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The estimation of sex from osteological remains can be achieved using three major types of methods: morphological

assessment (non-metric) of teeth and bone traits that exhibit dimorphic features, morphometric assessment (by

measuring specific quantifiable features of bones and teeth) and biochemical analysis.
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1. Introduction

The estimation of sex from osteological and dental records has long been an interdisciplinary field of dentistry, forensic

medicine and anthropology alike, as it concerns all the above mentioned specialties.

In both forensic and archaeological cases, a reliable method to establish the sex of the deceased is paramount, as it is the

first step towards a more detailed analysis of the human remains and helps in narrowing down the list of individuals and

putting together a demographic pattern.

The estimation of sex from osteological remains can be achieved using three major types of methods: morphological

assessment (non-metric) of teeth and bone traits that exhibit dimorphic features, morphometric assessment (by

measuring specific quantifiable features of bones and teeth) and biochemical analysis, such as DNA analysis  or

Barr bodies analysis  (Figure 1). DNA analysis is by far the most accurate method, but it is also the most expensive and

may not be suited for large numbers of specimens .

Figure 1. Odontological and cranial sex estimation methods (overview).

2. Morphological and Morphometric Methods

The morphological and morphometric assessment methods are both generally accepted techniques based on

scientifically proven grounds, but they have limitations. For instance, morphological assessment (non-metric) is based on

a certain subjective evaluation of the observer and also requires experience. Morphometric assessment (metric), on the

other hand, is a laborious technique and depends on the exact determination of anatomical landmarks. Moreover, the

population-specific variations in the skull make these methods almost impossible to generalize .
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More recently, computer-aided techniques have facilitated the use of morphometric assessments, making them less

subjective and time-consuming. Advances in three-dimensional image analysis have achieved rapid, automatic

measurement of the entire outer surface of the craniofacial hard and soft tissue, as opposed to measurements of only

limited distances and angles of the cranium. The digital analysis of the cranium and digital data storage have had a huge

impact on sex estimation methods. The stored images, whether digital impressions or radiographic images, can be used

time and time again for multiple analyses .

Almost all bones exhibit dimorphic features. Sex discrimination methods have proven successful in many bones, including

the hyoid, ulna, sternal end of the rib, metacarpals and even metatarsals . However, the pelvis shows the highest

degree of dimorphism, followed by the skull , which has an accuracy for gender determination of up to 94% .

The anatomical structures of the skull used for the purpose of sex estimation are numerous: the frontal bone (position of

squamous part, the appearance of the supraciliary arch, the sharpness and shape of the orbit, the frontal sinus—which

remains stable and unchanged until old age and is, according to some studies, a unique structure, comparable to

fingerprints) , the zygomatic bone (presence of marginal tubercle on the frontal process), the temporal bone (size and

shape of the mastoid process, width of the zygomatic processes), the occipital bone (the nucal crest, the clivus), the

mandible (angle between body and mandible ramus—angle of mandible, ramus height, base height), the shape of the

nasal root, muscular insertions on bones, tooth size, face shape etc.  (Figure 2).

Figure 2. Parts of the skull used for sex estimation.

In many circumstances, whether in mass fatalities, explosions, mutilated bodies or poorly preserved archaeological

records, the entire pelvis or skull cannot be retrieved and only fragmented parts of these bones are available for study. In

these cases, the mandible plays a decisive role in sex estimation because it is the largest, strongest and one of the most

dimorphic parts of the skull . Dimorphism in the mandible is reflected in its shape and size; male bones are

generally bigger and more robust than female bones. If only the mandible is available for assessment, gender

determination has an accuracy of around 90% .

The mandible is usually one of the best preserved bones, along with the teeth, which are highly resistant to bacterial

degradation, extreme heat and other types of aggressions and are therefore most likely to be preserved in fossil and

archaeological records. Teeth can be heated to temperatures of 1600 °C without appreciable loss of microstructure 

and, unlike skeletal bones, the human origin of teeth is rarely in doubt . That is why the teeth form a highly valuable

asset in estimating the sex of deceased individuals and are especially important in assessing children, where dimorphic
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aspects of the pelvis and other bones are not yet recognizable. In cases of fire or explosion, the thermal trauma causes

major damage to the anatomical structures, leaving the teeth as the only way to establish the sex of the victims.

3. Biochemical Methods

Biochemical analyses for sex estimation purposes re based on DNA and Barr bodies from the dental pulp or from the hard

tissue of the teeth. The DNA polymerase chain reaction (PCR) is more expensive and takes longer to obtain results,

whereas the Barr bodies analysis is quicker and requires less equipment .

Due to their great tissue resistance, teeth can be considered as a reliable source of DNA, making them valuable in

biochemical analysis methods as well. All structures of the tooth have proven value for extracting DNA material (enamel,

cementum, dentine and pulp). The dental pulp contains fibroblasts, odontoblasts, endothelial cells, peripheral nerves,

undifferentiated mesenchymal cells and nucleated components of blood, found in the coronal and radicular pulp, which

are rich sources of DNA and free from contamination by external factors .

Amelogenin (AMEL) is the enamel-specific matrix formed during the first stages of tooth formation. It has been discovered

that there are two types of AMEL genes, one found on the X chromosome and the other found on the Y chromosome.

Hence, using PCR on the AMEL gene from DNA found in the dental pulp is a useful method to establish the sex of an

individual . PCR analyses that target regions of the amelogenin gene have become the method of choice for sex

estimation of biological samples . However, discrepancies have been noted with AMEL gene-based sex estimation,

mostly due to X and Y deletion in the population and mutations in primer-binding sites. Some populations, such as

Indians, appear to be affected by high frequencies of Y deletion. The presence of PCR inhibitors, degradation of the DNA

samples and the presence of mixed DNA also contribute to inaccurate results obtained by amelogenin analysis and,

therefore, other alternative techniques and markers have been suggested for sex estimation, such as STS, SRY, TSPY,

DXYS156, SNPs, DYZ1 and next generation sequencing (NGS) .

Among the methods used to extract DNA from the dental pulp, the method using phenol chloroform appears to be quite

cost-effective, but it is tedious and requires high precision. Newer extraction methods, such as Chelex 100  (Medox

Biotech, Chennai, India) and QIA cube  (Qiagen, Hilden, Germany), could be substituted for the traditional method .

Recently, another method, termed the loop-mediated amplification method (LAMP reaction), which can give results within

an approximately half an hour time limit, has been recommended as an alternative to conventional PCR techniques.

Another advantage of the LAMP method is that it works under isothermal conditions, which stops further denaturation of

the DNA .

Other biochemical analysis methods include the use of a fluorescent body test. It has been shown that, when

chromosomes are stained with quinacrine mustard, they fluoresce differentially along their length when viewed under

ultraviolet light, and the human Y chromosome fluoresces more brightly than the other chromosomes . The reason for

the bright fluorescence of the Y chromosome is not entirely clear. This technique has been used in forensic science for

sex estimation from dried blood stains, saliva and hair since the 1970s . The fluorescent Y body test has shown to be a

reliable, simple and cost-effective technique for gender determination in the immediate postmortem period of up to one

month after death. Therefore, its limitation is related to the post-mortem interval, making it only relevant for recently

deceased individuals and, hence, impossible to use in archaeological findings .

The estimation of sex in ancient archaeological remains and fossils is also possible through DNA extraction techniques.

The dawn of ancient DNA (aDNA) techniques was in 1983 at Berkeley, California, when Higuchi et al. extracted and

sequenced ancient mitochondrial DNA (mtDNA) from a 150-year-old specimen of the quagga, a zebra-like species .

Then, in 1985, Svante Pääbo successfully investigated 23 Egyptian mummies for DNA content  and, in 1997, aDNA

from Neanderthal specimens from the Feldhofer Cave in Germany was also successfully extracted .

Even today, the retrieval of mtDNA from ancient human specimens is not always successful owing to DNA deterioration

and contamination. Usually, only short DNA fragments can be retrieved from ancient specimens. Degradation and

contamination in long-term preserved specimens still make analysis very difficult. This is due to the technical difficulties

with extraction, amplification and sequencing of ancient mtDNA. In recent years, NGS has mainly been applied to ancient

samples. It seems that this technique is suitable for aDNA research . According to the literature, short tandem repeat

(STR) typing could represent a time-saving and cost-effective solution for sex estimation in archaeological sites .
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