority when compared to the international
production. Although Gualdi-Russo and Fonti* note a certain slowdown in the rate of
scientific production in the field of Forensic Anthropology during the last decade, this
tendency is not present in the Brazilian context. It is hard to predict whether the
intensification of production will continue in the upcoming years, but considering the
growing interest for this field among Brazilian scholars, it is quite possible.

As Baraybar and Blackwell® notice, the countries of the Global South, Brazil
included, developed the practice of Forensic Anthropology rather in response to a
practical need and not that much out of academic interest. The practitioners of
Forensic Anthropology quite often are not academics but rather technicians®.
Therefore, they focus much more on the practical aspects of the discipline, rather than

on its scientific development. As Cooley® states, the main task of the forensic
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technician is the acquirement and application of a specific advanced technique or
routine without the requirement of having problem-solving skills and experience in
conducting research. Consequently, the interest of the majority of Forensic
Anthropology practitioners in the development and advance of science is also limited.
However, it is essential to notice that there exists a considerable contribution and effort
of non-academic centers, especially the Medico-Legal Institutes, where a majority of
the practitioners work, to the scientific production in the area of Forensic Anthropology
in Brazil.

Moreover, as Guimardes et al.® point out, the political scenario under the
military dictatorship in Brazil for decades has limited the investment and discouraged
the interest in the development of Forensic Sciences, and this was strongly motivated
by political reasons®”- The situation did not improve after the end of the dictatorship in
1985. After a certain period of significant increase of public funds for research support,
since 2013 the funding for science in Brazil has been systematically decreasing year
by year®. This can be seen as a general austerity measure and systemic issue
regarding national, federal, and state policies in Brazil regarding the investment in
science. Considering Forensic Anthropology as a very specific and niche discipline, its
lack of visibility and general low social interest, the resources destined to it were and
continue to be scarce. Lack of systematic and prolonged funding results in limitations
regarding the vacancies and salaries of the practitioners, as well as poorly equipped
laboratories and infrastructure®. As a consequence, professionals are very often
overloaded with work and lack the time, but not the will necessary for research®.

It should also be noted that the development of science in general in Brazil is
highly delayed in relation to other countries from the so-called Global North. It is
commonly accepted that the creation of Instituto Oswaldo Cruz in Rio de Janeiro in
1900 represents the institutionalization of science in Brazil, and the inauguration of the
University of Sdo Paulo (USP) and the Faculty of Philosophy, Letters, and Sciences
(FFCL) in 1935, is considered the turning point of the professional training of
researchers'®. Therefore, it cannot be expected that the scientific production in any
discipline could be comparable with the one in countries with hundreds of years of
scientific tradition.

Most definitions of Forensic Anthropology derive its origin in the methods
developed and used by biological anthropologists. Research conducted in this area is
also based on the principles of Biological Anthropology. It is therefore important to
emphasize the fact that in Brazilian academia, there really does not exist a traditional
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field of Biological Anthropology as a separate field of science, and it is virtually “absent

from Brazil's postgraduate system”*!

. The lack of specialized training and clearly
defined institutionalized space does not, however, totally impede the research in this
area’™. Nevertheless, it severely limits the preparation of professionals with research
background and with knowledge of bio-anthropological theory and methodology that
could further specialize in the area of Forensic Anthropology and conduct research in
this field.

As the results demonstrated, over two-thirds (69%) of scientific production in the
area of Forensic Anthropology in Brazil is conducted in the departments of
Odontology. It is not especially surprising, as the majority of practicing forensic
anthropologists are dentists by training®. Forensic Anthropology, however, goes much
beyond positive human identification'?, and Forensic Odontology, on the other hand, is

a clearly defined and very limited part of forensic analysis***°

, that can be treated as a
part of the anthropological analysis or as an independent field of science®. And
although some faculties of Odontology in Brazil created centers for studies in Forensic
Anthropology and provide conditions for research in this area, they still do not offer in
their curriculum sufficient training, knowledge, and understanding of evolutionary
processes to perform high-quality research on topics outside the specific area of
Forensic Odontology. And it is especially crucial in Latin America, Brazil included,
where many of the consolidated Forensic Anthropology methods are producing biased
and misleading results due to the discrepancy between the biological profile of the
local population and the biological profile of the collections of reference®’ .

As pointed out by Christensen and others®, to understand and interpret the
results of anthropological analysis of human remains, independently on the context,
whether archaeological or forensic, professionals should have a profound and broad
training, not only in technical aspects of the examination but also in the evolutionary,
biological, biomechanical and cultural elements and mechanisms of human variation. It
is crucial to understand the morphological changes of the human body along with the
history and in relation to geographic origin, sex, or individual development, which is the
core of Biological Anthropology as a discipline. It is probably even more crucial in the
Brazilian context, where the biological diversity of its population is exceptionally high.
Therefore, the lack of such training is highly limiting when we consider the broad
possibilities of knowledge production in Forensic Anthropology in Brazil. It results in a
high deficit of academic professionals that could extend the research in this discipline.

For this reason, and to advance and progress the production of knowledge in Forensic
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Anthropology, it is recommended to include or extend courses of Biological
Anthropology in the academic curriculum either at the Faculties of Odontology,
Medicine or Biological Sciences, which would fill the void of professionals in this
discipline prepared to analyze and research the topics of osteology, human biological
variation, and taphonomy, and thus form a holistic, bio-anthropological perspective.

Not surprisingly, there exists a certain dominance of research attributed to
Forensic Odontology, in relation to research that focuses on areas other than oral
cavity and dental arcade parts of the skeleton. However, the prevalence is not
extensive. Although odontologists conduct the majority of the research, the focus of
research goes beyond their typical object of study, and this brings a notion of
interdisciplinarity that is somehow required due to the lack of professional biological
anthropologists in the country.

Human identification, as the most common research topic, is coherent with one
of the fundamental aims of Forensic Anthropology that is the identification of unknown
skeletal remains®. Methods that allow the fastest, most accurate, and most precise
identification and comparison with a possible known person are of utmost value in
forensic analysis. Next to sex estimation, this topic was presented with the highest
amount of proposals for new methodologies and techniques. As Gualdi-Russo and
Fonti* indicate, new approaches to various topics covered by Forensic Anthropology
could be the direction in which the discipline will continue developing. According to
these authors, research on skeletal remains will continue being the main area of
investigation. However, studies on living subjects would increase its contribution to the
total production of knowledge in this area. In the Brazilian context, this could be a
possible line of research, especially regarding the topic of age estimation, which was
the second most common subject of research detected in this analysis.

The first substantial rise in the number of articles published in scientific journals
is observed in 2008. This intensification is coherent with the general evolution of the

quantity of published scientific articles in Brazil*

, as well as with the general trend
observed within the field of Forensic Anthropology worldwide®. Apart from the overall
development of science in Brazil, such increase could be also be attributed to the

outburst of the so-called CSI effect???®

, Which although often questioned, the belief of
affecting the police, jurors, judges, prosecutors, defendants, and victims®* could also
have a meaningful impact on students and researchers®>?®. For as much as there has
been studied and published on the effect of forensic shows on various sectors of the

society, we are not aware of research that would analyze its possible influence on the
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scientific community. Even if no such effect can be demonstrated, the shows that
portray the work of forensic specialists certainly have brought more visibility to the
area, promoting interests among both students and professionals?>.

The fact that more than half of publications appear in international and national
journals with Impact Factor — those with greater reach and higher citation record -
validates the quality of research that is being conducted in Brazil in the field of
Forensic Anthropology and Odontology. Although the concept of Impact Factor is often

27,28
d

guestione , it remains the principal indicator of the reach, and hence the quality of

1°°. These results can, of course, be improved, and the prevalence of

a scientific journa
the English language, even in national publications, demonstrates an attempt and will
to reach the biggest audience possible. A modest trend was observed in the increase
of the proportion in the number of papers written in English in relation to those written
in Portuguese, although during the last year included in this research, this proportion
considerably dropped. It is difficult to predict the tendency for the next years, but it is
expected that English-written publications will at least maintain their prevalence in the
global production of knowledge.

Scientific collaboration is an inherent part of contemporary scientific production.
It promotes the exchange of knowledge, development of science, integration among
scholars, and the growth of the potential for complex problem solving®. Working
together among academics offers the possibility of acquiring new skills, understanding
different points of view, and expanding the scope and the range of research. It has
been reported that effective co-authorship is often related to a publication in journals
with higher Impact Factor, and the paper is more frequently and longer cited*>3'. What
is interesting, as Frenken and others® noted, is that an international co-author
increases the citation rate to a greater extent than a national one. Diverse input of
different co-authors contributes to various angles, perspectives, and backgrounds,
which may increase the quality of the research, as the historical specialization of
knowledge greatly narrows down the area of expertise of scientists*°.

Additionally, funding agencies, both national and international, foster, or even
force such actions, as it becomes more common and probable to obtain funds when a
project counts with the participation of several researchers from diverse institutions>*.
In this context, the production of knowledge in the field of Forensic Anthropology and
Odontology in Brazil leaves much to be desired. Only a bit more than half of the total
production was prepared in a collaboration of at least two different institutions. In the
last decade, the amount of national co-authorship presented a significant growth, yet
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the internationalization of research is hardly essential. Therefore, to increase the
impact and quality of knowledge produced in Brazil in the area of Forensic
Anthropology, and to increase the possibilities of funding, it is recommended that
Brazilian researchers could better explore the options of international collaboration.

Conclusion

The research in the field of Forensic Anthropology and Odontology in Brazil is in
the phase of development and growth. This delay in relation to other countries of the
so-called Global North can be related to the general slower and delayed pace of
scientific progress in Brazil, as well as to the particular socio-political context of this
country. The numbers in terms of scientific production are generally relatively low, but
the production is quickly growing. The fact that most of the research in this field is
conducted at the Faculties of Odontology results in a particular prevalence of the topic
of Forensic Odontology in relation to Forensic Anthropology. The general lack of
biological anthropologists in the academic scenario of Brazil is probably responsible
for the fact that some crucial issues related to the field are not being addressed. The
potential of collaboration that could significantly increase the visibility and quality of the
research could be better explored.
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ABSTRACT

Forensic Anthropology plays an essential role in forensic investigations. The
application of its concepts, from the crime scene to the laboratory, is critical to avoid
that traces be ignored or lost during a criminal investigation on human skeletal

remains. A Forensic Anthropology Office was created in the State of Rio de Janeiro at
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the end of 2010 with the purpose to help in criminal investigations. In 2011 and 2012,
the Anthropology Office received 66 examination requisitions, comprising 74 human
skeletal remains. The biological profile established after the study of the skeletal
remains showed that the samples were constituted mainly of male subjects (80%),
white (32%), and young adults ranging from ages 21-50 (54%), considered as the risk
group. The injuries most frequently observed were blunt trauma (33,3%), followed by
gunshot (31,4%). The most susceptible body regions were head and neck, affected in
42% of cases. Gunshots represented 52,1% of injuries found on the head and neck.
Only 18,8% of the human remains under analysis contained more than 95% of all
skeletal bones. Likewise, only 7 (10,1%) of 47 completely skeletonized remains had
more than 50% of his bones recovered. The delays in locating human remains and
their continuing decomposition poses a marked reduction in the number of bones
recovered, confirming the necessity of a trace collection carried out by trained
professionals. Lastly, 80% of incoming cases came from 18 of the 160 districts of Rio
de Janeiro, indicating a significant prevalence of human remains found in conflict

areas.

Keywords: Forensic Anthropology; Forensic Dentistry; Forensic Medicine; Forensic
Sciences.

Introduction

Rio de Janeiro is a large city, with around 6 million inhabitants and an area of
1,200 km2, according to the 2010 census carried out by the Brazilian Institute of
Geography and Statistics (IBGE, Portuguese abbreviation). The tremendous social
differences provide, for some, ideal ground for violence to germinate. The great land
extension, presence of rivers, mounds, lakes, mangroves, and forests, as well as
outcast areas where the State has only recently attempted to stand ground, may
function as clandestine graves; the tropical weather and rich and abundant fauna
accelerate decomposition, decreasing the time-lapse and viability for a conventional
necropsy.

In the State of Rio de Janeiro, the Forensic Anthropology Office (SAFO,
Portuguese abbreviation) was established in October 2010 within Afranio Peixoto
Legal Medicine Institute (IML-AP, Portuguese abbreviation), linked to the Technical-

Scientific Police Department branch of the Civil Police of Rio de Janeiro State.
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Therefore, as in most Brazilian States, the forensic examination is subordinated to the
Public Security Secretary, that is, constitutes a police unit®%*2,

SAFQO’s establishment generated demand for specialized professionals, which
contributed to gather all field professionals in the country, and inspired the creation of
the Brazilian Association of Forensic Anthropology (ABRAF, Portuguese abbreviation)
in September 2012, encouraged and supported by the Forensic Anthropology Society
of Europe (FASE) and, similar to the latter, aims to contribute to the specialize,
homogenize and publicize FA concepts™ .

The demand mentioned above for professionals to act in forensic institutions
should be supplied by Universities, leading to the creation of careers and development
of research that will offer back scientific basis and support in the future. Forensic and
academic institutions are two sides of the same coin®®.

Proper qualification and the adoption of incentive policies towards the scientific
police contribute to the investigation process and helps decrease impunity, while its
inappropriate functioning paves the way for a rise in violence. Rodrigo Garrido alerts to
the difficulties generated by the distancing between forensic and academic institutions
and states that their approximation and strengthening support and add consistency to
court decisions, being fundamental to the confrontation of violence.

This process depends on the administrative and financial autonomy of forensic
investigation organs® ® 7. The Nina Rodrigues Legal Medicine Institute, in Bahia, and
the Center of Legal Medicine (CEMEL), in Ribeirdo Preto, are well-succeeded
examples of ongoing partnerships between institutions® ® 8,

Forensic Anthropology is the science that brings together concepts of Physical
Anthropology and Forensic Sciences™. Its routine includes the search for trace
evidence during the examination of skeletal remains, aiming to identify the victim,
analysis of traumatic injuries that may have occurred and reconstitute all events
leading to death, including an estimate of the time of death, or postmortem interval
(PMI)S' 11,13, 15

The application of FA concepts is not restricted to skeletonized remains? and is
applicable in cases of age estimation of live subjects without documents; identification
and age estimation of criminals and crime victims of video recorded felonies, such as
child pornography***®; verification of age of majority of criminals is also a part of the
anthropological analyses group®®; and in the event of mass disasters, as well as in

1,11, 15,17

crimes against humanity and human rights violations , mainly when clandestine

graves are located.



47

The complete and detailed examination of the crime scene represents an
element of prime importance to crime-solving. Every time an investigation involves
buried corpses, it is mandatory that the search for remains be made using
archeological excavation techniques, carried out by trained professionals, in a way that
no trace may be lost or destroyed® % ° 1% 111315 The employment of such excavation
techniques tends to be very helpful in cases involving narcotraffic victims, serial
crimes, massacres, political crimes, homicides, and others™ >

It is doubtless that FA is a multidisciplinary science that embraces
anthropologists, archeologists, medical doctors, dentists, biologists, biomedical
professionals, among others, acting individually or as a team, provided they have been
adequately trained’. Efforts are being directed towards enabling the SAFO to deploy
to the field of human remains detection so that it can collaborate more efficiently with
crime elucidation. As stated by Cattaneo, today FA lies way beyond calipers and
osteometric tables™.

In Brazil, FA lacks support to research to identify the physical peculiarities of the
local population, and thus validate the techniques used in forensic examinations. The
first step is to create an osteological collection that reflects the current population. For
example, the Piracicaba Dental School (FOP-UNICAMP Portuguese abbreviation) is
developing, with the technical support of the ABRAF, a skeletal collection consisting of
320 complete and cataloged specimens from the current, local population, so far.

Aware of the contribution FA offers to criminal case elucidation, and,
consequently, to decrease crime®, this study aimed to collect and organize data
produced by the SAFO. The secondary objectives were to present its examination
protocol and to identify the steps of action, where much effort is still necessary to
increase the quantity and quality of traces recovered, so that the investigation

efficiency may be improved.

Materials and Methods

The research was approved by the Ethics Committee on Research of FOP-
UNICAMP, under registration number 040/2014, and authorized by the Technical-
Scientific Police Headquarters (DGPTC, Portuguese abbreviation) from the State of
Rio de Janeiro. The study comprised a retrospective analysis of information derived
from individual examination reports generated by the SAFO of IML-AP in the years of
2011 and 2012.
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Data were extracted from each report about the site of corpse location; time
elapsed from death; biological profile: sex, age, ancestry, stature, laterality and
additional elements that might contribute to identification; and trauma analysis,
including search for cause of death and for any other traces that may help clarify its
circumstances.

Two SAFO forensic examiners collected all data. Over these two years, 66
examination requisitions were received, and each generated a report. Of these 66
requisitions: 6 corresponded to non-human material; other 3 represented material
without forensic implications, 2 consisted of anatomical material discarded from study
institutes, and 1 consisted of archeological material; and another one corresponding to
a complementary examination requisition for a previously located skeleton, already
accounted for statistically.

The remaining 56 requisitions comprised skeletal remains of a total of 74
different individuals since in 9 cases there were bones from more than one person
commingled.

Five out of 74 skeletal remains did not enter the SAFO laboratory because they had
been positively identified by the Forensic Dentistry Office or through Papiloscopy, due
to the presence of soft tissue remains. Therefore 69 skeletal remains were examined,
and the resulting data compose the present study. All examination requisitions

informed the site of skeletal recovery, so all 74 cases were accounted for statistically.

Results and Discussion
Taphonomy
Quantity of bones recovered

Out of 56 requisitions, 47 (83%) presented skeletal remains of single
individuals, while, in other 9 (17%), the commingling of skeletal remains took place.
These nine requisitions comprised a total of 27 individuals, although the single request
with the highest number of subjects investigated presented skeletal remains of six
different people. As previously mentioned, laboratory analyses were centered on 69
skeletal remains because 5 of 74 had been identified before entering the SAFO. Less
than 18,8% of skeletal remains recovered comprised more than 95% of body bones
(Table 1).
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Table 1. Descriptive statistics of recovered bones.

Bones recovered per individual 2011 2012 Total %
1- complete or almost complete 6 7 13 18,8
2- almost complete, most long bones and many small

bones 1 3 4 5.8

3- the majority of long bones and small few or rare

small bones 6 1 7 10,2
4- few long bones e few small bones 10 8 18 26,1
5- few long bones 13 9 22 31,8
6- bone fragments 1 4 5 7,3

Total 37 32 69 100

Stages of decomposition of recovered material (taphonomy)

It was observed that 38 (55,1%) remains examined showed signs of
degradation, indicating they had been exposed to the environment for a long time
before being located. Besides the skeletal remains, the laboratory received partially
saponified corpses, partially mummified corpses, and even at advanced stages of
decomposition, namely bloat and liquefying stages (Table 2).

A total of 47 (68,1%) of 69 skeletal remains were fully skeletonized, that is,
presented no soft tissue remains or cartilages. Of these, only 7 (10,1%) had more than
half of the bones recovered, proving that the longer it takes for remains to be located,
and with its subsequent decomposition, there is a marked reduction in the number of

bones recovered.

Table 2. Descriptive statistics of body taphonomy.

Stage of tissue decomposition at the moment of
recovery

2011 2012 TOTAL %

1- Degrading bones 18 20 38 55.1
2- Skeletonized 8 1 9 13
3- Patrtially skeletonized 9 1 10 145
4- Putrid — the presence of soft tissue 1 2 3 43
5- Calcined 0 4 4 58
6- Mumified/Skeletonized 0 4 4 58
7- Saponified/Skeletonized 0 1 1 15
Total 36 33 69 100

Partially skeletonized — the presence of cartilages, little soft tissue, putrid odor.
Skeletonized — the presence of entire bones, absence of cartilages or soft tissue, and lack of putrid
odor.

Sex analysis
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Of the 69 skeletal remains, 65 underwent sexual dimorphism analysis, and the
anthropological examination concluded that 55 (80%) displayed male characteristics,
and 10 (14%) displayed female characteristics. All skeletal remains that comprised at
least the skull, pelvis, femur or humerus allowed for gender estimation. Only four
skeletal remains (6%) did not present at least one of the cited bones and were,
therefore, not considered for the examination.

Pelvic bones represented the first choice for analysis of sexual dimorphism,
followed by the skull. Morphological characteristics were analyzed and organized into
a decision table with twelve anatomical items to be examined on the pelvis'® and
fourteen on the skull. Landmarks were selected from the study by Buikstra, Ubelaker,
and Walker®™ 2! Each feature was observed and classified according to the
characteristics found, as male, female, or undetermined. The method for sex

estimation based on pelvic metric characteristics, known as DSP2, was also applied™
22

Age analysis

As far as age was concerned, it was observed that fetuses or individuals with
ages ranging from 0 to 10 years were not received. 10% of the sample consisted of
individuals with age ranging from 11 to 20 years, 34% were included in the age
ranging from 21 to 30 years, 20% were in the range between 31 to 50 years and,
finally, 20% were included in the group above 50 years. Another 16% did not contain
the bones needed for the exam. Individuals with age ranging from 21 to 30 years,
represents the group with the highest associated risk, followed by the age range of 31
to 50 years.

As for age estimation, methods used in young adults were based on dental
development tables developed by Nicodemo, Moraes e Medici Filho?*; on Ubelaker's
chart cited by Couto®, and on the epiphyseal plate, calcification described by Buikstra
and Ubelaker®. When it came to adult skeletons, the analysis was based on the stage
of development of the pubic symphysis, proposed by Suchey, Brooks™ ?*: the first

.2> 28: the fourth costal arch?’, and the auricular surface®.

15, 29, 30

costal arch by DiGangi et a

Lamendin’s analysis was applied as often as possible
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Ancestry analysis

In 31 (45%) of 69 cases, ancestry research could not be carried out because of
missing skulls or due to their fragmentation. From the 38 human skeletal remains that
allowed for an ancestry analysis, it was concluded that 22 (32%) displayed
predominantly European characteristics, 14 (20%) showed predominantly African
features, and 2 (3%) displayed mostly Asian characteristics.

The skull represents the main point of interest while investigating ancestry. The
face, especially the nose area, were morphologically analyzed, as advised by
Bass®**?, Rhine®, Gill**2°, and Krogman and Mehmet®’. The morphological analysis
of the face is known as the most assertive means to evaluate geographical origin.

While examining the skull, a decision table of 17 anatomical characteristics was
observed. The six craniometric indices proposed by Arbenz were also applied?®. The
postcranial skeleton was used only to confirm the findings of the skull, where

tibiofemoral and radiohumeral indexes cited by Franca were applied®.

Stature analysis

Stature estimation was based on the Trotter & Gleser table cited by Couto?,
and on the table proposed by Mellega [39]. The latter represents a study conducted on
the Brazilian population, offering good results when reproduced. Height is a parameter
that should be evaluated with restriction because, in Brazil, height is only measured for
military service purposes around the age of 18. As often as possible, it is suggested
that ratios be used based on photographs of the missing person and that additionally,

measurements of siblings, should there be any, be taken as a frame of comparison.

Functional laterality analysis

This analysis was introduced to the formal examination protocol at the end of
2011 after being considered a relevant determinant that may aid in identification. Since
then, 46 skeletal remains were examined, although only ten could undergo the
analysis to determine the side of dominance because they comprised bones of the
appendicular skeleton of both left and right sides. One of the exams was inconclusive,

and the other nine suggested individuals were right-handed.

The protocol followed was the same that has been used and supported by

CEMEL, in Ribeirdo Preto, for more than 10 years®. It is based on a decision table that
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analyzes and compares eight anatomical features on both sides of the upper

appendicular skeleton.

Forensic Facial Approximation (FFR) and Craniofacial Superimposition

Between 2011 and 2012, two exams with craniofacial superimposition and three
exams of FFR were carried out. Both craniofacial superimposition exams
demonstrated coincidence between facial and craniometric landmarks, as did facial
characteristics match. Later, DNA tests confirmed the results obtained by
approximation.

The FFR was carried out digitally and still cannot function as a means of
attracting the missing person’s family members because its results cannot be released
to the general public. In one case where the family waited for the DNA result to confirm
the identity of skeletal remains, the FFR was applied, and the family recognized the
result presented as similar to the missing person’s appearance.

The techniques of overlapping images and forensic facial approximation were
used eventually by the SAFO and are not part of the routine protocol. The entire

process is usually concluded in a single day*.

Identification

In its first two years functioning as a formal unit, SAFO voided one case of
corpse identification that had been wrongly recognized by family members. In another
case, the SAFO was responsible for the inclusion of skeletal remains as a possible
match after pointing out coincidences between information obtained from family
members and the victim’s biological profile. A DNA test confirmed SAFO’s findings.

The SAFO positively identified a case where the biological profile, the FFR, Ol
matched, and the anterior teeth could be observed, including the gaps between them.
It should be noted that at least 29 of 69 skeletal remains examined by the SAFO
presented characteristics that could contribute to the identification process, such as
dental fillings, fractures and antemortem pathologies, characteristic anatomical
variations such as septal and sternal foramina, bifid ribs, metopic suture, sacral bifid

spine, sutural bones, ankylosis, unerupted teeth, and osteomas. Again, it is necessary
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to bring attention to the fact that a missing person’s database could highly improve the

statistics of positive identifications.

Analysis of trauma injury

In the first stage of trauma injury investigation, the triple distinction was made
between antemortem, perimortem, and postmortem. From the 69 skeletal remains
analyzed, 44 (63,8%) showed some skeletal trauma, namely: blunt force, burning,
sharp force, gunshot, or an association between these. In 25 (36,2%) of 69 skeletal
remains, no trauma injury was observed.

The most frequently observed injury was blunt trauma (33,3%), followed by
gunshot (31,4%), sharp-blunt trauma (21,6%), and burning action (13,7%). Six out of
44 skeletal remains presented an association between more than one type of injury.

The head-neck region was affected in 42% of the 69 cases, representing the
most frequently affected location, and having been subjected to all four types of
trauma injury evaluated. The upper arms were affected in 13% of cases; the chest-
abdomen region was affected in 27,5% of cases. Finally, the hip region was affected in
13% of cases and the lower members in 14,5%. In some cases, the five body regions
were affected.

The highest correlation found between a type of trauma, and a specific body
part was the gunshot action to the skull-neck region, corresponding to 27,3% of the

cases. Of all gunshot injuries, 52,1% were located in the skull-neck area.

Correlation between the site of location and trauma

Of all cases investigated, 80% were located in one of 18 out of 160 districts
found in the city of Rio de Janeiro, indicating a substantial prevalence concentrated
over few areas and also showing that some specific regions display above average
according to violence numbers.

An association between recovery sites and type of trauma injury could also be
identified, indicating that criminals acting within a specific district display a modus
operandi, as 15% of victims who suffered multiple sharp-blunt injuries, in this case, the
scattering of body parts, were found in the surroundings of Ilha do Governador district,
while gunshot injuries to the head and neck prevailed (25%) in Realengo district.

Trauma and biological profile correlation
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The biological profile established by skeletal remains investigation evidenced
that the sample was mainly comprised of men (80%), white (32%), young-adult with
age range between 21-50 (54%), representing the risk group in 11,59% of studied
cases.

The authors have presented the methods used in the examinations and the
results obtained after two years of service. Results are still limited due to the reduced
sample size, but the presentation of the method employed is significantly relevant

because it exposes techniques that have proved efficient.

Final Considerations

We emphasize that the methodology presented in this work were used in the
creation of the forensic anthropology section, in 2010, and all cases at the time
culminated in success. Currently, the techniques used for the diagnosis of ancestry
are based on Hefner (2009). For sex assessment, we use DSP2, Klales et al. (2012)*,
and Walker (2008).

Also, we understand that there is no metric methodology, in the literature, that
can replace morphological methods. In this sense, we prioritize its uses due to the
practicality, reliability, and success rate in obtaining data.

Conclusion

It was possible to point out the existence of a risk group, made up of young-
adult, white males. It is noteworthy that a high number of skeletal remains were
located in a few regions, and that patterns of trauma can be associated with specific
districts, thus establishing a correlation between types of homicide and certain parts of
town. Gunshot to the head and neck was the most common combination of trauma
and body injury.

The establishment of biological profiles and trauma injury analysis must be
carried out by trained and experienced professionals in the forensic anthropology field,

which can optimize the trace investigation.
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ABSTRACT

The human identification process can be a complex role because whole bodies are not
always found in a suitable preservation state. In these bodies, sex estimation is
necessary. Sex estimation has a higher probability of success when all bones of the
subject are examined. However, some bones present a more pronounced sexual
characteristic, namely: pelvis, skull, mandible, and femur. The present study analyzed
the efficiency of metric criteria on the mandible base to estimate sexual dimorphism in
Brazilian adults. The measurements of 214 mandibles were studied; there were 111
males and 103 females aged over 22 years old. The sample was gathered in the

Santa Casa cemetery in the state of Rio Grande do Sul, Brazil. Thus, three landmarks
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were selected on the mandible: Menton, Right-Gonion, and Left-Gonion; consequently,
three measures were obtained using a digital precision pachymeter. Measurements
were statistically analyzed using Stat 11.1 Software. All parameters showed very
significant sexual dimorphism (p<0.0001). Five approaches of logistic regression were
addressed to sexual prediction; 2 of them become more suitable for sex classification
when compared with the others. The percentage of success was 81.39% to
Multivariable Logistic Regression and 86.04% to Univariable Logistic Regression. In
this work, the metric criterion through the Logistic Regression has been an important

tool for sex estimation in the forensic area.

Keywords: Forensic Sciences, Forensic Anthropology, Human Identification, Sex

Dimorphism, Logistic Regression.

Introduction

The forensic dentistry identification process tries to determine the biological
profile of the subject when skeletal remains are found and human nature confirmed,;
information such as sex, age, biotype, and height are essentials'?. Sex estimation in
the forensic anthropological context has a higher probability of success when a
complete exam on all bones of the subject is performed. Sometimes bones are
missing or destroyed; in these cases, the analysis should be performed on specific
bones because the sexual dimorphism is more evident, namely: (a) the pelvis and the

1>8, (b) the mandible, morphological*>°*° and metrically 1%*"~2°¢711-1% and (c)

skul
the long bones®*>!*. Therefore, the analysis of single bones and skeletal fragments
have an essential role in sex estimation.

Morphological indicators through visual analysis depend on the ability and
experience of each specialist'™>?'. This method is frequently used for all kinds of
populations but is more susceptible to errors due to the subjective criteria of each
researcher®. The intra/inter-observer errors can be decreased using metric
evaluations, which are more accurate, reproducible, and standardizable®>?,

Several populations have significant skeletal differences, which take into
account the metric evaluation of size and proportions. Thus, specific data to each
population are required. Different measurements on mandibular bone for sex
estimation have reported a high percentage of correct classification on samples from

the following populations: (a) South-African, with 80-86%%3, 80-85 %’ and 63.6-84%",
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(b) French, with 87.3%™, (c) American, with 85%?2*, (d) Egyptian, with 83.6% for male
and 84.2% for female'?, (e) Indian, with 81.5%?2, 80.2%°, (f) Tibetan, with 88.2%?2, (g)
German, with 88.6% for male and 79.5% for female (whole mandibles) and 72.5%-
81.7% for male and 71.6%-79.5% for female (fragmented mandibles)®®, (h) Canary
Islanders, with 71.2%-72.2%"*, (i) Chinese, with 80.5 to 84.2% with multivariable
functions®®, and (j) Brazilian, with 93.33% for male and 94.74% for female®’, 76 to
86% with multivariable functions®®, and 76.47% for males and 78.13% for females®.
This study aimed to estimate the sexual dimorphism on 214 mandibles of the
Brazilian adult sample in Rio Grande do Sul state, using metric analysis, using the
following measurements: Menton (Me) - Right Gonion (RGo), Menton (Me) - Left
Gonion (LGo) and Right Gonion (RGo) - Left Gonion (LGo). The effectiveness of the
metric criteria was analyzed on the mandible bone; functions with few variables were

found and are ready to use when the mandible bone is available for forensic purposes.

Material and Methods

Data collection was gathered at Santa Casa cemetery, Porto Alegre (RS). The
Research Ethics Committee of Piracicaba Dental School, University of Campinas
(FOP-UNICAMP), approved this research under protocol number 138/2010. Statistical
analysis and data processing were performed in the FOP-UNICAMP. The
measurements of 214 adult mandibles were studied of both sexes, all of them from
known origin, with absolute certainty about the sex; 111 males and 103 females over
22 years old in the moment of death. All measurements were performed on the
premises of the cemetery. After research, the bones were returned in their entirety.
Entire mandibles were selected without apparent external trauma (mainly in the
mandible base), pathologies, anomalies, or skeletal malformations that could interfere
with the measurements.

A Mitutoyo digital pachymeter was used to take the measurements. Three
mandibular landmarks were established, as follows: (a) Menton (Me), the point on the
middle of the mandible corpus, placed in the most prominent part of the mentonian
eminence; the mandible is oriented in the Frankfort plane, (b) Right Gonion (RGo) and
(c) Left Gonion (LGo), in which Gonio (Go) is the point on the mandible where the
inferior margin of the mandibular corpus and the posterior margin of the ramus meet,
i.e., the point on the mandibular angle which is directed most inferiorly, posteriorly, and
laterally (Fig. 1). Two approaches were selected to sexual dimorphism study from
Mandibular landmarks through the:(a) linear measurements: Me to RGo (Fig. 2a); Me
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to LGo (Fig. 2b); RGo to LGo (Fig. 2c), (b) area of the triangle formed by the linear

measurements (called a, b and c) and calculated using the Heron formula (Fig. 2d).

e
Fig. 1 - Top view of the mandible and landmarks: Right Gonion (RGo), Left Gonion (LGo), and
Menton (Me).

Fig. 2a - Menton — Right Gonion.
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Fig. 2b - Menton — Left Gonion.
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Fig. 2c - Right Gonion — Left Gonion.

Fig. 2d - Area.

The measurements were repeated on 20% of the sample randomly, in two
different situations, and not less than two weeks, in order to evaluate intra-observer
error. The paired t-student test was used to detect possible intra-observer systematic
errors. The independent t-student test was used to analyze the statistical significance
of the data set related to sexual dimorphism. To the statistical tests, it was adopted a
significance level of 5% (p < 0.05). The measurements were submitted to statistical
analysis using Stata 11.1 software.

Functions to the correct sex classification were found through the Logistic
Regression method; it allowed tuning the set of the independent variables to one
categorical response variable. So, the sex was considered a dependent variable,
where the male was associated with “1” value and female with “0” value. The predictor
variables were RGo-LGo, LGo-Me, RGo-Me, and Area.

The sample comprised 214 mandibles divided randomly into two subsets; the first one

with 171 mandibles (79.90%) for estimation of the logistic models, and the second one
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with 43 mandibles (20.09%) for validation of the logistic models. Several variable
associations were tested in order to identify the best configurations of sex
classification. Altogether five logistic functions were calculated; one multivariable and
four simples.

The logistic model calculates the probability of the mandibles to be male or

female using the equation (1):

1

P(x) = 1+e-logit(pi) 1)

Where the logit can be calculated by equation (2):

logit(pi) = a + X X;f;. 2

The a and B coefficients are found by the model, X is the measure on the
mandible, so the logit calculated in the equation (2) is substituted on the equation (1),
if the result is higher than 0.50 the prevision is "mandible of the male sex," otherwise

"mandible of the female sex."

Results

The p-value for the paired t-student test to evaluate intra-observer error was
higher than 0.05; no significant differences were observed, as shown in Table 1. which
demonstrates the researcher's calibration, because of the random measurements

made in week one and week two had no significant differences.

Table 1 - Paired t-test for intra-examiner error

Measure 1™' Measure 2" Measure p-value
Mean Variance Mean Variance

RGo - LGo 95,681 46,413 95,688 47,278 0,415 *

RGo — Me 84,574 27,236 84,599 27,2 0,186 *

LGo — Me 84,249 22,868 84,231 23,258 0,279 *

RGo (Right Gonion), LGo (Left Gonion), Me (Menton)
*(p-value > 0,05) difference not statistically significant

The p-value of the independent t-student test to analyze the statistical

significance of sexual dimorphism can be observed in Table 2. For all measurements,
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the p-value was less than 0.0001; the difference between both sexes (male and

female) is statistically very significant.

Table 2 - Comparison of male and female mandibular measurements using the independent t-
student test.

Male Female
. . t-
Measure Mean Min Max Mean min Max p-value
value
(sd) (sd)
RGo —
98,228 91,644
Lgo 83,61 113,33 76,14 107,12 7,542 <0,0001
(mm) (6,922) (5,867)
RGo-Me 85,974 81,958
73,2 101,98 69,61 97,36 6,094 <0,0001
(mm) (5,739) (5,036)
LGo-Me 85,892 81,492
73,02 102,86 71,19 93,37 7,071 <0,0001
(mm) (5,562) (4,472)
Area  3452,409 3092,929
2648,59 4262,74 2356,76 3912,02 8,841 <0,0001
(mm*)  (377,688) (300,298)

RGo (Right Gonion), LGo (Left Gonion), Me (Menton) (p-value < 0,0001) difference statistically very significant.

The arithmetic mean of the parameters is shown in Fig. 3. The difference

between the sexes is evident, and a confidence interval of 95% was adopted.
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Fig. 3 - Difference between male and female mandible measurements.

Five logistic functions were calculated; one multivariable and four simples.

Table 3 shows the logistic functions found by the software from the data set.

Table 3 - Logistic Regression found

No. Logistics Regression Description

Logit Pi =-19.3399 + (0.1039 X;) + (0.0375 X,) + Multivariable: X;=BGo,

(0.0769 X5)

Logit Pi = -12.4921 + (0.1324 X,)
Logit Pi = -11.3688 + (0.1368 X,)
Logit Pi = -13.3458 + (0.1610 Xy)

Logit Pi = -8.8583 + (0.0027 Xy)

X>=RGo0-Me, X;=LGo-Me
Simple: X;=RGo-LGo
Simple: X;=RGo-Me
Simple: X;=LGo-Me

Simple: X,;=Area

RGo (Right Gonion), LGo (Left Gonion), Me (Mentonian), BGo (RGo-LGo).

To calculate the probability of a mandible being male or female, once the
value of the Logit Pi shown in table 3 has been obtained according to the variables of
interest, it will be replaced in equation (1) as indicated in material and methods. Table
4 shows the success percentage of the sex classification for the different logistics

regressions.
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Table 4 - Validating of the Logistic Models

Male Female
Logistie Successes  Failures  Successes  Failures Total
Regression (%) (%) (%) (%) (%)
1 19 (86.4) 3(13.6) 16 (76.2) 5(23.8) 81.39
2 19 (86.4) 3(13.6) 18(85.7) 3(14.3) 86.04
3 16(72.7) 6(27.3) 11(52.4) 10(47.6) 62.79
4 20(90.9) 2(9.1) 12 (57.1) 9(42.8) 74.42
5 16(72.7) 6(27.3) 16(76.2) 5(23.8) 74.42

The multivariable logistic function No. 1 was found from the BGo, RGo-Me, and
LGo-Me variables with a success percentage of 86.4% for males and 76.2% for
females. The simple logistic functions No. 2, 3, and 4 were established from BGo,
RGo-Me, and LGo-Me independent variables, respectively. Logistic function No. 2
shows the RGo-LGo measure as the most dimorphic variable for classification, with a
performance percentage of 86.4% for males and 85.7% for females. Logistic function
No. 3 had an acceptable rating for males 72.7% and low for females 52.4%, while
logistic function No. 4 had a high-performance percentage for males 90.9% and a low
percentage for females 57.1%. The simple logistic function No. 5 was obtained from
the area variable, which was calculated. The performance percentage was 72.7% for

males and 76.2 for females.

Discussion

The growth patterns of the human skeleton have a faster evolution of the neural
dimensions in childhood and slower evolution in the diameter of the large bones. This
development sequence shows an early growth of the neural structures followed by the
middle face and part of the skull base, in contrast with the more gradual development

of masticatory structures>?°. The highest relative growth is seen in the mandible from



67

childhood to adulthood, followed by the maxilla, upper face, skull base, and skull
height, respectively®®. The skeleton parts that present early growth are less dimorphic

than the areas with slow growth, from sexual viewpoint®>*, so the mandible is a bone

highly dimorphic.
The mandible is one of the hardest and most durable skull bones®*>; it is
commonly preserved in anthropological’°1%2"2% and archaeological®***?’ contexts,

due to the high resistance to adverse taphonomic processes™??°. A human mandible
has been evaluated for its usefulness in the classification of human groups describing
differences between modern forms and fossils, and in particular, in determining sexual
dimorphism patterns. It is a useful element in forensic sciences such as dentistry,
anthropology, and legal medicine. Multiple factors influence the features found on the
mandible within the framework of sex determination, namely: patterns of late

h2,4,25 3-5,9,18,30

, sex hormones and muscle attachments with forces that differ

between the sexes>>°!%: some of which were detected in this work showing the

growt

mandible highly dysmorphic for both sexes.

The skull-mandibular sex estimation is not reliable until the secondary sexual
characters appear in adulthood®*®, so only mandibles with over 22 years were part of
the sample. The mandible has shown a satisfactory performance morphologically®"
910 and metrically®**"206711718  The sex estimation defines a starting point to the
biological profile, it is one of the most important components due to the fact age, and

626 In this research

height estimation follow different patterns in men and women
conducted in the Rio Grande do Sul state, Brazil, a metrical sexual dimorphism was
found that at best reached a success rate of 81.39% with RL multivariable and 86.04%
with RL simple, considering this bone element useful for forensic purposes.
Morphological indicators are more susceptible to errors due to subjective criteria
of each researcher*?!; disadvantages have been shown when compared with metric
evaluations, which are more accurate, reproducible, and standardizable, decreasing

intra/inter-observer errors®*?2

, and that is the main reason why this method was
chosen in this work. In sex estimation on skeleton remains, the most important thing is
the accuracy of the available patterns and their suitability on badly maintained bone
elements’. Morphological studies can be applied on burned or fragmented remains,
showing advantages when compared with metric methods?®, but metric studies applied
to bony fragments are shown to be a viable alternative®!®. This paper explores
measurements in the mandible base, showing the application of the functions found on

mandibles with broken ramus.
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The mandible shape and size vary in accordance with the cultural habits and
adaptations to local environmental conditions; hence their features vary between
different ethnic groups®***!; it related to the specific biomechanical needs, which has
a functional and evolutionary meaning*®®. The significant differences of the skeleton
through populations require specific data that fit each one!#30781214.1619.2023 Th g
the objective of this work was to obtain a metric criterion for sex estimation in a
Brazilian population sample for forensic identification cases.

The Bigonial breadth (RGo-LGo) measure and the mandibular body length
(Gonion-Menton) show good results in different populations with p-value to Bigonial
breadth of 0.01>'*%", 0.001 significant’*"%* 0.0001 very significant>***°, and to
mandibular body length of 0.001 significant®#?*, 0.0001 very significant'**>*. The
Brazilian population of Rio Grande do Sul has shown a p-value of 0.0001 for all metric
variables evaluated in this research. Several measurements have been reported on
mandibular bone to sex determination, showing success percentage between 63.6 —
94.74%"%1920.232467111-1416.17 1 this work, the success percentage varied between
74.42 - 86.04%, showing a high degree of sexual dimorphism.

Currently, techniques with advanced technological resources to sex
determination are used; computed tomography scanners allow getting 3D images, and

computational tools allow posterior digital processing®!216:17:3%:32

, proving efficiency
and decreasing errors in both morphological and quantitative methods; but the costs
are exponentially increased. Craniometry, on the other hand, is a practical method with

19,20,32

lower cost and which has proven reliable , ratified in this work.

Conclusion

Sex estimation was presented through logistic regressions on the mandible
base; success percentage varies between 74.42 - 86.04%. Therefore, sex estimation
by guantitative analysis through mandible or their fragments have been accurate and
objective. The method can be used as support to current techniques for sex
determination, enabling quantitative comparisons. On the possibility of experts provide
only the mandible base (even without the presence of the ramus), this method
explores metric variables establishing their usefulness in sex determination for forensic
purposes.

The mathematical model employed in this work using logistic regression

contributes to strengthening the traditional metric resources available to sex
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determination, particularly in populations that express sexual dimorphism, as shown.
The success of the adjustment to logistic regression models depend on the quality of
the measurements; it was verified using a hypothesis test in which all measurements

showed values with very significant differences.
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ABSTRACT

This study aimed to evaluate the frontal sinuses making a comparison between the
measurements of the frontal sinuses and comparing the measurements obtained with
height, sex, age, and body mass index body of the examined individuals in CT scans.
Thirty patients of both sexes, who sought the radiological clinic of the University
Hospital Oswaldo Cruz (University of Pernambuco) for diagnosis over four months.
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The sex, age, and height of each individual were collected at the same time the patient
underwent a CT scan. Ages were grouped into age groups of 18-39; 40-59 and =60
years of age. No significant values for the age group difference (p> 0.05) were
observed. The other variables showed no significant difference when related to the
height of individuals (p> 0.05). This study concluded that there were significant
differences in the frontal sinus measures on men and women and individuals with

greater height.

Keywords: Frontal sinus, Tomography, X-Ray Computed, Body height.

Introduction

Identification corresponds to a set of several procedures to individualize a
person or object. Personal identification is crucial for forensic medicine, whether for
legal or humane reasons, and is often conducted even before the determination of the
cause of death. There are several human identification methods, such as
dactyloscopy, the most common, and DNA analysis, also very common. Alternative
methods include palatoscopy, cheiloscopy, dental arch analysis, and frontal sinus
imaging. Through identification, people may secure their rights and be liable for their
civil or criminal acts.

Several imaging techniques may be used for human identification, such as
dental radiography, facial radiography, and computerized tomography (CT), which can
be traditional or tridimensional. CT has several advantages over conventional
radiography - it is free of structure overlapping, allows the individualization of the plan
of interest, and the visualization of small differences in tissue density?.

Frontal sinus pattern characterization is a well established personal
identification technique in forensic anthropology. Variations in size, shape, symmetry,
outer borders, presence, and the number of septa and cells are analyzed using
radiographs and tomographies antemortem and postmortem. The frontal sinus is well
accepted in the identification due to its uniqueness - its septal structure and
boundaries vary between individuals, allowing a safe identification®.

These pneumatic cavities are located in the frontal bone, which is frequently
intact in fragmented skulls or isolated bones. Its role in sex prediction through
radiographic analysis can benefit forensics since the accurate diagnosis can contribute

to the post-mortem identification of mortal remains. However, there are some
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contradictions in the literature involving these data. Some works report sex-based
differences and show that male frontal sinuses are two times larger than the female
sinuses”. On the other hand, studies analyzing anteroposterior view radiographs failed
to find significant differences between male and female frontal sinuses in
computerized tomographies®. However, Uthman et al.® were able to identify sex-based
differences using the same radiographic exam. Therefore, considering the
inconsistencies found in the literature and the easiness of frontal sinuses analysis with
forensic purposes, this study aims to analyze the frontal sinuses through tomographic

exams and to assess height, sex, and age influences on frontal sinuses dimensions.

Materials and Methods

This study is in accordance with Resolution 466/2012 CNS-CONEP, which
concerns research ethics involving human subjects. The project was applied to
Plataforma Brasil and submitted to the Universidade de Pernambuco Research Ethics
Committee and approved under the process number 31173514.9.0000.5207.

This work consists of a cross-sectional study since the data concerning the
variables of interest were collected simultaneously; prospective since the data were
obtained from patients in the imaging service; and observational since the study aims
to describe specific parameter distribution®.

The sample consisted of 30 patients from both sexes using the radiology clinic
of the University Hospital Oswaldo Cruz at the Pernambuco University for diagnosis,
during four months, referred by neurology, maxillofacial, and otolaryngology.
Therefore, the patients were not submitted to radiation for the sole purpose of this
study. Patients with signs of trauma, younger than twenty years old, congenital
pathologies involving the region of interest, previous surgery, or that presented
artifacts in the tomography were excluded from the sample.

The parameters height, sex, and age for each individual were recorded at the
same time as the tomographic exam. The individuals were divided according to the
age range as 20 to 39 years old, 40 to 59 years old, and above 60 years old. The data
were registered in an appropriate spreadsheet. Also, all participants who agreed to

participate in the study signed an informed consent form.
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Computerized tomography technique

The images were taken in a 4-channels multislice/GE computerized
tomographer (General Electric, Nova York, USA), with a slice thickness of 1.25 mm
and 1-mm increment. This exam produces sliced images over three planes and along
the three dimensions of an object. The images were visualized with Invesalius® (CTI,
Brasil), which allowed the adjustment of position and orientation of the head plans and

the analysis of skull and frontal sinuses.

Frontal sinus measurements

The frontal sinus measures and volume were estimated with the program
measurement tools. The measures were taken directly from the screen according to
Lee et al.*, using the tomography console cursor with 0.01 mm precision. All measures
were taken by an independent trained evaluator who was not involved in height,
weight, and sex data collection. All data were registered in an appropriate
spreadsheet.

Horizontal and vertical lines were defined on the sagittal plane of CT for the
measurements (Figures 1 and 2). The base of the skull was defined as the horizontal
reference plane and referred to as the H line. Perpendicular to it, the vertical reference
line was set and referred to as the V line.

Still, in the sagittal plane, line A defines the forehead inclination, determined by
the glabella curvature. The forehead inclination was given as the angle (ANV) between
line A and the vertical reference (V line).

Line B is the effective slope and was measured as the angle (BNV) between
line B and the vertical reference (V line).

Line C represents nose inclination, and the nasofrontal angle (BNC) is,

therefore, defined as the angle between Lines B and C.
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Fig. 1 - Representation of line A (from nasio (point N) to the point right above the supraorbital
edge); line B (from nasio (point N) the anteriormost point of the supraorbital edge); line C (from
nasio (point N) to the inferior most point of the nasal bone). (Source: MATTHEW et al., 2010)
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Fig. 2 - Representation of lines A, B, and C, and angles ANV, BNV, and BNC obtained from
patients CT with software Invesalius.

In the coronal plane, the frontal cavity height was measured at the midline and
10 mm, 20 mm, and 30 mm of it at both sides. On the sagittal view, the anterior and
anteroposterior (AP) table of the frontal sinus thickness and depth of the sinus were
measured at the most protruding level of the supraorbital edge.

These measurements were also taken at the axial plane and 10, 20, and 30 mm
of the midline at both sides (Figures 3 to 7). The width of the midline was measured at

both sides to evaluate the left and right variations. Finally, the width of the glabella,
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established as the midline of the area beyond the forehead's natural curvature, was

also taken at the most protruding level of the supraorbital edge.

Midline

30 mm R

Fig. 3 — A and B: Frontal sinus height and width in axial and coronal planes. (Source: Matthew

\*™
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Fig. 4 - Frontal sinus height at the midline and 10 mm, 20 mm, and 30 mm of it.
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Fig. 5 - Frontal sinus thickness at the midline and 10 mm, 20 mm, and 30 mm of it.
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Fig. 7 - Frontal sinus anterior and posterior cortical thickness at the most protruding point
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In addition to these measurements, the frontal sinuses were evaluated
according to Tatlisumak et al.” methodology, which allows the assessment of the
following features:

e F (presence or absence of the sinus);
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e S (septum);
e S (scalloping).

The frontal sinus measurements were coded according to Tatlisumak et al.
(2007) methodology:
The following scores were given to height and width
1-0mm<x<15mm
2—-15mm<x <30 mm

3 —30 mm< x

For anteroposterior length, the following scores were used:
1-0mm<x<10mm
2—-10mm<x <20 mm

3—-20 mm< x

For total width and distance between the highest sinuses points, the following
scores were used:
1-0mm<x<30mm
2 —-30 mm< x <60 mm

3—-60 mm< x

The distance between the highest right sinus point and the maximum right
lateral border and the distance between the highest left sinus point and the maximum
left lateral border were scored according to:
1-0mm<x<10mm
2—-10mm< x <20 mm

3-20 mm< x

Tomography evaluation

A calibrated examiner evaluated the measurements using the software
Invesalius® and the Evaluation Sheet (Appendix A). It is worth mentioning that at
most, ten images were evaluated per day to avoid visual fatigue and compromising the

evaluation.
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Statistical analysis

The data were described through absolute and percentage distributions
of the categorical variables and the statistical measures: mean, median, and standard
deviation for the numerical variables. Data were differentially analyzed through the
statistical tests: F (ANOVA) or Kruskal-Wallis for numerical variables comparing three
categories and t-Student with equal and unequal variances or Mann-Whitney. The
association between the categorical variables was assessed with Pearson's chi-
square test or Fisher's exact test when the conditions for the application of chi-square
were not met. The degree of association between the numerical variables was given
by Pearson correlation and by Spearman correlation when normality was not found.
The null hypothesis was tested with a specific test.

It is worth stressing that the tests F (ANOVA) or t-Student were chosen when
normality was verified for each category and Kruskal-Wallis or Mann-Whitney
otherwise.

Normality was verified through the Shapiro-Wilk test and variance equality
through Levene's F test. All tests had a margin of error of 5.0%.

The data were organized in an EXCEL sheet, and the statistical calculations

were done in SPSS (Statistical Package for the Social Sciences), version 21.0.

Results

Participants' ages ranged from 20 to 86 years old, with an average of 45.67, a
standard deviation of 19.48, and a median of 42.50 years. Of the 30 patients analyzed,
12 (40.0%) were between 20 to 39 years old, 12 (40.0%) were between 40 to 59 years
old, and 6 (20.0%) were 60 years old or older. From this group, 15 (50%) were male,
and 15 (50%) female.

Except for ANV, variability, as given by the standard deviation, was not high
since the measure remained below half the mean value of the respective variable
(Table 1).



Table 1 — Statistics of the studied variables.
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Statistics

Variable Average = DP Median Minimum Maximum
e Average sinus thickness

Right 7,34 +£2,48 7,55 3,49 15,96

Left 6,98 + 2,96 6,39 3,51 14,53

Total 7,67 +2,72 6,66 4,20 16,52
e Frontal sinus total width 47,48 + 15,97 49,61 11,23 68,78
e Mean sinus height

Right 13,10 + 5,18 13,13 4,21 28,53

Left 13,40 + 5,99 12,76 4,40 30,79

Total 16,35+ 7,30 13,61 6,68 38,69
o Anterior cortical 3,23+£1,00 2,96 1,66 5,46
e Posterior cortical 3,88+1,75 3,11 1,96 8,29
e Anteroposterior distance 8,79 +£3,31 8,41 2,06 15,70
e Angle

ANV (frontal inclination) 10,07 + 6,08 11,52 0,00 20,67

BNV (Declive frontal) 24,05 + 9,99 24,16 4,67 48,31

BNC (nasofrontal angle) 125,88 + 11,15 126,75 96,21 144,00

Table 2 shows that, except for the variables "Posterior cortical", “ANV” and

“‘BNC”, which had higher averages in females, all other variables were higher in average

in males; except for the variables: “frontal sinus total width”, “left sinus mean height”,

“Anterior cortical”, “Posterior cortical” and “BNC”, all other variables were significantly

different between males and females (p < 0.05).



Table 2 — Statistics of the studied variables according to sex.
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SEX
Variable Male Female Value of p
average + DP average = DP
(Median) (Median)
« Average of sinus thickness
1) —
Rght 8,39+263(8,10) 6,20+1,77 (6,27) P ~=0,017*
1) —
Left 820+259(819)  557+280(461) P =000
Total 9,18 +2,66 (8,77) 6,17 +1,85(546) P' <0,001*
. . 51,19 + 13,89 43,77 £ 17,49 2 —
Frontal sinus total width (50,50) (48,76) p*” =0,208
« Mean sinus height
. 10,51 + 4,05 @ _ .
Right 15,50 + 5,07 (14,77) (10,40) P =0,009
11,34 + 4,96 @ —
Left 15,18 + 6,39 (15,91) (11.19) p*=0091
13,80 + 6,30 @ .
Total 18,90 + 7,54 (18,97) (13.31) ™ =0,049
« Cortical anterior 3,40 +1,04 (3’00) 3,05 + 0,96 (2’91) P @ = 0,346
e Cortical posterior 3,83+1,74 (2,81) 3,93+1,83 (3,35) p(l) = 0,943
« Anteroposterior distance 10,21+3,79 (10,68) 7,37 +1,99 (7.45) P @ =0,016*
« Angle
11,74 + 6,19 1 — %
ANV 8,39 + 5,68 (10,66) (13,43) p™=0038
27,78 + 11,58 20,32 + 6,53 @ _ .
BNV (30,44) (22,86) p™=0,003
119,99+ 12,34 131,76 £ 5,58 @ _
BNC (117,64) (132,48) p=0,137

In Table 3, it is possible to notice that most of the patients showed presence of
sinus with 93.3% on each side; presence of right (73.3%) and left (60.0%) intersinus

septa; one or more scalloping on each side, with 46.7% to 60.2% of patients with two or

more scallopings and 13.3% to 16.7% of patients with one scalloping.

It is possible to calculate that the highest percent differences appear in patients
with two or more right scallopings, with higher values for males (73.3% x 46.7%) and
one left scalloping with higher values for females (26.7% x 6.7%); however, no

significant association was found between sex and the variables analyzed on the table

(p > 0.05).
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Table 3 — Presence of right, left and central sinuses, and of right and left intersinus septa

according to sex.

Gender
Variable Male Female Total group Value of p
n % n % N %

TOTAL 15 100,0 15 100,0 30 100,0

e Pesence of right sinus
Yes 14 93,3 14 93,3 28 93,3 p®¥=1,000
No 1 6,7 1 6,7 2 6,7

e Presence of left sinus
Yes 15 1000 13 86,7 28 93,3 p%=0,483
No - - 2 13,3 2 6,7

e Presence of central sinus
Yes 14 93,3 14 93,3 28 93,3 p®¥=1,000
No 1 6,7 1 6,7 2 6,7

e Presence of right intersinus
septa
Yes 12 80,0 10 66,7 22 73,3 p®¥=0,682
No 3 20,0 5 33,3 8 26,7

e Presence of left intersinus septa
Yes 9 60,0 9 60,0 18 60,0 p=1,000
No 6 40,0 6 40,0 12 40,0

e N° of right scallopings
No 3 20,0 5 33,3 8 26,7 p%=0,380
Um 1 6,7 3 20,0 4 13,3
Dois ou mais 11 73,3 7 46,7 18 60,0

o N° of left scalloping
No 6 40,0 5 33,3 11 36,7 p"¥=0,489
one 1 6,7 4 26,7 5 16,7
Two or more 8 53,3 6 40,0 14 46,7

Discussion

The computerized tomography allows better visualization of the anatomical
structures and tridimensional images, which are not possible with conventional
radiographs, offering another possibility for identification when conventional ways are
limited. This technique, combined with tomographies, is not common in the literature,
and this due to the recent inclusion of this exam in the routine of health services and
diagnosis. Also, softwares that allow the visualization and measurement in various
planes of the tomography have only recently been available.

Conventional radiographs are challenged due to the use of simple linear
measurements, such as height and width of the frontal sinus. In addition to this,
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Studies using computerized tomographies with the availability of information in three
dimensions seeks to eliminate the limitations of radiographs using a digital sinusal
trace for a qualitative improvement in information to increase the technique reliability
and confirmation of the frontal sinus uniqueness®.

Populations with a lesser degree of anatomic differentiation, such as European
and Asian, have already been studied about the frontal sinus morphology aiming at
individual identification. Concerning the Brazilian population, characterized by a high
degree of variation due to racial miscegenation, there are still few studies on the
frontal sinus morphology. The results showed here agree with those by Camargo Jr et
al.? that also showed a significant difference in morphology for sex identification in a
group of caucasian subjects.

Studies seek differences in the frontal sinuses based on parameters as sex and
age, which are the most studied and most common association. The search for new
methods and variables is essential for the corroboration of the method for
identification.

For this group, composed of 50% males and 50% females, the measures
posterior cortical, ANV (frontal inclination), and BNC (nasofrontal angle) were
significantly higher in females, and the other measures were higher in males, except
for total sinus width, mean left sinus and anterior cortical that were not significantly
different. Thus, the variables studied here showed great importance and accuracy for
sex estimation. This finding corroborates a previous study with an Indian population
and conventional radiographs®®.

Distance between anterior cortical and posterior cortical is equivalent to the sinus
anteroposterior distance and is well visualized in sagittal views. This measurement
varies according to the individual height, with a significant Pearson correlation
(p=0.001). The results obtained here agree with those where bidimensional radiographs
of Indian subjects were analyzed, confirming that the anterior and posterior bone walls
delimit the frontal sinus, the thickness between them are not commonly variable, and
are presented as two thin cortical layers that are part of the frontal bone structure,
unique to each individual™*.

The angles measured correspond to the forehead inclination that, in turn, is
determined by the glabella curvature, given by ANV. The results were significant, with a
range of 6.08 to 10.07 in mean, the only statistically significant variable. The

measurement of the effective forehead declivity and its inclination, as well as BNC,
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which measures nasal and forehead inclination, present no significant variation,
suggesting that the cranial profile variation is not relevant for sex identification.

Identification methods using frontal sinus imaging is of paramount importance
since it allows the use of measurements with a significant variation for individual
identification, as shown in the studies. Also, the use of more modern technologies,
such as computerized tomography, can increase accuracy and improve the available
techniques for human identification through the frontal sinuses measurements.

This work faced some challenges related to the high incidence of pathologies
and fractures associated with the frontal sinus since our sample was composed of
patients using the oncology and maxillofacial diagnosis services. These conditions
could compromise the analysis of the anatomical morphology, and many potential
subjects were, thus, excluded from the sample. Another obstacle was the scarcity of
studies using computerized tomographies for the identification with the frontal sinuses.

Most of the studies use only conventional radiographs.

Conclusion

It is possible to conclude that the frontal sinus may be helpful in human
identification once there were significant differences in the frontal sinus measures on

men and women and individuals with greater height.
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ABSTRACT

This study aimed to evaluate the presence of Arcus senilis in adults, aged 40 years old
or more, of both sexes. This cross-sectional study encompassed 294 Brazilian
participants. Direct observation of the eyes was performed for evaluating the presence
or absence of the Arcus Senilis. Data collection on sex, age, the auto-declared color of
the skin, and the presence or not of the Arcus senilis, as well as the history of
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hypercholesterolemia, was conducted. The presence of the Arcus Senilis was
identified in 20% (n = 59) of the total sample. It was observed that this phenomenon
occurred more in men than in women (62.7 and 37.3%, respectively), and more often
among participants of 60 years old or more, with the brown color of the skin and brown
eyes. Thirty-eight participants reported having been submitted to blood screening in
the past six months. Of these, 14 presented higher levels of LDL cholesterol. Among
the patients with corneal arch, 32 (54.24%) had reports of high cholesterol levels in the
family history. The accuracy of the presence of the Arcus Senilis as an age estimation
indicator was 68%. Although present in older people, the Arcus Senilis itself should not
be used alone as a parameter for the age estimation for this population, once it doesn't

provide a satisfactory accuracy.

Keywords: Arcus Senilis; Age Estimation; Forensic Anthropology.

Introduction

The medico-legal identification uses somatoscopic and somatometric
examinations to establish information such as ancestry, gender, and age® ?. Obtaining
the chronological age of individuals is a matter of great social interest, in terms of
criminal matters, in the identification of skeletonized corpses or skulls, for example, as
well as in the civil law, in adoption processes and cases of proof of majority>.

Individual aging can be distinguished in chronological aging, which results
exclusively from age, and biopsychological aging that is a reflection of chronological
aging but is not restricted to the years lived’. In estimating age, many elements are
analyzed, such as appearance, skin, hairs, and eyes®.

The arcus senilis or arcus corneae consists of a whitish ring at the perimeter of
the cornea, being common in normal aging, with no pathological significance5b. It
represents the most common peripheral opacity of the cornea and is not associated
with tissue decomposition but with lipid deposition®. It may also be an indicator of
systemic alterations, such as familial hypercholesterolemia, characterized by elevated
levels of plasma cholesterol, resulting in cholesterol deposits in the extravascular
tissues’.

It's more prevalent in men than in women, increasing with advancing age. In

addition to being associated with hypercholesterolemia, it's been also demonstrating
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the relation of the arcus seniles with xanthelasma, alcohol abuse, increased blood
pressure, cigarette smoking, diabetes, age, and coronary disease®.

Because it is mentioned in the forensic literature as one of the elements for age
estimationl, arcus senilis should be better investigated, to find the answer whether or
not it has value for the age estimation mainly for adults and elderly individuals. In other
words, it is desired to know the real utility of the evaluation of arcus cornae for expert
practice.

However, it has been observed that there is a lack of scientific publications
regarding the investigation of the presence of the senile arch and its validity as
auxiliary information for the examinations that aim at the estimation of age.

Thus, to find an answer to this question, the present study proposed to evaluate
the presence of the arcus senilis in people over 40 years old, verifying the reliability of

its use as an auxiliary indicator for the estimation of age.

Materials and Methods

The research was approved by the Ethics Committee on Research of the
University of Pernambuco (UPE), under registration number 1.050.112. The study was
carried out in the city of Camaragibe, located in the Metropolitan Region of Recife,
State of Pernambuco, Northeast of Brazil. According to data from the last census, the
resident population of the municipality aged 40 years or more corresponds to 46,680
people (21,121 men and 25,559 women).

The population studied consisted of individuals of 40 years and over, of both
sexes, with self-declared skin color (white, black, yellow, brown, or indigenous),
according to the standards of the Brazilian Institute of Geography and Statistics
(IBGE).

The minimum acceptable sample size was 245 participants. A correction factor
of 1.2 was applied to avoid a smaller sample than required (minimum participation rate
= 80%). Thus, a sample of 294 people was obtained to reach the desired precision.
The sample calculation was performed using the online OpenEpi software.

Due to the differences between the number of components from one age group
to another, a coefficient of proportionality was used, so that the number of individuals
selected per range was proportional to the percentage represented by this range in
relation to the universe of residents in the municipality, which fit the criteria of the

study.
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Persons less than 40 years of age who had cognitive problems, which impaired
their understanding and free consent for participation in the research, as well as
individuals with a history of previous surgeries of eyes, corneal transplants, or
ophthalmological pathologies were excluded from the study. The approach to the
participants was carried out personally by the researcher, between passers-by on
public roads with a large circulation of people, to ensure that all age groups were taken

into account.

Results

All the 294 participants were examined. One hundred and forty-eight individuals
were women and 146 men, observing to the maximum the amount established for
each age group. Regarding the self-reported skin color, 163 participants (55.4%)
reported having a brown skin color, 90 (30.6%), white, and 32 (10.9%) black. Only 7
(2.4%) reported as having yellow skin color, and 2 (0.7%) were classified as
indigenous (red skin). There was no statistically significant difference between skin
color and the presence of arcus senilis (p = 0.271).

When asked if blood tests were performed in the last six months, and if
cholesterol levels were requested, 145 (49%) participants said they did not have any
tests. Among the individuals who did the blood check, 62 reported having had a
change in cholesterol level. Of the total number of participants, 162 reported having a
history of familial hypercholesterolemia.

The arcus senilis was observed in 59 participants of the study. Males presented
more arcus senilis in the sample studied. When the Chi-square test was applied, it was
verified that there were statistically significant differences between these two variables
(p = 0.025).

Table 1. Presence of the arcus senilis according to sex.

Sex
TOTAL
Arcus senilis Males Females
N (%)
N (%) N (%)

Absent 109 (46.4) 126 (53.6) 235 (79.9)
Present 37 (62.7)* 22 (37.3) 59 (20.1)
TOTAL 146 (49.7) 148 (50.3) 294 (100.0)
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When the arcus senilis was analyzed in relation to the age group, a higher
concentration of cases was observed among people over 60 years old (Table 2).

Statistical analysis was performed, and it was found that there was a statistically
significant association between these two variables (p = 0.000).

Table 2 - Presence of the arcus senilis according to the participants' age group.

From 40 to 49 years 120(96.0) 5(4.0) 125(42.5)
From 50 to 59 years 69(84.1) 13(15.9) 82(27.9)
From 60 to 69 years 29(58.0) 21(42.0) 82(17.0)
From 70 years 17(45.9) 20(54.1) 37(12.6)
TOTAL 235(79.9) 59(20.1) 294(100.0)

We re-categorized the age variable into people "aged 60 or more years" and
performed a linear regression analysis, using the backward model. It was observed
that age was a risk factor, i.e., people aged 60 or more years was 8.9 times (OR) more

likely to present an arcus senilis (Table 3).
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Table 3 — Linear regression analysis for the "Age" variable.

1 (Constant) | 0.853 | 0.045 19.007 | 0.00 0.765 0.942
0
Categ_Age | 0.174 | 0.020 0.455 8.740 | 0.00 0.135 0.213
_60_or_ 0
more_years
2 (Constant) | 0.941 | 0.063 14.904 | 0.00 0.817 1.066
0
Categ_Age | 0.176 | 0.020 0.460 8.856 | 0.00 0.137 0.215
60 _or_ 0
more_years

In order to verify the accuracy of the arcus senilis for the age estimation, the
value of 0.200 described in the Brazilian literature was considered as a prior
probability. In the present study, the true positives presented a value of 0.201, while
the genuinely negative had a value of 0.799. After the analysis, an accuracy equal to

68% was obtained.

Discussion

It is essential to highlight that the literature on the observation of the arcus
senilis for forensic purposes of age estimation is very scarce. In Brazil, we only found
an explicit citation of this parameter in Franca (2015)*. For this reason, we decided to
conduct the present study to investigate whether there is a viable relationship between
the presence of the arcus and the age of individuals. The importance of this analysis
lies in the fact that there are few age estimation methods for adults and older people
when compared to subadult individuals, and it is well known that the longer individuals

grow older, the less anthropological information will be available to be described.
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In the present study, the prevalence of arcus corneae in the sample was 20,1%,
and 70% of the cases in which arcus senilis was observed were of individuals aged 60
years or older. This same result was also observed by Raj et al. in 2015%. The
presence of the arcus corneae increases with age. In our study, older people (60 or
more years) had 8.9 times (OR) more chance of having arcus senilis.

Regarding the sex, in 2014 Hashemi et al.® found that the arcus senilis was
more prevalent in men than in women, and it increased according to the progression of
age, in the same way that occurred in the present study. The results of the survey of
Hashemi et al.? showed that men were 2.2 times more prone to have arcus senilis than
women.

Some other factors, such as smoking, systolic hypertension, and high level of
cholesterol, are pointed out as being conditions that play a role in the presence of the

arcus corneae. Chen et al.'°

showed that people who had higher levels of total
cholesterol, low-density lipoprotein (LDL-C) cholesterol, non-high-density lipoprotein
cholesterol, and total cholesterol / HDL ratio had increased chances of presenting
arcus senilis.

It is important to note that in our study there was no blood collection from the
participants to verify if there was an individual and/or family history of
hypercholesterolemia. This information was asked directly to the participants at the
time of data collection. However, the authors would like to inform that even knowing
that the data collected through an interview may present some information bias, it was
not possible to perform blood tests in the participants at the moment of the interview. A
randomized clinical trial is being planned for further investigation.

Regarding the accuracy of the observation of the arcus senilis for the age
estimation, it was verified that the percentage obtained was not statistically satisfactory
or sufficient for this parameter to be used as a forensic parameter for the age
estimation in adults and older people. Therefore, this observation should be
considered in conjunction with others that may be used when estimating age.

There was great difficulty in finding studies that had related the arcus senilis
with age for forensic purposes, both in Brazil and in other countries. Thus, there were
difficulties in comparing the information of this study with those of other studies, which
indicates the need for more research to be carried out to investigate the arcus senilis

as a parameter for the age estimation in forensic practice.

Conclusion
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It was concluded that the arcus senilis was found in 20.1% of the total sample
studied. The most affected age groups were 60 to 69 years and 70 years or more.
Among the studied variables, only age was associated with the occurrence of the
arcus senilis. The accuracy obtained for the method was considered not statistically

satisfactory for forensic purposes.
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RESUMO

Este trabalho tem como objetivo discutir aspectos éticos e profissionais fundamentais
ao médico legista para realizar um trabalho consistente na pericia de casos de tortura
alegada e propor um quesito compativel a sua atribuicdo. Trata-se de revisdo da
literatura utilizando os descritores DeCs (tortura, prova pericial, medicina legal) e os

MeSH terms (torture, expert testimony, forensic medicine) com consultas realizadas
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nas bases de dados bibliograficas: Biblioteca Virtual em Saude, Medline, SciELO e
Lilacs, Periodicos CAPES e PubMed. Também utilizamos como referencial tedrico a
legislagéo aplicada, os tratados ratificados pelo Brasil, o Protocolo de Istambul e o
Protocolo Brasileiro de Pericia Forense no Crime de Tortura. Os protocolos a respeito
do assunto trazem recomendac¢fes importantes para avaliagdo fisica e psiquica em
pericias para avaliacdo de tortura, sobretudo no que diz respeito ao nexo de
causalidade. A tipificacdo do crime de tortura € uma tarefa que compete a autoridades
judiciais, mediante o processo in totum. E relevante discutir a pericia médico legal em
casos de tortura e fomentar a pesquisa sobre esse assunto. Propde-se uma mudanca
dos quesitos atualmente vigentes, com énfase na discussdo dos principais achados
periciais. A discussdo permitirA que o perito, diante das informacdes presentes no
exame fisico, documentos, histérico e alegacdo, com fundamento na literatura, possa

analisar o grau de consisténcia entre o exame clinico e o relato do periciado.

Descritores: Tortura; Prova Pericial; Medicina Legal. ABSTRACT

ABSTRACT

This research aimed to discuss ethical and professional main aspects in order to
perform consistent forensic medical work in the investigation of alleged cases of
torture and propose a compatible legal questioning. Descriptors DeCs (torture, expert
evidence, legal medicine) and MeSH terms (torture, expert testimony, forensic
medicine) in the bibliographic databases: Virtual Health Library, Medline, SciELO and
Lilacs, CAPES journals and PubMed were used. We also used as theoretical
reference the applied legislation, the ratified treaties by Brazil, the Istanbul Protocol,
and the Brazilian Protocol of Forensic Expertise in the Crime of Torture. The protocols
on the subject bring valuable recommendations for physical and psychic evaluation,
especially concerning the causal link. The typification of the crime of torture is a task
that is incumbent upon judicial authorities through the in totum process. It is relevant to
discuss medico-legal expertise in cases of torture and to promote research on this
subject. We propose a change of the current legal questioning, with emphasis on the
discussion of the main forensic findings. The discussion will allow the expert to
analyze the degree of consistency between the clinical and psychic examination and

the claim of the victim.

Keywords: Torture; Expert Testimony; Forensic Medicine.
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Introducéo

A definicdo mais aceita mundialmente para atos de tortura e outros tratamentos
ou penas cruéis, desumanos e degradantes, € a contemplada pelo Artigo 1° da
Convencgao contra a Tortura, adotada pela Assembleia Geral das Na¢des Unidas em
10 de dezembro de 1984: “Para fins da presente Convencéo, o termo ‘tortura’ designa
gualquer ato pelo qual dores ou sofrimentos agudos, fisicos ou mentais, séo infligidos
intencionalmente a uma pessoa a fim de obter, dela ou de terceira pessoa,
informacdes ou confissdes; de castigi-la por ato que ela ou terceira pessoa tenha
cometido ou seja suspeita de ter cometido; de intimidar ou coagir esta pessoa ou
outras pessoas; ou por qualquer motivo baseado em discriminacdo de qualquer
natureza; quando tais dores ou sofrimentos sao infligidos por funcionario publico ou
por outra pessoa no exercicio de fungdes publicas, ou por sua instigacdo, ou com o
seu consentimento ou aquiescéncia. Nao se considerara como tortura as dores ou
sofrimentos que sejam consequéncia unicamente de sanc¢des legitimas, ou que sejam
inerentes a tais sangdes ou delas decorram”?.

Nos tratados e nas convengdes internacionais o crime de tortura € um crime
proprio, ou seja, decorrente de ato de determinadas pessoas especificadas, praticado
pelo funcionério publico, na condicdo de representante do Estado.

A lei brasileira que tipifica o crime de tortura traz um conceito amplo e carater
bifronte. Ou seja, a lei 9.455/97 alcanca também os atos perpetrados por particulares
e movidos por outros. Quando € praticado por agentes publicos, considera-se um

agravante®. A Lei do Crime de Tortura no Brasil define que:

“Constitui crime de tortura: constranger alguém com emprego de
violéncia ou grave ameaca, causando-lhe sofrimento fisico ou mental:
com o fim de obter informacdo, declaragdo ou confissédo da vitima ou
de terceira pessoa; para provocar acdo ou omissdo de natureza
criminosa; em razdo de discriminacdo racial ou religiosa; submeter
alguém, sob sua guarda, poder ou autoridade, com emprego de
violéncia ou grave ameaca, a intenso sofrimento fisico ou mental, como
forma de aplicar castigo pessoal ou medida de carater preventivo. (...) §
1° Na mesma pena incorre quem submete pessoa presa ou sujeita a
medida de seguranca a sofrimento fisico ou mental, por intermédio da
préatica de ato ndo previsto em lei ou néo resultante de medida legal. §
2° Aquele que se omite em face dessas condutas, quando tinha o dever
de evita-las ou apura-las, incorre na pena de detengédo de um a quatro

anos. 8 3° Se resulta leséo corporal de natureza grave ou gravissima, a
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pena é de reclusdo de quatro a dez anos; se resulta morte, a reclusao
€ de oito a dezesseis anos. § 4° Aumenta-se a pena de um sexto até
um terco: se o crime é cometido por agente publico; se o crime é
cometido contra crianca, gestante, portador de deficiéncia, adolescente
ou maior de 60 (sessenta) anos; (Redacdo dada pela Lei n® 10.741, de
2003%; se o crime é cometido mediante sequestro. § 5° A condenacéo
acarretara a perda do cargo, funcdo ou emprego publico e a interdicao
para seu exercicio pelo dobro do prazo da pena aplicada. § 6° O crime
de tortura é inafiancavel e insuscetivel de graca ou anistia. § 7° O
condenado por crime previsto nesta Lei, salvo a hipotese do § 2°,
iniciara o cumprimento da pena em regime fechado. Art. 2° O disposto
nesta Lei aplica-se ainda quando o crime ndo tenha sido cometido em

territério nacional, sendo a vitima brasileira ou encontrando-se o agente

em local sob jurisdicdo brasileira®.”

Considerado pelos tratados internacionais, como o Estatuto de Roma, norma

supralegal, um crime imprescritivel, a tortura ndo estd listada como crime
imprescritivel pela Constituicdo Federal Brasileira e nem na lei 9.455/97. O parecer do
STF sobre proposta de revisdo da OAB (ADPF n° 153) a Lei da Anistia, reitera anistia
ampla, geral e irrestrita, refutando revisdo por maioria®*.
No Brasil, sitio da terceira mais numerosa populacdo carceraria do mundo®,
de imigracdo em massa de venezuelanos em pendria®, de grandes desigualdades
socioecondmicas, da politica antidrogas, da violéncia associada ao narcotrafico’ e de
65.602 assassinatos anuais®, novos desafios a preservacdo dos direitos humanos se
interpdem diante de nés cotidianamente.

Hoje, a tortura continua presente no mundo, seja no emprego de intenso
sofrimento psiquico, fisico ou mesmo sob alguma forma de omissdo. A materializacao
desse crime, composta inclusive pela pericia médico legal, € fundamental para coibi-lo

e preveni-lo®.

Revisdo da Literatura

I- Exame Médico Legal

O Cadigo de Processo Penal obriga a realizacdo do exame de corpo de delito

quando ha vestigios de violéncia'®. A pericia é a modalidade de prova que se destina
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a atestar os vestigios fisicos e psiquicos deixados pelo delito, ou, em outras palavras,
compor a materialidade.

Os sinais relativos ao crime de tortura sdo bastante desafiadores pelas proprias
praticas e pela possibilidade de lapso temporal entre a alegada tortura e o exame
médico legal. De acordo com o Protocolo de Istambul, cabe ao médico legista avaliar
se ha nexo de causalidade entre o relato da vitima e os sinais clinicos médico-legais.
Raramente sdo executados, apesar da grande relevancia, exames no local e dos
objetos utilizados na prética de tortura, deixando a avaliacdo médico legal ainda mais
desafiadora™.

A materialidade da tortura pode ser sutil e dificil de ser evidenciada. Exames
especializados que, por exemplo, possam determinar sequelas psiquicas, exigem
pessoal capacitado e recursos materiais adequados, muitas vezes ndo disponiveis
nos servicos meédico-legais. Dessa forma, a atencdo é dada, prioritariamente, as
lesBes fisicas externas e visiveis. Dois dos mais importantes componentes do corpo
do laudo pericial, que sdo a discusséo e a conclusdo, ndo devem ser subutilizados.
Por esse motivo, é fundamental investir em formacao, qualificacdo e capacitacdo de
médicos legistas e peritos criminais para que realizem pericias, em casos de tortura
alegada, cumprindo protocolos e orientacdes norteadores™* 3,

O Protocolo de Istambul, denominado “Manual para Investigacdo e
Documentagéo Eficazes da Tortura e de outras Formas Cruéis, Desumanas ou
Degradantes de Castigo ou Punicao”, apresentado ao Alto Comissariado das Nagdes
Unidas para os Direitos Humanos, em 9 de agosto de 1999, é um documento de
referéncia e deve nortear a conduta pericial®>. O treinamento em Protocolo de
Istambul também deve ser contemplado nos curso de formacdo de peritos oficiais.
Apesar de grande importancia, foge do escopo deste trabalho tratar da pericia
necroscopica. Na pericia tanatoldgica em casos de tortura duas referéncias
importantes sdo o Protocolo de Minnesota e o Protocolo Brasileiro de Pericia Forense
no Crime de Tortura™.

Os exames periciais em casos de tortura devem, preferencialmente, ser
realizados por uma equipe especializada nesse tipo de exame. A avaliacao pericial
nos casos de suspeita de crime de tortura, assim como em qualquer outra pericia,
deve ser realizada de forma objetiva e imparcial, com base em fundamentos médico-
legais™.

O laudo pericial deve contemplar, minimamente, 0s seguintes aspectos: relato,

historia pregressa, patologias pregressas, exame pericial, documentacdo fotografica
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(quando aplicavel), discussdo e conclusdes’. As vitimas de tortura podem se
apresentar psicologicamente afetadas, em face das situacbes a que foram
submetidas. O acolhimento e a confianca sao requisitos para que o periciado consiga
relatar a sua vivéncia.

A confianca entre o perito e o periciado deve ser estabelecida de forma clara,
sendo indicado colher o consentimento por escrito sobre o0 que o periciado autoriza
que seja colocado no laudo, ao final da pericia*’. Os experts devem manter sigilo das
confidéncias relatadas e somente divulga-las com a devida autorizagdo formal.

O exame deve acontecer em um ambiente adequado, sem a presenca de
outros individuos, especialmente de pessoas que possam ser responsaveis, direta ou
indiretamente, pela violagéo alegada’. E permitido ao periciado a escolha de quem o
examinara, por exemplo: um médico legista do sexo masculino ou feminino. Se a
vitima for estrangeira, também h& o direito de se escolher livremente um intérprete
para acompanha-la e orienta-la durante o exame pericial™*.

E essencial que todos os profissionais envolvidos sejam imparciais e obtenham
um treinamento para realizar o exame clinico pericial adequadamente™®.

Algumas lesdes fisicas ndo deixam lesdes macroscopicamente visiveis ou
sequelas aparentes. Diversas modalidades de suspenséo, com duragao de quinze
minutos a varias horas, podem causar lesGes definitivas ao plexo braquial. Para além
da fase aguda pode haver parestesia e dores ao levantar os bracos*®. Outros padrées
de tortura fisica frequentes sado: falanga (espancamento dos pés), contusdes diversas,
golpes nas orelhas (telefone), violacdo sexual, empalamento, choques elétricos,
tortura dentaria, mutilacdes, ingestdo de insetos, arrancamento das unhas, asfixia,
suspensdao em barra de metal (pau-de-arara) e outras formas de tortura
posicional***®. Apesar da exemplificacéo classica de algumas variedades de tortura
corporal, cabe destacar que as agressdes podem ser fisicas a partir da violéncia
explicita, podem ser morais com a realizacdo de hostilizacdo, intimidacdes e
ameacas, podem ser sexuais e podem ser omissivas com a privacdo de boas
condices ambientais, negligéncia alimentar e desmazelo com a higiene™®.

Essa pericia demanda a coleta detalhada do que se passou durante o ato de
tortura e a expertise para avaliar a consisténcia quanto ao nexo de causalidade.
Quando disponivel, a ressonancia magnética € o método radiolégico mais indicado
para o diagndstico das lesdes associadas a todas as formas de tortura posicional™*.

De acordo com Goulart, muitas vezes os ferimentos e lesées desaparecem até

a data da realizacdo da pericia e ensejam a realizacdo de exame indireto de corpo de
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delito. Tantas outras vezes, atos violentos, apesar de caracterizarem tortura, sao
desferidos, propositadamente, de maneira a ndo deixarem vestigios ou deixam
apenas leves escoriacdes na pele da vitima®’. Nesse contexto, o histérico deve
ser 0 mais completo e detalhado possivel, incluindo informacdes sobre uso de
medicamentos, doencas e traumas pregressos, tratamentos meédicos, cirurgias,
aspectos psiquicos e padrdo de sono. Deve-se colher um relato, minucioso, sobre
como a tortura ocorreu, por quanto tempo e de que forma®.

As manifestacdes psicolégicas podem compor evidéncias determinantes e
significativas de que uma pessoa foi torturada. E crucial ter em mente que a auséncia
de alteracBes psicossomaticas ndo € sinbnimo de que nédo existiu tortura. A violéncia
psiquica, ndo deixa sequela aparente e sua apresentacdo varia de individuo para
individuo™ .

As alteracdes passiveis de serem encontradas dividem-se em desordens
afetivas (fobias, depresséo), desordens comportamentais (irritabilidade, isolamento,
impulsividade), desordens psicossomaticas (cefaléia, pesadelos, insénia, tremores) ou
sintomas intelectuais (desorientacéo, perda de meméria)™.

O exame de um caso de tortura deve buscar o conjunto e natureza dos
achados clinicos e psicopatolégicos. A composi¢cédo do corpo de delito devera integrar
equipe multidisciplinar com profissionais especializados em Psicopatologia Forense,
Medicina Legal em casos de tortura e nas diversas areas da Criminalistica
(odontologia, balistica, toxicologia, exame de local, DNA e outros)®®.

Quanto a conclusdo do exame médico legal, o Protocolo de Istambul prop&e
multiplas respostas que podem auxiliar a tomada de decisdo quanto ao nexo de
causalidade®®, fornecendo ao perito alguns termos especificos indicando uma
graduacdo. O termo ‘“inconsistente” significa que o sinal/sintoma n&o pode ser
causado pelo trauma alegado. O termo “consistente” indica que o sinal/sintoma pode
ter sido causado pelo trauma alegado, entretanto h& outras causas mais provaveis. O
termo “altamente consistente” indica que o sinal/sintoma pode ter sido causado pelo
trauma alegado, havendo poucas outras causas mais provaveis. O termo “tipico de”
significa que o sinal/sintoma é geralmente associado ao trauma alegado, mas ha
outras causas possiveis. O termo “diagnéstico de” indica que o sinal/sintoma nao
poderia ter sido causado em nenhuma outra circunstancia, que nao a relatada™”.

A literatura propde recomendacdes especificas para os peritos forenses com a
finalidade de realizacdo de exame de lesao corporal e manifestagcées psicolégicas em
casos de tortura. Dentre elas estdo: descricdo detalhada do exame, ilustragdo por
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meio de esquemas corporais e fotografias, exame radiolégico completo das regifes

afetadas e exame cuidadoso das vestes e evidéncias encontradas junto delas®®.

II- Quesitos

O artigo 160 do Cddigo de Processo Penal reza que “Os peritos elaborardo o
laudo pericial, onde descreverdo minuciosamente o que examinarem, e responderao
aos quesitos formulados”. Dessa forma a quesitagdo oficial e a quesitagao
complementar devem ser cuidadosamente elaboradas pelos doutos julgadores, uma
vez que se trata de atribuicdo do médico legista responder aos mesmos*®.

Os quesitos oficiais sdo vinculados aos tipos penais previstos no Cdédigo de
Penal Brasileiro™. De acordo com os Procedimentos Operacionais Padrdo (POP) da
Secretaria de Segurancga Publica do Ministério da Justica (SENASP/MJ) de 2013 a
maior parte dos estados utiliza a seguinte estrutura para os exames de corpo de delito
envolvendo pessoas vivas®:

e “1°Houve ofensa a integridade corporal ou a saude do (a) periciando(a)?

e 2°Qual instrumento ou meio que a produziu?

o 3° A ofensa foi produzida com o emprego de veneno, fogo, explosivo, tortura ou
outro meio insidioso ou cruel?

e 4° Resultou perigo de vida?

e 5% Resultou incapacidade para as ocupacdes habituais por mais de trinta (30)
dias?

e 6° Resultou debilidade permanente de membro, sentido ou fun¢édo, ou
aceleracdo do parto? (Resposta especificada).

e 7° Resultou incapacidade permanente para o trabalho, ou enfermidade
incuravel, ou perda ou inutilizacdo de membro, sentido ou funcdo, ou

deformidade permanente, ou aborto? (Resposta especificada)’®.

O Protocolo Brasileiro de Pericia Forense no Crime de Tortura sugere a adogao

de quatro quesitos diferentes sobre a tortura™®:
1°) H4 achados médico-legais que caracterizem a prética de tortura fisica?
2°) Ha indicios clinicos que caracterizem a pratica de tortura psiquica?

3°) Ha achados médico-legais que caracterizem a execugdo sumaria?
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4°) Ha evidéncias médico-legais que sejam caracteristicos, indicadores ou sugestivos
de ocorréncia de tortura contra o(a) examinando(a) que, no entanto, poderiam

excepcionalmente ser produzidos por outra causa? Explicitar a resposta.

Estas sugestdes foram incorporadas pelo Conselho Nacional de Justica (CNJ)
na Recomendacdo N° 49/2014, que também faz referéncia explicitamente ao
Protocolo de Istambul, assim como pelo Conselho Nacional do Ministério Publico
(CNMP) na Recomendacdo n° 31/2016. Estas recomendac¢fes indicam que o0s
magistrados, diante de noticias concretas e fundamentadas da pratica de
tortura, sempre devem solicitar exames de corpo de delito com 0s mesmos quesitos
previstos no Protocolo Brasileiro''8%423,

Os quesitos referentes aos crimes de maus tratos e tortura, esses citados acima,

arrolam a tipificacdo de um delito ao médico legista, o que ultrapassa sua atribuigéo”.

Discussao

A tipificacdo do crime de tortura, cabe ao douto julgador. Ao médico-legista
cabe avaliar o grau de consisténcia entre a alegada tortura e as lesdes e sequelas

apuradas durante seu ato pericial.

O 3° quesito que questiona se “A ofensa foi produzida com o emprego de
veneno, fogo, explosivo, tortura ou outro meio insidioso ou cruel?” atribui aos
médicos-legistas uma funcdo exclusiva do Poder Judiciario: a de determinar a

tipificacédo de crimes.

Ao pedir que profissionais da Medicina respondam se uma lesao “foi produzida

com emprego de tortura”, € 0 mesmo que perguntar se havia:

o autoridade, guarda, ou vigilancia sobre a vitima;

finalidade de obter informacéo, declaracdo ou confissdo da vitima ou de

terceira pessoa;
e grande sofrimento fisico ou mental;
« discriminacdo racial ou religiosa;

« finalidade de castigo pessoal ou medida de carater preventivo.

A tipificacdo de um delito depende de estudos que fogem a capacidade médica

do perito, extrapolando sua competéncia. Alguns elementos ndo sao passiveis de
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comprovacdo somente num exame meédico, como, por exemplo qual a
intencionalidade e a finalidade do agressor.

Entendemos que o0s quesitos existentes extrapolam as atribuicbes dos
médicos-legistas, uma vez que as perguntas apresentam elevado grau de
taxatividade para as respostas. Perguntar se “ha achados médico-legais que
caracterizem a tortura” demanda uma avaliagdo de cunho categorico sobre uma
relacdo de causa e efeito cuja resposta se considera inadequada para avaliacbes
medico-legais.

Exigir dos médicos legistas a tipificacdo do crime de tortura ndo é razoavel. A
tipificacdo é uma tarefa que compete a autoridades judiciais, mediante investigacdes
imparciais e garantias de devido processo.

Mais importante do qualquer tipo de quesito € mister que os laudos médico-
legais sigam os parametros de analise de consisténcia previstos no Protocolo de
Istambul, com especial atencéo a indicagdo ao grau da consisténcia entre os relatos
das vitimas e os achados clinicos (inconsistente, consistente, altamente consistente,
tipico ou diagndstico).

Por fim, em casos de suspeita de tortura, sugerimos aos magistrados, a
propositura de uma quesitagéo, com resposta especificada com base no Protocolo de
Istambul: qual o grau de consisténcia entre os achados periciais e o relato do
periciado?

A resposta a esse quesito permitird que o perito - diante do historico, das
informacdes extraidas do exame forense, dos exames complementares, dos
documentos, da discusséo e da literatura - possa chegar a uma conclusao sobre o
grau de consisténcia entre os achados médico legais em relacdo ao relato do

periciado.

Conclusao

A tortura esta presente no mundo, assim como no Brasil. A vitima deve ser
acolhida, ter sua privacidade respeitada e seu consentimento deve ser colhido. O
exame de corpo de delito multidisciplinar e especializado é indicado para composicéo
da prova material desse tipo de crime. E atribuicdo do médico forense avaliar o grau
de consisténcia entre os sinais e sintomas e o histérico, com fundamento no Protocolo
de Istambul. Diante disso, uma alternativa aos quesitos vigentes seria: qual o grau de

consisténcia entre os achados periciais e o relato do periciado?
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RESUMO

Andlises isotdpicas vém sendo cada vez empregadas com finalidades forenses para
compreensao do deslocamento geografico, de modo a refinar os critérios para

identificagdo do individuo, se tornando cada vez mais eficazes, sobretudo com o
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desenvolvimento de novas técnicas e a confec¢cdo de isoscapes (mapas preditivos).
Para além disso, o emprego de radioisétopos tem sido desenvolvido como um bom
critério para se avaliar tempo decorrido desde a morte. O objetivo do presente artigo é
apresentar o potencial dos is6topos estaveis e instaveis para fins forenses, tanto
dentro de estudos académicos, como com exemplo do papel das analises isotdpicas
dentro de investigacfes criminais e, por fim, apontar o futuro dos is6topos estaveis

forenses no Brasil.

Descritores: is6topos forenses; isoscapes; radiois6topos; Antropologia Forense.

ABSTRACT

Isotopic analyzes have being increasingly used for forensic purposes to understand
geographic displacement, in order to refine criteria for estimating the biological profile,
becoming effective, especially with the development of new techniques and confection
of isoscopes (predictive maps). In addition, the use of radioisotopes has been
developed as a good criterion for assessing the postmortem interval (PMI). The
objective of this article is to present the potential of stable and unstable isotopes for
forensic purposes within academic studies and their role within criminal investigations.
Therefore, we also aim to point out the future of stable forensic isotopes analyses in
Brazil.

Keywords: Forensic isotopes; Isoscapes; Radioisotopes; Forensic Anthropology.

Introducéo

Em 2000, um cranio humano foi localizado dentro de um plastico, em uma cova
rasa, as margens do Great Salt Lake, nos EUA'. Além disso, a policia averiguou a
existéncia de mais doze ossos humanos, além de pertences pessoais, como uma
meia branca, uma camiseta tamanho grande e um colar de trancado azul. Contudo,
nem a andlise da denticdo nem os pertences localizados possibilitaram a identificacao
da vitima. Por falta de maiores informacdes, e conscientes de que a analise de DNA
sem uma amostra comparativa em nada ajudaria na identificacdo da vitima, o caso foi
arquivado em 2003.

Passados os anos, com o avanco de métodos e tecnologia cientifica, a policia

demandou a uma equipe do IsoForensics, Salt Lake City, que respondesse a partir de
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dados isotdpicos de oxigénio e hidrogénio informac¢des sobre a vitima como seu local
de origem, possiveis mudancas regionais e, se positivo este mapeamento, as
localizacBes geograficas pelas quais ela teria passado.

Realizada as primeiras analises para fins forenses desse tipo pelo grupo em 2012, os
resultados mostraram que a assinatura isotopica de Oxigénio-18 (180) obtidas a partir
do cabelo - em comparacdo com o mapeamento regional da agua de torneira -,
apontavam para uma mobilidade constante nos dois ultimos anos de vida da vitima,
por regides consistentes com Salt Lake City e Intermountain West e, ainda, um

terceiro lugar mais a noroeste (Fig. 1).
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Fig. 1 - Mapeamento preditivo de Agua de torneira nos EUA. Fonte: Ehleringer et al., 2015

Nesse ano, com os dados obtidos por meio do cruzamento dos valores
isotépicos de 180 do cabelo e da agua com dados provenientes do relatério de
pessoas desaparecidas, foi possivel para a policia identificar, com base no padréao de
deslocamento geografico, uma possivel vitima. Apoiado nessas informacdes, e tendo
a partir desse momento um perfil genético em maos para ser comparado, a analise
fez sentido, e um teste de DNA foi realizado confirmando o perfil identificado pelos
dados isotépicos.

Nikole Bakoles era uma jovem de 20 anos de idade que teria sido vista pela

tltima vez em marco de 2000, época em que residia em um hotel no suburbio de Salt
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Lake City com o namorado e uma crianca. Nos anos anteriores, ela teria viajado para
Seattle algumas vezes para visitar seus familiares, conforme a composicéo isotépica
de oxigénio de seus cabelos ja havia apontado.

Esse caso € um exemplo do potencial informativo dos is6topos estaveis quanto
a proveniéncia e deslocamento geogréafico de uma pessoa. Nao obstante, andlises
dentarias e genéticas tenham potencial mais categoéricos para a identificacdo de
individuos, muitas vezes esses métodos ndo sao suficientes para resolver casos de
maior complexidade e a aplicabilidade de diferentes métodos nas Ciéncias Forenses
vém adicionando dados que permitem um cruzamento de informac¢des que permitam
melhor tracar o perfil do individuo investigado, possibilitando, por vezes, o uso de

métodos com maior precisao identitaria.

Entendendo os tecidos humanos

As investigacdes isotdpicas, embora ja comuns na area de arqueologia para
compreensao de permanéncias e migracdes populacionais e habitos alimentares no
passado, a partir de 0ssos e dentes, mais recentemente vem sendo empregadas na
antropologia forense para obtencéo de dados acerca das origens bioldgicas, quimica
e geografica que possam indicar lugar de origem e proveniéncia como dado auxiliar
para identificacdo do individuo, porém, com aplicabilidade em uma gama mais ampla
de tecidos humanos: 0sso, dente, cabelo e unha.

Ossos e dentes sdo compostos por fragdes orgéanicas e inorganicas, sendo

respectivamente fibras de colageno e hidroxiapatita (ou bio-apatita)®>.
E amplamente conhecido que 0 0sso é constantemente remodelado ao longo da vida,
porém, em ritmos e em taxas distintos, com tempos mais curtos de renovacado 6ssea
na juventude em comparacao em idosos. Ademais, uma costela pode fornecer dados
de dieta e proveniéncia geografica dos ultimos 5 a 10 anos de vida, enquanto um
féemur pode fornecer um registro dos ultimos 20 a 25 anos de vida®*°.

A hidroxiapatita (apatita) presente nos 0ssos e esmalte dentario é formada a
partir do bicarbonato dissolvido no sangue. Esse componente biomineral aponta a
assinatura isotOpica de carboidratos, lipidios e proteinas ndo utilizados na sintese
tecidual de colageno 6sseo (ou seja, a apatita reflete a dieta de maneira mais global)®.

Os dentes também s&o analisados para obtencéo dos is6topos estaveis, mas a
partir do colageno da dentina e, diferentemente do 0sso, 0s resultados isotopicos

apresentados com base nos dentes indicam o periodo de sua da formacéo, a infancia,
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e nao de outro periodo posterior, uma vez que os dentes ndo se remodelam ao longo
da vida'.

Por toda a influéncia que o organismo recebe em diferentes fases da vida por
conta do consumo de alimentos disponiveis no ambiente, e também por escolhas
culturais, os tecidos humanos ndo sdo apenas resultados do histérico genético, mas
também da expressao cultural dos alimentos.

A queratina do cabelo e das unhas, que comumente sdo preservados em
esqueletos recém esqueletizados, fornece assinatura isotopica em relacdo tanto da
dieta quanto de residéncia das Ultimas semanas e meses de vida.

Entretanto, se deve considerar que fatores como idade e condicdo de saude
influenciam as taxas de crescimento da queratina. Desse modo, segmentos de fios de
cabelo e unhas devem ser segmentados para se precisar qual periodo cronoldgico da
vida do individuo est4d sendo analisado. De acordo com Baterlink & Chesson”,
atualmente se tem mais compreensdo do ritmo do crescimento do cabelo do que da

unha, sendo, portanto, o cabelo um marcador mais confiavel de anélise.

Entendendo os isétopos

Os atomos possuem nucleos que contém proton (positivo) e néutron (neutro).
O numero de prétons é o que da a identidade quimica do elemento a partir do seu
namero atdbmico, uma vez que seu valor se mantém inalterado no mesmo elemento.

Os is6topos de determinados elementos se distinguem pela quantidade de
néutrons que ele apresenta®. Eles se dividem entre os estaveis e os instaveis
(radioativos). Os primeiros sendo aqueles que nao se deterioram em outros
elementos, porque as suas combinagfes individuais de protons e néutrons séo
estaveis. Ja os is6topos instaveis, por sua vez, possuem nucleos atdbmicos instaveis
perante o balanco entre néutron e prétons, e emitem alguma forma de radiagcdo em
periodo de desintegracdo e, dessa forma, possuem decaimento em periodos
previsiveis.

Isotopos estaveis (IE) sdo formas diferentes, ndo radioativas e estaveis do
mesmo elemento quimico que diferem no numero de néutrons em seu nucleo e,
portanto, em sua massa atbmica. As IE de um elemento reagem quimicamente de
maneira semelhante, mas essa pequena diferenca de massa faz com que sua
distribuicdo ndo seja aleatoria. Moléculas contendo is6topos pesados (por exemplo,

180) reagem mais lentamente e formam ligacGes mais fortes do que aquelas com
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leves (por exemplo, 160). Esse processo leva a uma separacao ou fracionamento
gue determina amplamente a abundancia relativa (180 / 160) do IE em diferentes
sistemas.

Ao trabalhar com o IE, é usada a notacéo 6 ("delta"), que representa diferencas
relativas na taxa de IE de uma amostra em relacdo a um material padrdo e é
formulada (exemplo para oxigénio) como: 6180 = (Ramostra / Rpadréo -1) x 1000,
onde R representa a taxa do isotopo pesado em relacdo ao isotopo leve (180/160) e
€ expresso em unidades de partes por mil, %o.

Como os isétopos podem ser usados nas Ciéncias Forenses?

A diversidade de is6topos que pode ser usada nas Ciéncias Forenses ocorre
de acordo com a finalidade: crimes contra 0 meio ambiente, poluicdo e contaminacao
de &guas, falsificacdo de alimentos, proveniéncia de drogas ilicitas, origem de animais
silvestres, identificacdo de ossos humanos versus ndo humanos, zoologia forense,
entre outros. Porém, sdo cinco os bioelementos aplicados em tecidos humanos como
método auxiliar da Antropologia Forense, sendo ele os ndo metélicos, Hidrogénio (H),
Carbono (C), Nitrogénio (N), Oxigénio (O), e Enxofre (S) e mais dois metdlicos, o
Chumbo (Pb) e o Estréncio (Sr).

A analise de is6topos estaveis (AIE) é uma ferramenta particularmente Util para
investigacdes forenses, pois é capaz de fornecer informa¢des que sugerem a origem
geografica, biologica e / ou quimica de um material em observacao e pode distinguir
entre materiais aparentemente idénticos®'. Em esséncia, o AIE é um meio muito
valioso de fornecer analise comparativa de materiais de interesse no trabalho de
casos forenses. Além disso, os processos de incorporacdo de isotopos estaveis em
tecidos humanos tém sido bem descritos e modelos mecanicistas podem ser
postulados que permitem estabelecer previsbes para casos em que nao ha
oportunidade de comparacéo direta®*®.

A AIE pode ser especialmente util durante investigacdes forenses envolvendo
restos humanos néo identificados, particularmente quando as técnicas tradicionais de
investigacdo, como impressoes digitais ou analise de DNA, ndo foram bem-sucedidas.
Um grande numero de publica¢cdes demonstrou a capacidade de is6topos estaveis de
tirar conclusbes sobre movimentos e migragcbes humanas usando os valores
isotopicos de diferentes tecidos, incluindo ossos, dentes, unhas e cabelos que
preservam informacdes sobre as condicdes ambientais e de saude do individuo, bem

como sobre seus alimentos e bebidas!®?*®.



114

Diferencas nas taxas de crescimento de tecidos (0ssos, cabelos, unhas, etc.)
permitem o uso da AIE para reconstruir uma cronologia e documentar os movimentos
geograficos de uma pessoa’®. Embora A AIE ndo possa fornecer identificacéo direta,
sem duvida pode fornecer novas pistas e ajustar as opcGes de pesquisa (por

1617 A AIE aumenta o

exemplo, excluindo regibes geograficas especificas)
conhecimento do perfil biolégico de um individuo, fornecendo informacdes adicionais
sobre sua histéria, incluindo regido de nascimento ou infancia, a ultima década de
vida ou as semanas e meses antes da morte. A AIE ajuda a responder perguntas
como: O individuo se mudou ou viajou antes da morte? A pessoa mudou sua dieta
antes da morte? A viagem e a dieta sugerem que o individuo era residente de uma
regido especifica? O histérico de viagens e a regidao de origem do individuo
correspondem ao de outra pessoa?

Apesar de uma rica historia de estudos isotopicos para desvendar migracfes

humanas no passado®®*®2°

, aplicacdo da AIE para pesquisar as origens dos
migrantes modernos tem sido escassa na investigacdo forense humanitaria (pelo
menos como registrado em publicacdes até agora). Juarez (2008)* analisou a
capacidade da AIE de determinar a regiao de origem das pessoas mortas durante sua
tentativa de atravessar a fronteira entre o México e os Estados Unidos. Regan?® e

2
.23

Holland et al.“> usaram a AIE para identificar soldados mortos na Guerra do Vietna e

um piloto de avido no Laos, respectivamente. Bartelink et al.?*

usa o AlE para estudar
a possivel origem de individuos nao identificados recuperados de diferentes regides
da Califérnia.

Existem poucos casos publicados nos quais isétopos estaveis levaram
diretamente a resolucdo de um caso criminal, embora possa haver muitos casos em
que ainda ndo ha resolucdo e, portanto, eles ndo foram publicados. Rauch et al.?
descrevem a AIE de varios elementos (C, N, H, Sr e Pb) em diferentes tecidos (0ssos,
dentes, cabelos e unhas) recuperados de um individuo do sexo masculino que foi
encontrado enterrado perto de uma rodovia na Alemanha. Em 2008, Meier-
Augenstein e Fraser'’ apresentaram uma combinacéo de dados isotépicos de H, O, C
e N em restos mutilados de um homem descoberto em 2005 em Dublin, na Irlanda.
Obviamente, o caso "Saltair Sally" mencionado acima também foi publicado em

1,9,26

revistas cientificas Em todos esses casos, a AIE foi crucial para fornecer

~

informacfes que levassem a identificacdo da vitima e, nos dois casos europeus,

levaram as prisfes e acusacfes dos assassinos.



115

A abundéncia natural de is6topos estaveis de hidrogénio e oxigénio da
precipitacdo (chuva ou neve) varia com a geografia. O principal reservatorio de agua e
a principal fonte de 4gua da chuva (ou neve) sdo os oceanos, que por definicdo tém
valores de 32H e 3180 iguais a zero®’?°. Diferentes processos de fracionamento
isotépico dos oceanos para o local onde chove ou neva causa diferencas geogréaficas
na composicao isotopica da agua. Esses processos dependem, entre outros fatores,
da temperatura e umidade, que estdo, em média, globalmente relacionadas a latitude
e elevacao®’?®3%3 A tendéncia geral é de valores mais altos de 5180 em direcéo a
baixas latitudes, baixa altitude e regides costeiras e valores mais baixos de 8180 em
direcdo a altas latitudes, altitude mais alta e regides do interior dos continentes. O
padrdao geografico dos valores de 82H é semelhante aos valores de 6180, embora
locais altos de evaporacdo possam alterar sua correlagdo. Além disso, a variacao
espacial ou geogréfica dos is6topos da precipitacao se traduz em agua de superficie,
agua da torneira e outras fontes de agua, como agua engarrafada, refrigerante e
bebidas alcodlicas®*®.

Moléculas de oxigénio e hidrogénio em tecidos humanos e animais s&o
adquiridas diretamente da agua potavel, vapor de &agua ambiente, dieta e 02
atmosférico. A variagao geografica dos valores de 62H e 6180 na agua é traduzida
em tecidos humanos com uma alta correlacdo porque o sinal isotépico do tecido é
dominado pelo componente liquido da agua bebido diretamente ou adquirido atraves
do cozimento de alimentos™>*3". Além disso, das outras fontes de variag&o isotépica,
o alimento € o Unico com potencial para mascarar o sinal geografico local se os
individuos consumirem alimentos importados de outras regifes.

Os is6topos estaveis de carbono (813C), nitrogénio (815N) e enxofre (834S)
nos tecidos humanos sao derivados exclusivamente da dieta e suas proporcoes
refletem as dos produtos consumidos; portanto, as vezes sdo chamados de "isétopos
alimentares"**3. Os valores de 513C refletem de perto as proporgées dos isétopos de
carbono da fonte alimentar original e foram usados como indicadores da proporcao de
plantas C3 ou C4 na dieta humana, consumidas diretamente como alimento basico ou
indiretamente através da alimentacdo animal®=°*?. Além disso, em certas regides
onde existe um grande contraste entre plantas C3 e alimentos de origem marinha, os
valores de 613C tém sido utilizados para diferenciar o consumo de recursos de
origem terrestre e costeira?>*4%443 As moléculas de nitrogénio sdo obtidas apenas
pelo consumo de proteinas, e os valores de 815N nos tecidos de um consumidor séo

maiores em relacéo & sua dieta®®****** |sto é devido a uma retencéo preferencial do
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is6topo mais pesado (15N) durante a excrecdo, 0 que gera um aumento nos valores
de 615N nos consumidores para cada nivel tréfico de uma maneira previsivel. Isso
permite que os valores de 815N sejam utilizados como um indicador da proporgéo de
protefnas animais e vegetais em uma dieta onivora*?**,

Para além do C e N, o Enxofre (S) tem sido menos utilizado para identificacao
de dieta e local de proveniéncia geogréfica, embora ele seja indicativo de ambientes
marinhos versus terrestres, sendo os valores 634S marinhos mais altos do que
aqueles observados em ambientes terrestres, valores 634S mais altos de um tecido
humano s&o tipicamente interpretados como indicativos da dependéncia ou
proximidade de um individuo com recursos marinhos. Contudo, os fatores que afetam
as composicoes isotdpicas de enxofre dos tecidos humanos ainda ndo sao totalmente
compreendidos. Além do mais, a poluicdo dos ambientes modernos afeta os valores
de 534S de ecossistemas modernos”.

Nos ultimos anos, os pesquisadores geraram informac¢des substanciais sobre a
variabilidade isotépica e a variacdo nas populacdes humanas modernas**">°. Por
exemplo, os pesquisadores conseguiram mostrar diferencas nos valores de is6topos
"dietéticos" estaveis entre e dentro de paises desenvolvidos que permitiriam distinguir
individuos de diferentes regies. Valenzuela et al.>* observaram homogeneidade nos
valores de isOtopos estaveis de C e N em cabelos nos EUA, porém encontraram
diferencas geograficas nos valores de 834S com valores mais baixos para o centro do
pais e mais altos para as costas. Essa descoberta levou a construcdo de um isoscape
(mapa preditivo, ver adiante subitem) desse marcador para seu uso potencial na
atribuicdo de regido de origem. Valenzuela et al.** relataram diferencas notaveis entre
os EUA e a Europa Ocidental na composicao isotopica de C e S no cabelo, bem como
correlagdes dos valores de 613C e 634S com variaveis geograficas na Europa. Mais
recentemente, foi demonstrado que o IE do cabelo difere entre 0s grupos
socioecondmicos nas cidades dos EUA e Colémbia®.

O uso de iso6topos estaveis para estudos de movimentos e atribuicdo a regido
de origem depende de um conhecimento profundo de sua distribuicdo espacial.
Portanto, o sucesso das previsfes de origem com base na medi¢cdo de isétopos nos
tecidos depende da qualidade dos dados isotdpicos que foram utilizados para
construir os mapas preditivos ou isoscopias da linha de base. Embora a comparacéao
entre amostras recuperadas na mesma regiao (banco de dados) possa fornecer uma
indicagcdo da presenca de imigrantes, a criacdo de mapas que representam a

distribuicBo espacial de isOtopos e capturam a variabilidade local oferece a
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possibilidade de gerar probabilidades de atribuicdo incorporando indices de
variabilidade e incerteza®.

Se as analises para investigacao de dieta para se saber sobre proveniéncia e
mobilidade e migrac6es se baseiam em is6topos de O, C, N e S ha ainda outro
espectro de is6topos de tragos de elementos metais como o Estroncio (Sr) e o
Chumbo (Pb)>*.

Radioisotopos para andlise de tecidos humanos

Menos usual na Antropologia Forense por questdes técnicas e metodolbgicas
mais complexas, estdo o Sr e o Pb. No entanto, no que concerne ao Sr, seu potencial
€ grande para uso forense como complemento para compreenséao do C e N, pois ele
pode informar sobre onde um individuo viveu sua infancia.

No ambiente, acbes ocasionadas por intemperismo acarretam na liberagao de
Sr da rocha no ambiente local, onde ele é primeiramente absorvido pelas plantas e,
posteriormente, pelos animais em seus alimentos. Dessa forma, a variacéo isotépica
de Sr no ambiente esta relacionada a cronologia e sua suscetibilidade ao clima em
que esta inserido o depdsito rochoso™. O is6topo radiogénico 87Sr é um produto do
decaimento radioativo de 87Rb. Os depdsitos de base com altas concentraces
iniciais de 87Rb e / ou depdsitos antigos normalmente apresentam taxas 87Sr / 86Sr
mais altas do que depodsitos jovens ou depdsitos com baixas concentracbes de
87Rb>*.

Semelhante ao Sr, o método do is6topo de Pb aproveita a deterioracdo
radioativa, o tempo e as concentragcdes relativas de elementos de Pb, Th e U no
ambiente. Os isétopos radiogénicos 206Pb, 207Pb e 208Pb s&o derivados do
decaimento radioativo de 238U, 235U e 232Th, respectivamente. Algumas variacdes
nas proporcbes de Pb podem se alterar por fatores cronologicos (208Pb / 204Pb,
207Pb / 204Pb e 206Pb / 204Pb) e as atividades antropogénicas tais como a
mineracdo ou a introducdo de tetraetiléter na gasolina na década de 1920 como um

agente "antiderrapante" para motores>°.

0 14C e seu decaimento

A anadlise 14C é a técnica tradicionalmente conhecida pelo seu emprego em

estudos arqueoldgicos para datacdo de amostras e remanescentes 0sSseos e
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dentarios que datem entre aproximadamente 400 e 50.000 anos. Nesse caso, 0
is6topo se refere a uma taxa relativamente constante de producdo de 14C na
atmosfera superior que € absorvido por plantas verdes e toda a cadeia alimentar
subsequente, ou seja, de animais que se alimentaram dessa planta e dos animais
carnivoros®’.

Ao longo da vida de um organismo, ele retém valor de 14C em equilibrio,
porém, a partir de sua morte, deixa de assimilar o 14C e, entrando em um processo
de decaimento do nivel desse is6topo (de acordo com a meia-vida de
aproximadamente 7.340 anos).

Como é bem conhecido na arqueologia, a datacdo radiocarbdnica apresenta
um intervalo de erro que € variavel conforme o ponto da curva de decaimento da
datacdo, como se trata de uma curva exponencial, nas partes mais recente e mais
antiga a tendéncia é apresentar uma maior margem de erro.

Assim sendo, na investigacao forense, a datacéo por 14C, por estar em épocas
muito recente, cujo processo de decaimento ainda é muito préximo, ndo ajuda a
calcular a data de morte do individuo. Por exemplo, se o individuo morreu em 1985 e
tivermos um erro de aproximadamente + 50 anos, o método mais atrapalha do que

auxilia no estabelecimento de algum parametro do periodo de morte do individuo.

0 emprego do 14C na investigagdo de tecidos humanos forense

A estimativa do tempo decorrido desde a morte (intervalo postmortem) de
tecidos 0Osseos humanos representa um componente critico da investigacédo
antropoldgica forense. Os investigadores precisam saber se 0s remanescentes datam
do periodo moderno de interesse médico-legal (geralmente nas uUltimas décadas).

Infelizmente, uma extensa pesquisa e experiéncia de casos demonstraram que
essas estimativas realizadas a partir de observacdes de preservacdo de tecidos
humanos sao extremamente imprecisas devido a grande variedade de fatores que
influenciam o processo de decomposi¢cdo. Na maioria dos casos, ha auséncia de
informacdes contextuais de diagndstico, os indicadores morfologicos ndo permitem
distinguir restos modernos de antigos e / ou estimativas confidveis de tempo desde a
morte.

Ademais, sobre a idade do individuo no momento da morte, aspecto importante
para tracar o perfil do individuo para cruzar com o perfil de desaparecidos, os

métodos da antropologia forense conseguem dar um maior grau de precisdo no caso



119

de remanescente juvenis do que para os adultos maduros, onde o espectro de
estimativa de idade € bem mais largo e menos acurado.

Embora o método tradicional de datacdo por 14C proveniente da arqueologia
ndo nos auxilie compreender a cronologia dos ossos humanos, Douglas Ubelaker®®
observou que o uso de radiocarbono de bomb pulse oferecia uma solugdo para o

problema de estimativa do tempo desde a morte (Fig. 2).

20

\ NH zone 1
h NH zone 2
: NH zone 3
w 18] [»‘xﬂ‘ SH zone
- [ ¥
- S
o I *\,
g I’
@ 16 | ‘%
0 | o
T
€
g 14 f %‘.*.
£ / W
c
o j v
= | {\M M
g 12 / ook,
E /‘/ e "V -
/
A
10} .

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
Year (AD)

Fig. 2 - Representagéo de curva de radiocarbono para 04 diferentes zonas da Terra. Fonte:
Hua & Barbetti, 2004

Os niveis de 14C na atmosfera permaneceram inalterados até 1955 quando, a
partir de entdo, devido aos mais de 1000 testes realizados com bomba nucleares
durante o 1945 a 1962, periodo que engloba a Guerra Fria, a quantidade de 14C
presente na atmosfera aumentou gradualmente, chegando em seu pico em 1963, ano
em que foi assinado o Tratado de Interdicdo Parcial de Ensaios Nucleares, no qual
diversos paises signatarios se comprometeram com a cessacdo dos testes com
bombas nucleares, com o objetivo de retardar a corrida armamentista e conter a
excessiva liberagéo de cinzas nucleares na atmosfera.

Apobs a cessacdao dos principais testes termonucleares no inicio dos anos 1960,
0s niveis de radiocarbono atmosférico atingiram um pico em cerca de 1963 e,

subsequentemente, comecaram a entrar em um lento declinio.58
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Dessa forma, tanto a introducéo desse elemento na atmosfera como sua incorporagao
pelas plantas resultaram em um grafico no qual € possivel conhecer, em determinado
ano, a concentracao desse elemento no ar e vice-versa.

Na andlise forense de tecidos humanos, elevados niveis de radiocarbono
acima dos niveis anteriores a 1950 provam que a pessoa representada estava viva
apos 1950. Como os anos seguintes a 1950 correspondem aproximadamente ao
periodo de interesse médico-legal, o radiocarbono de bomb pulse oferece
informacdes importantes em relacdo a estimativa do intervalo postmortem.

Se forem descobertos valores elevados (modernos) de radiocarbono, o objetivo
forense passa a estimar quando, durante o periodo moderno, ocorreu a morte. Com
um unico valor moderno de radiocarbono, geralmente ndo € possivel determinar se
ele se relaciona com os niveis atmosféricos / dietéticos no aspecto de ascensédo
precoce da curva ou na parte posterior da curva posterior a 1963.

Ubelaker et al.®°

demostraram ser possivel estimar a data da morte por meio da
analise a partir do tecido 6sseo, apontando que analises de radiocarbono de dois
tecidos que refletem diferencas na formacéo e / ou taxas de remodelacdo sendo,
portanto, a comparacdo dos valores desses dois tecidos adequados para melhor
posicionamento na curva.

Por exemplo, o osso trabecular do corpo de uma vértebra lombar remodela
mais rapidamente que o osso cortical denso da diafise femoral. Assim, dentro de um
Unico esqueleto adulto, os valores de radiocarbono derivados do osso trabecular
cruzariam a curva da bomba em um ponto mais proximo da data da morte do que os
derivados do osso cortical. A partir da perspectiva de bomb pulse de 14C, foi
constatado ser possivel estimar 0 ano de nascimento e de morte de um individuo por
conta do decaimento em taxas conhecidas do 14C.

Ubelaker e Parra® apresentaram um importante estudo realizado em quatro
individuos provenientes dos Andes peruano (16, 27, 44 e 56 anos de idade). Em
relacdo ao individuo mais jovem, a analise 14C do esmalte permitiu a determinacéo
precisa do ano de nascimento e da cortical e as atividades do osso trabecular, cujos
resultados foram de valor de 14C consistentes com a data da morte. Para os trés
individuos mais velhos os resultados apontaram atividades de esmalte dentario de
14C consistentes com 0s anos de nascimento. No entanto, para esses trés individuos,
houve descompasso minimo entre a formacao 0ssea trabecular e a morte. Quanto a
idade de morte para os trés individuos mais velhos, o método apresentou

discrepancia (= 11 anos) entre o ano da morte e o valor de 14C do osso cortical
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analisado. Por essa razéo, faz-se ainda necessario ampliar os estudos em 0ssos em
remanescentes de individuos identificados para balizar a taxa de remodelamento
0sseo em relacdo as atividades de 14C.

Ainda assim, o método se mostrou promissor desde o inicio e j& tem se
demonstrado eficaz, nos Ultimos anos outros pesquisadores passaram a tentar
estimar as atividades de 14C a partir de medicfes realizadas em dentes Unicos, ou ha
comparacao de dentes formados em momentos diferentes da infancia do individuo,
podendo fornecer estimativas do ano de nascimento entre aproximadamente um ou
dois anos do real®.

Baseados no grafico do bomb pulse, Spalding et al.** apresentaram um estudo
no qual foi demonstrado o sucesso da determinacdo do ano de nascimento de um
individuo por meio da andlise quantitativa de 14C em esmalte de dentes humanos de
adultos. A estimativa da data de nascimento € baseada na obtencao da quantidade de
14C contida no esmalte no periodo correspondente na curva de 14C atmosférico
associando-se a verificacdo da cronologia de mineralizacdo do elemento dentario em
guestdo em tabelas validadas em outros estudos.

Com o objetivo de obter solugéo para a questao de ambiguidade de qual lado
do pico os resultados se relacionavam, foram medidos os indices de 14C em dois
dentes que se formam em momentos diferentes. Cook et al.>’ e Cook & MacKenzie®®
propuseram a determinacdo de um ano preciso de nascimento do individuo a partir de
andlises 14C a partir de dois materiais distintos, o esmalte e o colageno da dentina e
cemento combinados. Dessa forma, os autores concluiram que o resultado de 14C do
esmalte da coroa, formado antes da raiz, combinado com o 14C da dentina / cemento
apontar um indice maior, a idade deve estar na curva ascendente e, se for menor, a
idade deve estar na curva descendente.

Wang et al.®* realizaram um teste a partir da selecdo de esmalte préximo ao
colo do dente, para reducdo do erro causado pela diferenca entre o tempo de
formacdo da amostra e o tempo consideravel para a formacéo de todo o componente

do esmalte. Por sua vez, Kondo-Nakamura et al.®®

precisaram idades em dentes
unicos medindo 14C no esmalte de duas regides, oclusal e cervical, & medida que se

formam em diferentes momentos.
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Os isdtopos estaveis na Arqueologia Forense / Local de Crime

A partir de recursos metodoldgicos tradicionais da arqueologia, o arquedélogo
com experiéncia em estudos forenses pode trabalhar em conjunto com equipes que
trabalham em cenas de crime com o objetivo de reconstruir as atividades em locais de
crimes mais recentes, a partir da contextualizacao das evidéncias e objetos in loco.

Nesse momento uma série de protocolos focados para interpretacdo de
diversas areas das Ciéncias Forenses devem ser aplicados de modo a ndo perder
informacgdes relevantes para a compreensao dos episoédios que se sucederam, bem
como preservacdo das evidéncias. Dentro desse cenario, ter em foco a possibilidade
de interpretacdo de um caso de antropologia forense por meio de is6topos estaveis é
essencial jA em campo.

Como visto anteriormente, a base da incorporacdo dos is6topos nos tecidos
humanos tem origens ambientais, geograficas e culturais e, em campo, o profissional
deve estar atento para observar elementos que possam ser indicativos de fonte e
origem de is6topos estaveis para recomendacao de analises.

Vale lembrar que, embora tratado como um dado absoluto, como o DNA ou a
impressao digital, os numeros dos isétopos ndo sao precisos, e podem sofrer
alteracOes a partir da sua fonte de origem, dependendo dos processos que possam
alterar sua composicéo, e o investigador tem que ter em mente essa precaugcao na
hora da interpretacdo de seus dados®.

Para ser Util a assinatura isotépica de um 0sso, € necessario que se diferencie
as alteragbes que ocorreram em momentos antemortem, perimortem dos postmortem,
resultantes por exemplo da exposicao ao solo e as aguas subterraneas. Os dados
antemortem sé&o indicativos de atividades durante a vida da pessoa que pode ajudar
em sua identificagdo, os dados perimortem auxiliardo a entender a cena do crime
enquanto os dados postmortem auxiliardo a compreender atividades que possam
tentado ocultar o crime ou, ainda, processos diagenéticos que podem ser cruciais
para a boa interpretacdo dos eventos.

De modo geral, a diagénese ndo atua em tecidos duros de corpos recém
esqueletizados, pois eles sdo resistentes a alteracdo quimica a curtos intervalos de
tempo. Porém, em tecidos humanos, sobretudo em cabelos e unhas, expostos e em
contato com elementos que levam a acgOes diagenéticas, pode ocorrer uma
degradacdo do is6topo significativa em curto prazo de tempo, e mais lentamente, nos

0SSO0s e dentes.
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A diagénese acontece a partir de mudancas quimicas e estruturais que
ocorrem nas matérias a medida que sdo expostas a diferentes condicdes de modo a
afetar, inclusive, os isétopos presentes nos tecidos e em que propor¢oes.

O modo como a diagénese e 0s isOtopos atuam em diferentes matérias
dependem do tipo e grau de exposi¢cdo a que foi submetido e, portanto, influenciam
suas assinaturas isotopicas.

Por meio do contato da agua subterranea, por exemplo, a diagénese pode
alterar a hidroxiapatita de superficies 6sseas ou permeando no interior do 0sso
através de canais, canais de Haversian e Volkmann ou rachaduras postmortem.
Ademais, evidéncias de que o ataque microbacteriano pode alterar a fracdo organica
do osso, o colageno, que é de especial relevancia para a datacéo por radiocarbono®*.

Dentre os problemas de fatores diagenéticos a serem considerados na andlise
de is6topos estdveis recai especialmente no is6topo de Estrbncio (Sr), pois este
elemento € mais suscetivel a trocas diagenéticas com elementos do ambiente onde o
um individuo enterrado ou esta exposto, o0 que pode alterar o sinal de Sr/Ca
Processos que levem a troca de Sr podem ser ainda mais intensos se facilitados pela
acao d’agua no local. Desta forma, a presencga deste elemento no 0sso ndo permite
saber se essa concentragao foi diageneticamente alterado ou ndo. Na tentativa de
contornar o problema, por muito tempo foi usado a dentina como fonte mais confiavel
para essa analise, levando, no entanto a se interpretar o inicio da vida, quando entao
o dente foi formado, restando a lacuna do periodo final da vida adulta do individuo
analisado®.

Atualmente, muitos laboratérios ja possuem metodologia adequada para
remover o Sr contaminado de amostras analisada. Recentemente, um estudo

realizado por Snoeck et. al.?’

em amostras de esmalte dentario e osso calcinado que
foram expostas a 87Sr durante o periodo de um ano. As amostras foram lavadas com
acido acético e ultrassom. As taxas de 87Sr / 86Sr foram mensuradas antes e apds o
tratamento em um espectrometro de massa de plasma. As razfes isotoOpicas de
estroncio de todas as amostras imersas na solucdo foram fortemente modificadas,
mostrando que quantidades significativas de estroncio foram adsorvidas ou
incorporadas.

Apoés o pré-tratamento, as amostras de esmalte ainda continham quantidades
significativas de contaminacao enriquecida com 87Sr, enquanto os fragmentos 0sseos
calcinados nao. Os resultados, contudo, demonstram que as amostras de esmalte

dentario ainda preservaram quantidades significativas de contaminacdo enriquecida
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com 87Sr mesmo apoés a limpeza do material, enquanto que o 0sso calcinado néo.
Assim, 0 0sso calcinado manteve preservada a assinatura isotopica antemortem, se

demonstrando mais resistente a troca postmortem do que o esmalte do dente.

Isoscapes

Isoscapes sdo mapas georreferenciados onde sdo descritos nivel de processo
de fracionamento ou distribuicdo de isétopos elementares para melhor interpretacao
de padrdes espaciais®.

Esses mapas preditivos podem ser gerados para diferentes matérias como
0Ss0S, agua e solo e varios elementos isotopicos, C, N, O etc, sendo extremamente
Uteis para correlacionar com dados de perfis isotdpicos, com a finalidade de em
conjunto com o perfil biolégico e outras informacdes de identificacdo do esqueleto,
fornecer dados que possibilitem restringir possiveis regides geograficas pelas quais o
individuo esteve durante sua vida.

Esses mapas sdo extremamente necessarios para possibilitar cruzamento de
dados confiaveis em quantidade e qualidade suficientes para apoiar a interpretacao
das composi¢des isotdpicas dos tecidos humanos. A falta desse tipo de mapeamento,
pode ser um empecilho na utilizacdo de dados provenientes de isétopos para
finalidade forense em um tribunal.

No Brasil, a possibilidade de criacdo de isoscapes em isétopos estaveis
forenses é um projeto da Policia Federal que esta em fase de implementacdo do seu
Programa Nacional de Is6topos Forenses com a criacdo do Laboratério de Isétopos
Forenses da PF (Lanif), com o objetivo de desenvolver e andlises isotdpicas para
exames periciais de vestigios criminais de diversas origens, inclusive de tecidos
humanos.

Em 2019, por realizacdo da Policia Federal, foi promovido o | Workshop de
Iso6topos Forenses, no Instituto Nacional de Criminalistica, Brasilia. O evento reuniu
peritos criminais federais e estaduais, académicos e demais profissionais atuantes no
ramo da ciéncia isotdpica com a finalidade de pensar estratégias e protocolos de
pesquisas de modo a desenvolver e integrar os temas de is6topos forenses em uma
rede nacional.

Dentre os Grupos de Trabalho que foram formados para a promocdo de

protocolos de coleta, preparacdo, armazenamento e analises isotopicas, com o
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objetivo de se recolher dados para se criar diversos isoscapes, foi consolidado o GT
Tecidos Humanos, ao qual integram os trés autores desse artigo.

Essa iniciativa, se devidamente implantada, gerard informacdes importantes
para as investigacdes forenses, sobretudo de interface com as andlises
antropoldégicas forenses, possibilitando uma maior quantidade de filtros que restrinjam
o leque de possibilidades para identificacdo de individuos, devendo, portanto,

beneficiar todos os Estados brasileiros.
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RESUMO

Este estudo tem como objetivo relatar um caso de identificagdo humana de um corpo

carbonizado, através de analise odontolégica. As observacdes foram feitas em um
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corpo néo identificado pertencente ao Instituto de Medicina Legal de Sao Luis / MA,
Brasil. O corpo masculino carbonizado foi encontrado dentro de um veiculo apés um
acidente de transito. O corpo foi severamente carbonizado, com partes calcinadas e
volume reduzido. O registro dentéario, constituido de uma histéria clinica, datada de
2015/2016, que continha algumas intervencdes odontologicas realizadas, além de
radiografia periapical dos dentes do pré-molar superior do lado direito, foi fornecido
pelos familiares. Considerando que foram encontradas varias informacbes e
caracteristicas quantitativas e qualitativas coincidentes entre a documentacdo
odontolégica apresentada pelos familiares e o exame do cadaver, e pela
singularidade e especificidade desses dados, e também porque nenhuma
discrepancia exclusiva foi detectada durante no exame, foi possivel realizar a

identificag&o positiva por meio de andlise odontoldgica.

Descritores: Antropologia Forense; Identificacdo humana; Odontologia Forense.

ABSTRACT

This study aims to report one case of human identification of a burned body using
dental analysis. The observations were made in an unidentified body belonging to the
Institute of Legal Medicine of S&o Luis / MA, Brazil. The charred male body was found
inside a vehicle after a traffic accident. The body was severely carbonized, with
calcined parts and reduced volume. The dental record, consisting of a clinical history,
dated 2015/2016, which contained some dental interventions performed, as well as
periapical radiography of the upper premolar teeth on the right side, was provided by
family members. Considering that several pieces of information and coincident
guantitative and qualitative characteristics were found between the dental
documentation presented by the family members and the examination of the corpse,
and because of the uniqueness and specificity of these data, and also because no
exclusive discrepancy was detected during the examination, it was possible to perform

the positive identification using dental analysis.

Keywords: Forensic Anthropology; Human Identification; Forensic Dentistry.
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Introducéo

A identificac&o pessoal é essencial tanto por razées legais como humanitérias®,
sendo a base de investigacdes criminais e um pré-requisito para declarar oficialmente
a morte de uma pessoa®®. Nessa perspectiva, a Odontologia Legal desempenha
papel relevante a servico da justica, aplicando o0s conhecimentos técnicos
odontolégicos no processo de identificacdo humana post-mortem?*°.

O fundamento da pericia odontolégica de identificacdo est4d no fato de as
caracteristicas e a constituicdo dental serem Unicas a cada pessoa, individualizando-

as®’?8,

Em situacbes em que o reconhecimento visual esta prejudicado e as
impressdes digitais ndo estdo preservadas, como nos casos de corpos
esqueletizados, putrefeitos ou carbonizados, a metodologia odontolégica mantém-se
eficaz, visto que os dentes sdo estruturas durdveis e resistentes®®, assim como os
materiais restauradores usados na clinica odontoldgica, podendo manter-se na
cavidade bucal mesmo quando submetidos a altas temperaturas™®.

Essa caracteristica é especialmente importante, uma vez que diversos eventos
podem levar a carbonizacdo de corpos, como explosdes, bombardeios, acidentes
aéreos e acidentes de transito. Ademais, existe ainda a possibilidade de o fogo ser
usado na tentativa de destruir provas periciais e impedir a identificacdo da vitima, em
casos criminais™*.

O exame odontolegal de identificacdo humana é uma técnica simples, de baixo
custo e classificada como comparativa, por relacionar informagdes odontologicas
ante-mortem e post-mortem da suposta vitima®®*23,

A primeira etapa consiste no levantamento e andlise das caracteristicas
odontoldgicas verificadas no exame do cadaver, tais como presenca e auséncia
dental, céries, restauracdes, tratamentos endodonticos, forma e posicionamento
dental, anomalia 6ssea e dental, presenca de préteses, entre outras. Em seguida, faz-
se o0 estudo das informacgfes contidas no prontuario odontolégico produzido antes da
morte do individuo, composto por ficha clinica, radiografias, modelos em gesso e
fotografias. Por fim, realiza-se o estudo e confronto detalhado dos dados obtidos nas
etapas anteriores no intuito de verificar, qualitativa e quantitativamente, as
coincidéncias e divergéncias porventura existentes®**.

Neste contexto, o presente trabalho teve como objetivo evidenciar a
importancia da documentacdo odontoldgica no trabalho pericial, por meio do relato de
um caso de identificagdo positiva de um corpo severamente carbonizado,

proporcionada pelo exame odontolegal.
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Relato do caso

No ano de 2018, deu entrada no Instituto Médico Legal (IML) de S&o Luis/MA
um corpo carbonizado, do sexo masculino, encontrado no interior de um veiculo,
vitima de acidente de transito. O corpo apresentava-se severamente carbonizado,
com partes calcinadas e reduzido de volume, impossibilitando o reconhecimento
visual, assim como a verificacdo de sinais/caracteristicas particulares e a coleta das

impressdes digitais para exame papiloscopico (Fig. 1).

Fig. 1. Registro do cadaver carbonizado, ao ser recebido para exame pericial.

Apesar do alto grau de destruicdo dos tecidos pela acdo do fogo, constatou-se
a presenca de elementos dentais, viabilizando a escolha da metodologia odontolégica
no processo de identificacdo. Para realizacdo do exame pericial odontologico,
procedeu-se a enucleacdo da maxila e da mandibula de forma cuidadosa com o
intuito de n&o danificar ainda mais sua estrutura.

Na maxila foi constatada perda de substancia O0ssea na regido posterior
esquerda e a auséncia da coroa de varios elementos dentais, estando presente suas
respectivas raizes no interior dos alvéolos, em decorréncia da acédo do fogo (Fig. 2).
Na mandibula verificou-se fratura na regido do corpo a esquerda e presenca de
alguns dentes integros (Fig. 3). Em seguida, foram realizadas incidéncias

radiogréficas periapicais na maxila, na regido anterior e posterior direita.
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Fig. 3. Mandibula do cadaver carbonizado recebido para exame pericial.

Familiares compareceram ao IML reclamando o corpo e informaram que a
suposta vitima estava na presenca da familia quando entrou em seu veiculo e sofreu
um acidente a poucos quildometros de distancia. Desse modo, foi-lhes solicitada a
documentacdo odontoldgica da suposta vitima que resultou na apresentacdo de
prontuério odontolégico composto de ficha clinica com datas de atendimentos
referentes aos anos de 2015/2016 (Fig. 4), na qual constava algumas intervencdes
odontoldgicas realizadas e radiografia periapical da regido dos dentes pré-molares

superiores do lado direito (Fig 5).
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Fig. 4. Ficha odontolégica fornecida para confronto.

Fig. 5. Radiografia periapical ante-mortem.

Para melhor visualizacdo do levantamento das informacdes e particularidades
odontoldgicas verificadas no exame da documentacao ante-mortem (AM) e no exame

pericial post-mortem (PM) do cadaver, foi elaborado o Quadro 1.
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Quadro 1. Confronto odonto-legal das informacdes ante-mortem (AM) e post-mortem (PM)
(IML/Sao Luis/MA, 2018).

Dente | Informacao ante-mortem (AM) Informacéo post-mortem (PM)

12 Tratamento endodéntico Canal radicular obturado

Restauracédo de resina composta | Auséncia da coroa dental em
decorréncia da acéo do fogo

21 | Restauracdo de resina composta | Auséncia da coroa dental em
decorréncia da acéao do fogo

22 Tratamento endodéntico Canal radicular obturado

Restauracado de resina composta | Auséncia da coroa dental em
decorréncia da a¢éo do fogo

14 | Tratamento de urgéncia. Lesdo periapical (area radioltcida
L adjacente ao apice radicular)
Indicacdo de tratamento
endoddntico.
15 | Tratamento de urgéncia. Lesdo periapical (area radiolucida
L adjacente ao apice radicular)
Indicacao de tratamento
endoddntico.
16 | Ausente Ausente
27 | Exodontia Prejudicado (perda de substancia
0ssea)
37 | Exodontia Ausente
36 | Exodontia Ausente

Discussao

A Odontologia Legal contribui de forma significativa para o processo de
identificacdo humana, sendo um método seguro, eficaz e vantajoso também quando
aplicado em corpos carbonizados™. Contudo, por ser comparativo, 0 sucesso da
técnica depende da disponibilidade e qualidade dos registros odontol6gicos ante-
mortem da suposta vitima que possam ser comparados com os dados coletados no

exame post-mortem®**.
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No presente caso, os familiares apresentaram ficha clinica com descricdo de
tratamento realizado e radiografia periapical. As radiografias odontologicas sé&o
documentos importantes na pericia devido a quantidade de informacfes capaz de
serem extraidas da imagem, como por exemplo tamanho e formato da coroa e raiz
dental, posicionamento e forma da crista 0ssea alveolar e do seio maxilar, assim
como a presenca de material restaurador ou obturador?.

Na ficha clinica odontolégica foi verificada a informacdo de tratamento
endodontico realizado nos incisivos laterais superiores direito e esquerdo (dentes 12 e
22). Essa informacdo coincidiu com o achado na radiografia periapical realizada
durante o exame necroscépico que evidenciou os condutos radiculares dos referidos

elementos dentais com a presenca de material obturador (Fig. 6).

Fig. 6. Radiografia periapical post-mortem evidenciando os dentes 12 e 22 com condutos
radiculares obturados.

Os dentes 14 e 15, segundo consta na ficha clinica, foram submetidos a
tratamento de urgéncia e receberam indicagao para tratamento endodontico em 2015.
A imagem radiografica ante-mortem desses dentes evidencia o comprometimento
pulpar dos mesmos. Esses dados vao ao encontro das caracteristicas retratadas na
imagem radiografica PM que mostrou area radiolicida adjacente ao apice radicular
desses dentes, sugestiva de lesdo periapical. O aumento da lesdo periapical
verificado na radiografia post-mortem é justificado pela evolucdo da lesdo que néo

recebeu o tratamento indicado ha 03 anos (Fig. 7).
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Fig. 7. Radiografia periapical ante-mortem (A) e post-mortem (B) da regido dos dentes 14 e
15.

A analise e comparacao das radiografias AM e PM da regido dos dentes 14 e 15,
permitiu ainda verificar outras particularidades importantes compativeis em ambas as
imagens, tais como, a auséncia do dente 16, o espaco entre os dentes 15 e 17 e o

formato do contorno do seio maxilar e o contorno sinuoso da raiz do dente 14 (Fig 8).

Fig. 8. Radiografia periapical ante-mortem (A) e post-mortem (B) da regido dos dentes 14 e
15 evidenciando o contorno sinuoso da raiz do dente 14.

Algumas informacdes contidas na ficha clinica, como as restauragfes de resina
composta realizadas nos dentes 12, 21 e 22 e a exodontia do dente 27 ndo puderam
ser confirmadas no exame post-mortem em decorréncia da auséncia das coroas dos
dentes anteriores superiores e da perda de substancia éssea na por¢cdo posterior
esquerda da maxila. Salienta-se que mudangcas estruturais, encolhimento,
fragmentacao, alguma alteracdo de forma, presenca de fissuras, o enegrecimento de
raizes, a perda e/ou pulverizacdo da coroa sdo alteragbes dentarias comuns e

gradativas, decorrentes da exposicdo do corpo a altas temperaturas®** (Fig. 2). Ja os



140

dentes 36 e 37 estavam ausentes no exame PM da mandibula, corroborando com a
descricdo de exodontia realizada em vida (Fig. 3).

Importante ressaltar que ndo foram encontradas divergéncias excludentes no
confronto dos dados. Pequenas discordancias observadas nas imagens radiograficas
AM e PM sdo justificadas por diferengas entre os padrdes radiograficos (incidéncia,
intensidade, posicionamento, entre outros) aplicados nos registros AM e PM.
Outrossim, a obtencdo de registros radiograficos em corpos carbonizados é
complicada devido a fragilidade da estrutura 6ssea, a dificuldade de posicionamento
do corpo® e a mudancas estruturais que posam ter ocorrido.

Considerando que foram encontradas vérias informacdes e caracteristicas
guantitativas e qualitativas coincidentes entre a documentacdo odontoldgica
apresentada pelos familiares e o exame do cadaver, e diante da unicidade e
especificidade desses dados, e, ainda, por nao ter sido detectada nenhuma
discrepancia excludente no exame, concluiu-se como positiva a identificacdo pelo
método odonto-legal.

Salienta-se que ndo existe um numero minimo de pontos concordantes
necessarios para se alcancar uma identificacdo positiva, bastando que as

informacdes verificadas tenham qualidade suficiente para individualizar a vitima®*e,

Conclusao

A andlise das caracteristicas odontologicas consiste em método eficaz e
seguro de identificacdo, capaz de ser aplicado em corpos severamente carbonizados.
Para tanto, faz-se necessaria a existéncia de documentacdo odontoldgica ante-
mortem produzida durante a clinica diaria. A conscientizacdo dos cirurgides-dentistas
guanto a importancia desse documento na esfera pericial € imprescindivel para que
realizem o registro e o arquivamento adequado do prontuario do paciente que podera

servir de base para a pericia de identificacdo humana post-mortem.

Conflito de Interesse

N&o ha conflitos de interesse conhecidos associados a esta publicacdo e nao
houve apoio financeiro significativo para este trabalho que pudesse ter influenciado

seu resultado.



141

Referéncias
1 Gruber J, kameyama MM. O papel da Radiologia em Odontologia Legal. Pesqui
Odontol Bras. 2001;15(3):263-268. http://dx.doi.org/10.1590/S1517-
74912001000300014.

2 Abreu TQ, Oliveira AEF, Ferreira EB, Lopes M F, Vieira MDRP. Radiographic
analysis of forensic dentistry. Rev Odonto Cienc. 2016;31(3):131-134.
http://doi.org/10.15448/1980-6523.2016.3.19714.

% Schmeling A, Geserik G, Reisinger W, Olze A. Age estimation. Forensic Sci Int.
2007;165:178-181. https://doi.org/10.1016/j.forsciint.2006.05.016

* Silva RF, Pereira SDR, Mendes SDSC, Marinho DEA, Daruge Janior E.
Radiografias Odontoldgicas: Fonte de informacdo para a identificacdo humana.
Odontologia Clin Cientif. 2006;5(3):239-242.

> Pretty IA; Sweet D. A look at forensic dentistry - Part 1: The role of teeth in the
determination of human identity. British Dental Journal. 2001;190(7):359-366.

® Espindula A Geiser GC, Velho JA. Ciéncias forenses: uma introducéo as principais
areas da criminalistica moderna. 2a ed. Campinas: Millennium; 2013.

’ Figueira Junior E, Moura LCL. A importancia dos arcos dentarios na identificacdo
humana. Rev. bras. Odontol. 2014; 71(1):22-27.

8 Franco A, Willems G, Souza PHC, Bekkering GE, Thevissen P. The uniqueness of
the human dentition as forensic evidence: A systematic review on the technological
methodology. Int J Legal Med 2015;129:1277-83. https://doi.org/10.1007/s00414-014-
1109-7

° Araujo LG, Biancalana RC, Terada ASSD, Paranhos LR, Machado CEP, Silva
RHA. A identificacdo humana de vitimas de desastres em massa: a importancia e o
papel da Odontologia Legal. RFO Passo Fundo. 2013; 18(2):224-229.
http://dx.doi.org/10.5335/rf0.v18i2.3376

10 gpadacio C, Oliveira OF, Benedicto EN, Daruge Jinior E, Paranhos LR. Andlise

do comportamento de restauracdes estéticas sob a acao de calor e sua importancia
no processo de identificacdo humana. RFO Passo Fundo. 2011; 16(3):267-272.

1 Ubelaker DH. The forensic evaluation of burned skeletal remains: A synthesis.

Forensic Sci. Int. 2009; 183(1-3):1-5. https://doi.org/10.1016/].forsciint.2008.09.019

2. sjlva RF, Franco A, Seixas JR, Oliveira W, Picoli FF. Positive identification of a

decomposed human body through forensic anthropology and smile photographs: A
case report. Eur J Forensic Sci. 2016; 4(4): 188-191. http://dx.doi:10.5455/ejfs.205494

13 Scoralick RA, Barbieri AA, Moraes ZM, Francesquini Janio L, Daruge Janior E,

Suely Naressi SCM. Identificacdo humana por meio do estudo de imagens


https://www.researchgate.net/profile/Ademir_Franco2
https://www.researchgate.net/profile/Guy_Willems
https://www.researchgate.net/scientific-contributions/10985313_Paulo_Henrique_Couto_Souza
https://www.researchgate.net/scientific-contributions/75661862_Geertruida_E_Bekkering
https://www.researchgate.net/profile/Patrick_Thevissen
https://doi.org/10.1016/j.forsciint.2008.09.019

142

radiogréficas odontolégicas: relato de caso. Rev Odontol UNESP. 2013;42(1):67-71.
http://dx.doi.org/10.1590/S1807-25772013000100012

1% Sjlva RF, Prado MM, Barbieri AA, Daruge Junior E. Utilizacdo de registros

odontoldgicos para identificacdo humana. RSBO. 2009;6(1):95-99.

1> Belotti L, Rabbi R, Pereira SDR, Barbosa RS, Carvalho KS, Pacheco KTS. E
possivel identificar positivamente um corpo carbonizado somente por dois dentes?
Relato de um caso pericial. RBOL. 2015;2(2):105-115.
http://dx.doi.org/10.21117/rbol.v2i2.29.

® Silva RF, Prado MM, Oliveira HCM, Daruge Janior E. Quantos pontos de

concordancia sdo necessarios para se obter uma identificacdo odontolegal positiva?
Rev Odontol Univ Cid Séo Paulo. 2009; 21(1): 63.



143

BJFA&LM

Vol. 1, 2020

Case Study
Osteology

Sphere-shaped foreign bodies found in the
spongy bone of axis vertebra

Macelle Veloso Camposl, Gabriel Caio Dias de Oliveira?, Magda
Cristina Pedroza Tavares®, Renata Cristinny de Farias Campina ™.

! Anthropology and Osteology Forensic Laboratory (LAOF), Anatomy, Biomedicine, Federal University
of Pernambuco (UFPE), Pernambuco, Brazil.

2 Anthropology and Osteology Forensic Laboratory (LAOF), Anatomy, Dentistry, Federal University of
Pernambuco (UFPE), Pernambuco, Brazil.

% Forensic Expert from the Physicochemical Laboratory of Professor Armando Samico Institute of
Criminalistics (ICPAS).

* Anthropology and Osteology Forensic Laboratory (LAOF), Anatomy, Professor, Federal University of
Pernambuco (UFPE), Pernambuco, Brazil.

* Corresponding author;

Av. Professor Moraes Régo, 1235

Cidade Universitéaria - Recife, Pernambuco, Brazil
CEP: 50670-901

E-mail: renatacampina82@gmail.com

Received 15 March 2020; Received in revised form 16 April 2020; Accepted 22 April 2020.

Available online 04 May 2020

ABSTRACT

Among the various areas that compose forensic medicine, forensic anthropology
stands out in the determination of human remains. Forensic anthropology makes it
possible to determinate the bioanthropological profile of human skeletons in the
following categories: sex, age, stature, population affinity. Plus, it is possible to find,
occasionally, bone markets connected to cause of death, such as gunshot wounds.

This study aimed to describe the analysis of spheres encrusted in the spongy bone of
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the axis vertebra from a male skeleton belonging to the Contemporary Human Bones
Collection of the Forensic Anthropology and Osteology Laboratory (LAOF) at UFPE.
For the analysis were used an electronic magnifier and a T100 Canon digital camera.
The physicochemical tests were performed at the Physicochemical Laboratory of
Professor Armando Samico Institute of Criminalistics (ICPAS) of Pernambuco. It was
observed an atypical morphology of the axis vertebra — which has not shown his
odontoid process, injuries on the skull compatibles with gunshot wounds, and small
spheres lodges in the spongy bone of the vertebra. After the physicochemical tests, it
was concluded that those foreign-bodies had physicochemical characteristics of

hydroxyapatite, an organic product.

Keywords: Forensic Anthropology; Axis, Cervical Vertebra; Hydroxyapatite.

Introduction

Forensic anthropology is one of the fields of forensic medicine that has a
notably social role by presenting a significant contribution to the different criminal
sciences. This field consists of a practical application of techniques for the

determination of unknown human remains.

In the study of human skeletons, it is essential to recognize the morphological
peculiarities of each human bone. Scientifically speaking, the human bone is
composed of two tissues: compact bone and spongy bone. These two types of tissues
have specific functions; for example, the spongy tissue is responsible for the cell-

matrix.

The vertebrae, classified as irregular bones, present a generous volume of
spongy bone tissue at the vertebral body, covered with a slight layer of compact bone
tissue®. Occasionally, the spongy bone tissue is susceptible to contain foreign bodies
and particles due to present cavities inside. This paper intends to report a case of
spheres-shaped foreign bodies detected at the odontoid process spongy bone tissue

of axis cervical vertebra.

Case Report
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The following report treats about an analysis of a human skeleton belonging to
the Contemporary Human Bone Collection (LAOF/UFPE), whose skull presented
foramina consistent with gunshot wounds®. When assembling and analyzing the
skeleton, we observed that except the coccyx and pisiform bones, all the other bones
were present. It is also noteworthy that the individual’s sacrum bone is not completely
fused, which presents us whith bone characteristics of youthfulness. After a more
careful approach, it was found that the bone head had fragmented and with the
presence of orifices, which are consistent with a perforating instrument, in addition to
which the mandible had a a metal plate possibly used for surgical approach. When
evaluating the cervical vertebrae we found peculiar features in the second vertebra,
also known as the axis. Presenting a coronal (and oblique) section at the level of the
odontoid process we observed the exposure of its spongy tissue (Fig. 1) By using an
electronic magnifier, dark and solid spheres were discovered in the spongy bone of the

odontoid process, followed by the capture of the unknown material (Fig. 2).

Fig. 1 — Axis cervical vertebra obliquely sectioned. Superior view.



Fig. 2 — Sphere-shaped foreign body.
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At LAOF, the diameter of these spheres was analyzed with a caliper, obtaining

a diameter of 1.12mm. At ICPAS, the spheres were analyzed for physicochemical

characteristics. After Raman spectroscopy, the results of the sample came back

negative for Raman scattering for the two wave-lengths available at the device; thus,

infrared spectroscopy was performed. The results of the second test showed that the

sample's absorption spectrum was very similar to the absorption spectrum of

hydroxyapatite. This similarity occurs due to the presence of typical hydroxyapatite

functional groups in the sample, such as phosphate, calcium, and hydroxyl® (Fig. 3)
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Fig. 3 — Sample’s infrared spectrum.
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The hydroxyapatite is a natural mineral constituent found in the body, where it
represents 30 to 70% of the mass of bones and teeth®. According to Urist’, calcium is
the first ion that connects the protein, in the mineralization hypothesis, forming this
way the calcified matrix, followed by phosphate uptake, until the formation of calcium
hydroxyapatite crystals. The connection between hydroxyapatite crystals and collagen
is responsible for bone rigidity and hardness™.

Hydroxyapatite is abundantly distributed in the spongy bone tissue® and is also a
typical product of bone neogenesis, a process where the hydroxyapatite degenerates®.
According to White and Shorts®, the degradation of hydroxyapatite can occur by
reabsorption mediated by osteoclasts or chemical dissolution®.

The calcifications of hydroxyapatite crystals found in the spongy bone of the axis
cervical vertebra probable had formed over the years after the individual's death. This
scenario relies on the fact that the protein present in bones is also degraded across
time, resulting only in hydroxyapatite - a mineral product that will eventually be

reduced to powder™*.

Conclusion

The present study aimed to report a case where classifieds foreign bodies were
observed inside the spongy bone tissue of an axis cervical vertebra of a skeleton from
the Contemporary Human Bone Collection (LAOF/UFPE). Morphological
characteristics of skeletons are regularly employed to discover critical variables of an
individual in criminal investigations, such as sex and height, and as teaching tools.
Individualizing characters are weapons widely adopted by forensic areas and are
extremely important for solving crimes since they help to define characteristics of the
biological profile. Besides, the detailed analysis of the skeleton and the foreign bodies
found are of great value for the forensic sciences, as they attach extra theoretical and
scientific information to professionals of the field.
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