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SUMMARY: The sex chromatin or Barr body is a condensation of chromatin present at the nucleus of cells in female individuals.
Their observation is possible in different cell types and is used for the rapid diagnosis of biological sex. The observation of this condensation
in cells of the pulp tissue can be useful in the forensic diagnosis of sex, primarily because of the protection it give dental hard tissues, but
its diagnostic value has not been tested. The purpose of this study is to analyze the diagnostic value of the observation of sex chromatin
in cells of the pulp tissue. We used 40 premolars and third molars—20 from men with a mean age of 20.6 years (SD 8.8) and 20 from
women with a mean age of 20.4 years (SD 7.4). The pulp was obtained from teeth extracted and localized 50 cells per plate. The presence
of a cell with visible Barr body was considered positive for women. With these results, we evaluated the diagnostic performance of the
test. The performance of the test was 100%; of the 50 cells observed per plate, mean Barr bodies positive cells was 20.4 (SD 0.44) in
female samples. There was no positive cell in preparations of male subjects. The diagnostic test observation of sex chromatin in dental
pulp is a reliable test for sex determination. This study provides a gold standard for performance assessment in which the teeth have
suffered extreme physical conditions, such as incineration and dumping.
KEY WORDS: Sex chromatin; Barr chromatin; Sex determination; Forensic dentistry.

INTRODUCTION

Sex determination in forensic medicine is considered
one of the first and most important steps. This is usually
done with a simple observation of the internal and external
physical sexual characteristics. However, the problem arises
in determining the sex of skeletons, especially when having
only segments or isolated teeth.

found in bone cells (Vernino & Laskin, 1960), cells of the
retina (Teplitz, 1965), and oral mucosal cells (Dixon & Torr,
1956).

Tooth enamel is the hardest tissue in the body, and
the teeth remain intact after death, thus making them useful
for forensic identification of sex with respect to
morphological characteristics (Haga, 1959; Gonda, 1959;
Garm, 1964) and soft tissues (Das et al., 2004).

The presence of sex chromatin or Barr bodies in dental tissues has been registered, but the results have been
mixed regarding their share and postmortem time required
for proper identification (Seno & Ishizu, 1973; Whittaker et
al., 1975). Furthermore, there is no gold standard to assess
its diagnostic value in different climatic conditions, burial
conditions, and exposure to physical agents, such as heat
and humidity.

In 1949, Barr and Bertram determined that there was
a difference between male and female cells. They found that,
in female cells, there was a small chromatin condensation at
the nuclei of nerve cells of cats (Barr et al., 1950). This
condensation (Barr chromatin or Barr body) also has been

Against this background, the purpose of this study is
to evaluate the diagnostic performance of Barr body
observation for sex determination in healthy teeth, thus
establishing a gold standard to evaluate its diagnostic performance variations in different situations.
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MATERIAL AND METHOD

DISCUSSION

We used 40 healthy premolars and molars in adult
patients aged 24 to 45 years, divided into two groups: 20 men
with a mean age of 20.6 years (SD 8.8) and 20 women with
an average age of 20.4 years (SD 7.4). The teeth were healthy,
extracted by orthodontic indication, and immediately
preserved in 5% formalin solution for an average of 7 days.
The pulp was conventionally obtained through the normal
access cavity on the occlusal surface of the teeth; dental pulp
tissues were obtained using standardized K-files (Dentsply
Maillefer, Baillaigues, Switzerland). The tissues were stored
immediately after excision in 5% formalin solution for 7 days.
After this time, the tissues were processed for hematoxylin
eosin; histological sections with a thickness of 5 µm were
made at different levels, of which, four sections were randomly
selected. They were systematically observed using a trinocular
microscope CX21 (Olympus ®) with a 100 X magnification
and analyzed using Micrometrics SE Premium software.

Sex determination is the first step in forensic
identification. There are large number of techniques designed
to achieve this goal, such as observation of secondary sexual
characters, gonads, and bones (Suazo et al., 2008a, 2009a,
2009b). However, sex determination using residual bone is
complex when the remains are segmented or in special
pathological conditions (Suazo et al., 2008b). This is where
the histological and cellular techniques provide an important
contribution (Murakami et al., 2000).

Fifty cells were observed per plate, the presence of a
cell with visible Barr bodies was considered positive for
women. With these results, we evaluated the diagnostic performance of the test.

RESULTS

The performance of the test was 100%. Of the 50 cells
observed per plate, the mean of Barr body–positive cells was
20.4 (SD 0.44) in female samples (Fig. 1). There were no Barr
body–positive cells in preparations of male subjects (Fig. 2).

Fig. 1. Photomicrograph of histologic section of female dental pulp
stained with hematoxylin eosin (original magnification, 100X).
Positive fibroblasts were observed for the observation of Barr bodies.
The arrows indicate the characteristic condensation of sexual
chromatin.
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Barr chromatin or Barr bodies and sexual identification
method have been described in various tissues (Dixon & Torr;
Vernino & Laskin, Teplitz) including dental pulp (Das et al.).
This is presented as rapid and is easily implemented because
it requires little equipment in contrast to techniques, such as
PCR (Murakami et al.) and LAMP method (Nogami et al.,
2008). Addition of Barr chromatin can be observed with most
of the nuclear stains, such as hematoxylin-eosin, Papanicolaou,
Feulgen, cresyl violet, aceto-orcein, carbol-fuchsin, and
fluorescence (Duffy, 1989).
One of the limitations to the use of this method are the
alterations at the chromosomal level because patients with
abnormalities can yield false negatives or false positives (Barr,
1959; Daher et al., 1986). In control men, no Barr bodies were
reported, and in 46XX women, one Barr body in cell nuclei
was observed (Duffy). However, in men and women with
aneuploidy, 47XXY men also have a Barr body, and 47XXX
women have two (Kelly, 1986).
The results obtained in our study are similar to those

Fig. 2. Photomicrograph of histologic section of male dental pulp
stained with hematoxylin eosin (original magnification, 100X).
Negative fibroblasts were examined for the Barr body observation.
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reported by Das et al., who reported that 24.92% of women
pulp cells were positive for Barr body observation. Also, Yunis
& Chandler (1979) indicated that in women with a normal
karyotype, Barr bodies were observed in approximately 30%
of cellular nuclei, with a range between 15% and 40%. Barr
bodies are probably more frequent than suggested by our
results and other authors (Das et al.; Yunis & Chandler);
however, this chromatin adheres to the nuclear membrane,
and in histological preparations, Barr bodies tend to hide
behind or in front of the nucleoplasm and cannot be identified
as such (Duffy).
The performance in our analysis was 100%, making
it comparable to more complex techniques in identifying
sex from amplification of DNA, which also show high performance in terms of classification but require more complex
work and time to complete the analysis and need special
equipment to amplify DNA (Nagami et al.).
Although Barr bodies were found in dental pulp
samples (Das et al.), details regarding the postmortem time
necessary for a proper identification are varied. Seno & Ishizu
indicate that the corpuscle can be seen up to 5 months after
death, whereas Whittaker et al. and Das et al. establish a
deadline in five and four weeks postmortem, respectively.
Ionesy (1980) stored teeth at room temperature for one year
and found that there was a reduction in the ability of sexchromatin staining compared with freshly extracted teeth.
Dange et al. (1978) stored samples of permanent teeth, which
allowed discrimination of sex through their cells when
analyzed four years later.
These differences can be explained by the geographical
location because the weather, temperature, and humidity play
an important role in the processes of decomposition of
biological material. Six to 24 hours after death, there is a
decrease in the possibility of clear observation of chromatin,

given the process of decomposition by bacterial action (Das et
al.). Duffy et al. (1991) provide the possibility of determining
the sexual dimorphism by Barr body in dental pulp after 1 year
of dehydration or being subjected to 100ºC for 1 hour. Seno et
al. (1977) found that, in 25-cm teeth buried in mud and sand in
the open, sex can be determined in 100% of cases after 1 month;
however, this is reduced by 20% after 3 months because of
cellular decomposition. On the other hand, teeth immersed in
running water showed deterioration of cellular structure at 3
days (Duffy). Ionesy extracted and analyzed the dental pulp,
refrigerated to -4º to-8ºC for 15, 30, and 40 days, concluding
that it is possible to determine the sex until 30 days.
In general, the methods for determining sex based on
bone morphology are difficult to apply in subadults. There also
are cases where DNA analysis is not possible because of
decomposition caused by environmental conditions (Nagami
et al.). Hemanth et al. (2008) found that traditional methods in
cases of fire, high-impact accidents, explosions and
fragmentation of thermal trauma, and natural disasters make it
impossible to determine the sex of skeletal remains, with the
exception of methods based on dental pulp, such as Barr
chromatin.
This technique is not only limited to healthy teeth, where
the chromatin is recognized in fibroblasts. It also is possible to
determine sex by differentiation of Barr chromatin in
polymorphonuclear neutrophils in teeth with acute and chronic
inflammatory processes (Barr, 1957; Larson & Knapp, 1971).
We conclude that sex determination by observation of
sex chromatin or Barr bodies is possible, with 100% accuracy,
based on the observation of 50 cells obtained by a random
procedure from healthy dental pulp. We suggest the analysis of
this method in various situations of forensic importance, such
as time of death, special conditions of burial, temperature, and
calcination to assess any changes in terms of diagnostic value.
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RESUMEN: La cromatina sexual o de Barr es una condensación de cromatina presente a nivel del núcleo de las células de individuos de
sexo femenino. Su observación es posible en diversos tipos celulares y es utilizado para el diagnóstico rápido del sexo biológico. La observación de
esta condensación en células del tejido pulpar puede ser útil en el diagnóstico forense del sexo, principalmente debido a la protección que los tejidos
duros dentarios le otorgan, sin embargo su valor diagnóstico no ha sido analizado. El propósito de este estudio es analizar el valor diagnóstico de la
observación de la cromatina sexual en células del tejido pulpar. Se utilizaron 40 premolares y terceros molares maxilares, 20 de hombres con una
media de edad de 20,6 años (DS 8,8) y 20 de mujeres con una edad media de 20,4 años (DS 7,4). La pulpa fue obtenida a partir de piezas extraídas,
se realizó la extirpación pulpar y el tejido fue procesado para H-E. Se seleccionaron aleatoriamente 4 placas histológicas, las cuales fueron observadas de manera sistemática utilizando un microscopia Olimpus CX21 con aumento 100X, localizándose 50 células por placa. La presencia de 1
célula con cromatina sexual visible se consideró positivo para sexo femenino. Con estos resultados se evaluó el rendimiento diagnóstico de la
prueba. El rendimiento de la prueba fue del 100%, de las 50 células observadas por placa, la media de células cromatina sexual positiva fue de 20,4
(DS 0,44) en muestras de sexo femenino. No se observó ninguna célula positiva en preparaciones de sujetos de sexo masculino. La prueba diagnóstica
observación de la cromatina sexual en pulpa dentaria es una prueba confiable para la determinación del sexo. Este estudio establece un gold estándar
para la evaluación del rendimiento en los que las piezas dentarias han sufrido de condiciones físicas extremas como incineración, inmersión, etc.
PALABRAS CLAVE: Cromatina sexual; Cromatina de Barr; Determinación del sexo; Odontología forense.
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