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Hypertrophic osteoarthropathy (HOA) is a bone pathology that can be associated with a number of focal
or systemic diseases, particularly those affecting the respiratory system. HOA is characterized by pro-
liferative periostosis of the long bones, especially in their distal and periarticular regions. This report
presents a probable case of HOA in the skeleton of an elderly Portuguese male from Evora, Portugal, who
died in 1970.

ﬁeywotrds-' hic osteoarthropath The skeleton was evaluated by morphological, radiological, and histological methods. We found bilat-
Mﬁ;;’;’g;c osteoarthropathy eral periosteal proliferation of the tubular bones, remodeling of the phalanges of the feet, and new bone
Light microscopy formation on rib visceral surfaces. Bone alterations are more severe on the left tibia and fibula, where

lesions display a ‘tree bark’ appearance, leading to severe thickening of the diaphysis.
Microscopically, we observed deposition of porous woven bone. Our evaluation also considers a dif-
ferential diagnosis of the lesions, which includes melorheostosis, hypervitaminosis A, fluorosis, thyroid

Scanning electron microscopy

acropachy, tuberculosis, and treponematosis.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Hypertrophic osteoarthropathy (HOA) is a bone pathology that
can be associated with a number of disease conditions. HOA is
found mainly in dogs (Headley et al., 2005; Cetinkaya et al., 2011;
Lawleretal.,2015)and humans (Golder and Wolf, 2001; Utine et al.,
2008), but has been observed occasionally in various other species
(Lenehan and Fetter, 1985; Golder and Wolf, 2001; Mair and Tucker,
2004; Ferguson et al., 2008; Guyot et al., 2011). Although HOA was
described in 1868 by Friedenreich (as cited in Kuhn et al., 2007),
the exact aetiology remains unknown.

Clinically, there are two forms of HOA, the primary, or idio-
pathic form, and the secondary, formerly called hyperthrophic
pulmonary osteoarthropathy. Only the secondary form is described
in dogs. The primary form, also called pachyodermoperiostosis or
Touraine-Solente-Golé syndrome, is a rare genetic disease that is
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inherited in an autosomal fashion (Latos-Bielenska et al., 2007),
recently mapped to human chromosome 4q33-q34 and to gene
mutations encoding 15-hydroxyprostangladin degradation (Uppal
et al, 2008; Yao et al., 2009). This form, usually severe, affects pri-
marily males (Aufderheide and Rodriguez-Martin, 1998), appears
around the time of puberty, and its progression is limited to the
puberal growth period (Christensen et al., 2013).

Secondary HOA is also called Marie-Bamberger syndrome or
hyperthrophic pulmonary osteoarthropathy, emphasizing the pul-
monary diseases that represent the major human associates of
HOA. Among pulmonary diseases carcinomas are the major cause
of HOA. In fact, bronchial carcinoma accounts for 80% of human
HOA, pleural tumors for 10%, other intrathoracic tumors for 5%,
and, rarely, Hodgkin’s lymphoma is observed (Atkinson et al., 1976;
Aufderheide and Rodriguez-Martin, 1998; Resnick and Kransdorf,
2005). Several studies suggest an association between HOA and
tuberculosis (Mays and Taylor, 2002; Assis et al., 2011). Other
extra-pulmonary conditions that may be associated with HOA
include various gastrointestinal, cardiovascular, hepatobiliary, and
endocrine disorders (Bazar et al., 2004; Shih, 2004; Vandemergel
et al,, 2004; Yao et al., 2009).


dx.doi.org/10.1016/j.ijpp.2015.11.001
http://www.sciencedirect.com/science/journal/18799817
http://www.elsevier.com/locate/ijpp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpp.2015.11.001&domain=pdf
mailto:daniela_anselmo@msn.com
mailto:fcs@uevora.pt
mailto:tmf@uevora.pt
dx.doi.org/10.1016/j.ijpp.2015.11.001

12 D. Anselmo et al. / International Journal of Paleopathology 12 (2016) 11-16

HOA is characterized by deposition of periosteal new bone,
especially on the tibia, fibula, ulna, and radius. Subchondral bone
is unaffected. Clinically, HOA is characterized by digital clubbing
and painful swelling of distal limbs (Jajic et al., 2001; Armstrong
et al., 2007; Yao et al., 2009). Proliferative periostosis leads to dif-
fuse periosteal ossification and increased circumference of affected
bones. Lesions occur more frequently at mid-diaphysis, taper-
ing toward the proximal and distal bone ends. Radiographically,
affected bone may suggest having been “pasted” onto the cor-
tex (identified by a distinct radiolucent line between the original
and new bone), or may appear to be a dense part of the original
cortex where new bone and normal cortex merge imperceptibly
(Rothschild and Rothschild, 1998). Primary and secondary forms of
HOA can be present in the same skeleton, but usually not on the
same bone (Rothschild and Rothschild, 1998).

The goals of this report are to describe morphological, radiolog-
ical, and histological findings of HOA, to consider the differential
diagnosis of the observed lesions, and to discuss possible aetiolo-
gies.

2. Materials and methods
2.1. Subject

The case report (CEIE109) and specimen belong to the Identi-
fied Skeletal Collection of Evora, curated at the University of Evora,
Portugal. The collection comes from the Cemitério dos Remédios,
a city cemetery. The subject of this report was identified as a male,
73 years old, who died in 1970. The skeleton is very well preserved
and complete, as shown in Fig. 1.

The Identified Skeletal Collection of Evora contains 160 skele-
tons of individuals who died during the 19th and 20th centuries
(90 males, 70 females) and upon which research is still in progress.
Data that are maintained for each skeleton of this collection come
from inhumation registrations and include: age at death (mean age
60 years, range 3-91 years), sex, nationality, occupation, and, in
some cases, the cause of death.

2.2. Macroscopic evaluation

All the bones were surveyed by naked eye inspection and with
a magnifying glass in order to identify and describe lesions.

2.3. Radiological evaluation

The bones exhibiting the most severe lesions, the left tibia and
fibula, were submitted to radiographic assessment which was per-
formed with a digital system Mammo Diagnost UC system (Philips),
at 28 kV and 25 mA, coarse focus, using Kodak Min-R screen film.

2.4. Histological evaluation

For histological evaluation, 2-3 cm samples of the 7th right rib,
from the area where lesions are evident, were cut transversally to
the long axis with a bone saw [Materials Science (NW) Ltd., Settle,
England] and embedded in resin (Technovit® 9100, Heraeus Kulzer,
Germany) according to the manufacturer’s instructions.

The samples were placed in hermetically sealed containers and
left to polymerise at —20°C during 5 days. After polymerization
80 wm transverse sections were obtained using a saw microtome
(Leica 1600, Germany). The undecalcified and unstained sections
were observed through a transmitted light microscope Nikon
Eclipse 600 (Nikon, Kanagawa, Japan), and digital pictures were
collected with a Nikon DN100 camera (Nikon, Kanagawa, Japan).

Fig. 1. Drawing indicating the preserved parts of the skeleton. Black shading rep-
resents more severe lesions and grey shading more mild lesions. All bones were
surveyed visually and with a magnifying glass to identify and describe lesions.

2.5. Scanning electronic microscopy

Scanning electron microscopy (Hitachi TM 3000, and SU-70,
30keV) was performed to study the affected bone surface mor-
phology of the vertebral extremity of the 7th right rib. No previous
preparation of the rib sample was needed.

3. Results
3.1. Macroscopic and radiological evaluations
The pathological changes were observed on the right ribs and

lower limbs. The fourth through the eighth right ribs display a thin
gray layer, not demarcated from the underlying cortex, of woven
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Fig. 2. Close-up of vertebral extremity of the 5th right rib showing new bone
deposits on the visceral surface (black line).

Fig.3. (a) The radiograph of the left tibia and fibula with periosteal new bone forma-
tion. Notice the higher bone density (arrows), especially at mid-diaphysis (posterior
view).(b)View of the left tibia and fibula, fused along their distal metaphyses (lateral
view).

Fig. 4. Close-up of the midshaft of left tibia and fibula, posterior view, illustrating
the original (1) and the new bone deposits with a diffuse, irregularly distributed
and, in places, nodular periostosis appearance (2).

bone on the visceral surface, mainly near the vertebral extremities,
having a rectangular form, and measuring around 2 cm long (Fig. 2).

The left lower limb (tibia, fibula, femur, and foot) exhibits sev-
eral severe osseous proliferations with a highly irregular, dense and
nodular surface appearance that results in bone thickening. The
left tibia and fibula are fused along their distal diaphysis through
ossification of the interosseous ligament (Figs. 3 and 4).

The radiographic images (Fig. 3) reveal symmetrical, diffuse and
irregular periostosis of the left fibula and tibia, characterized by
increased density along the cortical margins of diaphyses and meta-
physes. The mid- and distal left tibial diaphysis clearly shows the
original cortex, covered by new bone (Fig. 4). Minor but similar
changes are present on the left femur, and are more pronounced

at the tendinous/ligamentous insertions. At the distal left femoral
diaphysis, two types of periosteal reaction are visible: a multilayer
thickening due to the presence of new bone with sharply defined
edges that is distinguishable from the underlying cortical bone, and
a thinner new bone layer covering the original cortex with no vis-
ible edge and forming what appears to be an integral part of the
cortical surface.

The navicular and calcaneus are the most affected bones of the
left foot, showing irregular new bone deposits similar to those of
the left tibia and fibula. Navicular lesions involve the entire bone
except for the articular surfaces. Calcaneal lesions are most severe
at the tuberosity. A trochleo-fibular facet can be observed on the
calcaneus, probably due to the fusion of the tibia and fibula.

Distally, the left first metatarsal shows tiny foci of new bone and
thickening of the diaphysis. The proximal first phalanx is patholog-
ically altered, with porosity on its posterior diaphysis, probably due
to the muscle/tendon insertion as noted by several authors (Ortner,
2003; Christensen et al., 2013). The distal phalanx of the same toe
presents new bone deposits at the posterior distal epiphysis, the
posteromedial aspect of the proximal diaphysis, and the proximal
epiphysis.

Macroscopic observations of the right femur reveal lesions sim-
ilar to those observed on the left femur, notably on the posterior
surface at the mid- and distal diaphysis, although less severely.
Right tibial changes were minimal, except for micro- and macro-
porosity of the distal epiphysis (but which did not affect the joint
surface), the striated appearance of remodeled bone on the medial
malleolus, and a subtle layer of new bone on the posterior sur-
face at the mid- and distal diaphysis. Radiographically thickened
bone is observed along with asymmetric periosteal new bone for-
mation (the lateral surface is thicker than that of the medial surface,
especially at the mid-diaphysis). At the area of attachment of the
inter-osseous ligament of the right tibial diaphysis, there is a 1cm
length of periosteal new bone formation.

The right foot has no periosteal lesions, and the remainder of
the skeleton reveals degenerative pathologies that are compatible
with the subject’s age at death, especially multifocal osteophytosis
of the vertebral column.

3.2. Microscopic evaluation

Histological evaluation of the visceral surface 7th right rib
reveals deposition of woven bone having a spongy character and
appearing less organized than the original cortex (Fig. 5). Microp-
orosity is also visible, possibly caused by the same disease process
(Fig. 6). The compact bone of the original cortex reveals multifocal
areas of lacuna-like irregular spaces. However, the irregular depo-
sition of new bone suggests that these areas probably resulted from
increased osteoclastic resorption, not only from the normal process
of cortical bone remodeling.

4. Discussion

Hypertrophic osteoarthropathy (HOA) is consistent with the
location and the type of observed lesions of the lower limbs.
Although HOA usually displays bilaterally symmetrical lesions,
bilateral symmetry is not universal (Rothschild and Rothschild,
1998; Assisetal.,2011).In other studies, skeletal remains ofayoung
adult woman found at burial site 23 during the exploration of Jaina
(Mexico), and now curated at the Physical Anthropology Depart-
ment of the National Museum of Anthropology of Mexico City
(Martinez-Lavin et al., 1994), has a fibula with advanced periosteal
new bone formation that was diagnosed as HOA. In a second report,
Christensen et al., 2013 described an adult male exhumed at the
medieval site of Zalavar in South-West Hungary which has tibial
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Fig. 5. Histological images from transverse sections of the vertebral extremity of the 7th right rib. The original bone surface (more noticeable in the left image) is covered with
new woven bone (2) above the original cortex layer (1). The irregular consistency of the new bone (*) is clearer in the right image (magnification 100X, scale corresponding

to 100 wm).

2 mm

Fig. 6. The smaller image shows the vertebral extremity of the right 7th rib that
was chosen to demonstrate deposits of new bone (2) covering the original cortex
(1). Magnified 30x by SEM, showing focal microporosity (arrow) in the new bone
deposits and in the original layer.

and fibular lesions that are morphologically similar to those of our
subject, and also was diagnosed with HOA. A third report describes
tibiae and fibulae from a 58-year-old woman, IPAZ 6646, that again
presents with similar dense and nodular surfaces that were identi-
fied as HOA (Ortner, 2003). Recently, Gonzalez-Reimers et al., 2015
described four bones, presumably belonging to the same individual,
which were exhumed from a collective burial cave of the island of El
Hierro, in the Canary Archipelago. Remains, dated to 1000 BP, show
severe periosteal bone proliferations similar to those of the present
study. Lastly, archaeological remains of a domestic dog excavated
at the Cleveland site, in Ontario, Canada, has remarkably similar
lesions affecting the metacarpal bones (von Hunnius, 2009).

The present remains, and the above-described reports, all sug-
gest secondary HOA; the apparent ages of the subjects are not in
agreement with a diagnosis of primary HOA. Most of the cases
referred to above were observed in younger individuals; however,
it must be remembered that this is a recent case, the individual
died in 1970, and medical advances, including the use of antibiotics,
could explain survival to an advanced age. Our microscopic analysis
also supports diagnosis of a chronic disorder affecting the ribs, as
reported by other authors (Wakely et al., 1991) and in other bones
(von Hunnius, 2009). HOA can be secondarily related to a num-
ber of conditions, especially various chronic pulmonary diseases.

Therefore, it is appropriate to consider the differential diagnoses
for HOA in the remains considered here.

Melorheostosis (sometimes called Leri’s hyperostotic osteopa-
thy) is a developmental skeletal dysplasia that causes linear
hyperostosis that closely resembles lesions of HOA. Melorheosto-
sis usually affects only one bone or one limb, and commonly
involves the neurocranium and the hip bones (Leri and Joanny,
1992; Freyschmidt, 2001; Subhas et al.,, 2008; Abdullah et al,,
2011). Radiographic images of this disease reveal cortical and
endosteal involvement (Graham and Parke, 2005). Thus, we con-
cluded that the specimens we evaluated is insufficiently compatible
with melorheostosis.

The distribution of the lesions also enabled exclusion of thyroid
acropachy. Individuals with hyperthyroidism may show acropachy
and sub-periosteal new bone deposition, but usually the manifes-
tation is also present in bones of the hands and feet (Tran, 2004).

Fluorosis and Hypervitaminosis A are diseases of nutrition-
related metabolism that lead to bone lesions. Both were eliminated
from the differential diagnosis, as both affect the axial skeleton (not
only the ribs) quite prominently, and either periosteal or endosteal
bone as well (Aufderheide and Rodriguez-Martin, 1998), and fluo-
rosis is also characterized by abnormalities of dental enamel and
tends to effect cancellous bone more generally.

Treponemal spp. may lead to four different diseases: yaws (Tre-
ponema pertenue), pinta (Treponema carateum), bejel (Treponema
pallidum endemicum) and syphilis (Treponema pallidum pallidum).
In their tertiary stages, all but pinta can produce bone lesions.
Syphilis, the most common form in Europe, has typical cranial and
facial lesions, for example caries sicca, first described by Virchow
in 1858 (as cited in Ortner, 2003), representing the only lesion type
that can be considered pathognomonic (e.g. Ortner, 2003; Santos
et al,, 2013). Although treponemal bone surface changes (gumma-
tous lesions) may resemble those described here, they tend to be
scattered, accompanied by focal areas of necrosis, and affect endos-
teum as well as the medullary cavity. The long bones most affected
by treponemal infection are the tibiae and the femora, with the
periosteum of the distal diaphysis primarily affected and resem-
bling a fusiform expansion (Aufderheide and Rodriguez-Martin,
1998). Since similar lesions were not found in the subject that we
evaluated, we eliminated Treponema ssp. as diagnostic possibilities.

According to numerous reports, HOA may be recognized sec-
ondary to tuberculosis. This relationship was evaluated using
molecular analysis of osteological remains of a previously pub-
lished case (Mays and Taylor, 2002; Masson et al., 2013). In the
Coimbra Skeletal Identified Collection, housed at Coimbra Univer-
sity, in Portugal, there is a more frequent relationship between
tuberculosis and HOA than between other causes of death and
HOA (Assis et al., 2011). The Hamman-Todd, Grant and Terry
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collections also suggest a high correlation between HOA and
chronic pulmonary diseases (Rothschild and Rothschild, 1998).

The skeletal involvement of tuberculosis infrequently results in
substantial subperiosteal bone deposition on the shafts of long and
short tubular bones. Skeletal lesions of human tuberculosis more
commonly involve the vertebral column, with a tendency for oste-
olytic lesions (Aufderheide and Rodriguez-Martin, 1998; Roberts
and Buikstra, 2003; Palfi et al., 2012). Some authors (Roberts and
Buikstra, 2003) note an increased prevalence of lesions affecting
weight-bearing joints, such as the hips and the knees. The speci-
men we evaluated had no lesions at these sites, and bone changes
were not unilateral, as can be found in tuberculosis. Nevertheless,
plaques of new bone on the visceral surfaces of the ribs, especially
if found in proximity to the vertebral ends and in the middle ribs
of the cage (that we did observe), have been indicated as common
findings in paleopathological analyses of pulmonary tuberculosis
(e.g., Roberts et al., 1994, 1998; Matos and Santos, 2006; Santos
and Roberts, 2006).

5. Conclusion

As the hospital clinical information has not yet been found, we
conclude that the present case can be diagnosed as HOA. However,
we have insufficient information to diagnose a probable cause for
HOA at this time. We cannot exclude the possibility of pulmonary
tuberculosis, or the possibility of one or more co-morbidities,
including non-infectious diseases. This study helps to emphasize
the usefulness of histology in paleopathological studies (see the
review by De Boer et al., 2013), as it allowed for a more detailed
discussion of the manifestations of HOA.
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