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Abstract

An archaeological survey at the church of Nossa Senhora da Anunciada (Setubal, Portugal)

uncovered the remains of 92 individuals. Historical and archaeological data suggest that the inhumations
occurred between 1531 and 1839. The present work reports the pathological features of a mature male
individual exhibiting multiple osseous bony projections and bone deformity, mainly affecting the meta-
physeal and adjacent diaphyseal regions of the long bones. The macroscopic and the radiological analy-
ses of the lesions suggest multiple osteochondromas as the most probable diagnosis. This is the first
archaeological case of this disease known on the Portuguese territory and in southern Europe.
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Introduction

An archaeologial survey at the church of Nossa Senhora
da Anunciada (Setubal, Portugal) uncovered a burial site oc-
cupied between the 16th and 19th centuries. A male skeleton
was retrieved, displaying a set of dry bone and radiological
features compatible with a diagnosis of multiple osteochon-
dromas (MO). This work reports the first case of MO recov-
ered from a Portuguese archaeological site, contributing to a
better portrayal of the chronological and geographic distri-
bution of MO in the past. Moreover, the importance of the
specimen herein described is the extent and number of le-
sions, which is in some respects analogous to modern clini-
cal cases.

Osteochondroma (OC) is a “cartilage capped bony projec-
tion arising on the external surface of bone containing a
marrow cavity that is continuous with that of the underlying
bone” (Khurana et al., 2002: 234). It results from excessive
chondrocyte proliferation and subsequent cartilagineous os-
sification at the growth plate (near the groove of Ranvier).
As such, OCs develop during the first decade of life and
cease after skeleton maturation (Porter and Simpson, 1999;
Unni, 2001; Bovée, 2008; Ehara and Khurana, 2010; Wuyts
et al., 2014). Osteochondromas can be considered as benign
cartilaginous tumors, and one of the most common types of
benign bone neoplasms (c. 35-45%) (Porter and Simpson,
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1999; Fletcher et al., 2002; Khurana et al., 2002; Bovée,
2008; Ehara and Khurana, 2010). Genetic studies (Porter
and Simpson, 1999; Ehara and Khurana, 2010) recognized
their neoplastic origin, though some authors still consider
them as bone dysplasias (Murphey et al., 2000; Unni, 2001;
Waldron, 2009).

Osteochondromas can be solitary or multiple (c. 15% of
patients), with this latter form termed MOs, a hereditary and
autosomal dominant disorder associated with mutations on
the genes EXT1 (8q24) and EXT2 (11p11-p12) (Unni, 2001;
Bovée, 2008; Wuyts et al., 2014). Nowadays the global inci-
dence of MO is aproximately 1:50000 to 1:100000, showing
a male predominance (Murphey et al., 2000; Unni, 2001;
Khurana et al., 2002; Bovée, 2008; Wuyts et al., 2014).

The medical history of MO can be traced back to 1786,
when John Hunter performed the first clinical description of
this disease (Stieber et al., 2001), though paleopathological
research has provided much earlier evidence of this con-
dition, namely through a skeleton from the middle Bronze
Age (c. 1700 BC) in ancient Jericho (Lyall and Mann, 1993).
Murphy and McKenzie (2010) recently reviewed the paleo-
pathological publications of MO, compiling 16 cases from a
wide geographic (Africa, Americas, Asia and Europe) and
chronological range (from the middle Bronze Age to the
post-medieval period). However, according to this literature
review (Murphy and McKenzie, 2010), the skeleton de-
scribed herein is the first evidence of this disease in southern
Europe.

Materials and Methods

Skeleton 37 was recovered without a coffin or other grave
goods from a primary burial at the church of Nossa Senhora
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da Anunciada, Setibal, Portugal in 2006. The chronology of
the site was established between 1531 and 1839, based on
historical and archaeological data. This site was occupied by
a population of low socioeconomic status who were predom-
inantly fishermen.

Among the 92 skeletons exhumed, consisting of 11 sub-
adults and 81 adults (26 males, 46 females, and 9 of un-
known sex), skeleton 37 was the only one inhumed in ventral
decubitus (orientation east—west). This skeleton presented a
fairly good degree of completeness, lacking the left fibula,
left patella and left foot bones (Figure 1), yet due to the de-
gree of fragmentation the vertebrae and sacrum were not
observable. The right foot had 19.2% (n =15) of the bones
present, while this value was 87.0% (n = 47) for the hands. A
total of 11 (45.8%) ribs were observable. Overall, the exter-
nal bone surface was well preserved and observable.

The sex of skeleton 37 was determined from the morpho-
logical characteristics of the skull and pelvis (Buikstra and
Ubelaker, 1994; Bruzek, 2002; Walker, 2008), indicating a
male individual. The age at death assessment suggests that
the individual was older than 30 years of age, because of the
closure of all epiphysis, including the sternal extremity of
the clavicle (Buikstra and Ubelaker, 1994). The analysis of
the sternal end of the 4th rib points to an age interval of 28—

Figure 1. Graphic depiction of skeleton 37. The gray colour rep-
resents the bones present and their completeness. The dark circles indi-
cate the anatomical areas affected by osteochondromas. * Two hand
phalanges have osteochondromas, yet their laterality could not be as-
certained, and thus they are represented here on both hands.
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52 years (Iscan et al., 1984). The lower limb lesions have the
potential to produce gait alterations, precluding the use of
the methods for age at death estimation based on the auricu-
lar surface and pubic symphysis metamorphosis. The physi-
ological length of the left femur (386 mm) indicates an
aproximate stature of 150 cm (Mendonga, 2000).

Paleopathological analysis of the skeleton was performed
by macroscopic observation (aided by a magnifying lens)
and measurements using a sliding caliper. Digital radio-
graphic analysis (Orthophos XG5 DS/Ceph from Sirona,
62 kV, 8 mA) of the affected bones was performed at the
Clinica de Medicina Dentaria, Escola Superior de Ciéncias
da Saude Egas Moniz.

Results

Skeleton 37 exhibited multiple bony projections, charac-
terized by dense and rounded outgrowths on the external
bone surface, mainly located on the metaphyseal and adja-
cent diaphyseal regions of the long bones (Figure 2, Figure 3,
Figure 4, Table 1). The key radiological feature is the pres-
ence of well-delimited surface lesions, with both the cortex
and marrow cavity showing continuity between the out-
growth and the host bone (Figure 5). These features are
characteristic and compatible with the ones observed in OCs
(Greenspan and Remagen, 1998; Unni, 2001; Khurana et al.,
2002; Ortner, 2003; Richardson, 2005; Bovée, 2008;

Figure 2. Right and left forearm (anterior view): osteochondromas
can be observed on both radii (arrows).
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Waldron, 2009). The radiographic analysis also revealed the noticeable on the distal right femur (Figure 5). The dry bone
typical flattening of the upper portion of the lesion, accom- observation of this femoral area shows an irregular defect
panied by an area of increased density, which is particularly ~ with darker coloration (Figure 3), which could indicate the

Figure 3. Right ((a) anterior and (c) posterior views) and left ((b) anterior and (d) posterior views) femora, exhibiting osteochondromas on

multiple locations (arrows). Close up of the affected areas: (e) distal and anterior osteochondromas; (f) proximal and posterior osteochondromas,
and (g) distal and posterior osteochondromas.

Figure 4. Proximal area of the right tibia ((a) posterior view) and proximal area of the right fibula ((c) lateral view) exhibiting osteochondromas
(arrows). Close up of pedunculated osteochondroma on the tibia (b).
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Table 1. Distribution, type, and size of the osteochondromas per anatomical area observed on skeleton 37

Bone No. OC Location (no.) Type Size (mm)*
Right radius 2 Proximal (1)
Anterolateral, neck of the radius Sessile 6.3x63x1.1
Distal (1)
Medial, diaphysis Sessile Undetermined
Left radius 1 Distal, medial, diaphysis Sessile 18.0x73x74
Right ulna 1 Distal, posterior, diaphysis Sessile 7.6x45x%x1.0
Hand 3 Diaphysis of the 4th right metacarpal, dorsal (1) Sessile 1.7x57%x1.6
Diaphysis of the proximal phalanx, dorsal (1) Sessile 2.5%2.6x0.8
Diaphysis of the proximal phalanx, dorsal (1) Sessile 1.1 x1.5x0.5
Right rib (3rd) 1 Shaft, inferior border (1) Sessile 9.0x7.6x7.1
Right os coxae 1 Ischium, posterior surface (1) Sessile 16.5%10.9 x 5.5
Right femur 9 Proximal (4)
Anterolateral, adjacent to the femoral neck Sessile —x15.0x11.8
Posterior, adjacent to the greater trochanter Sessile 8.5%16.9x09.1
Posterior, adjacent to the greater trochanter Sessile 129 x10.4 x 4.1
Posterior, adjacent to the lesser trochanter Sessile 15.9x31.2x9.1
Distal (5)
Anterolateral, diaphysis Sessile 2.7%x10.5%x0.3
Anterolateral, metaphysis Sessile 8.0 x26.0 x0.5
Anteromedial, metaphysis Sessile 13.3 x20.8 x 4.0
Posterior, metaphysis, adjacent to the lateral condyle Sessile 19.0 x 30.0 x 16.8
Posterior, metaphysis Sessile 94 x6.7x2.7
Left femur 6 Proximal (2)
Anterior, femoral neck Sessile 10.6 x 17.4 x 5.7
Posterior, adjacent to the lesser trochanter Sessile 11.3x13.3 x99
Distal (4)
Anterior, metaphysis Sessile 9.5x7.7x0.3
Anteromedial, metaphysis Sessile 3.8x51x19
Posterolateral, adjacent to the lateral condyle Sessile 23.8 x40.9 x 10.9
Posteromedial, adjacent to the medial condyle Sessile 25.6 x32.2x%x2.7
Right tibia 9 Proximal (8)
Anteromedial, metaphysis Sessile 6.5x72x0.6
Medial, metaphysis, Sessile 7.4x11.5%x54
Medial, metaphysis Sessile 79 x11.7x4.2
Lateral, metaphysis Sessile 14.1 x12.1x7.3
Posterolateral, metaphysis Sessile 12.9 x 15.5 x 9.1
Posteromedial, metaphysis Sessile 13.7 x 38.6 x 9.3
Medial, diaphysis Sessile 172 x17.1x7.2
Posterior, diaphysis Pedunculated 23.8%29.8x9.8
Distal (1)
Lateral, insertion of the tibiofibular ligament Sessile 9.5%x27.0x6.4
Left tibia 5 Proximal (3)
Medial, metaphysis Undetermined Undetermined
Medial, metaphysis Sessile 6.6 x6.3 x 1.1
Medial, metaphysis Sessile 8.8x149x59
Distal (2)
Posterior, metaphysis Sessile 11.2x13.7x3.0
Posterior, metaphysis Sessile 59x85x%2.6
Right fibula 5 Proximal (5)
Medial, metaphysis Sessile 1.3 x22.5x6.4
Medial, metaphysis Sessile 54x72x38
Anterior, metaphysis Sessile 19.2x17.9%x5.9
Posteromedial, metaphysis Sessile 12.8 x20.3 x7.3
Lateral, metaphysis Sessile 4.0x50x3.5
Right foot 3 Proximal, proximal phalanx, dorsal (1) Sessile 92x13x23
Distal, proximal phalanx, dorsal (1) Sessile 25x23x1.3
Diaphysis of proximal phalanx, dorsal (1) Sessile 44%x35x%x22
Total 46

no., number; OC, osteochondromas.

* Dimensions: lateral-medial x proximal-distal x height.
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Figure 5.

presence of the cartilage cap in vivo, as also noted by Auf-
derheide and Rodriguez-Martin (1998) in a description of
bone OC. There was also an absence of endosteal scalloping
(Figure 5).

A total of 46 OCs were observed in the skeleton 37
(Table 1). Two types of OCs were identified, i.e. the sessile
type (n =44), which was characterized by a broad base at-
tached to the cortex; and the pedunculated type (n=1),
where a narrow bone forms a pedicle (Greenspan and
Remagen, 1998; Murphey et al., 2000; Waldron, 2009;
Wayts et al., 2014). The sole example of pedunculated OC
was detected on the right tibia (Figure 4, Table 1).

The upper limbs had a total of seven tenuous to moderate
OCs, i.e. 15.2% (7/46) of the total OCs registered, and their
distribution was bilateral for the radius (right: n =2, left:
n = 1), unilateral for the ulna (right: » = 1) and unknown for
the hands (n =3) (Table 1). On the upper limb eburnation
were observed at the distal articular surfaces of the left
radius and right ulna, on the left and right trapezium, the
proximal articulation of the first metacarpals and on the dis-
tal articular surface of the third metacarpals, suggesting the
presence of degenerative joint disease. Although the frag-
mentation of the bones precluded a metric analysis, there
were no apparent length asymmetries.

The lower limbs account for 80.4% (37/46) of OCs and
their severity was particularly marked on the bones that
make up the knee joints: 26.1% (12/46) and 15.2% (7/46) for
the right and left knees, respectively). The femora alone ac-
count for 15 OCs (Table 1). Both extremities of the femora
were deformed with widening of the metaphyseal region,
being more accentuated on the distal extremity (Figure 3).
All of the lesions were expressive in their dimensions. Fur-
thermore, thickening of the left femoral neck with an angle

Radiographic images of the proximal (a) and distal (b) right femur and proximal right tibia (c). (Parameters: 62 kV, 8 mA.)

of c¢. 137° was observed, indicating coxa valga deformity.
The fragmentation of the right femur precluded the assess-
ment of length asymmetries. The tibiae were the second an-
atomical elements with the highest number of OCs (n = 14).
The preferential location was the proximal region. The tibial
lesions were moderate to expressive in their size (Figure 4,
Table 1). There is also evidence of genu valgum on the right
knee. On the right fibula all of the OCs (n = 5) were located
on the proximal metaphysis (Figure 4, Table 1). On the right
foot, the OCs were detected on three proximal phalanges
(Table 1). Thus, the OC distribution was bilateral for the
femora (right: n =9, left: n = 6) and tibiae (right: n =9, left:
n =5), being more expressive on the right side, and undeter-
mined for the fibula (n = 5) and foot (n = 3).

Besides the limbs, the third right rib and the right ischium
were affected by OC (Table 1).

Discussion and Conclusion

The paleopathological diagnosis entails careful analyses
of the morphology and pattern of distribution of the lesions,
the age and sex of the individual, and the context from which
the specimen was retrieved (Ortner, 2003; Marques et al.,
2013).

The lesional pattern of skeleton 37 is characterized by
bony projections on the external surface of multiple bones.
The most remarkable radiological feature of these out-
growths is the continuity between the cortex and cancellous
portion of the host bone with the one of the bony projection.
This is a typology of lesion considered as pathognomonic
(Murphey et al., 2000) or highly suggestive (Greenspan and
Remagen, 1998; Unni, 2001; Richardson, 2005; Wuyts et
al., 2014) of OC. Nonetheless, other elements support the
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diagnosis of MO as the most likely etiology. The external
morphology of the lesions is compatible with the presenta-
tion of OC. Moreover, on the right femur the lesion exhibits
an irregular defect of darker coloration, which was noted by
other authors (e.g. Aufderheide and Rodriguez-Martin,
1998) as indicative of the presence of a cartilaginous cap in
vivo, a distinctive element of OC (Richardson, 2005; Wuyts
et al., 2014). The preferential location of the outgrowths on
the metaphyseal and adjacent diaphyseal areas of long bones
also supports this diagnosis. These lesions develop on the
metaphyseal regions during the individual’s growth period
and can migrate to the diaphysis along the bone growth
(Greenspan and Remagen, 1998; Murphey et al., 2000;
Ortner, 2003; Richardson, 2005). In our specimen the sever-
ity of lesions was predominant on the lower limb, particular-
ly on the knee. According to the clinical literature, the OC
most commonly occurs in the distal femur, proximal tibia
and proximal fibula, with these areas affected in c. 70-90%
of cases (Greenspan and Remagen, 1998; Murphey et al.,
2000; Unni, 2001; Ortner, 2003; Richardson, 2005; Waldron,
2009; Clement and Porter, 2014). The cases detected on the
paleopathological record suggests that the bones of the knee
are most frequently affected (Murphy and McKenzie, 2010),
and the pattern tends to be bilateral or symmetrical (Ortner,
2003; Wuyts et al., 2014), as observed in our case. Most of
the OCs observed in the skeleton 37 were of sessile nature,
which is compatible with the clinical (Richardson, 2005)
and paleopathological data (Murphy and McKenzie, 2010).
Modern clinical studies suggest that the size (1-10 cm)
and number of OCs vary significantly (Murphey et al., 2000;
Waldron, 2009; Wuyts et al., 2014). We observed a total of
46 OCs, with a maximum size of 23.8 mm X 40.9 mm X
10.9 mm recorded in the distal part of the left femur. The
size, location, number of lesions, and their sessile nature can
be correlated with the presence of further skeletal alterations
(Porter and Simpson, 1999; Murphey et al., 2000; Clement
and Porter, 2014), such as bone deformity and hypertrophy,
bone curving and length reduction, shortened stature, coxa
valga, knee and ankle valgus, thickening and abnormalities
of femoral neck, bone synostosis, and other clinical prob-
lems (Murphey et al., 2000; Stieber et al., 2001; Unni, 2001;
Noonan et al., 2002; Richardson, 2005; Ehara and Khurana,
2010; Wuyts et al., 2014). The deformities shown in skeleton
37 consisted of widening of the extremities of bones, par-
ticularly on the femora, coxa valga and genu valgum. Clini-
cal studies refer to a prevalence of up to 25% of coxa valga
and genu valgum in patients with MO (Murphey et al., 2000;
Clement and Porter, 2014). Murphy and McKenzie (2010)
listed 28.6% (n = 2/7) of coxa valga and 44.0% (n = 4/9) of
genu valgum in the cases compiled from the paleopatholog-
ical record. Shortened stature is a feature often mentioned on
both clinical and paleopathological reports, which can occur
in ¢. 40% of the individuals (Richardson, 2005; Murphy and
McKenzie, 2010; Wuyts et al., 2014). The 150 cm of stature
of skeleton 37 is shorter than the mean of the remaining males
of the sample, which is 163.8 cm (SD = 6.4 cm, n = 10). It is
also shorter than the male means of 164.3 cm (n=21) ob-
tained by Cardoso and Gomes (2009) from a compilation of
Portuguese samples from the post-medieval period (15th—
19th centuries AD) and of 163.2 cm (n = 27783) reported by
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Padez (2003) for the early 20th century in Portugal.

The sex and age at death profiles in our case do not seem
to diverge from epidemiological data (Greenspan and
Remagen, 1998; Murphey et al., 2000; Richardson, 2005;
Bovée, 2008; Wuyts et al., 2014).

Although the morphological features of skeleton 37 are
consistent with a diagnosis of MO, it is important to perform
a differential diagnosis by analyzing other conditions that
produce multiple bony projections (Unni, 2001; Richardson,
2005). Both periosteal chondromas and multiple enchondro-
mas display bony projections; however, with these condi-
tions there is a discontinuity between the lesion and the
medullary cavity of the host bone through the intervening
cortex. Moreover, enchondromas tend to be located centrally
in the bone (Greenspan and Remagen, 1998; Murphey et al.,
2000; Silve and Jippner, 2006; Ehara and Khurana, 2010).
Therefore, these conditions are less likely the cause of the
alterations observed on skeleton 37. The epiphyseal location
of the exostoses on the dysplasia epiphysealis hemimelica
(Trevor’s disease) also leads us to discount this cause
(Murphey et al., 2000; Richardson, 2005; Glick et al., 2007).
Myositis ossificans is also ruled out because the bone forma-
tions arise at the sites of insertion of muscles, tendons and
ligaments, due to localized trauma, and are often found sep-
arated from the bone or still joined to it in an irregular and
distorted shape. Moreover, the radiological examination re-
veals no continuity between the cortical and trabecular bone
and the lesional tissue (Aufderheide and Rodriguez-Martin,
1998; Ortner, 2003; Richardson, 2005; Waldron, 2009).

A final note can be made regarding skeleton 37’s ventral
deposition, which is atypical when compared with the re-
maining individuals from this site or with the archetypal
Christian burials (Gongalves and Santos, 2005). The paleo-
pathological record demonstrated the existence of unusual
burials associated with diverse skeletal pathologies or de-
formities (Gongalves and Santos, 2005; Tsaliki, 2008). Even
if we do not have clear evidence that the lesions of skeleton
37 were apparent during the individual’s life or that they in-
duced a social stigma, we can hypothesize that the deformity
led to the deviant burial, since MO produce osseous defor-
mities (Murphey et al., 2000; Richardson, 2005) that can
impact on the physical, social, and psychological well-being
of individuals (Goud et al., 2012).

In sum, we propose MO as the diagnosis of the present
specimen based on the morphological and radiological anal-
ysis. The present case report is very significant because it
extends the known geographical distribution of MO to em-
brace the Portuguese territory and southern European, ac-
cording to a literature review (Murphy and McKenzie,
2010). Due to the strong genetic and inherited character of
MO a better assessment of its populational distribution
would contribute to a better understanding of this disease.
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