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One of the most important tasks in forensic anthropology is the construction of the biological profile, classically
defined as a set of four basic biological descriptors: biological sex, age-at-death, ancestry, and stature. Yet, our
empirical and technological abilities in reconstructing the life experiences and health from skeletal remains far
exceed these four parameters and forensic anthropology could benefit from further descriptors in the search for
an identity. In this paper, we propose the inclusion of two other investigations to forensic anthropology practice

to implement the already known biological profile: the interpretation of bone disease and lesions, and forensic
toxicology on unconventional biological matrices. These analyses can provide information regarding health,
habits, and disease burden, and by implementing them in our practice of forensic anthropology, they have the
potential to improve the biological profile. We also propose a new term that can include not only the classical
biological profile but also further descriptors, namely, the “biocultural profile”.

1. The biological profile

Forensic anthropology consists in the application of physical an-
thropology methods to legal contexts, such as in the recovery and
analysis of decomposed/skeletonized remains, in cases of mass disasters
and violations of international law, and in investigations involving the
living (e.g., age estimation on unaccompanied minors). When con-
fronted to skeletal remains, one of the main tasks of the forensic an-
thropologist is the construction of the so-called “biological profile”,
which corresponds to a set of biological characteristics determinable
after death from the remains of the body but describing the individual
during life, and in particular, at their time of death. In forensic settings,
the aim of the biological profile is to provide as many relevant biological
descriptors as possible to narrow down the list of missing persons in the
search of the identity to whom the skeletal remains belong.

All of the information that can be extrapolated from skeletal remains
is determined by biological (i.e., physiological, pathological, biome-
chanical) processes. Christensen and colleagues, in their manual
“Forensic Anthropology. Current Methods and Practice”, a reference

work in forensic anthropology, refer to the biological profile as a
“summary of estimated biological parameters” [1], but more than a
checklist, the biological profile is a puzzle where each piece provides
one more information regarding the identity of an individual. Indeed,
what is an identity if not a collection of characteristics that allow to
recognize and name one unique individual? Classically, the biological
profile has been defined by the estimations of biological sex, age-at-
death, ancestry, and stature: four descriptors that are genetically
determined (i.e., sex, ancestry, and stature — albeit with environmental
components for stature) or estimated based on stable physiological
growth and skeletal degeneration over time (i.e., age-at-death). How-
ever, progress in the discipline of anthropology, with new theoretical
and technological advancements (e.g., medical imaging, biomolecular
techniques) have allowed to further the analysis of skeletal remains and
provide more information on the life experiences of the individuals
under study which may assist with identification.

In this paper, we explore the potential of further descriptors and, in
particular, the interpretation of bone lesions and diseases, and forensic
toxicology on unconventional biological matrices.
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2. The overlooked potential of bone disease

Non-traumatic bone pathology is rarely (if ever) considered in
forensic skeletal cases, and generally seen as not pertinent to forensic
scenarios. By not considering bone pathology, one risks losing precious
information that may prove determinant to forensic identification.
Given its potential in the discipline, we argue that the study of bone
disease should be more systematically included in forensic
anthropology.

2.1. The potential of bone disease in forensic anthropology

The applicability of bone disease in forensic anthropology is twofold:
1) to implement the biological profile and 2) as a valid identifier for
personal identification.

Health is a determinant part of a person’s life, and even sometimes
their death, indicative of their habits and ways of life. Identifying bone
lesions and disease can provide information related to way of life, po-
tential symptoms, and disabilities. For example, rheumatoid arthritis is
an extremely painful condition that causes joint stiffness and swelling as
well as a set of extra-articular and systemic manifestations [2-4]. Skel-
etal metastases are associated with increased clinical morbidity and life-
threatening complications including severe bone pain, pathologic frac-
tures, impaired mobility, hypercalcemia, spinal cord compression, and
other nerve compression syndromes [5-9]. Osteomyelitis, an infection
of the bone, may induce local pain, swelling, ulcers, limping during
walking if affecting the legs and overall reduced mobility of the limb
affected [10]. Such information will give further descriptors regarding
the individual during life and may therefore help in narrowing down the
search. Similarly, the presence (and recognition) of medical devices (e.
g., prostheses, implants, pacemakers) indicate a surgical intervention for
which personal records may also exist in medical institutions [11].
Moreover, the morphological features of skeletal lesions can inform on
the severity, extent, degree of healing and temporality of the lesion. For
instance, woven bone indicates a recent and rapid periosteal new bone
deposition, lamellar bone implicates a chronic and relatively slow pro-
cess of deposition, and spiculated bone is the result of a very rapid and
aggressive process of bone formation [12,13]. Similarly, smooth mar-
gins in an osteolytic lesion indicate a chronic and relatively slow process
contrasting with the poorly defined margins of the aggressive and rapid
process of other pathologies [12,13]. Consequently, the analysis of bone
lesions, with the correct training, can not only provide clues as to their
etiology and pathogenesis, but also contains useful details regarding the
time of their occurrence as well as their clinical impact and implications.

Furthermore, bone disease can provide valid means for personal
identification. Specifically, morphological features of pathological bone
markers may be compared to antemortem imaging and used as factors of
individualization that, in combination with other personal descriptors,
may result in a positive identification [14,15]. In a recent paper, the
members of the board of the Forensic Anthropology Society of Europe
(FASE) described various anthropological identifiers that can be used as
means of personal identification, particularly in situations with limited
availability of traditional identification methods (i.e., dactyloscopy,
odontology, and molecular genetic analysis), including pathological
changes [16]. In a similar approach as frontal sinuses patterns [17], the
morphological features of bone lesions may be superimposed to ante-
mortem imaging in order to highlight points of correspondence in
morphological characteristics. Importantly, antemortem images must
have been taken close to the time of death to be relevant for forensic
identification, so as to limit the potential of evolution over time of the
aspect of bone lesions. This is essential because pathological bone le-
sions are not always stable over time: they may show signs of healing
and resolve with medical treatments, or they may worsen if left
untreated.
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2.2. No stone left unturned: Concretions and calcifications

Biological concretions are products of disease [10,18-24] that may
be found among skeletal remains in more insidious ways. Their calcified
properties enable them to survive the decomposition processes and be
recovered in forensic (but also archaeological) contexts. Because of their
small size, they may easily move among the remains after decomposition
and lay in the soil, mixed with roots and dirt, be trapped among clothing
or rest in the cranial vault. These calcifications/concretions may cause
clinical manifestations ranging from localized pain to life-threatening
events. Their recognition and identification may be particularly chal-
lenging, especially if they are no longer in situ and/or if the decompo-
sition of the body occurred in an outdoor environment where they may
be easily missed and confused with soil, dirt, and geological stones. In
fact, reports of such findings are exceedingly rare (except for biological
stones in archaeological contexts), and this may be due to the lack of
training on the importance of recovery of this material and its recog-
nition [18,19,23,25-34]. One example is the forensic recovery pre-
sented by Subirana-Domenech et al [35]: the authors describe the
finding of a “calcified cylindrical structure [...] brown, partly fenes-
trated, rough and crumbly” among scattered skeletal remains found in a
wooded area. The calcification was identified as an arteriosclerotic
calcification after radiographic and histopathological examinations. The
careful recovery and identification of this non-skeletal biological ma-
terial can provide further information to the biological profile and may
even be used as factors of individualization when recent antemortem
imaging is available.

2.3. Embodied experiences: Bone disease as a biological adaptation to
social, cultural, and environmental factors

Going even further, the understanding of the pathogenesis and eti-
ology causing skeletal and extra-skeletal lesions can inform on ways of
life. For instance, cribriotic lesions and enamel hypoplasia are skeletal
responses to physiological stressors during growth. Although they may
be related to various etiologies [36-40], they are most commonly in-
dicators of malnutrition or infectious disease during growth, which can
inform on living conditions and early life experiences. In fact, Beatrice
and Soler [41] found that undocumented border crossers at the Mexico/
USA border in South Arizona were 7.91 times more likely to exhibit
porotic hyperostosis and 3.01 times more likely to present enamel hy-
poplasia than American-born individuals. Later, Biehler-Gomez et al
[42] showed that these lesions were statistically more frequent and se-
vere in their sample of deceased migrants from the Mediterranean Sea
than in contemporary Italian individuals, which may be related to the
general poor living conditions and systemic poverty of migrants during
their early life. Beatrice and Soler [41] suggested that cranial stress
markers can be used to distinguish undocumented border crossers (from
Mexico and Central America) from American-born individuals. This is
not limited to migration and may be applied to other social situations: in
certain contexts, poor living conditions and general poverty can
generate biological conditions (e.g., nutritional deprivation and in-
sufficiencies and/or infections) which may embody on skeletal remains
through bone lesions. Therefore, paleopathology can bring forward a
new dimension to the biological profile by interpreting the biological
effects of cultural and social living conditions and providing valuable
information to forensic cases.

2.4. Case study

We propose to describe a specific forensic case to further illustrate
the potential for contribution of bone disease to forensic anthropology
practice [43].

In March 2016, the skeletal remains of a single individual were found
in the woods a few hundred meters away from the university hospital of
Nancy (France). The individual was identified through dental records.
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Interestingly, various pathological lesions were found, in particular on
the cranium, sacrum and thoracic vertebral body resulting in a kyphotic
deformity, typical of “Pott’s disease”. By confrontation with the clinical
and paleopathological literature, these lesions are highly consistent with
a diagnosis of tuberculosis [36,44]. In France, as in most Western Eu-
ropean countries, the infectious disease is uncommon. Although the
diagnosis of tuberculosis may not allow to single out the missing indi-
vidual, this information would have permitted to substantially narrow
down the list if medical records existed. In fact, various computed to-
mography scans and magnetic resonance imaging were performed in
late 2013 for diagnostic and therapeutic purposes, close to the time of
disappearance of the individual. Comparisons and superimposition be-
tween antemortem and postmortem images evidenced several points of
anatomical and pathological correspondence (i.e., anatomical details of
the bones and pathological features of the lesions) which would have
allowed for the personal identification of the individual [43].

3. Digging around one’s past: Toxicological analysis on bones

Forensic toxicology is a branch of toxicology at the service of forensic
sciences. It consists in an analytical investigation aimed at researching
any type of exogenous substance that can be found in an organism. The
analytical investigation should be performed with qualitative confir-
mation and quantitative analyses with the objective of interpreting the
likely role of a xenobiotic in a forensic case [45].

In forensic anthropology, when an unknown individual is recovered,
it becomes essential to reconstruct their biological profile for the pur-
pose of identification, both for the subject themselves and for their
relatives. But can other essential information be “extracted” from a dead
body in addition to biological sex, age-at-death, stature, and population
affinity? We suggested earlier in this paper that bone disease constitutes
a relevant example, and we aim now to propose another: bone
toxicology.

Forensic toxicological analyses are often involved in forensic sci-
ences to perform investigation on conventional matrices as biological
fluids or samples of viscera [45-47]. When conventional matrices are
not available, usually due to extremely decomposed bodies or complete
skeletonized corpses, alternative matrices can be used in forensic toxi-
cology to perform investigations. Unconventional matrices such as
bones, nails, paraffin-embedded blocks tissues, and teeth can be
involved in toxicological analyses [46,48-56] to investigate the intake
of drugs when conventional matrices are no longer available. Even other
non-biological elements such as fabrics remains [57] have shown to be
valid matrices in toxicological investigation to evaluate the acute
administration of drugs, providing a time frame of drug-intake near the
time of death of a subject.

Here, we explore the most difficult forensic toxicology scenario:
when skeletal remains are found without the presence of any other
matrix that can be used in forensic toxicological investigation.

Bone is an unconventional matrix, and little is known in forensic
toxicology about how and how much drugs can remain entrapped inside
it [58]. Since bone is a vascularized matrix, it can be possible to find
substances administered after an acute drug intake. However, the pre-
vailing theory in the literature is that drugs found in the bone matrix
result from an occasional/chronic drug administration. Indeed, Rubin
[58]explained that drugs are incorporated into the bone matrix as part
of primary or secondary mineralization through bone remodeling. Even
if the details regarding incorporation into the bone tissue remains un-
clear, we believe that storage is due to more than one administration of
the substance, rather than a single intake.

In fact, the results obtained in our previous paper [48] support this
hypothesis. In this study, 30 autopsy cases were selected and different
biological samples from each cadaver were collected: one femoral blood
sample, two cranial bone samples and two costal bone samples. From the
results obtained, we noted that some molecules were only detected in
bone samples and not in blood specimen. This suggests that the
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molecules absent in blood were not present at the time of death in the
organism, whereas the presence of those molecules in bone specimens
highlighted the accumulation of xenobiotics into the bone matrix.
Analogously, some molecules were noted only in blood samples and not
in bone specimens, confirming that the single administration of mole-
cules is difficult to be detected in the bone matrix. Other studies ob-
tained similar results: Horak and Jenkins [59] detected citalopram and
olanzapine in blood samples, but the analysis of bone samples revealed
citalopram only. In McGrath and Jenkins’ study [60], most of the drugs
detected were found in higher concentrations in bone than in blood. This
result acts as further evidence of the accumulation of deposits of drugs in
bone.

Therefore, the integration within bone tissue and the detection of
substances after complete skeletonization of a body should refer to oc-
casional or chronic drug administration. Nonetheless, this statement
does not exclude the administration of a substance close to the time of
death due to the high vascularization of the bone matrix, but rather
includes the probability that this substance was also taken during life,
and at least occasionally administered.

The literature shows various examples of substances detected in bone
which may increase the quantity of data that can be obtained from a
skeleton and act as good discriminants for forensic identification.
Indeed, the literature reports the detection of amphetamines, anesthetic
drugs, anticonvulsant drugs, antihistamine drugs, antihypertensive
drugs, stimulants, cannabinoids, antidepressants, antipsychotics, ben-
zodiazepines, and opioids in various bone samples [61]. Interestingly,
some of the substances detected, such as cannabinoids, opioids, stimu-
lants, anticonvulsant drugs, and antidepressant drugs, have been found
to have an effect on bones and thus potentially impact the estimations of
the various parameters of the biological profile [61]. Therefore, the
importance of a toxicological profile from skeletal remains is clear: the
presence or absence of xenobiotics of toxicological interest is essential to
understand and eventually adjust methodologies for the construction of
the biological profile, and/or to gather information related to behavior
and lifestyle which may be used to narrow down the search for an
identity.

In fact, in the hypothesis of a forensic scenario, the finding of
peculiar substances can become a funnel for matching an individual’s
profile to a list of possible missing persons. Moreover, in certain situa-
tions, substances of toxicological interest can also discriminate one
subject from another by matching postmortem and antemortem data,
which is why precise information is essential for a complete profile.

In seven cases of our previous study [48], out of 19 individuals
positive to toxicological analyses, it was not possible to confirm the
antemortem information. It should not be forgotten that the antemortem
information are often declared by the relatives of the deceased, so it is
possible that they are not exact accounts. Indeed, they may not have
known exactly which substances the deceased took during life. Alter-
natively, the deceased could have taken the substances reported in the
antemortem data for a short period of time, not allowing the deposition
of drugs in bones and rendering more difficult the detection of xenobi-
otics. For this reason, a broad spectrum of drugs should be investigated.
Overall, the results of toxicological interest, even those not superim-
posable to antemortem data, provided further information to implement
the biological profiles, thus acting as further descriptors in the search of
their identity. Another source of antemortem data is clinical records
which may provide more precise information which can be compared
with toxicological results. In the remaining 12 cases, the toxicological
findings confirmed what was described in the antemortem data, and
provided further specification: e.g., a general “benzodiazepines admin-
istration”, became “occasional or chronic administration of alprazolam™.
Thus, if we hypothetically think about a missing person, any toxico-
logical finding can prove determinant in narrowing down the list of
missing persons.

Consequently, forensic toxicology is a powerful instrument with a
substantial potential in forensic anthropology as it can provide details
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regarding an individual’s lifestyle and health which may implement the
biological profile (biological sex, age-at-death, stature, and ancestry)
but can also be used for person identification by comparing toxicological
results with antemortem data obtained from the victim’s relatives.

4. Towards a new definition of the biological profile?

Defining the biological profile as a sum of only four basic charac-
teristics (biological sex, age-at-death, stature, and ancestry) has become
reductive in view of the progresses in the study of skeletal remains. An
identity cannot be reduced to these four descriptors and despite their
fundamental value, they may not be enough to help investigators when
narrowing down a list of missing persons, because of the quantity of
people these four basic characteristics may apply to. In addition, the
estimation of ancestry is one of the most challenging and controversial
parameters of the biological profile. Just like sex, a biological charac-
teristic distinct from the socially constructed “gender”, ancestry is often
confused with social race, leading to ethical debates on the scientific
validity of the estimation of this parameter [62].

The aim of the biological profile is to assist with identification by
providing a biological set of descriptors that may narrow down a list of
missing persons for the identification of an unknown decedent. Yet,
further information may be obtained from skeletal remains to fulfill this
purpose. Indeed, the skeleton represents an archive of life experiences of
an individual including living conditions, habits, health, and traumatic
events. These are routinely analyzed and interpreted in an interdisci-
plinary approach in archaeological contexts [63-73], leading to true
“osteobiographies” of the individual. The application of some of these
techniques could change our anthropological practice while maintain-
ing scientific reliability and accuracy necessary to forensic sciences. In
this paper, we demonstrated the substantial potential of two further
descriptors in particular: the interpretation of bone lesions and diseases,
and forensic toxicology on unconventional biological matrices. The in-
clusion of the information that can be obtained from these analyses to
the biological profile (including disease burden, diagnoses of disease,
temporality of lesions, disabilities, drugs use and/or abuse, pharmaco-
logical therapies and, as a consequence, the long-standing habits and
lifestyle of an individual) can implement the data we already present
(sex, age-at-death, ancestry, and stature) and further assist for the search
of an identity, if not provide usable factors of individualization. More-
over, exploring living conditions and life experiences on the skeleton
through the analysis of bone disease and toxicology gives a new
dimension to the study of skeletal remains, furthering anthropological
analysis from the estimation of four basic biological characteristics to a
biocultural profile, which integrates the effects of cultural and social
influences on an individual’s biology.

Given that the “biological profile” has been defined for decades as a
set of four parameters, we propose the provocative idea that it may have
become opportune to develop a new terminology that includes further
descriptors. In all logic, the use of a new term that includes not only the
anthropological study of biological sex, age-at-death, stature, and
ancestry, but also the two additional descriptors mentioned above,
seems the path forward in keeping track with the technological and
empirical progress of the discipline. It is important to mention that the
term is not intended to be limited to the addition of these two descriptors
(i.e., the interpretation of bone lesions and diseases, and forensic toxi-
cology on unconventional biological matrices), but also to accommodate
others that bear relevance in forensic anthropology, thanks to contin-
uous technological innovations.

Consequently, the authors propose to update the term “biological
profile” to “biocultural profile” when further descriptors are involved in
the forensic anthropological study: this new term derives from the union
of the constant biological source of information that can be extrapolated
from skeletal remains and the cultural and social aspects the new
methodologies discussed in this paper can provide, relating to biological
impacts of lifestyle and habits. This new term is not intended as a
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precision of an old terminology, but as an occasion to increase the ca-
pacity of the biological profile, which is to assist in the search of an
identity and ultimately give back the identity to a skeleton, help alle-
viate the terrible weight of the “ambiguous loss”, and safeguard human
rights.
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