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a  b  s  t  r  a  c  t

Osteomyelitis  was  frequent  in  prehistoric  times,  although  its paleopathological  recognition  and  analysis
in skeletal  remains  is  typically  incomplete.  Contrasting  with  osteomyelitis  in children,  in  adults  it  is
usually a  subacute  or  chronic  infection  that  develops  secondary  to  an  open  injury.  The  aim of  this  paper
is to present  a  case  of osteomyelitis  in  an  adult  female  skeleton,  from  a hunter-gatherer  population  that
inhabited  the  eastern  Pampa–Patagonian  transition  (Argentina)  during  Final  Late  Holocene  (ca.  250  years
eywords:
steomyelitis
dult
unter-gatherer
inal Late Holocene
astern Pampa–Patagonian transition

BP).  Macroscopic  studies  as  well  as  biplanar  radiographs  and  CT  scans  were  used  for  diagnosis.  Lamellar
bone formations  on  the  diaphysis  and  in  the interior  of  the  marrow  cavity  were  recorded.  Also,  a lytic
lesion  was  identified  in CT images.  The  diagnostic  procedures  and  the  probable  causes  that  could  generate
the  lesions  in  the  long  bones  of the  lower  limb  are  discussed.  The  lesions  are  consistent  with  osteomyelitis
secondary  to  a  contiguous  focus  of infection,  possibly  linked  to the  abscess  in  the  maxillary  bone.
rgentina

. Introduction

The study of infectious processes in skeletal remains is one
f the most important sources of information about biocultural
hanges across time and space, in relationship to the environment
Jackson, 2000; Mitchell, 2003; Ortner, 2008; Powell, 1988). Among
nfectious pathologies in human bones, osteomyelitis was  frequent
n prehistoric times (Rogers and Waldron, 1989), although pale-
pathological recognition has been incompletely discussed (see
rtner, 2003, p. 195).

Osteomyelitis is a progressive bone infection accompanied
y inflammatory destruction, necrosis and new bone formation
aused by an infecting microorganism, involving one or more
egions of the bone and the surrounding soft tissue (Ikpeme
t al., 2010; Lew and Waldvogel, 2004). The most common infec-
ious agent is Staphylococcus aureus,  although many others can
lso be involved (Lew and Waldvogel, 1997; Sia and Berbari,
006). According to the most frequent classification, proposed
y Waldvogel et al. (1970), osseous infections can be classified

s either haematogenous or secondary to a contiguous focus of
nfection. The former is caused by the spread of microorgan-
sms into the bone due to, for example, urogenital infections,
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enteritis, endocarditis and diabetes (Hartemann-Heurtier and
Senneville, 2008; Sia and Berbari, 2006). In contrast, contigu-
ous focus infection occurs due to bacterial invasion commonly
after trauma and also through penetrating wounds (Bohndorf,
2004). Both types may  be further classified as acute or chronic.
Acute osteomyelitis evolves over several days or weeks, whereas
chronic osteomyelitis is arbitrarily defined as a long-standing
infection progressing over months or years (Lew and Waldvogel,
2004). While children develop predominantly acute osteomyelitis,
often spread haematogenously, osteomyelitis in adults is usu-
ally a subacute or chronic infection that develops secondarily to
an open injury in the bone and surrounding soft tissue (Mousa,
2003).

In all forms of osteomyelitis, the infective pathogen enters into
the bone through a nutrient artery and is quickly spread by way of
the blood vessels. While in children the periostium lifts away from
the bone, in adults this does not occur because it is more firmly
attached to the cortical bone (Bohndorf, 2004; Jauregui and Senour,
1995). The pressure created by the pus in the medullary cavity and
subperiosteal space restricts the blood supply to the bone, begin-
ning the process of necrosis (sequestration) (Jauregui and Senour,
1995; Lew and Waldvogel, 1997). At the same time, osteoblast acti-
vation stimulates the periosteum, forming a structure of woven
bone (involucrum) enveloping the sequestrum. Necrotic tissue may

be resorbed and replaced with new bone. When this process fails,
purulent cavities (cloaca) may  be formed, releasing necrotic bone
and pus (Bohndorf, 2004; Jauregui and Senour, 1995; Lew and
Waldvogel, 1997, 2004).
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Fig. 1. La Petrona site in the eastern Pampa–Patag

The diagnosis of osteomyelitis is difficult in modern cases, even
ith advanced clinical and imaging methods (Calhoun and Shirtliff,

009; Hass and McAndrew, 1996; Sia and Berbari, 2006). Thus, it
s not surprising that paleopathological diagnosis of osteomyelitis
n skeletal remains may  be even more problematic, assuming that
n the absence of antibiotic therapies, prevalence of bone infec-
ions was higher than today (Rogers and Waldron, 1989; Santos
nd Suby, 2012). The accepted criteria for diagnosis in human bone
emains include the presence of cloaca, sequestrum and involu-
rum (Aufderheide and Rodríguez-Martín, 1998; Ortner, 2003).
owever, as these bone features are not always developed in acute,

ubacute or even chronic stages of infections, osteomyelitis is prob-
bly underdiagnosed in paleopathological studies (Aufderheide
nd Rodríguez-Martín, 1998; Jackson, 2000; Ortner, 2008; Santos
nd Suby, 2012). Even in chronic cases, when the infection is fre-
uently cured spontaneously or by antibiotic treatment, it can leave
nly slight bone reactions (Bohndorf, 2004; Hass and McAndrew,
996). In this sense, macroscopic identifications of osteomyelitis

n the absence of diagnostic bone traits, such as those mentioned
bove, constitutes a challenge that will be considered in this
rticle.

Osteomyelitis in adult skeletal remains has been described in
nly a few cases in hunter-gatherer populations from Argentina,
ainly in northern Patagonia and southeastern Pampa regions

etween ca. 3600 and 500 years BP (e.g. Barrientos, 1997; Della
egra and Novellino, 2005; Novellino et al., 2007), and suggested
ainly by the presence of cloaca. In contrast, osteomyelitis has not
een reported in skeletons from the eastern Pampa–Patagonian
ransition area (Fig. 1). Consequently, the aim of this paper is to
resent a case of adult osteomyelitis from this latter area, employ-

ng multiple diagnostic procedures.
transition. The gray zone indicates the study area.

2. Sample and methods

The skeleton described in this study was recovered from the
La Petrona site, on the lower course of the Colorado River (Fig. 1).
Located in the eastern Pampa–Patagonia transitional area, enclosed
in the so-called “Diagonal Arida” (Abraham de Vázquez et al., 2000),
the site was  continuously occupied by hunter-gatherer groups dur-
ing the Final Late Holocene, ca. 800–250 years BP (Flensborg et al.,
2011).

The site includes primary and secondary burials (Martinez and
Figuerero Torres, 2000). The latter consist of disarticulated bones
corresponding to several skeletons, sorted into funerary bundles
(Flensborg et al., 2011). A minimum number of eight individuals
was  estimated: five adult females, two adults of indeterminate sex
(>25 years of age at death), and an infant of indeterminate sex.

The skeleton studied here, denoted LP-4, was  a primary burial
and dated to 248 ± 39 14C years uncal. BP (AA-70564; Martínez,
2008–2009). The individual received differential mortuary treat-
ment, since it is the only primary burial that shows cut marks
(i.e., defleshing and scraping), which indicates that soft tissue
was  removed before inhumation (Flensborg et al., 2011; González,
2012). The individual is a female, 35–45 years old (sensu Buikstra
and Ubelaker, 1994). The remains consist of 42 bone elements,
mostly of the lower limbs and the skull (Fig. 2). Bones of hands and
feet were also recovered. In general, the diaphyses of long bones
are well preserved, in contrast to the articular regions, which are
mostly absent or poorly preserved, apparently through the action of

both carnivores and roots (Flensborg et al., 2011; González, 2012).

Morphological examination of the remains was performed
macroscopically and with the aid of a 10X magnification hand lens.
Furthermore, biplanar radiographs and computed tomography (CT)
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ig. 2. Distribution of the lesions in the skeleton LP-4. White areas denote absent
keletal regions, the grey areas correspond to the recovered elements, and black
reas and arrows represent the location of the recorded lesions.

cans were carried out by the Instituto Radiológico Mar del Plata
Argentina).

. Results

Periosteal bone reactions were noted in 4 of 42 observable
lements (9.5%). All lesions are located on the lower limbs long
ones and the skull (Fig. 2). Specifically, lamellar bone formation
xpanded the anterior mid  to distal diaphysis of the right femur
Fig. 3a). A thickening of cortical bone is observed on the lateral
spect of the distal diaphysis, visible radiographically (Fig. 4a).
Similarly, the right tibia shows a remodeled lamellar bone for-
ation affecting the proximal diaphysis. As a result of the new

one apposition the diaphyseal width at the proximal end increased
Fig. 3b). Postmortem fragmentation of the proximal diaphysis
f Paleopathology 3 (2013) 128– 133

revealed slight new bone formation on the interior of the marrow
cavity (Fig. 3b). A radiograph of this bone shows a diffuse area of
the cortex in the medial aspect of the proximal portion of the dia-
physis (Fig. 4b), with a slightly lytic surface. This bone alteration –
accompanied by a thickening of cortical bone – is clearly detectable
throughout a coronal CT image (Fig. 4c). A radiograph (Fig. 4d) and
coronal CT image (Fig. 4e) of the left tibia show the thickening of
cortical bone on the lateral end of the diaphysis, which was  not
observed macroscopically.

The left fibula shows sclerotic lamellar and woven bone for-
mation in the mid-distal diaphysis. The presence of a small pitted
area was  recorded, which could have been associated with cloacae
(Fig. 3c). Postmortem fragmentation of the diaphysis revealed new
bone formation within the marrow cavity, invading the medullary
space. Both the radiograph (Fig. 4f) and the CT image (Fig. 4g) show
the new bone within the marrow cavity.

Additionally, the skeleton presents periosteal woven bone on
the right malar (Fig. 5a). A dislocation of the right superior first
molar and a lingual abscess were also observed (Fig. 5b). Finally,
the skull shows five remodeled erosive lesions of ca. 2 cm of diam-
eter each (Fig. 6), two  on the right parietal and three on the left
parietal. The skull showed evidence of artificial cranial vault defor-
mation, characterized by the expansion of the frontal bone and
that compression in lambda. However, the lesions do not appear
to correspond to the pressure points associated with this cultural
modification. These cranial vauls lesions appear less compatible
with a primary infectious that being the result of blunt force trauma
(Flensborg, 2012).

4. Discussion and conclusions

The current diagnosis of osteomyelitis both in living children
and adults is frequently complex, generally based on the combi-
nation of clinical exams, radiographs, tomographic images, and
evaluations of bone and soft tissue changes over time (Hass and
McAndrew, 1996; Resnick and Niwayama, 1995). The impossibil-
ity of obtaining all this clinical information from archaeological
skeletal remains presents additional challenges. The limited nature
of bone responses to the abundant number and types of bacte-
ria, viruses, parasites and fungi are also complicating factors, along
with other problems inherent in differential diagnoses. In addition,
high mortality in early stages of growth and development due to
many infectious diseases prior to the development of antibiotics
(Ciampolini and Harding, 2000) could limit the expression of bone
changes and consequently reduce archaeological visibility. Exten-
sive lesions like cloaca are not always present in osteomyelitis,
which could therefore be underdiagnosed in archaeological skele-
tal remains. However, bone destruction, periosteal bone formation
and lytic areas surrounded by reactive sclerosis evident in radio-
graphic images, such as the features observed in this case study,
are usually interpreted as osteomyelitis (Harik and Smeltzer, 2010;
Mellado Santos, 2006; Pineda et al., 2009; Santos and Suby, 2012).

Haematogenous osteomyelitis in adults is rare since the long
bone microvasculature does not favor bacterial spread (Bohndorf,
2004). When it does occur, it infrequently involves the appendicular
skeleton; instead vertebrae, sternoclavicular and sacroiliac joints
are affected (Lew and Waldvogel, 2004). For the adult individual
described here, secondary osteomyelitis is more likely (Hass and
McAndrew, 1996). Diaphyses of long bones are most commonly
affected in secondary ostemyelitis, while the epiphyses and adja-
cent joints are not usually damaged because the growth plates are

closed (Calhoun and Manring, 2005; Bohndorf, 2004). The skeleton
presented here shows bone lesions mainly affecting the diaphyses
of the lower limb long bones, although it was not possible to eval-
uate the presence of lesions in the joints, since these bone portions
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ig. 3. Lesions in lower limbs: (a) lamellar bone formation surrounding the distal sh
f  the right tibia, and (c) sclerotic lamellar and woven bone formation on medial a
urface.

ere absent. The anatomical distribution of lesions suggests that a
ontiguous focus of infection is the most probable cause.

Although it is difficult to propose a specific cause for the
esions, some possibilities can be suggested, even though some

natomical parts are missing due to differential preservation. First,

 traumatic event could be responsible for an infective agent
ffecting bone or soft tissue and ensuing infection. However, nei-
her the macroscopic survey of bone surfaces nor the analyses

ig. 4. (a) Radiograph of the right femur; (b and c) radiograph and CT image of the right t
f  and g) radiograph and CT image of the left fibula, respectively. White arrows indicate ly
 the right femur, (b) remodeled lamellar bone formation on the proximal diaphysis
stal diaphysis of the left fibula. Arrows indicate the possible cloaca in the cortical

provided by radiographs and CT images revealed traumatic lesions
in the post-cranial skeleton. Second, the inferred traumatic injuries
to the skull do not suggest the entrance of an infective agent
into the bone. Third, the observed lesions in this skeleton are

not compatible with other diseases commonly invoked as part
of differential diagnoses for osteomyelitis, principally rheuma-
toid arthritis, syphilis, tuberculosis and benign bone neoplasias
(Aufderheide and Rodríguez-Martín, 1998). Moreover, diabetes

ibia, respectively; (d and e) radiograph and CT image of the left tibia, respectively;
tic area, cloaca and thickening of cortical bone.
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Fig. 5. (a) Woven bone formation on right malar; (b) dis

ould not be considered since only the bones of the feet are affected
Hartemann-Heurtier and Senneville, 2008; Henke et al., 2005).
inally, the abscess in the maxillary bone is the only recorded lesion
hat could be associated with the entrance of an infective agent.

It has been suggested that an individual who has had
steomyelitis during childhood can manifest it again in adult-
ood due to a suppression of the immune response (Calhoun and
anring, 2005; Gaujoux-Viala et al., 2011). Some of the lesions

escribed here seem to have been active at the time of death, since
oven bone on the left fibula is present and lytic areas on the right

ibia are also observed in CT images. Thus, an alternative hypoth-
sis could be that haematogenous osteomyelitis developed during

hildhood and was reactivated during adulthood.

As has been frequently mentioned (Buikstra and Ubelaker, 1994;
ays, 2008; Waldron, 2009), radiography is an important tool in

iagnosis of ancient bone pathologies. In this case, it facilitates

Fig. 6. Remodeled erosive traumatic lesions in 
on of the right superior first molar, and lingual abscess.

describing cortical thickening of the femoral and tibial diaphyses.
However, only a lytic lesion affecting the right tibia was clearly
detected in coronal CT views. Radiographic and CT images are
appropriate methodologies since they significantly increase the
diagnostic rigor in those cases where cortical bone is affected and
cloaca, involucra and sequestra are not present.

From a bioarchaeological point of view, this case study is
important for exploring health-related evidence of hunter-gatherer
populations of the eastern Pampa–Patagonian transition during the
Late Holocene, since this is the only case of osteomyelitis reported
from this area, possibly linked to the period of Native-European
contact (Flensborg, 2012). No other human bone recovered from

the lower stream of the Colorado River valley showed evidences
of osteomyelitis. However, it cannot be discounted that other indi-
viduals may  have suffered from diseases that cannot be diagnosed
in the skeletal record due to an immune response by the host to

the posterior view of both parietal bones.
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he infection or to the early death of the individual (Wood et al.,
992). Furthermore, post-depositional processes could have led to
ifferential preservation of fragile, affected anatomical units, thus
iasing the study of bone lesions (Waldron, 1994; Stodder, 2008).

In an extra-regional comparative analysis, osteomyelitis was
ecorded in pre-contact times in the northwest (Della Negra and
ovellino, 2005) and northeast Patagonia (Novellino et al., 2007)
nd southeast Pampa (Barrientos, 1997). As such, the presence
f osteomyelitis as reported and discussed here is important for
nderstanding the temporal and spatial distribution of this type of
isease in hunter-gatherer populations from the Pampa and Pata-
onia regions, to date scarcely reported for these groups.
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