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Abstract
The importance of reference osteological collections is unquestionable. However, the development of methodologies is more 
reliable the closer the collection is socioeconomically, demographically, and genetically to the population under study. The 
purpose of this study is to characterize and contextualize a new Portuguese reference collection. The collection of identified 
skeletons from the University of Évora comprises 201 adults of both sexes and seven non-adults, deceased between 1870 
and 1993 and born between 1790 and 1969. It consists almost exclusively of individuals who were born and died in inland 
Alentejo, being the only Portuguese collection with this characteristic. The collection was built following all current legal 
and ethical obligations. Due to its characteristics, the collection constitutes a fundamental tool for forensic and bioarchaeo-
logical research in the inland regions of Portugal. In addition to the possibility offered to develop and validate methodologies 
in both sciences, the available complete hospital archives for research make this collection unique for health studies before, 
during, and after the epidemiological transition.

Keywords Forensic anthropology · Biological anthropology · Reference collections · Biographic data · Hospital archives · 
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Introduction

The identified human osteological collections are crucial 
for studying any discipline involving human bone remains, 
namely biological anthropology and forensic anthropology 
[1–3], by allowing the development and accreditation of 
analytic methods for ancient and recent individuals [4–6]. 
The information available for each collection determine its 
importance. Factors such as the number of individuals rep-
resented, the completeness of the skeletons, the age and sex 
distribution, and the quantity and quality of documentation 
available affect the quality of the studies performed [3, 7, 8].

The first known collection of identified skeletons was 
organized in the late eighteenth century by the “father” of 

phrenology, Franz Gall [9, 10]. Many succeeded him, a lit-
tle around the world [8]. In Portugal, several reference col-
lections are composed of identified individuals with known 
origin and causes of death [11]. Additionally to the three 
collections of Coimbra [1, 12, 13] older and more notorious, 
a few more were built in recent years: the National Museum 
of Natural History collection, in Lisbon [14], the collection 
of Mendes Correia [15], and the North Delegation collec-
tion [14] in Porto. More recently, the 21st Century Identified 
Skeletal Collection, also from Coimbra, was created [15, 16] 
(Table 1; Fig. 1).

The present work presents the Collection of Identified 
Skeletons of Évora (CEIE), housed in the Biological Anthro-
pology Laboratory of the Department of Biology of the 
University of Évora in Portugal. The CEIE comprises 201 
adults of both sexes and seven non-adults, deceased between 
1870 and 1993 and born between 1790 and 1969. This paper 
intends to historically and demographically contextualize the 
CEIE, discussing the pertinence of forming a new reference 
collection in Portugal and the particularities that make it 
unique for future studies.

 * Célia Lopes 
 lopesc03@gmail.com

1 Department of Biology, School of Science and Technology, 
University of Évora, Pólo da Mitra, 7002-554 Évora, 
Portugal

2 Research Centre for Anthropology and Health, Department 
of Life Sciences, University of Coimbra, Calçada Martim de 
Freitas, 3000-456 Coimbra, Portugal

http://orcid.org/0000-0002-7408-680X
http://orcid.org/0000-0003-1442-7825
http://crossmark.crossref.org/dialog/?doi=10.1007/s00414-021-02725-6&domain=pdf


 International Journal of Legal Medicine

1 3

Building a new reference collection

Why a new identified collection in Portugal?

The need to acquire material for teaching undergraduate 
courses at the University of Évora was the motto for the 
acquisition of unidentified material existing in the ossuar-
ies of the Remédios Cemetery. The University of Évora has 
three undergraduate courses (biology, human biology, and 
archeology) with biological anthropology in their curricula. 
As this is a subject with a large practical load, it was neces-
sary to collect the material for this purpose.

The student’s interest in the study of the human skeleton 
resulted in an increasing number of researches in biological 
anthropology. Following this interest, the Laboratory of Bio-
logical Anthropology of the University of Évora (LABUE) 
was created in 1997. The LABUE has a crucial practical 
aspect also in the field, being responsible for numerous 
anthropological excavations in Alentejo. LABUE facilities 
store 39 osteological collections from archaeological excava-
tions in the region. Analyzing the data from archaeological 
excavations in Portugal recorded in the national archaeologi-
cal database Endovélico,1 we find that 43.4% (2292/5278) of 
all excavations in cemeteries, and other funerary structures, 
are in Alentejo. Curiously, this region represents only 24.7% 
of the total area of the Portuguese territory [19].2

It is well known that the methodologies applied in the 
study of past populations should be developed on identified 
individuals from samples as similar as possible to the people 
under study, particularly regarding styles and circumstances 
of life. This is important to reduce the biases due to geo-
graphical and temporal distances, which always exist in this 
type of collection [7]. The Portuguese osteological reference 

collections are composed of individuals who lived in urban 
areas in the central and northern coastal regions (Fig. 1). 
Thus, the development of a reference collection in the rural 
and inland south of the territory is not only pertinent but 
highly important. The newly identified collection from Évora 
is the only one whose individuals lived almost exclusively 
in inland Alentejo.

To make this possible, we counted on the help of the 
Évora City Council, with which a cooperation agreement 
was established for the survey of skeletons in the two munic-
ipal cemeteries of the city: Nossa Senhora dos Remédios 
Municipal Cemetery (CMR) and Espinheiro Municipal 
Cemetery (CME).

The CMR was the first “modern” municipal cemetery 
in Évora, inaugurated in 1840 [20], and there are written 
records of all the people buried there since that date. In 
the first phase of building the collection, the individuals 
exhumed were born and deceased mainly in the nineteenth/
early twentieth century. These individuals had a lifestyle 
similar to that of populations from archaeological sites, as 
they lived before the advent of vaccines and antibiotics and 
were mainly from low socio-economic status and poorly 
educated, devoting themselves primarily to subsistence 
farming [21].

The CME is the second and most recent modern cemetery 
in Évora, was open in 1989, and has been, since then, the 
burial place of the people of Évora. To enlarge the collection 
to allow the development and validation of forensic meth-
odologies, this cemetery was chosen to collect skeletons of 
contemporary individuals. In addition to the importance of 
the current forensic study, it is intended to allow comparative 
studies between populations that lived before and after the 
epidemiological transition. The first skeletons from the CME 
were exhumed in 2017. Ever since, we have tried to balance 
the number of individuals from both cemeteries to keep the 
collection balanced and allow comparisons between the two 
cemeteries. In this last phase, the protocol with the Évora 
City Council was renewed to adapt the work to the legal and 

Table 1  Osteological reference collections in Portugal

Collection Number of individuals Location The primary origin of individuals Chronology 
(death dates)

Reference

Coimbra Identified Skeletal Collection 505 Coimbra Coimbra 1904–1936 [1, 2]
Medical School Collection 632 (only skulls) Coimbra Coimbra/Porto/Lisbon 1895–1903 [1, 2]
International Exchanges Collection 1142 (only skulls) Coimbra Coimbra 1904–1937 [2, 13]
21st Century Identified Skeletal Collection 302 Coimbra Santarém 1982–2012 [15, 16]
Identified collection of the National 

Museum of Natural History, Lisbon
1.692 Lisbon Lisbon 1880–1975 [17]

Mendes Correia Collection 99 Porto Porto Before 1912 [18]
North Delegation Collection 95 Porto Porto 1969–2003 [14]

1 http:// www. patri monio cultu ral. gov. pt/ pt/ patri monio/ patri monio- 
imovel/ patri monio- arque ologi co/ endov elico- inven tario/, accessed 
March 8, 2021.
2 Portal do INE, accessed March 21, 2021.

http://www.patrimoniocultural.gov.pt/pt/patrimonio/patrimonio-imovel/patrimonio-arqueologico/endovelico-inventario/
http://www.patrimoniocultural.gov.pt/pt/patrimonio/patrimonio-imovel/patrimonio-arqueologico/endovelico-inventario/
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ethical conditions that have arisen in the meantime, which 
we will talk about next [22].

Some legal and ethical issues

While ethical issues related to working with the human skel-
eton can be intricate, particularly in relatively recent mate-
rial, the human skeleton provides unparalleled information 
about past lives.

The Vermillion Accord on Human Remains, adopted in 
1989, stipulated that all bioarchaeologists’ work must be 
based on respect for the remains, regardless of their ori-
gin, race, religion, customs, or traditions, and respect for 
the individual’s wishes when alive and the community and/
or family [23].

In Portugal, the fate of human bones from cemeteries 
was not the target of specific legislation. Each municipal-
ity’s responsibility is to establish the criteria for disposal 
of unclaimed bone remains [14]. However, the common 
practice in all cemeteries has been cleaning primary and 
secondary graves with subsequent placement of bones in 
ossuaries [14, 24, 25].

The regulation of municipal cemeteries of Évora, in Arti-
cle 30º, establishes that the mandatory inhumation period is 
3 years after the funeral. After this time, the grave must be 
opened, and the individual exhumed if they are in condition 
to be exhumed (skeletonized). After the maximum time of 
burial and before exhumation, the city officials will notify 
those concerned (usually the family) by letter, promoting 
the publication of notices in two of the local newspapers 
and posting it in the cemetery. If 30 days after these notices 
the interested parties do not pronounce, the bones will be 
considered abandoned, being deposited in a place reserved 
by the Municipality of Évora [26].

In 2015, a statement of the National Commission of Eth-
ics for Life Sciences (CNECV) remitted to the municipal 
regulations the responsibility of cession, or not, of bones 
for scientific research, highlighting the need to take care of 
the ethical principles to which scientific research is subject 
to the material of human origin. This document is further 
recommended to hear the Medico-Legal Council of the 
National Institute of Legal Medicine and Forensic Sciences 
(INMLCF) establish these principles [27].

Considering these recommendations, and after consulting 
the INMLCF, a new protocol was developed between the 
University and the Municipality of Évora, which resulted 
in a revision to the regulations of the cemeteries and the 
possibility of removal of the skeletons for teaching and sci-
entific research [22]. This new protocol already includes the 
verification of several assumptions, according to the legal 
framework at the time: (1) consultation with the National 
Register of Non-Donors. In Portugal, people can decide, 
in their lifetime, to enroll in the national registry of non-
donors, thus making it impossible to use any organ (bones 
included) for any purpose after death [28]. The consultation 
with the National Register of Non-Donors allows exclud-
ing all the people who expressed this interest from the col-
lection. (2) Next is verification, with the Institute of Legal 
Medicine, if the corpses were autopsied. According to Arti-
cle 17 of Decree-Law 411/98 [29], if one individual has 
been autopsied for legal reasons, the municipality will only 
assign the skeletons after judicial authorization. (3) Finally, 

Fig. 1  Map of continental Portugal with the origin of the individuals 
from the identified Portuguese osteological collections. The region 
outlined in bold represents inland Alentejo
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and according to Article 6 of Decree-Law 411/98 [29], the 
transportation of the skeletons from cemeteries to the Labo-
ratory of Biological Anthropology will have to be done in 
cars suitable for the transport of corpses. The skeletons will 
be kept by the laboratory and returned or made available to 
the municipality if necessary or required.

It was also requested an opinion from the Ethics Commit-
tee of the University of Évora, which was presented to the 
municipality. The university undertook to maintain the total 
anonymization of individuals, never yielding identification 
to third parties unless proven to be essential for the research 
and, in this case, under the commitment of honor of the 
researcher for the non-disclosure of the data. Similarly, it 
is guaranteed that the family of the deceased will never be 
contacted for any reason.

Research potential

During the twentieth century, there were significant changes 
and developments in the health of populations. Extrinsic 
mortality, caused by environmental factors, such as infec-
tions, famines, or traumas, has decreased dramatically with 
the advances in sanitation and medicine [30]. The decrease 
in extrinsic mortality was accompanied by an increase in 
age at death and, consequently, an increment in intrinsic 
mortality, primarily from cancer, cardiovascular diseases, 
metabolic disorders, and neurodegenerative diseases [30, 
31]. This crucial step in the history of humanity began in 
the late eighteenth century, but it was only in the twentieth 
century that it became firmly established, becoming known 
as epidemiological and sanitary transitions [32, 33].

In Portugal, the late nineteenth and early twentieth cen-
turies were marked by moments of severe social, political, 
and economic instability generated by successive crises [34]. 
The unsustainable increase in the cost of living, the exces-
sive tax burden, the reduction of wages, and the extension 
of working hours made the living conditions of the Por-
tuguese workers almost unbearable [34, 35]. As a result, 
people’s health suffered, and the population, in general, had 
precarious health [36]. World War I worsened the economic 
situation, particularly the poorest ones, and the country was 
plagued by hunger and misery, making people more suscep-
tible to diseases and epidemics [34]. Only in the late 1940s, 
much as a result of the development of antibiotics, effective 
in combating the most common diseases at the time, but also 
as a result of major health improvements, did the situation in 
the country begin to improve [36, 37]. It is currently consen-
sual that Portugal’s epidemiological and health transitions 
occurred only in 1940–1950 [31, 37].

Both intrinsic and extrinsic diseases can leave visible 
marks on the skeleton, but how the transition occurred and 
how the skeleton reacted to these changes is still unknown. 
Évora’s collection, bringing together individuals who have 

undergone these transformations in life, becomes the ideal 
collection to study epidemiological and health transitions.

Another advantage of this collection is the existence of 
a Central Hospital in Évora, serving the populations of the 
inland Alentejo since 1498 [38]. Through a protocol estab-
lished between the university and the hospital, we have at 
our disposal the records of patients who used these services 
at some stage of their lives.

In archaeological and forensic studies, it is essential to 
understand how the human skeleton reacts to various indi-
vidual episodes that are not necessarily linked to the cause 
of death or professional activity [3]. While it is virtually 
impossible to know the entire life history of each individual, 
research in hospital files will significantly broaden individ-
ual knowledge.

The contemporaneity of the collection, associated with 
this research in the hospital archives, makes this series 
unique for forensic research in Portugal. The knowledge 
provided by the clinical files will allow understanding of 
how the skeleton reacts to contemporary diseases, informa-
tion that will be of greater use for forensic and biological 
anthropology. In addition to this knowledge of the body’s 
reaction to new diseases and treatments, Évora’s collection 
may also be used for developing and testing methodologies 
associated with individual biological profiling, to be used 
both in forensic anthropology and bioarchaeology.

Collection characterization

After all legal procedures by the CME, the bones consid-
ered legally abandoned were then exterminated. For safety 
reasons, the exhumation was carried out by the technicians 
of the cemetery and not by anthropologists; for this reason, 
many skeletons are incomplete, particularly at the level of 
the extremities of the limbs: hands and feet. The individuals 
were taken to the Anthropology Laboratory of the Univer-
sity of Évora, where they were cleaned. The skeletons from 
the Espinheiro Cemetery had to be cleaned with a little bit 
of water since the characteristics of the terrain (very moist 
and with much mud) made it impossible to clean dry. The 
skeletons from the Remédios Cemetery were dry cleaned. 
After cleaning, all bones were marked with the acronym 
CEIE (Évora’s Identified Skeleton Collection), followed by 
the registration number. After this, the material was pre-
pared for storage; each bone, or group of bones, was placed 
in a plastic bag. Fragile bones or bones with pathologies 
were involved in “bubble wrap,” following the recommenda-
tions proposed by Janaway et al. [39]. The skeleton was then 
stored in individual plastic boxes, properly labeled with the 
skeleton number, sex, and age. Some personal belongings, 
in most cases, buttons and prostheses, were packed next to 
the skeleton.
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The skeleton collection of the University of Évora is, 
to date, made up of 208 skeletons, 105 females and 103 
males. The age distribution is represented in the graph of 
Fig. 2 and has an average age at death of 66.2 years old 
(s.d. = 19.28 years, n = 192). The age at death for females 
ranges from 10 to 95 years ( X = 63.5, s.d. = 21.1, n = 98) and 
for males from 3 to 93 years ( X = 68.9, s.d. = 16.8, n = 94).

The distribution of years of birth and death is illustrated 
in the graph in Fig. 3. The years of death were obtained from 
the cemetery records. Birth years are known for 88 individu-
als from the hospital records, and the rest were obtained by 
subtracting age from the year of death. The years of birth 
vary between 1790 and 1968, with a peak in 1891–1910, 
during which almost 32% (61/191) of the individuals with 
known age were born. Regarding years of death, they range 

from 1870 to 1993, with a large number of people dying in 
the years 1991–1993 (31%—63/202). This number of peo-
ple who died in more recent years is related to the manage-
ment of the cemetery itself since at the most recent cemetery 
(Espinheiro Cemetery), there are no perpetual graves, and 
all people are obligatorily exhumed after the 3 years of legal 
time after the burial and can then move on to ossuaries paid 
for by the family. At the older Remédios Cemetery, many 
graves have been abandoned for several years, but exhuma-
tion is not possible because it is private property, requiring 
complicated legal procedures on the part of the municipality 
to vacate the graves.

Of the 202 individuals for whom the year of death is 
known, 50 (28 women and 22 men) were born and died 
before 1940, the year usually recognized as the beginning 

Fig. 2  Age-at-dead distribution 
(range 3–95 years old) by sex of 
individuals from the identified 
collection from the University 
of Évora

Fig. 3  Distribution of individu-
als from the collection of identi-
fied skeletons from Évora by 
year of birth and year of death
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of the epidemiological transition in Portugal. In contrast, 
152 (73 women and 79 men) died after 1940, i.e., they had 
access to more recent and effective medical care throughout 
their lives, and a change in the type of diseases that left their 
skeletal remains is to be expected.

Regarding the place of birth, 85% (177/208) were born 
in Continental Portugal, only two were born outside the 
country (both in European countries), and for 29, there is 
no information regarding place of birth. Of those born Portu-
guese, 72.3% (128/177) were born in Évora (68 women and 
60 men), and the remaining were born all over the country, 
except in the Azores or Madeira islands.

The place of residence at death is known for 195 indi-
viduals, and 98.5% (192/195) lived in the district of Évora. 
Only three are registered as having lived in Lisbon during 
their later life, one woman and two men. For two of these 
(a woman who was born in Beja and a man from Lisbon), 
there is no information as to why they were buried in Évora, 
and the third, a foreign man, was imprisoned in the Lisbon 
Prison and may or may not have lived in Évora before his 
imprisonment.

Regarding the cause of death known from the cemetery 
records, there are only data for 46 individuals. All were 
exhumed from the Remédios Cemetery and have a date 
of death before 1956 when the causes of death ceased to 
be recorded in the cemetery books. The causes of death, 
grouped into categories following the International Clas-
sification of Diseases—ICD-10–2019 [40], are schematized 
in Table 2, highlighting diseases of the circulatory system 
(14 deceased), highly represented by ischemic heart diseases 
and cerebrovascular diseases, followed by diseases of the 
nervous system, with eight people affected (Table 2).

The collection continues to grow, and the data is not yet 
fully collected. At the moment, the complete information 
(identification, age at death, date of birth, date of death, 

place of birth, and residence) is available for 88 individu-
als. The same data but without date of birth exists for 104 
individuals. We only know the identification and date of 
death for ten individuals, and in six cases, we still only have 
the identification. The work to be done for these people is to 
obtain the remaining data. The cause of death is identified 
in the cemetery records for only 46 people.

The hospital’s archives have allowed us to identify 97 
people as having come to the hospital at least once in their 
lives; of these, we already have in our possession copies of 
27 complete medical records. The work in the archives had 
been interrupted due to the COVID-19 pandemic; however, 
it will be restarted as soon as possible, and the remaining 
clinical files will be obtained.

Some final considerations

The Évora collection is of great importance in the national 
and international scene due to its unique characteristics. 
Besides being a collection identified with name, age, date 
of birth and death, and often cause of death, it is a recent 
collection that is being updated, since the protocol between 
the City Hall and the University of Évora is maintained, 
obeying all the ethical and legal criteria that are currently 
required. It also has the particularity of chronologically 
crossing the nineteenth–twentieth centuries with individu-
als born between 1790 and 1968 and who died between 1870 
and 1993. It is composed of individuals who lived before and 
after the use of antibiotics and most vaccines, which makes 
it extremely important to study human skeletal reactions to 
disease [7].

Equally important, it is a collection made up of individu-
als who lived and died in rural regions in the country’s south 
inland region, with living conditions utterly different from 

Table 2  Causes of death 
registered in the archives 
of the Remédios Cemetery, 
referring to individuals from the 
Identified Skeleton Collection 
of Évora. The International 
Classification of Diseases, 
10th revision, version for 2019 
(ICD-10–2019) was used to 
categorize diseases

Cause of death classification N Examples in collection

Certain infectious and parasitic diseases 4 Tuberculosis, hepatitis
Neoplasms 1 Uterus cancer
Endocrine, nutritional, and metabolic diseases 4 Diabetes; malnutrition
Mental and behavioral disorders 1 Delirium tremens
Diseases of the nervous system 8 Epilepsy, vascular syndromes of the brain; 

encephalitis, myelitis
Diseases of the circulatory system 14 Ischemic heart diseases; cerebrovascular diseases
Diseases of the respiratory system 4 Pneumonia
Diseases of the digestive system 2 Cirrhosis
Diseases of the genitourinary system 1 Renal failure
Pregnancy, childbirth, and the puerperium 2 Complications of labor and delivery
Symptoms, signs, and abnormal clinical and 

laboratory findings, not elsewhere classified
3 Shock; hemorrhage

External causes of morbidity and mortality 2 Accidents
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the other Portuguese collections. This provenance from a 
region with characteristics so different from the rest of the 
country allows a closer approximation to the individuals 
that make up the many original Portuguese archaeological 
collections from inland Alentejo, allowing the reduction of 
errors caused by geographical biases, always challenging to 
compensate in studies of past populations [5].

Nevertheless, the greatest asset of this collection is the 
access to the archives of the Hospital do Espírito Santo de 
Évora, through which we intend to trace the medical history 
of these individuals, thus allowing us to know not only the 
cause of death but also the diseases they suffered from, and 
lived with, throughout their lives.

The collection has been subject to treatment and study. 
All individuals are already clean. About half are marked and 
have a complete inventory record.

At this time, the following tasks are being carried out: 
(a) expansion of the number of individuals, using individu-
als buried in both cemeteries, following all legal and ethi-
cal rules, which were listed before, and (b) consultation of 
hospital files, death certificates, and death announcements 
in local newspapers.

In the future, it is intended to (a) relate the epidemiologi-
cal and health transition in the populations of the district of 
Évora with the pathological lesions recorded in the skeleton; 
(b) compare the lesions’ distribution and severity with the 
causes of death and with the diseases suffered throughout 
life, as well as with the use of medications and with the age 
of the individuals; (c) compare the lesions’ patterns on the 
skeleton with those recorded in other collections, particu-
larly with the Lisbon collection, contemporary to that of 
Évora but with elements from entirely different sources; to 
understand how this population was affected by interiority, 
namely in access medical care, health, and type of food, 
(d) verify and develop various methodologies applicable to 
biological profiling (sex, age, and height) to establish how 
they have changed since the epidemiological transition; and 
(e) develop a website dedicated to the collection with all the 
information. It is also intended to proceed with the 3D scan-
ning of the most critical cases of the collection and eventu-
ally the printing of the most fragile specimens to allow easier 
access to researchers worldwide.

In conclusion, the main final goal concerning this collec-
tion is to have complete information about the individuals, 
particularly regarding the cause of death and the diseases 
they suffered throughout their lives. In this way, the col-
lection can be made available for forensic, medical, and 
archaeological studies.
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