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Abstract  24 
Between the years of 1999 and 2001, during the excavation of the Praça da Figueira (Lisbon, 25 

Portugal), several human osteological remains from various chronological periods were 26 
discovered. Amongst them several skeletons are known to be related with the Hospital Real 27 

de Todos-os-Santos (Royal Hospital of All Saints - RHAS), which had an important role . The 28 
hospital history begun in 1492 and ended in 1755 largely as a consequence of the Lisbon 29 

earthquake. Of the skeletons exhumed, one in particular, the adult female Sk. 1310 showed 30 
significant pathological changes. The bone lesions characterized by new bone deposition, 31 

with a symmetric and disseminate pattern, were found in the upper limbs, distal end of femurs 32 

and in tibia and fibula diaphyses. A bowing deformity with “sabre shape” morphology was 33 
also observed in the tibiae. The most striking lesions, characterized by healed nodular 34 

cavitations and similar to those of caries sicca, were recorded on the frontal bone. Considering 35 
the value of a complete description, as well as the application of multiple lines of enquiry for 36 
a reliable differential diagnosis, three distinct techniques were applied and compared: visual 37 

examination, imagiology and histology. The results showed that the macroscopic analysis 38 
coupled with conventional X-ray analysis were fundamental to obtain a possible diagnosis of 39 

acquired syphilis. In contrast, the CT-scan and the histological analyses were less informative. 40 
The application of a new scoring system also supports a diagnosis of acquired syphilis. This 41 
case-study constitutes the first evidence of syphilis associated with the RHAS, supporting 42 

historical data on the pivotal role that this hospital had on the treatment of several conditions, 43 
namely, syphilis. 44 
 45 
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Introduction 51 
The differential diagnosis in paleopathology depends on a careful evaluation of the type of 52 
bone abnormalities observed, their distribution, as well as some knowledge regarding the 53 
disease process and the physiological factors that affect the body’s response to disease 54 

(Ortner, 2003 and 2011a). However it is well known from the paleopathological literature that 55 
the bone response to disease is limited to abnormalities of size, shape, density, bone formation 56 
and bone destruction (Ortner, 2003, 2011a and 2012; Roberts and Manchester, 2005). This 57 
fact means that disease diagnosis in paleopathology is not as straightforward as in medicine 58 
(Larsen, 2002). As a consequence, many conditions may be under-represented or unrecorded 59 

since they may not have produced visible bone changes (Zimmerman, 2004; Dutour, 2008; 60 
Ortner, 2011b). Even in those disorders that typically involve the skeleton, individuals are not 61 
equally affected (Ortner, 2011a). Moreover, a number of different bone conditions may 62 
coexist at the time of death, which makes differential diagnosis difficult (Ortner, 2011a). The 63 
reliability of paleopathological diagnosis also depends on the methods used. Although the 64 

importance of using multiple lines of inquiry in the analysis of skeletal remains is well 65 

recognized, the majority of studies are based on visual inspection (Grauer, 2008). This reality 66 

may lead to simplistic and misleading interpretations, since different conditions, acting solely 67 
or in synergistic interaction, may produce the same pattern of bone lesions (Wood et al., 1992; 68 
Grauer, 2008). In fact, only a few conditions that affect the skeleton leave pathognomonic 69 
traits that allow for a positive diagnosis (Waldron, 2007). The main solution advanced by 70 

several authors (e.g. Ortner, 1991 and 2003; Buikstra, 2010; Ortner, 2011a and 2011b; 71 
Ragsdale and Lehmer, 2012; Wanek et al., 2012) relies on the application of more accurate 72 

and diversified techniques for the description and diagnosis of pathological conditions. Ortner 73 
(2011a and 2011b) states that an effective collaboration between skeletal paleopathology and 74 
the medical knowledge derived from orthopaedic pathology and radiology is required to 75 

improve the disease description. Radiological imaging procedures contribute significantly to 76 
the diagnosis of certain paleopathological conditions (e.g., trauma, Paget disease), as it 77 

enables direct comparison of lesion morphology with that visualized in modern clinical 78 
practice (Mays, 2012; Wanek et al., 2012). Furthermore, the application of biomolecular and 79 

histological techniques may be very useful in clarifying the nature of bone changes (Wright 80 
and Yoder, 2003). For example, histological analysis may be especially important for 81 

examining the degrees of bone healing, as well as, to identify traces of disease in cases where 82 

little bone response occurred prior to death (Wright and Yoder, 2003), and/or to support 83 
inferences made from macroscopic analysis (Mays, 2012). Wanek and co-authors (2012) 84 

emphasize that for a good differential diagnosis one must have to use as many approaches as 85 
possible in order to carefully evaluate a particular bone lesion. In fact, the combination of 86 
visual examination and descriptive analysis with modern diagnostic techniques, such as 87 

radiology, histology, immunology, and more recently ancient DNA, is nowadays claimed as 88 
to be responsible for the contemporary scientific character of paleopathology (Aufderheide 89 

and Rodríguez-Martín, 1998; Mann and Hunt, 2005). 90 
Considering these recommendations, this article introduces the case of a female skeleton with 91 
a pattern of bone lesions compatible with a diagnosis of acquired syphilis. The remains were 92 

exhumed from the former necropolis of the Royal Hospital of All Saints (RHAS) of Lisbon, 93 
Portugal. Through a combination of three distinct methods, this research aims: (1) to compare 94 
the role of different techniques in the description and differential diagnosis of bony lesions; 95 
and (2) to discuss the importance of the skeletal evidences of disease in the reconstruction of 96 

the historiography of the Royal Hospital of All-Saints, Lisbon (Portugal). 97 

 98 
 99 
 100 
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Material and Methods 101 
The Royal Hospital of All Saints (RHAS) was founded in the year of 1504 by the Portuguese 102 
prince D. João II (1455-1495) and aimed to modernize the medical assistance provided to the 103 
population, replacing the fragile network of health assistance mostly guaranteed by small 104 

hospitals and other institutions of communal residential care, such as hostels (for homeless 105 
and pilgrims), leper houses and hospices (Ramos, 1993; Panarra, 1994). The RHAS was in 106 
function until 1755, date of one the most significant Lisbon earthquake (Ramos, 1993).  107 
The former location of the RHAS, nowadays occupied by the Praça da Figueira square 108 
(downtown Lisbon), was last intervened between the years 1999 – 2001 so that an 109 

underground parking lot could be built. During the archaeological survey circa of 15 primary 110 
inhumations without coffin or clothing evidences were excavated. The location of the area 111 
where the material was exhumed, alongside the material evidences collected within the 112 
funerary spaces and the stratigraphy of the location support that the remains belong to the 18th 113 
century. This data was provided by the archaeologist responsible for the excavation of the 114 

site, which fell under the responsibility of the Museu da Cidade, of Lisbon. 115 

Among the skeletons recovered there was a relatively well-preserved young to middle aged 116 

adult female individual (Sk. 1310). Apart from the intact frontal bone, the remaining skull 117 
vault and facial bones exhibited some sort of postmortem breakage. Only four teeth with no 118 
atypical color or morphological changes were observed in situ: the lower right incisors and 119 
the upper left canine and 1st premolar. Additional postmortem changes were observed in the 120 

ribs, vertebrae, upper extremity of the humerii and radii, lower extremity of the ulnae and 121 
right fibula, and upper and lower extremity of the left fibula. The sexual diagnose was 122 

performed based on the analysis of the coxae according to Bruzek (2002) proposed method. 123 
Complementary analyses were performed according to methodologies described in Buisktra 124 
and Ubelaker (1994) as well as in White and Folken (2005). Due to the growing discussion 125 

with regard to the reliability of methods for adults’ age at death estimation (Hens et al, 2008; 126 
Mulhern & Jones, 2005) only a crude age at death estimation was performed, taking into 127 

account the lack of significant auricular surface changes (hipbone) (Lovejoy et al., 1985) and 128 
overall skeletal elements degeneration, with particular attention to the articular facets. 129 

The skeleton under scrutiny showed significant osteological changes throughout the skeleton, 130 
all of which of pathological origin. The bone lesions were first observed by naked eye and 131 

then recorded in a visual recording form according to its side, location and bone portion 132 

affected, extent and type of lesions observed (proliferative, destructive or both) and degree of 133 
bone healing. Conventional X-ray and CT-scan techniques were applied to infer the 134 

extension, and severity of the lesions on the lower limb bones (i.e. femurs and tibiae) and on 135 
the skull (i.e. frontal bone). To evaluate and characterize the microstructure of the bone 136 
lesions, a distal left fibula bone sample showing periosteal lesions was collected and prepared 137 

for histological analysis. The criterion that guided the bone sampling was the presence of 138 
postmortem breakage. By means of a modified version of the protocol developed by 139 

Fitzgerald and Saunders (2007), the bone specimen was cleaned in multiple sonic baths, first 140 
in tap water and than in alcohol, embedded in epoxy resin and then cut with a slow speed saw. 141 
The bone section produced was then polished using a grinder-polisher device and analyzed by 142 

light and polarized microscopy.  143 
The differential diagnosis of the bone lesions observed at macroscopic, imagiologic and 144 
histological level was conducted following the pathological features summarized in Table 1 145 
and present in the literature. For the study of treponemal diseases, it was also employed the 146 

scoring criteria proposed by Harper et al. (2011), which is based on Hackett’s (1976) 147 
standards for diagnosing treponematosis in dry bone remains (Table 2). 148 

 149 
 150 
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Results 151 
Macroscopic, radiographic and CT-scan analysis  152 
The macroscopic analysis of the Sk. 1310 showed the presence of multiple bone lesions 153 
characterized by periosteal new bone deposition with a bilateral and disseminate pattern 154 

localized in the frontal and right parietal bones, upper limbs, distal end of the femurae, tibiae 155 
and more slightly in the fibulae shaft (Figure 1). Apart from tibiae that exhibited a generalized 156 
involvement of the entirely diaphyses, major foci of bone lesions were noticed in the lower 157 
third of the shaft of the remaining long bones. Of the proliferative type, the bone lesions 158 
observed were characterized by dense and compact layers of new bone, pinpointed by 159 

scattered area exhibiting estriae, pitting and nodule. Bellow a complete description of the 160 
lesions observed by bone piece is provided: 161 
1. Skull: multiple radial scars partially healed were observed in the outer surface of the frontal 162 
bone, mainly in its anterior central portion, and in the right parietal bone. The lesions were 163 
formed by irregular depressions of distinct sizes and shapes, and smooth contours, 164 

crisscrossed by stellated grooves. Small islands or nodules of bone were seen in-between 165 

grooves. Extensive porosity in the outer surface of the frontal bone was also visible (Figure 2 166 

A and B). A score of 4 was obtained after the application of the diagnosing criteria proposed 167 
by Harper et al. (2011). The CT-scan analysis of the frontal bone revealed a marked irregular 168 
relief caused by punctuated grooves (Figure 3 A and B). A slight bone radiopacity extending 169 
from the coronal suture to the anterior portion of the frontal bone was observed during 170 

radiographic scrutiny.  171 
2. Humeri: periosteal reactions in distinct stages of bone remodeling were observed in the 172 

posterior portion of the distal extremity of the humeri. In the distal end of left humerus, new 173 
bone deposition with a porous appearance was seen (Figure 4 A and B). 174 
3. Radii: symmetrical new bone deposition was observed in the distal end of radii especially 175 

in its anterior surface. In the left radius, periosteal lesions exhibiting a porous surface and 176 
signs of bone healing were observed (Figure 5 A and B).  177 

4. Femora: two-sided bone expansion was noticed on the lower portion of the midshaft, more 178 
conspicuous in the right bone. In the posterior surface of the femoral diaphysis, smooth 179 

periosteal irregularities were observed. Both femora showed evidences of periosteal new bone 180 
remodeling. In the left femur, slight parallel and longitudinal bone striae with scattered pitting 181 

were noticed (Figure 6 A, B and C). The radiographic analysis showed a massive bone 182 

thickness of the lower portion of femora with subsequent narrowing of the medullar cavity. 183 
An increase radiopacity of the cortical bone with a rough and irregular appearance was 184 

observed at endosteal level (Figure 7). 185 
5. Tibiae and Fibulae: Extensive bone expansion with anterior bowing of the shaft was 186 
observed in both tibiae. This bending deformity conferred to tibiae a sabre shape appearance. 187 

At periosteal level, new bone deposition combining smooth areas with striae and scattered 188 
pitting was observed along the tibia antero-medial and lateral portions, respectively. In the left 189 

tibia, localized bony nodes and plaques were seen in the lateral portion of the diaphysis 190 
(Figure 8 A, B and C). Under radiograph analysis, a widened cortex with a narrowed medullar 191 
cavity was observed. Furthermore, a demarcating line between the older cortex and the new 192 

appositional bone was seen. On both fibulae, new bone deposition with a remodeled 193 
appearance was noticed along the bone shaft. The lesions observed conferred to the bone 194 
surface an irregular and striated appearance. 195 
The application of Harper’s and co-authors (2011) scoring system resulted in a score of 3 for 196 

the appendicular skeleton. 197 
 198 
 199 
 200 
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Histological study  201 

Despite the apparent well-preservation at a macroscopic level, the magnification of the fibula 202 
bone section revealed massive diagenetic changes at microscopic level, and a lack of bone 203 
birefringence (Figure 9). The only microstructures preserved were Haversian canals, some of 204 

them showing large spaces of bone remodelling, and a few recognizable shadows of 205 
Haversian systems. No system of lamellae or osteocyte lacunae was seen. Instead, the cortical 206 
bone was filled with an indistinct mass of composites probably resulting from microbial and 207 
fungal activity. The periosteal outline showed a mosaic of patterns: a section had a wave-like 208 
and round morphology, whilst in another section the new bone deposits had a finger-like or 209 

thorny morphology as illustrated in Figure 9. In some areas a wavy-like pattern of new bone, 210 
packed between periosteal blood vessels and separated from the underlying cortex by 211 
resorption spaces, was also identified.  212 

 213 

Discussion 214 
In the last decades, paleopathologists have re-focused their research interests moving from a 215 

descriptive case-study approach toward one based on the analysis of patterns of health and 216 

disease at a population level (Aufderheide and Rodríguez-Martín, 1998; Ortner, 2003; Mann 217 
and Hunt, 2005; Grauer, 2008, Mays, 2012). In both trends, a rigorous differential diagnosis 218 
of the specimens under study is desirable. As pointed out by Mays (2012), a reliable 219 
differential diagnosis performed at the individual level is the foundation to assess the 220 

prevalence rate of a certain condition in past population groups. In paleopathology, it is 221 
relatively straightforward to classify a bone abnormality in at least one of the major categories 222 

of skeletal disorders, such as trauma, infection, tumor, among others (Ortner, 2012). The 223 
major challenge, and a potential source of error, resides in trying to achieve a more specific 224 
diagnosis (Ortner, 2012). Zuckerman and co-authors (2014) have recently alerted to the need 225 

of bridging methodological rigor based on standardize criteria to diagnose diseases, to the 226 
presentation and evaluation of data. When this endeavor is reached and a positive diagnosis is 227 

achieved, an enormous contribute to the history and evolution of diseases and how past 228 
humans have coped with it, arises. 229 

In this case-study, the visual inspection and the application of imaging techniques, especially 230 
conventional X-ray, were pivotal to identify a group of bone features compatible with a 231 

chronic infectious process diagnosed as treponematosis (possibly acquired syphilis). The 232 

application of multiple approaches has also allowed discarding other pathologies such as 233 
Paget’s disease and leprosy (Table 1). For example, none of the bones of the feet and hand 234 

showed concentric atrophy, nor truncation of the phalanges as expected in cases of leprosy 235 
(Ortner, 2003); also, no marked bone osteolysis (Ortner, 2003; Brickley and Ives, 2008; 236 
Mays, 2008; Chow, 2009) or extreme thickening of bones from the crania (Zimmerman and 237 

Kelley, 1982) that characterizes, respectively, the first and last stages, of Paget’s disease were 238 
recorded. Other Pagetic features such as a true lateral and anterior long bones bowing, 239 

osteoporosis circumscripta and “cotton wool” skull bones were also absent (Parson, 1980; 240 
Zimmerman and Kelley, 1982; Ortner, 2003; Brickley and Ives, 2008; Mays, 2008). 241 
Furthermore, conditions as tuberculosis are improbable if we consider the skeletal lesions’ 242 

distribution and morphology characterized by a predominance of erosive lesions over 243 
proliferative ones, especially in vertebrae and long bone joints (Aufderheide and Rodríguez-244 
Martín, 1998; Ortner, 2003; Zimmerman and Kelley, 1982; Ortner, 2008). The widespread 245 
location of the bone lesions and the absence of cloacae also rules out osteomyelitis as a 246 

probable diagnosis (Ortner, 2008), despite the enlarged Sk. 1310 femurae and tibiae shafts. 247 
Within treponematosis, and although yaws and bejel may produce bone changes similar to the 248 
ones recorded, these may be exclude as probably cause due to their particular geographical 249 
distribution and endemic nature (Aufderheide and Rodríguez-Martín, 1998). The overall bone 250 
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lesions may also be observed in cases of congenital and acquired syphilis (Ortner, 2008). 251 

However, the absence of Hutchinson’s teeth and of a true bending deformity in tibiae favors 252 
acquired syphilis (Waldron, 2009) as the most possible aetiology of the lesions observed.  253 
Acquired syphilis is a chronic treponematosis characterized by three developmental stages 254 

(Hackett, 1976). Noticeable skeletal lesions, mostly in the tibiae and skull, are indicative of 255 
the tertiary stage of the disease. Cranial vault lesions (also termed caries sicca) similar to 256 
those observed in the skull of Sk. 1310 are normally considered pathognomonic of acquired 257 
syphilis. The application of the scoring criteria (acquired syphilis) developed by Harper and 258 
colleagues (2011) also supports the etiology of the changes: the cranial vault lesions were 259 

scored 4 in 5 (presence of lesions specific to treponemal disease), and the long bone lesions 260 
were scored 3 in 5 (presence of lesions suggestive to treponemal disease on multiple skeletal 261 
elements), since no superficial or metaphyseal cavitation were observed on the long bones. In 262 
the tertiary stage of the disease, long bones tend to exhibit both gummatous and 263 
nongummatous alterations. Althought, the gumma is the most characteristic lesion; 264 

nongummatous lesions that include periostitis, osteitis and osteoperiostitis are more 265 

frequent. Periosteal new bone formation (PNBF) may be composed of woven bone, but most 266 

frequently it consists of compact bone, reflecting the chronic nature of the condition (Ortner, 267 
2008). A pattern consisting of reactive bone formation of lamellar type is commonly 268 
encountered in tibia (Ortner, 2008). Due to the massive bone deposition, tibiae may assume 269 
an abnormal shape - saber shin. Despite the absence of gumma, all of the abovementioned 270 

bone features, namely the presence of striate and rugose nodes, expansion and deformity were 271 
observed in the tibiae of the Sk. 1310.  272 

Albeit not specific, the X-ray bone features supported a diagnosis of acquired syphilis. 273 
According to Chhem and Brothwell (2008), in acquired syphilis, the bony changes of osteities 274 
and osteoperiostitis appear in the form of radiolucent and sclerotic areas associated with some 275 

increase density at the periosteal zone. In fact, the application of conventional X-ray analysis 276 
was determinant to confirm the non-structural origin of the tibiae deformity, which seems 277 

instead to be the result from an abnormal accumulation of remodeled newly built bone. The 278 
same can be mentioned with regard to the diaphyseal enlargement observed in the lower 279 

portion of femurae, which lead to exclude Paget disease from the differential diagnosis. The 280 
use of conventional X-ray techniques was also valuable to exclude the presence of hidden 281 

osteolytic lesions linked with the case of syphilis or indicating the presence of co-morbilities. 282 

In comparison with conventional radiology, only minor contributes regarding the surface 283 
relief and distribution of caries sicca were added by computed tomography (CT-scan). 284 

Identical conclusions can be drawn from the application of histological techniques in the 285 
study of a fibula sample. The postmortem damage observed at microscopic level had an 286 
enormous impact on the analysis and description of the bone lesions of Sk. 1310. Despite the 287 

intact contours of the bone segments under analysis, it was impossible to characterize their 288 
periosteal and intracortical microanatomy, and infer or corroborate the aetiology of the bone 289 

lesions. Nevertheless, it was possible to distinguish on the periosteal surface new bone 290 
deposits ranging from a round to a thorny morphology. Furthermore, a wavy-like pattern of 291 
new bone packed between spaces of former periosteal blood vessels and separated from the 292 

underlying cortex by resorption spaces was also identified. This last bone feature resembles 293 
“polster” structures described by Schultz (1994, 2001, 2003 and 2012) as being associated 294 
with syphilis. Unfortunately, only the contours of the periosteal bone were preserved, which 295 
made confirmation of the orientation of the collagen fibers impossible. Schultz has defined 296 

polsters as a “pillow-like” structure of new bone that develops at the external surface of the 297 
long bones (periphery of the cross-section) and only within some parts of the circumference. 298 
In tertiary syphilis, these histological features are caused by a relatively slow growing process 299 
(Schultz, 2012). Other microscopic features that have been associated with treponemal 300 
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conditions, and that were taken into consideration when performing the microscopically 301 

analysis of Sk.1310 bone segments, are the “grenzstreifen” and the “sinous lacunae”. 302 
Grenzstreifen is defined as a boundary line of varying thickness located between the original 303 
cortical surface and the secondary pathological new bone deposition in a subperiosteal 304 

position (Schultz, 2001, 2003, and 2012). It is a remnant of the external circumferential 305 
lamellae that is preserved due to the relatively slow growth of the PNBF (Schultz, 2012). As a 306 
consequence, it may present a reduction in their size and shape (Schultz, 2012). The “sinous 307 
lacunae” resembles a resorption lacuna, and it is a structure normally found between the 308 
cortical surface and the new layer of PNBF (Schultz, 1994). Some of these microscopic 309 

changes were also observed by von Hunnius and co-authors (2006) in two Pre-Columbian 310 
England cases of acquired syphilis. In the current study, apart from the atypical outline of the 311 
periosteal reaction that resembles “polsters” and some resorption spaces, no further 312 
microscopical pathological bone features (e.g. grenzstreifen) were observed in the fibula 313 
segment of Sk. 1310, which has affected our ability to make statements about the disease 314 

progression. It should be stated that the specificity of these histological features have been 315 

recently challenged by several researchers (e.g. Weston, 2009; Van Der Merwe et al. 2010). 316 

Although the minor ads introduced through histological analysis, the visual examination and 317 
the X-ray analysis were fundamental to establish a possible diagnosis of acquired syphilis, 318 
which was greatly helped by the preservation of key-bone elements (i.e., skull and tibiae) for 319 
diagnosing treponematosis.  320 

The paleopathological literature has many descriptive cases of possible treponematosis 321 
identified worldwide. Amongst them, and regarding congenital syphilis, one can highlight the 322 

works of Pàlfi  and colleagues (1992); Mansilla and Pijoan (1995); Malgosa et al. (1996); 323 
Hillson et al. (1998); Jacobi and Cook (1992); Erdal (2006); and concerning the 324 
manifestations of acquired syphilis the research of Stirland (1991); Buzhilova (1999); Mays 325 

and colleagues (2003); Bouwman and Brown (2005); Lefort and Bennike (2007); von 326 
Hunnius and co-authors (2007) are some of the references to bear in mind. Numerous studies 327 

have also been published with regard to the geographic and chronological origin of syphilis, 328 
with emphasis to its possible association (or not) with the arrival of Columbus to the New 329 

World (e.g. Baker et al., 1988; Rothschild et al., 2000; Saunders et al., 2000; Powell and 330 
Cook, 2005; Rothschild, 2005; Harper et al., 2008; de Melo, 2010; Harper et al., 2011; 331 

Armelagos et al., 2012; Mays et al., 2012; Rissech et al., 2013; Schaffer and Carr, 2013; 332 

Zuckerman et al., 2014).  333 
In the Portuguese paleopathological record, a treponematosis case study was firstly reported 334 

by Lopes and Cardoso (2000) with regard to the bone lesions observed in a right femur and 335 
fibula (eventually belonging to the same individual) identified in an ossuary from the Igreja 336 
do Convento do Carmo (C. 1500-1800 AD), in Lisbon. Also referring to the city of Lisbon, 337 

Codinha (2002) has described possible cases of venereal syphilis identified in two adult male 338 
and female skeletons exhumed from the necropolis located in the ruins of the Igreja do 339 

Convento do Carmo (16th-18th centuries). According to the author, both individuals exhibited 340 
remodeled osteolytic lesions in skull compatible with those of caries sicca, as well as an 341 
extensive involvement of the long bones from the upper and lower limbs (Codinha, 2002). 342 

Souza and co-authors (2006) also identified a possible case of congenital syphilis in the 343 
mummified remains of a young girl (~18 months) buried in the crypt at the church of 344 
Sacramento, Lisbon (18th century). The authors describe not only the dental and skeletal 345 
lesions compatible with congenital syphilis, but also some mercury-induced dental changes 346 

consistent with the treatment of the condition used at that time (Souza et al., 2006). Another 347 
case of a 19th century syphilitic individual was diagnosed by Lopes and colleagues (2010) in a 348 
female skull (number 282) from the Medical School Collection housed at the University of 349 
Coimbra, in Coimbra (Portugal). This female was an identified individual, with a known 350 
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cause of death listed as “hypertrophic cirrhosis of the liver”. However, the extensive lytic 351 

lesions found in the skull, alongside the typical caries sicca pattern led the authors to discuss 352 
the association of these bone changes with a diagnosis of syphilis, and not necessarily with 353 
cause of death (Lopes et al., 2010).  354 

The lower number of cases, associated with Portugal, contrasts with historical evidences that 355 
described syphilis as major social burden, and a significant source of health concerns in 356 
Portugal during several centuries (Sousa, 1996). From the 15th century onwards, and during 357 
the Portuguese maritime expansion (known as Período dos Descobrimentos), Portugal 358 
capitalized the development of Europe through the discovery and exploration of new 359 

continents and resources. The city of Lisbon was a pivotal reference for the main European 360 
trading routes. As a consequence, the Portuguese population grew, which in turn favored the 361 
emergence of epidemics (Sousa, 1996; Pacheco, 2008). In spite of the decreasing number of 362 
some conditions (e.g. leprae), others became more frequent such as tuberculosis, smallpox, 363 
malaria, as well as cases associated with dysentery and with the Black Death and last, but not 364 

least, was syphilis (Pacheco, 2008). Eighteenth-century documents state that syphilis, in 365 

addition with cholera and yellow fever, were common diseases and relevant health issues of 366 

the time in the city of Lisbon (Souza et al., 2006).  367 
When studying a particular chronological period or funerary context, such as a hospital, the 368 
analysis of historic texts can help in the interpretation of uncovered bone conditions (Mitchell, 369 
2012). In relation to the Royal Hospital of All-Saints (RHAS), it is known from historic 370 

sources that the hospital was organized in four major wards, which were sex specific: one was 371 
dedicated to the treatment of wounds and “fevers” in women, and two others addressed male 372 

illnesses (Pacheco, 2008). Additionally, the hospital had another sex-specific ward which was 373 
solely dedicated to the treatment of syphilis, at the time also called as the “mal gálico” 374 
(Sousa, 1996; Pacheco, 2008: 52). The social relevance of syphilis was such that in 1539 a 375 

treatise about syphilis was published by Ruy Dias D’ Ysla, a Spanish physician who had 376 
worked at the RHAS (Sousa, 1996). According to his chronicles, between the years of 1511 377 

and 1532 a total of 20,000 syphilitic patients were treated at the RHAS (Sousa, 1996). 378 
Nevertheless, and among the skeletons recovered, only the adult female Sk. 1310 possesses 379 

lesions compatible with acquired syphilis. The disease information that we obtain from 380 
historic texts was coined by Mitchell (2011: 82) as a “social diagnosis”, in the sense that the 381 

diagnosis was a “label” given by people in the past, which may be different from the modern 382 

view of disease. Presently, it is known that the pandemic of syphilis was not only caused by 383 
syphilis but also by other venereal diseases misdiagnosed as syphilis (Forrai, 2011). In fact, 384 

only in the 19th century and in the beginning of the 20th century the causative agents of many 385 
sexually transmitted diseases, such as chancroid, gonorrhea and syphilis were isolated and 386 
treated as separate diseases (Forrai, 2011; Maatouk and Moutran, 2014). Before that, they 387 

were considered a same entity, which might have caused misunderstandings and mistakes in 388 
its identification, treatment and report (Forrai, 2011, Burg, 2012). If entangled with textual 389 

sources that allude to a particular condition, one adds biological evidences, the knowledge 390 
about the historic and social impact of that condition increases considerably. This ideal 391 
scenario was achieved with the present case-study. The osteological data retrieved from the 392 

analysis of the Sk. 1310 seems to be in agreement with the known historical data, adding a 393 
new dimension to the written historiography of the RHAS: it brings primary biological data to 394 
what were previously only written sources. 395 

 396 
Conclusion 397 
A complete description of the bone lesions and the application of multiple lines of enquiry are 398 
key-points for a consistent differential diagnosis. In the present case-study we have used and 399 
compared three distinct methods – visual inspection, imagiological and histological 400 
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techniques – in order to assess the etiology of the bone lesions observed in an adult female 401 

skeleton associated with the former RHAS. An original scoring system developed by Harper 402 
and co-authors (2011) was also used to differentiate among treponemal conditions. The 403 
macroscopic analysis, attending the distribution, side, extent and type of bone lesions, coupled 404 

with conventional X-ray analysis revealed to be fundamental to attain a possible diagnosis of 405 
acquired syphilis. In contrast, the CT-scan and the histological analyses were less informative. 406 
It should be mentioned that the histological study was severely conditioned by the presence of 407 
diagenetic changes, whose pervasive action is difficult to overcome or avoid in any 408 
paleopathological analysis. In addition with the possibility to perform a more precise 409 

diagnosis, a reality not always attainable in paleopathology, this case-study also represents the 410 
first evidence of syphilis associated with the Royal Hospital of All Saints (RHAS). It serves 411 
as the remaining biological testimony, not only of a major social burden that has plagued 412 
Lisbon during at least four centuries, but also corroborates the pivotal role that the RHAS had 413 
on the treatment of syphilis in Portugal; a function that until now was only known from 414 

written records.  415 

 416 
Acknowledgments 417 
The authors would like to express their thank you to: the Museu da Cidade of Lisbon for 418 
access to the material; to the Faculdade de Ciências Sociais e Humanas of Universidade Nova 419 
de Lisboa for housing the material and extend to CRIA the support given during study; to 420 

Serviço de Imagiologia do Hospital de Santo António dos Capuchos - Centro Hospitalar de 421 
Lisboa Central E.P.E. Lisbon (Portugal) for access to CT-scan; finally to the volunteers that 422 

have assisted on the treatment of human remains associated with the RHAS. Sandra Assis 423 
would also like to acknowledge Dr Anne Keenleyside for access to the Bioarchaeological 424 
Laboratory of the Department of Anthropology at Trent University Peterborough - Ontario 425 

Canada as well as PhD supervision alongside Dr Ana Luisa Santos from Coimbra University. 426 
This research was developed within Fundação para a Ciência e Tecnologia funded Ph.D. and 427 

post doctoral projects (Grant numbers: SFRH/BD/36739/2007; SFRH/BPD/43330/2008). 428 

 429 

References 430 
Adler, C.-P. (2002): Bone diseases: macroscopic, histological, and radiological diagnosis of 431 

structural changes in the skeleton. - Springer-Verlag, Berlin Heidelberg. 432 

Armelagos, G., Zuckerman, M. & Harper, K. (2012): The science behind Pre-Columbian 433 
evidence of syphilis in Europe: research by documentary. Evol. Anthropol. 21: 50-57. 434 

Aufderheide, A. & Rodríguez-Martín, M. (1998): The Cambridge encyclopedia of human 435 
paleopathology. - Cambridge University Press, Cambridge. 436 

Baker, B., Armelagos, G., Becker, M., Brothwell, D., Drusini, A., Geise, M., Kelley, M., 437 

Moritoto, I., Morris, A., Nurse, G., Powell, M., Rothschild, B. & Saunders, S.  (1988): 438 
The origin and antiquity of syphilis. Curr. Anthop. 29:703-737. 439 

Bouwman, A.S. & Brown, T.A. (2005): The limits of biomolecular palaeopathology: ancient 440 
DNA cannot be used to study venereal syphilis. J Arch Sci.  32: 703-713. 441 

Brickley, M. & Ives, R. (2008): The bioarchaeology of metabolic bone diseases. - Academic 442 

Press, Oxford.  443 
Bruzek, J. (2002): A method for visual determination of sex using the human hip bone. Am. J. 444 

Phys. Anthrop. 117: 157-168. 445 
Buikstra, J. (2010): Paleopathology: a contemporary perspective. In: Larsen, C. (ed.): A 446 

companion to biological anthropology. - Blackwell Publishing Ltd., Malden, pp. 395-447 
411. 448 

Buikstra, J.E. & Ubelaker, D.H. (1994): Standards for data collection from human skeletal 449 
remains. - Arkansas Archaeological Survey, Fayetteville, Arkansas.  450 



10 
 

Burg, G. (2012): History of sexually transmitted infections (STI). G. Ital. Dermatol. Venereol. 451 

147: 329-340. 452 
Burgener, F., Kormano, M. & Pudas, T. (2006): Bone and joint disorders: differential 453 

diagnosis in conventional radiology. - Georg Thieme Verlag, Stittgard.  454 

Buzhilova, A. (1999): Medieval examples of syphilis from European Russia. Int. J. Osteoarch. 455 
9: 271-276. 456 

Centurion-Lara, A., Molini, B.J., Gordones, C., Sun, E., Hevner, K., van Voorhis, W.C. & 457 
Lukehart, S. A. (2006): Molecular differentiation of Treponema pallidum subspecies. J. 458 
Clin. Microbiol. 44: 3377–3380. 459 

Chhem, R. & Brothwell, D. (2008): Paleoradiology: imaging mummies and fossils. - 460 
Springer-Verlag, Heidelberg. 461 

Chow, K. (2009): Paget disease with insufficiency fractures. - In: Jamshid, T. (ed.): 462 
Musculoskeletal imaging cases. - McGraw-Hill Medical, New York, pp. 358-359. 463 

Chulay, J.D. (1990): Treponema species (yaws pinta bejel). - In: Mandell, G.L., Douglas, R. 464 

& Bennett, J.E. (eds.): Principles and practice of infectious diseases. - Churchill and 465 

Livingstone, New York and London, pp. 1808-1812. 466 

Codinha, S. (2002): Two cases of venereal syphilis from the cemetery of the Igreja do 467 
Convento do Carmo (Lisboa). Antropologia Portuguesa. 19: 29-40. 468 

de Melo, F.L., de Mello, J.C.M., Fraga, A.M., Nunes, K. & Eggers S. (2010): Syphilis at the 469 
Crossroad of Phylogenetics and Paleopathology. PLoS Negl. Trop. Dis. 4: e575.  470 

Dutour, O. (2008): Archaeology of human pathogens: palaeopathological appraisal of 471 
palaeoepidemiology. - In: Raoult, D. & Drancourt, M. (eds.): Paleomicrobiology: past 472 

human infections. - Springer-Verlag, Berlin Heidelberg, pp 125-144. 473 
Erdal, Y.S. (2006): A Pre-Columbian Case of Congenital Syphilis from Anatolia (Nicaea, 474 

13th Century AD). Int. J. Osteoarch. 16: 16-33. 475 

FitzGerald, C. & Saunders, S. (2007): Preparing undecalcified ground tooth sections. 476 
Anthropology hard tissue and light microscopy laboratory. - McMaster University,  477 

Hamilton Ontario.  478 
Forrai, J. (2011): History of different therapeutics of venereal disease before the discovery of 479 

penicillin. – In: Sato, N. (ed.): Syphilis – recognition, description and diagnosis. InTech, 480 
available from: http://www.intechopen.com/books/syphilis-recognition-description-481 

anddiagnosis/history-of-different-therapeutics-of-venereal-disease-before-thediscovery-482 

of-penicillin. 483 
Grauer, A. (2008): Macroscopic analysis and data collection in paleopathology. - In: Pinhasi, 484 

R. & Mays, S. (eds.): Advances in human paleopathology. - John Wiley & Sons, Ltd, 485 
Chichester, pp. 57-76. 486 

Hackett, C.J. (1976): Diagnosis criteria of syphilis yaws and treponarid (treponematosis) and 487 

some other diseases in dry bones. - Springer-Verlag, Heidelberg.  488 
Harper, K., Zuckerman, M., Harper, M., Kingston, J. & Armelagos, G. (2011): The origin and 489 

antiquity of syphilis revisited: an appraisal of old world Pre-Columbian evidence for 490 
treponemal infection. Year. Phys. Anthrop. 54: 99-133. 491 

Harper, K.N., Ocampo, P.S., Steiner, B.M., George, R.W., Silverman, M.S., Bolotin, S., 492 

Pillay, A., Saunders, N. & Armelagos, G. (2008): On the Origin of the Treponematoses: 493 
A phylogenetic Approach. PLoS Negl. Trop. Dis. 2: e148.  494 

Hens, S.M., Rastelli, E. and Belcastro G. (2008): Age Estimation from the Human Os Coxae: 495 
A Test on a Documented Italian Collection. J. For. Sci. 53: 1040-1043. 496 

Hillson, S., Grigson, C. & Bond, S. (1998): Dental defects of congenital syphilis. Am. J. Phys. 497 
Anthrop. 107: 25-40. 498 

Hudson, E.H. (1958): The Treponematoses — or Treponematosis?. Br. J. Ven. Dis. 34: 22-23. 499 



11 
 

Jacobi, K. & Cook, D. (1992: Congenital syphilis in the past: slaves at Newton plantation, 500 

Barbados, West Indies. Am. J. Phys. Anthrop. 89: 145-158. 501 
Larsen, C. (2002): Bioarchaeology: the lives and lifestyles of past people. J. Arch. Research. 502 

10: 119-165. 503 

Lefort, M. & P. Bennike (2007): A case study of possible differential diagnoses of a medieval 504 
skeleton from Denmark: leprosy, ergotism, treponematosis, sarcoidosis or smallpox? 505 
Int. J. Osteoarch. 17: 337-349. 506 

Lopes, C., Powell, M.L., Santos, A.L. (2010): Syphilis and cirrhosis: a lethal combination in a 507 
XIX century individual identified from the Medical Schools Collection at the University 508 

of Coimbra (Portugal). Mem. Inst. Oswaldo Cruz. 105: 1050-1053. 509 
Lopes, L.A., Cardoso, H.F.V. (2000): Possível caso de sífilis em fémur e tíbia direitos de um 510 

indivíduo proveniente do carneiro da segunda capela da epístola do convento do Carmo 511 
de Lisboa (Sécs. XVI-XIX?). Contributos das ciências e das tecnologias para a 512 
arqueologia da Península Ibérica. Actas do 3º Congresso de Arqueologia Peninsular. 513 

ADECAP, Vila Real, pp. 459-463. 514 

Lovejoy, C., Meindl, T., Prizbeck, T. & Mensforth, R. (1985): Chronological metamorphosis of 515 
the auricular surface of the ilium: a new method for the determination of adult skeletal age at 516 
death. Am. J. Phy. Anthop. 68: 15-28. 517 

Maatouk, I. & Moutran, R. (2014): History of syphilis: between poetry and medicine. J. Sex. 518 

Med. 11: 307-310. 519 

Malgosa, A., Aluja, M. & Isidro, A. (1996): Pathological Evidence in Newborn Children from 520 
the Sixteenth Century in Huelva (Spain). Int. J. Osteoarch. 6: 388-396. 521 

Mann, R. & Hunt, D. (2005): Regional atlas of bone disease: a guide to pathologic and normal 522 

variation in the human skeleton. - Charles C. Thomas Publisher, LTD, Springfield. 523 
Mansilla, J. & Pijoan, C.M. (1995): A case of congenital syphilis during the colonial period in 524 

Mexico City. Am. J. Phys. Anthrop. 97: 187-195. 525 
Mays, S. (2008): Metabolic bone disease. - In: Pinhasi R. and Mays S. (eds.): Advances in 526 

human palaeopathology. - John Wiley & Sons Ltd, Chichester, pp. 215-251. 527 

Mays, S. (2012): The relationship between paleopathology and the clinical sciences. - In: 528 

Grauer, A. (Ed.). A companion to paleopathology. - Malden, Blackwell Publishing Ltd., 529 
pp. 285-309. 530 

Mays, S., Crane-Kramer, G. & Bayliss, A. (2003): Two probable cases of treponemal disease 531 

of Medieval date from England. Am. J. Phys. Anthrop. 120: 133-143. 532 
Mays, S., Vicent, S. & Meadows, J. (2012): Int. J. Osteoarch. 22: 366-372. 533 
Meyer, C., Jung, C., Kohi, T., Poenicke, A., Poppe, A. & Alt K. (2002): Syphilis 2001 – a 534 

palaeopathological reappraisal. Homo. 53: 39-58. 535 
Mitchell, P. (2011): Retrospective diagnosis and the use of historical texts for investigating 536 

disease in the past. Int. J. Paleopathol. 1: 81-88. 537 
Mitchell, P. (2012): Ontegrating historical sources with paleopathology. In: Grauer, A. (Ed.): 538 

A companion to paleopathology. - Malden, Blackwell Publishing Ltd., pp. 310-323. 539 

Mulhern, D.M. & Jones, E.B. (2005): Test of revised method of age estimation from the 540 
auricular surface of the ilium. Am. J. Phys. Anthrop. 126: 61-65. 541 

Ortner, D. (1991): Theoretical and methodological issues in paleopathology. - In: Ortner, D. 542 

& Aufderheide, A. (eds.): Human paleopathology: current syntheses and future options. 543 

- Smithsonian Institution, Washington, pp. 5-11. 544 
Ortner, D. (2003): Identification of pathological conditions in Human Skeletal Remains. -545 

Academic Press, Amsterdam. 546 
Ortner, D. (2008): Differential diagnosis of skeletal lesions in infectious disease. - In: Pinhasi 547 

R., & Mays, S. (eds.): Advances in human palaeopathology. - John Wiley & Sons Ltd, 548 
Chichester, pp. 191-214. 549 



12 
 

Ortner, D. (2011a): Human skeletal paleopathology. Int J Paleopathol. 1: 4-11. 550 

Ortner, D. (2011b): What skeletons tell us. The story of human paleopathology. Virchows 551 
Archiv. 459: 247-254. 552 

Ortner, D. (2012): Differential diagnosis and issues in disease classification. - In: Grauer, A. 553 

(ed.): A Companion to Paleopathology. – Cichester, Blackwell Publishing Ltd., pp.250-554 
267. 555 

Pacheco, A.F. (2008): De Todos os Santos a São José: Textos e Contextos dos Hospitais 556 
Grande de Lisboa. - Universidade Nova de Lisboa, Lisboa. 557 

Pàlfi, G., Dutour, O., Borreani, M. & Berato, B. (1992):  Pre-Columbian congenital syphilis 558 

from the late antiquity in France. Int. J. Osteoarch. 2: 245-261. 559 
Panarra, A. (1994): Na origem do Hospital Real de Todos os Santos. História da Medicina. 1: 560 

201-203. 561 
Parsons, V. (1980): A colour atlas of bone disease. - Wolfe Medical Publications Ltd, 562 

London. 563 

Powell, M.L. & Cook, D.C. (2005): The myth of syphilis: the natural history of 564 

treponematosis in North America. - University Press of Florida, Gainesville. 565 

Ragsdale, B.; Lehmer, L. 2012. A knowledge of bone at the cellular (histological) level is 566 
essential to paleopathology. - In: Grauer, A. (ed.): A companion to paleopathology. -567 
Malden, Blackwell Publishing Ltd.: 227-249. 568 

Ramos, L. (1993): Do Hospital Real de Todos os Santos à História Hospital Portuguesa. 569 

Revista da Faculdade de Letras. 333-350. 570 
Resnick, M. & Kransdorf, M. (2005): Bone and Joint Imaging. - Elsevier Saunders, 571 

Philadelphia. 572 
Rissech, C., Roberts, C., Tomás-Batlle, X., Tomás-Gimeno, X., Fuller, B., Fernandez, P. & 573 

Botella, M. (2013): A Roman skeleton with possible treponematosis in the North-East 574 

of the Iberian Peninsula: a morphological and radiological study. Int. J. Osteoarch. 23: 575 
651-663. 576 

Roberts, C. & Manchester, K. (2005): The archaeology of disease. - Sutton Publishing, 577 
Gloucestershire. 578 

Rothschild, B. (2005): History of syphilis. Clin. Infec. Dis. 40: 1454-63. 579 
Rothschild, B., Calderon, F., Coppa, A. & Rothschild, C. (2000): First European exposure to 580 

syphilis: the Dominican Republic at the time of Columbian contact. Clin. Infec. Dis. 31: 581 

936-41. 582 
Saunders, L., Rothschild, B. & Rothschild, C. (2000): Old world origins of syphilis in New 583 

York. Chungara: Revista de Antropologia Chilena. 32: 179-184. 584 
Schaffer, W. & Carr, R. (2013): Temporal and spatial distribution of treponemal infection in 585 

South Florida: an epidemiological approach. Int. J. Osteoarch. DOI: 10.1002/oa.2343. 586 

Schultz, M. (1994): Comparative histopathology of syphilitic lesions in prehistoric and 587 
historic human bones. - In: Dutour, O., Pálfi, G., Berato, J. & Brun, J.P. (eds.). 588 

L’origine de la syphilis en Europe. Avant ou après 1493? - Centre Archaeologique du 589 
Var, Toulon, pp. 63-67. 590 

Schultz, M. (2001): Paleohistopathology of bone: a new approach to the study of ancient 591 

diseases. Y. Phys. Anthrop. 116: 106-147. 592 
Schultz, M. (2003): Light microscopic analysis in skeletal paleopathology. - In: Ortner, D. 593 

(ed.): Identification of pathological conditions in human skeletal remains. - Academic 594 
Press, Amsterdan, pp. 73-107. 595 

Schultz, M. (2012): Light microscopic analysis of macerated pathologically changed bones. -596 
In: Crowder, C. & Stout, S. (eds.): Bone histology: an anthropological perspective. - 597 
CRC Press,  Boca Raton, pp. 253-296. 598 



13 
 

Sousa, J. (1996): Impacto social da sífilis: alguns aspectos históricos. Medicina Interna. 3: 599 

184-192.  600 
Souza, S.M., Codinha, S. & Cunha, E. (2006): The girl from the church of the Sacrament: a 601 

case of congenital syphilis in XVIII century Lisbon. Mem. Inst. Oswaldo Cruz. 101: 602 

119-128. 603 
Steinbock, R.T. (1976): Paleopathological diagnosis and interpretation. - CC Thomas, 604 

Springfield. 605 
Stirland, A. (1991). Pre-Columbian treponematosis in medieval Britain. Int. J. Osteoarch. 1: 606 

39-47. 607 

Van der Merwe, A.; Maat, G.; Steyn, M. 2010. Ossified haematomas and infectious bone 608 
changes on the anterior tibia: histomorphological features as an aid for accurate 609 
diagnosis. Int. J. Osteoarch. 20:227-239. 610 

von Hunnius, T., Dongya, Y., Barry, E., Waye, J. & Saunders, S. (2007): Digging deeper into 611 
the limits of ancient DNA research on syphilis. J. Arch. Sci. 34: 2091-2100. 612 

von Hunnius, T., Roberts, C., Boylston, A. & Saunders, S. (2006): Histological identification 613 

of syphilis in pre-Columbian England. Am. J. Phys. Anthrop. 129: 559-566. 614 

Waldron, T. (2007): Palaeoepidemiology: the measure of disease in the human past. - Left 615 
Coast Press Inc, Walnut Creek. 616 

Waldron, T. (2009): Palaeopathology. - Cambridge University Press, Cambridge. 617 
Wanek, J., Papageorgopoulou, C. & Rühli, F. (2012): Fundamentals of paleoimaging 618 

techniques: bridging the gap between physicists and paleopathologists. - In: Grauer, A. 619 
(ed.): A Companion to Paleopathology. – Cichester, Blackwell Publishing Ltd., pp. 324-620 

338. 621 
Weston, D. (2004): Approaches to the investigation of periosteal new bone formation in 622 

palaeopathology. Unpublished Ph.D thesis. - University College London, London. 623 

Weston, D. (2009): Brief communication: paleohistopathological analysis of pathology 624 
museum specimens: can periosteal reaction microstructure explain lesion etiology? Am. 625 

J. Phys. Anthrop. 140: 186-193. 626 
White, T. &  Folkens, P.  (2005):  The human bone manual. - Academic Press, London. 627 

Wood, J., Milner, G., Harpending, H., Weiss, K., Cohen, M., Eisenberg, L., Hutchinson, D., 628 
Jankauskas, R., Česnys, G., Katzenberg, A., Lukacs, J., McGrath, J., Roth, E., Ubelaker, 629 

D. & Wilkinson, R. (1992): The osteological paradox: problems of inferring prehistoric 630 

health from skeletal samples [and comments and reply]. Curr. Anthropol. 33: 343-370. 631 
Wright, L. & Yoder, C. (2003): Recent progress in bioarchaeology: approaches to the 632 

osteologic paradox. Journal of Archaeological Research 11: 43-70. 633 
Zimmerman, M. & Kelley, M. (1982): Atlas of human palaopathology. - Praeger Publisher, 634 

New York.  635 

Zimmerman, M. (2004): Paleopathology and the study of ancient remains. - In: Ember, C. & 636 
Ember, M. (eds.): Encyclopedia of medical anthropology: health and illness in the 637 

world’s cultures. - Springer, New York. pp. 49-58. 638 
Zuckerman, M., Harper, K. & Armelagos, G. (2014): Adapt or die: three case studies in which 639 

the failure to adopt advances from other fields has compromised paleopathology. Int. J. 640 

Osteoarch. DOI: 10.1002/oa.2426. 641 

 642 



14 
 

 643 
Figure 1. Distribution of the most distinctive bone lesions observed in the individual Sk. 1310 644 
(number is indicative of the follow-up description in the main text). 645 
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 665 

 666 
Figure 2. A: frontal bone of Sk. 1310 showing multiple bony scars with a radiate morphology 667 
and partially healed. B: Close-up of a small radial scar with a bone nodule and smooth 668 

contours. 669 
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 691 
Figure 3. A: CT-scan of the lesions observed at the outer surface of the frontal bone of Sk. 692 
1310. B: Radiograph of the frontal bone showing some degree of bone radioluscence. 693 
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 720 
Figure 4. A: Humerae showing periosteal new bone formation (PNBF) in different stages of 721 
bone remodeling at the distal end. B: Close-up of the periosteal reaction observed on the 722 
posterior-inferior portion of the left humerus shaft. Note the porous appearance of the lesions. 723 
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 748 
Figure 5. A: Bilateral PNBF observed at the distal end of radii. B: Detailed picture of the new 749 
bone foci exhibiting signs of bone remodeling observed in the left radius (anterior surface).  750 
 751 
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 780 
Figure 6. A: Bilateral expansion of the mid-lower portion of the femurae due to PNBF 781 
(anterior view). B: Posterior view of the affected femurae. Note the increased thickness of the 782 
shafts. C: Close-up of the left femur showing foci of new bone with a remodeling appearance 783 

and composed of fine parallel and longitudinal striae. 784 
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 809 
Figure 7. Radiograph of femurae showing an increased radiopacity of the cortical bone. Note 810 

the thickened cortex and the narrowing of the medullar cavity. 811 
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 831 
Figure 8. A: Exuberant expansion of the tibiae due to periosteal new bone deposition with 832 
anterior bowing of the shaft (anteromedial and lateral view). B: Close-up of the left tibia 833 
showing multiple plaques and nodes of new bone in distinct stages of bone remodelling. C. 834 
Radiography of tibiae showing a widened cortex with a narrowed medullar cavity 835 

(anteriorposterior view). 836 
 837 
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 861 
Figure 9. General microscopic view of the fibula thin section observed under polarized light. 862 
The bone contours and content seem to be intact however no birefringence is observed 863 

(Magnification 10x). A: Close-up of a segment of the fibula diaphysis observed under 864 

transmitted light exhibiting periosteal bone with a wave-like and round morphology (arrows). 865 
Note the preservation of enlarged Haversian canals and the lack of other histological features 866 
due to diagenetic changes (Magnification 40x). B: Magnification of another portion of the 867 

fibula diaphysis under polarized light. Observe the finger-like morphology of the periosteal 868 
new bone formation (arrows). Several Haversian canals some of them with enlarged spaces 869 

are preserved (Magnification 40x). C: Close-up of the fibula surface showing the new 870 
periosteal bone arranged in a wave-like pattern (arrows) that is separated from the underlying 871 

cortex by bone spaces. Almost no Haversian canals or other histological features are present. 872 
In contrast there is a proliferation of diagenetic changes (Magnification 40x). 873 
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Table 1. Macroscopic, radiologic and histological bone features considered in the differential diagnosis of Sk. 1310 adult female. (Macroscopic 875 

descriptions from: Aufderheide and Rodríguez-Martín (1998); Ortner (2003); Ortner (2008); Waldron (2009); and Zimmerman and Kelley 876 
(1992). Radiologic descriptions from: Adler (2000); Resnick and Kransdorf (2005); Burgener et al. (2006); Chhem and Brothwell (2008). 877 

Histological descriptions from: Schultz (1994; 2001; 2003; and 2012); Adler (2000); Weston (2004 and 2009); von Hunnius et al. (2006); and 878 
Brickley and Ives (2008). Legend: Y – yes, N-no, No – non-observable. 879 

Pathology Macroscopic features Radiologic features Histological features 

Tuberculosis  Predilection upon the axial skeleton (spine) and 

joints (N) 

 Large areas of translucency 

(tuberculous cavities) and 

pronounced osteopenia (N) 

 Periosteal reactions (PR) and 

osteosclerosis are 

uncommon. When present 

the foci are solitary (rarely 

multiple) and show a solid 

thin or thick appearance (N) 

 

 Extensive destruction of 

spongiosa with few trabeculae 

preserved (NO) 

 Reduced or absent osteoclerotic 

response (NO) 

 Spine: abscess formation (> anterior portion of the 

vertebral bodies); collapse of vertebrae - Pott’s 

deformity (NO) 

 Joints: localized or diffuse lesions (regularly 

symmetrical), marginal erosion of the subchondral 

bone, massive joint destruction, subluxation and 

ankylosis (severe cases) (N) 

 Skull lesions: inner table origin (N) 

 Predominance of destructive over formative lesions 

(N) 

Leprosy  Predilection upon facial bones and distal 

appendicular skeleton (N) 

 Bone destruction (N) 

 Solitary or multiple foci of 

PR that may be solid thin or 

thick, or laminated (N) 

 Presence of grenzstreifen and of 

several layers of new bone 

deposition at the same place 

(NO) 
 Primary bone involvement (skull): rhinomaxillary 

syndrome or “facies leprosa” - atrophy of the 

anterior nasal spine; recession of the maxillary 

alveolar margin with possible antemortem loss of 

the incisors; inflammatory changes on the superior 

surface of the hard palate with thinning, pitting, or 

perforation (NO) 

 Primary and secondary bone involvement (hand 

and foot): bone resorption with little bone 

formation; pencilling of the metatarsals; arthritic 

changes; ankylosis (uncommon) and osteitis (rare) 

(N) 
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 Primary and secondary bone involvement (tibia 

and fibula): irregular deposits of subperiosteal new 

bone (>distal third of the diaphysis); prominent 

transverse striation and vascular grooves may cross 

the PR (N) 

Osteomyelitis  Presence of sequestra, massive bone apposition 

along the bone surface forming an involucrum, and 

several cloacae perforating the involucrum. (N) 

 Scattered radiolucent areas 

which may contain a dense 

bone sequestrum (N) 

 Solitary, rarely multiple foci 

of PR that may be solid 

thick, often undulating and 

cloaking (N) 

 Extensive osteolytic bone loss 

and enormous osteoblastic bone 

reaction. (NO) 

 Presence of small foci of 

decayed bone matrix located 

within the region of the former 

original compact bone or in the 

area of the secondarily filled 

medullary cavity (NO) 

 Grenzstreifen and sinuous 

lacunae may be present (NO) 

 Presence of a clear line of 

separation between the 

periosteal new bone and the 

underlying cortical tissue (NO) 

Acquired 

syphilis 
 Predilection (late stages): tibiae, cranial vault, 

perinasal skull bones, sternum, femur, fibula and 

osseous structures of the hand and foot (Y) 

 Presence of extended 

sclerosis and osteolytic 

defects (small and/or large), 

 Presence of polsters: pillow-like 

newly built bone formations 

(Y) 
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 Skull: cranial vault gumma, especially in the 

frontal bone - stellate lesion called “caries sicca” 

(Y) 

 Long bones: proliferative periostitis (subperiosteal 

new bone formation limited to a part of the shaft or 

diffuse, leading to an increased thickening and 

bone deformation - sabre shaped tibiae); (Y) 

osteitis and osteoperiostitis (increased thickening 

with subsequent narrowing of the medullary cavity, 

especially in the tibia and femur) (Y); and 

gummatous lesions formation (N) 

sharply delineated and 

indenting the cortex (Y) 

 Extensive PR and cortical 

thickening (osteitis). Dense 

bony sclerosis with areas of 

destruction (gumma 

formation) (Y) 

 Localized or generalized foci 

of PR that may be solid thin 

or thick, often undulating 

and with squat spicules, or 

laminated (Y) 

 Presence of grenzstreifen: a 

very fine or a narrow, band-like 

structure that represents the 

original external surface of the 

bone shaft (NO) 

 Presence of sinuous lacunae: 

located between the cortical 

bone and the pathological 

periosteal deposition (NO) 

Congenital 

syphilis 
 Predilection (late stages - from infancy to 

adulthood - 5-20 y.o.): long bones (e.g. tibiae), 

skull and occasionally facial bones (N) 

 The epiphyseal plates are 

faded, and seem to be 

detached from the brighter 

metaphyses (N) 

 Transverse striping of 

metaphyses and destructive 

lesions, initially involving 

the corners of the 

metaphyses (N) 

 Generalized and symmetric 

PR that may be solid thick or 

laminated (Y) 

 Skull: destruction of the nasal bones (“saddle 

nose”), calvarial gumma, and Hutchinson’s teeth 

(N) 

 Long bones: hyperplastic osteoperiostitis (fusiform 

new bone thickening that involves the middle third 

of the diaphyses. Endosteal bone proliferation with 

subsequent narrowing of the medullary cavity) (Y); 

and gummatous osteomyelitis (destructive foci are 

normally localized at the sites of gummata) (N) 

Paget’s 

Disease 
 Predilection: axial skeleton (e.g. lumbar spine), 

skull, pelvis and proximal femur (N) 

 Skull: osteoporosis 

circumscripta (early stages); 

 Marked osteoclastic resorption 

and mosaic pattern of reversal 
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 Skull: patches of demineralization (early stages); 

cranial vault thickness (later stages) (N) 

 Vertebrae: compression fractures (N) 

 Long bones: True long bones bowing (anterior 

and/or lateral), coxa vara (N) 

cotton wool – variable 

density (later stages) (N) 

 Vertebrae: radiolucency or 

decreased density. Sclerosis 

of vertebral margins 

(vertebral frame) (early 

stages) (N) 

 Long bones: “V-shaped” 

radiolucency (early stages). 

Wider and thickened bones 

(inactive stage) (N) 

lines: bone resoprtion followed 

by bone formation (early 

stages) (NO) 

 Increased amount of lamellar 

bone (intermediate stage) (NO) 

 Sclerotic bone with decreased 

vascularity (inactive stage) 

(NO) 
 

 880 

 881 
 882 
 883 

 884 
 885 

 886 
 887 

 888 
 889 
 890 

 891 

 892 
 893 
 894 
 895 

 896 
 897 

 898 
 899 
 900 
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Table 2. Score criteria applied in the diagnosis of treponemal bone lesions (adapted from Harper et al., 2011: 119). 901 

Disease category Score Bone lesion criteria 

Acquired 

treponemal 

disease 

0 Lesions consistent with a nontreponemal process (e.g., taphonomic process, noninfectious etiology, etc.). 

1 Lesions consistent with treponemal disease on one or more skeletal elements (periostitis, tibial pseudo-bowing, 

polsters, grenzlinie). 

2 Lesions suggestive of treponemal disease on a single element [Hackett’s (1976) on trial characteristics: finely 

striated nodes and expansions; coarsely striated and pitted expansions; and rugose nodes and expansions on long 

bones]; or stage 1–3 caries sicca lesions (clustered pits, confluent pits, focal superficial cavitation). 

3 Lesions suggestive of treponemal disease on multiple skeletal elements. 

4 Lesions specific to treponemal disease [Hackett’s (1976) diagnostic criteria: stage 4–6 caries sicca lesions 

(serpiginous cavitation, nodular cavitation, and caries sicca) or nodes/expansions with superficial cavitations on 

long bones] on a single skeletal element. 

5 Lesions specific to treponemal disease found on multiple skeletal elements or in the presence of lesions suggestive 

of treponemal disease on other skeletal elements.  

Congenital 

treponemal 

disease 

0 Lesions consistent with a nontreponemal process (e.g., taphonomic process, noninfectious etiology, etc.) 

1 Lesions consistent with congenital syphilis (periostitis, high palatal arch, disproportionate maxillae and mandible, 

true tibial bowing). 

2 Lesions suggestive of congenital syphilis (Parrot’s/Higoumenakia sign, flared scapulae, Fournier’s/Mulberry molar). 

3 Lesions highly suggestive of congenital syphilis (Wimberger’s sign, notched and tapering (Hutchinson’s) incisors, 

Moon’s molars). 

 902 


