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Chapter 14

Pathology as a Factor of Personal
Identity in Forensic Anthropology
Eugénia Cunha

Summary
In many forensic anthropology cases, the biological profile is not sufficient to achieve

positive identification. In those cases, bone pathology is a paramount criterion. Besides
being crucial for identification, it can also give insights into cause and manner of death.

This chapter aims to prove the potential of pathology as an identification factor. It is
illustrated with practical cases and some procedures to maximize the results are sug-
gested. Furthermore, examples of some diseases that may leave marks on bone are
given, with some of their key features provided, and emphasis on the importance of
interdisciplinarity for their interpretation.

Key Words: Pathology; bone lesions; antemortem; identification; biological pro-
file; diseases; differential diagnosis.

1. INTRODUCTION

In forensic anthropology (FA), parameters such as sex, age at death, and
stature, which allow biological identity, are often attained. However, for posi-
tive identification, such an identity is not enough because the same biological
profile can be shared by various individuals.

Thus, one has to rely on unique skeletal features, ones that distinguish
one person from another. Bone lesions can work as such. In this chapter, the
usefulness of bone pathology for the success of an FA case is advocated.
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Furthermore, it is argued that observations on pathology and other abnormal
conditions not only can assist identification, but also give insights into cause
and manner of death. It is important to keep in mind that even though the
customary role of forensic anthropologists is identification of decomposed
human remains, they are frequently called on to provide evidence about cir-
cumstances that surrounded a particular death (1).

The aims of the chapter are to prove the potential of pathology as an
identification factor, to illustrate it with practical cases, and to present some
procedures to maximize the results. Furthermore, examples of some diseases
that may leave marks on bone are given. Although the purpose is not to give
the features of those disorders apparent on bone, in order to illustrate their
potential and their usefulness, some of the key features are given. Dental dis-
eases will not be approached because the author argues that they should be
discussed in preference by a forensic odontologist. Yet, in many instances, no
dental records are available, and thus, pathology can be the only way to obtain
identity.

In some situations, the remains of the individuals recovered from some
graves (war crimes) share an identical biological profile. Komar (2) illus-
trates this situation by reporting a case where all the skeletons from a mass
grave are adult males of a single ethnic affinity, sharing similar causes of
death and postmortem intervals. Even in a routine case of FA, it is possible to
achieve the four big parameters of identification—sex, age, ancestry, and stat-
ure—and yet, positive identification cannot necessarily be retrieved. This can
happen when all the persons from the missing list share the same profile or
when, in opposition, there is no individual in the missing list with the biologi-
cal profile retrieved at the autopsy. In those cases, the anthropologist has to
strive to go beyond those parameters.

Indeed, in addition to generating osteobiographies, anthropologists have
to reach individualization by focusing on identifying unique features such as
antemortem fractures or other skeletal pathologies, evidence of surgical inter-
ventions, and dental anomalies (2). Even in the extreme case where two skel-
etons, A and B, are from the same sex, age, height, and ancestry, because
there are no two skeletons alike, it is possible to find out the characteristics
that will work as personal indicators of identity. These may include previous
disease, earlier fractures, congenital abnormalities, handedness, gait, or sport-
ing injuries (3). Both cranial suture patterns and frontal sinuses, through their
uniqueness, can also provide positive identification.

However, the search for some of these factors of individualization is not
straightforward. Therefore, finding the characteristics that differentiate skel-
eton A from skeleton B requires some background/training.
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1.1. Pseudopathologies

When a bone alteration is noted, a triple discrimination has to be per-
formed. First, it is important to distinguish between ante- and postmortem
alterations; it is well known that taphonomic factors cannot only mimic cer-
tain bone characteristics, but also produce alterations that are easily confounded
with pathologies. Therefore, in a first procedure, these so-called pseudo-
pathologies have to be discarded. Animal bites often confound forensic inter-
pretation and/or mimic bone lesions or other important identification clues.
Roots can also produce effects on the bone surface that are easily misinter-
preted as bones lesions. Further, regular circular small holes in long bones
diaphyses can be the result of microfauna action (4). The author dealt with a
case where the symmetric destruction of the proximal epiphysis of both tibias
appeared to have been produced by perimortem trauma; however, it was likely
because of knee position in the inhumation. The distinction between
perimortem and postmortem can be even more complex. Subscribing to Sauer
(5), labeling injuries antemortem or postmortem can also be informative regard-
ing the death event, like a homicide. This is discussed here under Heading 11.

In addition, postmortem alterations can also give clues on postmortem
interval (time since death), one of the parameters needed by law enforcement
agents in their investigations of death (6). That is the case with root lengths (7),
which can indicate the minimum time of deposition of the remains, eventually
suggesting whether it is a forensic case or remains from a past population.
Another important aspect, still in the context of postmortem actions, is the detec-
tion of cuts on the bone in relation to dismemberment or mutilation (8).

1.2. Antemortem Alterations

Once taphonomic modifications are discarded, one is faced solely with
antemortem alterations within which one has to perform another distinction,
namely the one between morphological and pathological modifications. There
are four main different types of morphological skeletal variations: accessory
ossicles (lambdoid ossicles, bregmatic bone), nonfusion anomalies (no vastus
on the patella), accessory foramina (canalys condylarius intermedium), and
miscellaneous anomalies (foramina mentalia bipartitae). Some of these
nonmetric skeletal variations, also called discrete traits, if not correctly iden-
tified can be confounded with pathologies. This is the case of septal aperture
of the humerus, a hole through the olecranon fossa, or congenital sternal per-
foration (Fig. 1), among others. Nonfusion of bone elements, such as os acro-
mial, can also be misdiagnosed as fractures. Discrete traits can be excellent
factors of individualization, in particular when dealing with very rare ones.



336 Cunha

However, positive identification will be dependent on the existence of ante-
mortem data with which to compare. Like this, the “uniqueness” of these
features is problematic, because there are no published frequencies of these
biological characters in modern populations, the matching of these elements
can lead to positive identification. Furthermore, as some of these traits have a
genetic inheritance, as is the case with the persistence of metopic suture, their
presence on the victim, as well as on some close relatives, can be seen as an
aid in identification (may provide more information on decedents). As they
are atypical skeletal conditions, these morphological variations may be docu-
mented in medical records, thus enhancing their potential for identification.

Given that the frontiers between morphological and pathological varia-
tion are, in a way, wide and fluid, the author argues that the experience or train-
ing of the anthropologists is paramount. Forensic anthropologists must possess
a broad breadth of knowledge of the variety of these deviations because the
subevaluation of discrete traits can lead to false pathological diagnosis.

Having eliminated morphological variation, pathological alterations must
be examined.

2. PATHOLOGY: LIMITS AND POTENTIALS

This science dealing with the study of diseases, which leave traces on
bones, can be very important for achieving positive identification. In this

Fig. 1. Sternal perforation in a male individual, a quite rare, discrete trait.
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respect, the forensic anthropologist, being familiar with the range of normal
variation of human bones and their anomalies, as well as the pathological
manifestation on the skeleton, can give crucial clues.

However, reading pathology from bare bones has its limitations that must
be taken into account. Not only the limits, but also the potential of the patho-
logical interpretation based on the skeletal remains has to be discussed. A
skeleton is always less informative than a fresh cadaver. Furthermore, in most
instances, the skeleton is the ultimate body system to respond to an “aggres-
sion.” This means that there are many diseases that do not leave any sign on
bones, and that those that do leave a signature tend to be the chronic ones. In
other words, in general, and with exception of those pathologies that start in
the bone, time is needed to let the agent, usually a bacteria, reach the bone.
When dealing with bone pathology “the absence of evidence is not evidence
of absence.” This is particularly important when dealing with forensic cases.
In the final case report, it is important to separate observation from inference,
to keep description distinct from speculation (9), and to state clearly whether
bone lesions are detected. In the case of absence, the inference should never
be that the victim did not suffer from any disease.

Another important consequence: if acute diseases do not leave any bony
sign, cause of death will seldom be perceivable solely based on bones. A
further and not less important limitation of the interpretation of diseases from
skeletal remains concerns the uniformity/monotony of bone reaction. In effect,
bone cells when “attacked” will react by means of bone formation (osteo-
blasts) or through bone destruction (osteoclasts, or both phenomena). The lack
of specificity of bone reaction means that the same bone manifestation can be
linked to a variety of etiologies. In other words, because of the almost lack of
pathognomic osseous reactions, differential diagnosis is a mandatory step in
any pathological analysis of skeletal remains. Moreover, it is important to
keep in mind that in some cases the diagnosis may even be impossible.

The limited number of disorders that can be read from the skeleton is
generally divided into a number of broad categories. These categories include
infectious diseases, circulatory disturbances, hematopoietic disorders, meta-
bolic disorders, endocrine disturbances, congenital abnormalities of the skel-
eton, skeletal dysplasias, degenerative diseases, and trauma (10). The
prevalence of some of the disorders included in the just mentioned categories
is obviously very diverse, and this has obvious consequences for their poten-
tial in identification. For example, whereas osteoarthritis lesions are frequently
seen in human remains, a huge metastatic tumor will be an abnormal finding.
Inherently, the rarer the lesion, the higher the probability of achieving a posi-
tive identification. That is, whereas osteoarthritis lesions seldom provide
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identification, an osteosarcoma, theoretically, has a higher potential for attain-
ing identity. Even when dealing with body parts or commingled remains, such
as the cases of mass disasters, the detection of a skeletal lesion or bone pros-
thesis is an outstanding way of identification. It is important to keep in mind,
particularly with badly decomposed bodies, that skeletal characteristics may
provide the only evidence for identity or to help at triage for accurate inven-
tory when dealing with commingling remains (11,12). Among lesions, healed
traumatic ones are possibly one of the most helpful of all antemortem bone
changes as far as positive identification is concerned (13).

The main disease categories are revised here, giving at least one example
of a “forensically” important disorder within each group. Again, the aim is
not to give the key elements for the diagnosis of those diseases, but to discuss
some features of those disorders that might be helpful for forensic purposes.

3. DEGENERATIVE DISEASES

3.1. Osteoarthritis

As already referred to, osteoarthritis (OA) is the most widespread degen-
erative pathology found in skeletal remains; therefore, its presence its not
enough for identification. It is the distribution pattern and the severity of the
lesions that are more helpful. It is significant to differentiate between primary
(idiopathic) OA and secondary OA. Whereas the former is mainly because of
age and biomechanical efforts and can affect several articulations, the second
can be caused by traumatic injuries and involves a sole articulation. A severe
OA lesion in the elbow will more likely be included in the second category,
whereas a symmetric OA on the knees would more likely be a primary OA.
The severity of the lesions has to be accurately recorded because a case with
severe porosity, subcondral bone sclerosis, and eburnation can be more use-
ful for identification than one with only slight OA lesions. The lesions on the
spine, namely the osteophytes, can work as identity factors because osteophytes
are never identical. Their form, contour, and extension, when compared with
antemortem X-rays, can provide identification (14,15). Furthermore, OA
deformities can give insight on asymmetry or overuse of some part of the
skeleton, which can be another important element in identification. A severe
OA on the hip, for example, will probably have important effects on gait.

3.2. Enthesopathies

Lesions on the enthesis can give information on the amount of physical
effort, thus, on the type of activity, which, in turn, can eventually give an
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insight on the occupation of an individual. The lesions on muscle and tendon
insertion sites are recognized as markers of occupational stress (16). This
category can include bone facets, hypertrophies, and lytic lesions.

Again, the interpretation is not straightforward: an enthesopathy does not
always indicate muscle overuse. There are some disorders such as diffuse idio-
pathic skeletal hyperostosis (DISH) and some spondyloarthropathies that lead
to the development of symmetrical enthesopathies. In DISH, for instance, sym-
metric enthesopathies on calcanea (as those shown on Fig. 2), rotulas, and upper
ulnas are characteristic features. Thus, one has to discard such disorders, like
DISH and spondyloarthropathies, before making any inference about muscle
overuse. Only after that, a lesion on the Achilles tendon insertion possibly indi-
cates that the individual might have been an athlete. An asymmetry in muscle
attachments on upper limb bones can indicate handedness.

4. CONGENITAL DISORDERS

Congenital abnormalities are a consequence of pathological alterations
suffered during intrauterine life, some of which are inherited and have genetic
disturbances as the main etiology. A considerable percentage of these anoma-
lies affect the skeleton (17). Congenital defects on the skull and on the spine,
hyperplasias of the members, and congenital dislocation of the hip are some
examples. Cleft palate and craniosynostosis (premature fusion of sutures of

Fig. 2. Symmetric severe enthesopathies on the insertion of Achilles tendon,
most probably caused by diffuse idiopathic skeletal hyperostosis.
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the skull) are examples of cranial or craniofacial lesions that can be detected.
Klippel-Feil syndrome with congenital fusion of two or more vertebral seg-
ments, namely cervical ones, into a block with a single spinous process, neural
arch, and vertebral body (17) illustrates the usefulness of this type of malfor-
mation in the spine for the success of an FA case. Congenital dislocation of the
hip is an example of a disorder that affects the postcranial skeleton, whose
features and consequences on gait have a great potential for identity. The author
dealt with a case where a skeleton of a young female displayed all the features
compatible with that disorder (Fig. 3). However, any of the missing persons
had reference to that defect or to gait problems and thus, the case remains open
(18). In another forensic case of a quite complete male skeleton with several
malformations on the spine, namely two vertebral blocks (Fig. 4) plus unilat-
eral costal fusion (the first two ribs), associated with a scoliosis and bone asym-
metry, led to the identification of the victim (19).

5. METABOLIC DISTURBANCES

In this group, scurvy and rickets are well known for their typical marks
on the skeleton. However, for FA purposes, in industrialized countries, these
disorders are rare because of adequate nutrition. This means that if these dis-
eases, because of vitamins C and D deficiencies, respectively, are found on

Fig. 3. Right femur of a young female displaying characteristics compatible
with congenital dislocation of the hip.
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the skeletal remains, one has to suspect that one might be dealing with remains
from a past population. However, in countries with problems of malnutrition,
such as some African ones, these diseases do occur. In opposition, other meta-
bolic diseases are much more frequent; therefore, they have little value for
identification. That is the case with osteoporosis. Yet, its presence can inform
us that we are dealing with an older individual or, if associated with other
disorders such as spondyloarthropathy, could mean that the individual was
immobile most of the time.

Intoxications, namely by fluoride, can also leave marks on the skeletal
remains that can be valuable elements for both identification and evaluation
of the general health status. In fluorosis, the skeletal axis can be severely
affected with multiple loci of irregular new bone formation (17).

Iron deficiency can provoke a well-known bone reaction on the skull
bones known as cribra orbitalia, pitting of the roof of the orbit and porotic
hyperostosis. Enlargement of the diploe because of bone marrow hyperplasia
can be caused by anemia, which results in a pit appearance of the bone.

Fig. 4. Thoracic vertebral ankylosis with scoliosis. This was one of the fea-
tures that led to the victim’s identification.
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6. NEOPLASIAS

Bone neoplasias can work as important individualization factors. Among
neoplasms, we have to distinguish between benign and malignant tumors.
The former, the osteomas, are better delimitated and can have a capsule. Bone
osteomas, in the form of a button, are more frequent in males during the fourth
and fifth decade (Fig. 5). Their detection when compared with antemortem
records can help with identification.

Malignant lesions are much more invasive and have a very irregular
form. Femur osteosarcoma, because of its low prevalence, can help in posi-
tive identification.

Many malignant osseous lesions are metastasis. The vertebrae, the pel-
vis, the ribs, and the skull are some of the more affected bones. Prostate car-
cinoma usually produces osteoblastic lesions or spiculae formation. Lung and
breast cancers provoke both osteolytic and osteoblastic lesions, which can
lead to the formation of mixed lesions. The bones of the axial skeleton that
are closer to the affected organs have more lesions.

Again, the age and sex of the victim are important features for the diag-
nosis of the type of tumors.

In Fig. 6, an exuberant lesion on a left scapula corresponding to a benign
tumor can be seen. It concerns a 1992 forensic anthropology case where four

Fig. 5. Large osteoma in a middle-aged male skull.
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human bones were found in a towel. Despite its potential for identification,
identity was not found because no missing person reported such a lesion (20).

7. RHEUMATIC DISEASES

The seronegative spondyloarthropathies is a group of arthropathies charac-
terized by inflammatory involvement of the spine and enthesis of peripheral joints
that leave typical features on the skeleton. Of these, ankylosing spondylitis (AS)
is the best known. The paramount features of AS are prominent sacroiliac abnor-
malities and spinal ligamentous calcification and ossification in a uniform pattern
(bamboo spine; see Fig. 7 and refs. 21 and 22). Sacroiliitis is the hallmark of AS,
occurring early in the course of disease, therefore allowing the diagnosis of early
cases at the autopsy table. Alava and collaborators (23) report a forensic case
where this disease led to identification. It concerns a senile male with total fusion
of the vertebral column, pelvis, and the entire thorax, including both clavicles.
AS was suspected and the diagnosis coincided with the data provided by family
members on the pathology of his vertebral column since the age of 30 and his
significant loss of movement in the final years of his life.

Epidemiological data on this and other diseases can be helpful for the
victim identification. The onset of AS generally occurs between the ages of
15 and 35 yr. The prevalence in the general population is approx 0.1%. AS
affects males two to four times more often than females (22).

Fig. 6. Left scapula of a male adult individual displaying an exuberant 
benign tumor.
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Because this disease leads to bony ankylosis, namely of the sacroiliac
joints and of the spine, AS is a good example of a disease for which the con-
sequences on the daily life of the individual should be well described. An
individual with fusion of the spine will not be able to move normally. More-
over, if the immobility occurred for a long period, the individual might have
developed osteoporosis. This could easily be inferred from the bone analysis.

8. DIFFUSE IDIOPATHIC SKELETAL HYPEROSTOSIS

As DISH does not involve either the cartilage or the synovium, it is not
a true arthropathy. However, because it can lead to ligament ossification, it
can also produce ankylosis of the spine, although without intervertebral dis-

Fig. 7. Bamboo spine typical of ankylosis spondylitis with spinal ligamen-
tous calcification and ossification in a uniform pattern.
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ease (17,21). Flowing ossifications along the anterolateral aspect of at least
four contiguous vertebral bodies, namely thoracolumbar ones, involving mainly
the anterior and right features and the absence of apophyseal fusion are the key
characteristics of this disorder (24). As already referred to, symmetrical and
periphereal enthesopathies involving the posterior heel (see Fig. 2), superior
patella, and oleocranon are extraspinal criteria that are very useful for a more
accurate diagnosis (21,24). DISH is rarely detected before 40 yr of age, and
about two-thirds of the cases are males. Skeletal manifestations of this disorder
had been found in some autopsies of old male skeletons (Fig. 8).

9. INFECTIOUS DISORDERS

Periosteal new bone formation, commonly termed “periostitis,” is a pro-
liferative lesion for which etiology is not specific. Periostitis is one of the
symptoms of several diseases. Furthermore, both trauma and infection (10)
can lead to the formation of new layers of bone. However, in some cases, the
location and severity of the lesions can allow the diagnosis of the cause, as
reported by Pinheiro and collaborators (25), where extensive speculated thick-
ening of the periosteum of both tibia and fibula of an old woman, consistent

Fig. 8. Vertebral body displaying syndesmophytes typical of diffuse idio-
pathic skeletal hyperostosis in an old male skeleton.
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with extensive reactive ossifying periostitis, led to the suspicion of venous
chronic insufficiency (Fig. 9). The woman’s family subsequently confirmed
she suffered from this condition.

Periostitis is one of the nonspecific indicators of skeletal stress that have
been used as signs to human rights abuses had taken place (26).

When, in addition the periosteum, the cortex and marrow are also affected,
there is a more severe lesion known as an osteomyelitis. Although it is primarily
a bone disease, the infectious agent may reach the marrow by other causes (10).

Some specific infections can be detected based on the skeletal analysis. That
is the case of bacterial diseases, such as tuberculosis, brucellosis, lepra, and tre-
ponematosis, which when present, do contribute to positive identification.

The eventual diagnosis of those diseases can give more data on the vic-
tims or, in opposition, the previous knowledge of information about the even-
tual victims can help in the identification. Brucellosis as a disease transmitted
from animal to human (zoonosis) may suggest occupational factors (27). The
most common alteration is in the spine—the lumbar spine in particular—and
in the sacroiliac joint. Lytic cavitations of lumbar vertebra are one of the
earliest signs of the disease.

Fig. 9. Close-up of the extensive speculated thickening of the periosteum of
both tibia and fibula from an old woman who suffered from venous chronic
insufficiency. (See Fig. 6, Chapter 7 to learn more about this case.)
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9.1. Tuberculosis

Another important chronic infection, which can also be transmitted by
animals, is tuberculosis. Mycobacterium mainly affects spongy bone; there-
fore, vertebral bodies and bone epiphysis are the favorite targets. Autopsy
cases report that at least two adjacent vertebra are affected (vertebral bodies)
(10). Bone formation on visceral surfaces of ribs has also been suggested to
be the result of chronic pulmonary disease (28), which again, can provide
elements for identification.

9.2. Treponematosis

Among the treponemal infections, acquired or venereal syphilis is one
of the variants that can leave typical features on the bones. The most common
location of syphilitic lesions is the skull with the characteristic “caries sicca,”
i.e., advanced sclerotic healing. An exceedingly prominent osteosclerotic
response to the infection can also affect the long bones, provoking both thick-
ening and deformity (17,10).

9.3. Smallpox

Smallpox (variola) is one of the very few viral infections that can leave
marks on the bones. Indeed, virus-induced bone infection is extremely rare
(17). Skeletal involvement is not seen in adults, being the lesions restricted to
the limb bones. Articular infection in the elbow with coexistence of other
osseous changes can happen. Whereas the detection of disease will be quite
improbable in industrialized countries, in third-world countries it can occur.

10. CIRCULATORY DISEASES

Some conditions may produce osteochondrosis of the epiphysis. Legg-
Calvé-Perthes disease has been chosen to illustrate the usefulness of some
circulatory diseases in forensic contexts.

It is an uncommon disease, occurring unilaterally in 90% of the cases,
that is, much more frequent in boys than in girls and more frequent in Asian
and Central European groups (10). The proximal epiphysis becomes exten-
sively necrotic, after which the head of the femur flattens and the femoral
neck becomes thicker. At the end, there is a mushroom-shaped femoral head.
Although this is a typical characteristic, confusion can arise with other dis-
eases, such as with slipped femoral capital epiphysis, among others. Again, it
will be the epidemiological data (the second disorder occurs between the ages
of 10 and 17 yr in boys), and some small details in bone manifestation that
may be crucial for the differentiation.
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11. TRAUMATIC LESIONS

Even if it is more likely that cases with skeletonized remains will pro-
vide clues to manner of death rather than cause of death, associating a skel-
etal injury with the time of death is one of the most crucial considerations in
a forensic evaluation of trauma (5). If it is true that many of violent deaths do
not leave any trace on the skeleton, it is also true that a significant number of
them do leave important key marks on the bones.

When there is no evidence for osteogenic reaction, the pattern of injury
is crucial. The differences between a green-bone response and a dry-bone
response have to be taken into account. More oblique fractures with cutting
edges and smooth surfaces will be more compatible with green-bone frac-
tures, whereas more transverse fractures with irregular surfaces will be more
indicative of a dry-bone response (29). During the detailed analysis, it is
important to pay attention to clues, such as discoloration at the edges of frac-
tured lines, bleeding signs at the fracture edges, and ecchymosis on the skull.
Despite these clues, there are cases where it is virtually impossible to distin-
guish between perimortem or postmortem fractures.

Gunshots wounds, blunt trauma, and sharp forces are known to produce
typical features on the bones that allow the differentiation among these three
types of traumas that could be associated with the death. Furthermore, trauma
caused by weapons and firearms is seen as skeletal evidence of physical abuse
(26). These issues will be approached in this book in Chapter 5.

On both cranial and postcranial skeleton, healed lesions, namely osseous
callus formation, and marks of surgical interventions are among the most
helpful factors of individualization. Various types of prostheses and other
devices, such as implants, can be found with the human remains. The value
of these devices is that they can be traced back to their manufacturer (13,30)
and are often issued with a unique serial or production lot number. It is
worthwhile to remind here the importance of following a series of proce-
dures when leading with an FA case. Ubelaker (31) reports a case where a
long bone diaphysis with both epiphyses destroyed by carnivores displayed
an extensively remodeled fracture that had been bridged with a surgically
implanted metal brace. Attempts to identify the surgeon and the hospital
where the surgery had taken place failed because one of the initial questions
to be addressed, whether it is a human bone or not, was not previously
assessed: “The orthopaedic surgeon had not been located because the sur-
gery had been conducted by a veterinarian” ([31] p. 234). Yet, although
medical treatment can provide key details for identification, the author was
able to find old forensic cases, namely a case from 1965, where an implant
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applied on the left tibia of a middle-aged male (Fig. 10) was useless for
identification purposes (32).

In addition, evidence for remodeling associated with a skeletal lesion
indicates that the injury occurred at least a week before death (5). Even for
fractures, a differential diagnosis has to be performed because they can either
be pathological or be caused by trauma. Osteoporosis, cancer, and tuberculo-
sis are some of disorders that can lead to vertebral fractures.

Still in the context of traumatic events, myositis ossificans traumatica can be
valuable for identification purposes because of the irregular calcified bone masses
produced, representing most of the time calcified crushed muscles. DiMaio and
collaborators (33) report a case of heterotopic ossification in the musculature of
the pelvis and femora in unidentified skeletal remains, which provided clues as to
how the victim lived and events in his life and, ultimately, led to his identification.

Many of the previously mentioned disorders can offer insight into the
general status of health of an individual. It is important to note that assess-
ment of health from skeletal remains is significant in a number of forensic
matters, and it may also give a clue on the socioeconomic status (3). In addi-
tion, pathological lesions, as it is been argued previously, may help in eluci-
dating the geographic origin, sex, age, and even occupation of the victim (26).
On the other hand, when severe lesions affect the skeletal areas that allow
age-at-death estimation, we should avoid using those areas as age indicators.

Fig.10. Despite the great potential of this device on the left tibia of a middle-
aged male, this feature was useless for identification (1965 case).



350 Cunha

A good example of this is ankylosis spondylitis: when the sacroiliac joint is
severely damaged by lesions, auricular surface and pubic symphysis should
not be used to infer age (34).

12. PROCEDURES

In order to maximize the quality and quantity of the results, the author
argues that a series of steps should be followed in any pathological analysis
of the skeletal remains.

To answer the well-known series of questions to be addressed in any
anthropological case (35), such as whether the sample is human, the assess-
ment of the biological profile should always be followed in the same sequence.
Otherwise, as previously illustrated with the case of the animal bone, errors
can be committed.

Paleopathological diagnosis should always start at the recovery scene.
Because of this, the forensic anthropologist should be called into a case as
early as possible. In the case of mass graves, only the most careful excavation
will preserve the physical relationship of ligatures or blindfolds to the body
(9). Recovery is always the first step in any anthropological examination (3).
Because of the poor preservation of some skeletal remains, many observa-
tions done in the field are irreproducible. This means that some pathological
diagnosis, if not done in the field, cannot be done anyplace else (Fig. 11).
This also applies to routine cases of forensic anthropology whenever bone
lesions are found. The affected area is particularly fragile and needs particu-
lar care when being handled. Therefore, all the details of the lesions should
be registered before the affected bone piece is removed.

Despite that, in some countries, such as Portugal, in the majority of FA
cases, the expert in FA is not usually called to the recovery scene. In a routine
case, the remains normally arrive “inside a body bag” to the autopsy room
like the one shown in Fig. 12. One of the first procedures in the examination,
in the laboratory, should be to submit the whole body to an X-ray. After that
an excavation of the human remains inside the body bag at the autopsy table
should be performed. Bones should be separated as much as possible before
maceration. The pieces of bone with lesions should be handled and treated
with particular care while being cleaned. Brushes should not come into direct
contact with the affected area, and water should be avoided. For instance, a
thin layer of reactive bone will easily be lost if it comes in contact with water.

A detailed description of the completeness of the remains is crucial. In-
completeness of the skeletal remains precludes, in many instances, the posi-
tive diagnosis.
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Fig.11. Detection of a skull with holes compatible with gunshot wounds
during a mass grave excavation in East Timor (2003).

Fig. 12. Human remains at the autopsy table, immediately after the aperture
of the body bag.
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Whenever possible, that is, when the completeness of the skeletal remains
allow it, the biological profile of an individual should be known before start-
ing the paleopathological interpretation. Being an adult or nonadult, for
instance, does matter for the interpretation of lesions because bone remodel-
ing is different in a child than in an older person.

12.1. Lesions Description

It is emphasized that a good and objective description of the lesions is
paramount. One has to provide a concrete description of the bone alterations
in order to allow the diagnosis of pathology by someone else who may read
the report later on. Descriptive rigor is essential in case studies of skeletal
pathology (36). It is important to keep in mind that a lesion is not a pathology.
A lesion is an answer to a disease or an aggression, whereas pathology is the
study of disease (35).

When all the bone elements are disposed of at the autopsy table, lesions
should be recorded following Ortner (10) recommendations. That is, the dis-
tribution of lesions within the skeleton has to be recorded followed by the
location of abnormal bone in the skeleton. The exact location on the bone,
such as whether it is “proximal” or “distal,” needs to be provided. The inspec-
tion of each bone of the skeleton should be done slowly and closely while
holding each bone in different positions and with good light (37).

The type of bone abnormality has to be described as specifically as pos-
sible, making clear whether it is a lytic, proliferative, or deformative type.
Regarding lytic lesions, one has to check whether there are perforations, where
they are located, and how many there are. Registering whether there are
Schmorl’s nodes on the superior and inferior surfaces of the vertebral bodies
is also important. With proliferative lesions, it is necessary to pay attention to
spurs on bone, osteophytes, syndesmophytes, and others. Furthermore, one
has to verify the existence of calluses on the bones, which indicate a healing
or healed antemortem break. The previously mentioned button osteomas also
have to be checked.

Abnormal bone shape is included in “deformative lesions.”
Size and shape are two other important parameters to be noted. In many

instances, it is important to measure the holes both externally and internally.
In addition, the margins are adjacent to abnormal bone destruction and cannot
be forgotten. Do they have sharp edges or are the margins smooth? It is also
significant to record whether the lesions are healed because this could be infor-
mative regarding whether the disease was active or not at the time of death.

Pictures of relevant aspects should always be taken. Given that a radio-
graphic image is one of the most important tools for analyzing paleopatho-
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logical skeletons, whenever needed, X-rays analysis should be requested.
Histological analysis can also be considered.

Also important in this phase is to note whether the lesions show signs of
ever having been treated. Ubelaker (38) points out that the finding of a very
severe case of osteomyelitis might belong to an ancient society without any
knowledge of medical care, precluding it as a forensic case. In other words,
pathology can also help in the chronological contextualization of remains.

Remember, one has to be as objective as possible in order to allow an
independent diagnostic opinion based on one’s descriptions.

12.2. Lesion Interpretation/Differential Diagnosis

This is a quite different phase, which inclusively can be performed later
on, and not necessarily at the autopsy table. Further, it is essential that any
description of the skeletal defects be clearly separated from any interpreta-
tion of their meaning or significance (39).

Differential diagnosis is mandatory. It is important to bear in mind that
the same pathology can have different expressions, depending on its develop-
mental stage. Early stages can be different from more advanced ones. Pay
attention to the possibility of the coexistence of different types of diseases, as
is the case with some rheumatic ones. Some lesions, such as the ones pro-
voked by osteoarthritis, can mimic the signs of other disorders. Furthermore,
to exclude a certain pathology as the cause of the lesions under analysis, there
has to be incompatibility among the lesions and the disorder, otherwise, that
disease cannot be excluded. This means that if one is not sure about the diag-
nosis, a judgment should not be advanced as certain. This could lead to
misidentification of the victim.

For the differential diagnosis of some pathologies, one has to rely on
details such as the differentiation between spinal osteophytes accompanying
spondylosis deformans and other bony outgrowths of the vertebral column.
This is the case of the outgrowths of ankylosing spondilitis, which are typi-
cally thin and vertically oriented (whereas osteophytes are horizontal) and
are termed syndesmophytes (21,22). This requires training and experience.

When dealing with the interpretation of lesions besides the diagnosis of
the disease underneath the observed lesions, there needs to be description of
lesions’ effect on the individual, in that individual’s mobility, locomotion,
and way of life. The forensic anthropologist has to try to describe the condi-
tion as it would probably be observed in a living person (39). The conversion
of the alterations detected on bare bone to disorders of the living is, some-
times, a complex task, which should ideally be performed simultaneously by
the forensic anthropologist and forensic pathologist. Interdisciplinarity in this
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task is necessary; both the forensic anthropologist and the forensic patholo-
gist have to read the skeleton in its entirety, checking for lesions over the
entire skeleton.

The incorporation of medical interpretation in forensic reports is impor-
tant, but the training of physical anthropologists, with hundreds of pathologi-
cal cases from past populations, is not any less essential. The crossing over of
the knowledge of these two specialists is therefore very beneficial. As already
mentioned, differential diagnosis is particularly difficult because the exclu-
sion of certain pathology as the most probable etiology of the observed lesions
can only be made when the lesions’ pattern is clearly incompatible with that
disease. In practice, the incompleteness of the skeleton, taphonomic alter-
ations, and bone fragmentation preclude many diagnoses. For example, rheu-
matoid arthritis: for an accurate diagnosis, bones of both hands* have to be
preserved, which is indeed a very infrequent occurrence. On the other hand,
skeletal remains from mass graves and mass disasters are very often severely
damaged, which means that the diagnosis will not be reached. However, for
these latter cases, the second important point of lesion interpretation can be
achieved, that is, the translation of the lesions effect on the individual’s life.
Key elements are evidence of medical treatment, such as medical prostheses.
Healed traumatic lesions, even if observed in an isolated bone, can be quite
important. Gait of an individual with a large, healed traumatic injury on the
leg can be an important element for identity. In this respect, the experts should
be as exhaustive as possible. One has to keep in mind that the victim’s rela-
tives sometimes have difficulties in accepting that the skeletal remains under
question belong to their relative. In such instances, any particular individual
characteristic, such as pathology, can become crucial (39).

The significance of medical interpretation in forensic reports is thus para-
mount. One has to avoid technical terms when dealing with the victim’s family.
Saying, for instance, that the victim suffered from an enthesopathy on the
Achilles tendon may not mean anything to the relatives. However, arguing
that the victim might have overused his feet while performing some continu-
ous/repetitive physical effort might indeed shed some light on the victim’s
identification. Yet, many of the persons who are found in decomposed condi-
tion in routine cases have a lifestyle that offers little evidence of past medical
treatment and diagnosis. It is also possible that many of them lack medical
files (39).

* Rheumatoid arthritis typically affects multiple synovial joints (polyarticular) in a
symmetric manner, the joints in the hands and feet being the more affected (22).
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Above all, one has to bear in mind that identification is a comparative pro-
cess. It is a matter of matching up features with known preexisting conditions,
and depends on the availability of a potential match. If there are not any missing
persons or any data about the missing persons, no matter how severe and rare the
pathology is, there is no way to achieve positive identification (Fig. 13). Conse-
quently, it is indeed very important to have standard inquiries (2) about the miss-
ing persons accurately filled by the victim’s relatives. Particular attention should
be given to medical information. As correctly pointed out by Komar (2), “gather-
ing medical information from relatives with little or no medical background re-
sults in understandably nonspecific descriptions of past ailments.”

Pathological conditions are a challenge for the forensic anthropologist.
Each FA case is unique, which means that we always have to adapt the proce-
dures to the case under analysis (26). Moreover, one has to keep in mind that
an autopsy can never be repeated.
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