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v

  I am really pleased that this major, somewhat unbelievable scientifi c volume 
is issued under my presidency. SIOT’s support to this editorial project, which 
started during the previous administration, now ends under my 
management. 

 I have followed the Project since its birth, and on more than one occasion 
I got carried away by the researcher’s typical excitement, stepping in during 
the study of complicated cases, and helping my friends and co-workers to 
decipher particularly diffi cult diagnoses. 

 Giving a defi nite diagnosis to bone macroscopic lesions is unbelievably 
complicated in the fi eld of paleopathology. There are indeed many diseases 
that need a differential diagnosis with one another, and that may look like 
macroscopically similar bone lesions: infectious diseases, such as osteomy-
elitis, metabolic or haematological diseases, consequences of traumas with 
no consolidation, or degenerative diseases, or fi nally primary and secondary 
neoplastic lesions. 

 The in-depth study of many cases has allowed to identify better and better 
diagnostic criteria, increasingly minimizing the potential error deriving from 
the skeleton’s state of preservation and post-mortem lesions. In fact, the post-
mortem degradation process of the bone tissue over the centuries can produce 
lesions macroscopically resembling bone pathological lesions; the great pro-
fessional skills of Dr. Paola Catalano and of her collaborators from the 
Anthropological Service of “Soprintendenza Speciale per il Colosseo, il 
Museo Nazionale Romano e l’Area Archeologica di Roma” have been cru-
cial to the success of this work. Their major expertise has led us in what was 
a great novelty for us. I can only congratulate all the authors on this magnifi -
cent work, which has the added value of novelty and great number of exam-
ined subjects and is thus an excellent and culturally essential product to 
increase the currently available knowledge on ortho-traumatological diseases 
and on the living habits in ancient Rome. Finally, heartfelt thanks to friend 
and associate Andrea Piccioli, who has once again proven how our Scientifi c 
Society, a mirror of the national orthopaedic Community, is culturally and 
scientifi cally energetic.  

     Rodolfo     Capanna  
President of the Italian Society of 

Orthopaedics and Traumatology  
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  When I was the President of the Italian Society of Orthopaedics and 
Traumatology and Andrea Piccioli suggested the possibility of conducting a 
project with the Soprintendenza Speciale per il Colosseo, il Museo Nazionale 
Romano e l’Area Archeologica di Roma, with the aim of connecting scientifi -
cally, from a paleopathological point of view, the two branches of Orthopaedics 
and Anthropology to meet the common purpose of studying the bone, I was 
pleasantly surprised, but also uncertain, because it all seemed extremely com-
plicated. His enthusiasm and fi rm determination, together with the accurate 
outline of a substantial draft called “Written on bones”, persuaded me. The 
project aimed at assessing the variety and incidence of the different ortho-
traumatological morbid pictures in a sample of nearly 2,000 individuals who 
had lived in Imperial Rome, coming from the several digging expeditions of the 
suburban burials of the Capital City; it was submitted to the Board of Directors 
of our Scientifi c Society, SIOT, and was immediately met with a unanimous 
enthusiastic recognition. Every orthopaedist’s passion in tracking down bone 
diseases in subjects living so many centuries earlier came alongside the aston-
ished curiosity to observe “prodigious” healings of complicated lesions, such 
as the post-traumatic ones, without any surgery. Moreover, I found that SIOT 
had the duty to commit to such a project, given the privileged position of Rome 
in the world’s history, which gave this city the unique chance of having such a 
huge amount of bone remains to be investigated, and which were therefore 
homogeneous for historical period and geographical site. I appreciated the clar-
ity of subdivision of the pathologies in four main categories, according to their 
aetiology: traumatic, degenerative, oncologic, and metabolic/infectious. In the 
last few years, I have been able to appreciate the authors’ scientifi c accuracy 
and absolute ability to “enter” a world which is so very different from the one 
we are confronted with every day. The result is stunningly more striking than 
our most ambitious expectations. The selection and presentation of cases is 
done with great accuracy, and the discussion has a very high scientifi c standard. 
The collaboration of such high-level professionals in the various fi elds: ortho-
traumatological, anthropological, and medical historical has made this volume 
strikingly interesting and unique in its category.  

     Paolo     Cherubino  
Past-President of the Italian Society of 

Orthopaedics and Traumatology  

   Foreword 2  
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 I strongly wanted to publish this book, but I owe it to the unconditional sup-
port of the Italian Society of Orthopaedics and Traumatology (SIOT) and to 
its Board of Directors, who have shared in the enthusiasm for a scientifi c 
project which has later become a long and challenging work. 

 My long-standing job as an orthopaedic surgeon has allowed me to get to 
know the hidden dangers involved when the bone is affected by a pathology, 
be it of traumatic, metabolic, oncological, or degenerative origin. I have also 
experienced complications and failure, even when great effort and major 
commitment had been applied. It was this personal history in a job carried out 
with great dedication that made me look in awe at the bone remains ‘offered’ 
to us and to our study by Paola Catalano, head of the Anthropological Service 
of the ‘Soprintendenza Speciale per il Colosseo, il Museo Nazionale Romano 
e l’Area Archeologica di Roma’. I have seen the amazing healing processes 
shown on the bones in some cases, and the diseases that had left their signs 
on them throughout the centuries, as a wonderful heritage only known by 
anthropologists and palaeopathologists, and I wanted to share it with my fel-
low orthopaedists and with everyone who was interested in what actually 
remains of us and of our pathologies after thousands of years. The study of 
nearly 2,000 subjects has been long and full of diffi culties, but the sole idea 
of the incredible material we were handling, and the desire to show it, has 
driven us to keep working and get to the end. Rome is clearly a privileged and 
unique city for this kind of research, a bridge between past and present, where 
rare examples of remains are so abundant, as to run the risk of being underes-
timated or studied with superfi ciality or segmentation. We have made sure to 
avoid this by involving many different professionals and attempted to give an 
in-depth picture of what we have discovered, observed and studied. 

 Some fi nds were so ‘peculiar’ that they clearly suggested a good knowl-
edge of the bone healing techniques; we sought the collaboration with medi-
cal historians to understand and analyse the evolution of medical and 
orthopaedic knowledge in Imperial Rome, and Valentina Gazzaniga of the 
Unit of Medical History, “Sapienza Università Roma” and her staff have been 
indispensable in this. 

  Introduc tion 1     
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 I like to think that we have taken a picture of a faraway era, which has 
shown us the stories of human beings and of their diseases, surprising and 
moving us. I hope the same pleasure and amazement we felt during the course 
of our work will reach our readers.  

  Rome, Italy     Andrea     Piccioli    

Introduction 1  
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 In recent years many excellent books have been written on the history of 
diseases and medicine in Ancient Rome. All are the result of very high spe-
cialized competences; medical historians have direct and qualifi ed sources in 
A.C. Celsus and C. Galen, both reliable witnesses of the high level of compe-
tence of Greek Hippocratic medicine in Rome. Historical studies can also use 
ancient literature, historiography and archaeology as their secondary sources. 
On the other hand, ancient Rome provides the palaeopathological approach 
with a quantity of bone remains much higher than any other ancient 
Mediterranean societies and materials from events almost unique in the his-
tory of the ancient world, such as the dreadful eruption of Vesuvius dating 
79 A.C. 

 Given this availability of numerous and reliable sources, it is surprising 
that the historical and palaeopathological approaches have often been inde-
pendent from each other and not crossed paths, with the exception of particu-
lar cases i.e.  The Healing Hand , by G. Majno (The Harvard University Press, 
1975) or the more recent  I fuggiaschi di Ercolano  by L. Capasso (Roma, 
L’Erma di Bretschneider, 2001). It is even more surprising in Imperial Rome, 
a city rich in biological samples, bones and skeletons offered to the study of 
anthropologists, medical historians, physicians and palaeopathologists. The 
invitation to a scientifi c collaboration coming from Andrea Piccioli, an ortho-
paedist who is attentive and curious to the social, historical and anthropologi-
cal dimensions of ancient diseases, and from Paola Catalano, who is a great 
expert of physical anthropology in Republican and Imperial Rome, appeared 
to me as a lucky and, in a certain way, long expected chance. 

 The subsequent almost daily interaction among different disciplines, 
which studied the same materials simultaneously – but according to deeply 
different methodological perspectives – produced (at least in my opinion) 
some interesting achievements. First of all, the documentation of the high 
degree of orthopaedic competence of the ‘medical marketplace’ in Imperial 
Rome: many fractures healed in really diffi cult conditions, highly functional 
tools for the reduction of bone dislocations, and optimal degrees of orthopae-
dic technical skills. In addition, the chance to enrich the Imperial age ‘patho-
cenotic’ picture by means of fi rst-hand materials – direct ancient voices, 
speaking bones. Finally, the possibility to document aspects of social history 
such as a level of medical assistance, cure and care high enough to allow the 
survival of individuals with severe injuries, bone diseases and 
malformations. 

  Introdu ction 2   
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 Last, but not least, common interests in ancient Roman pathological his-
tory gave birth to new friendships: not a little thing, in our hurried world 
forgetful that what we are now is what we were yesterday.  

  Rome, Italy     Valentina     Gazzaniga    

Introduction 2
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 On any day of the year, while exiting the darkness of the metro station in front 
of the Colosseum, one fi nds oneself confronted with the breathtaking view of 
this majestic monument and the surrounding remains of Imperial Rome, dot-
ted with swarming crowds of tourists with their noses up in the air and their 
cameras at hand. Whenever I have the chance to work at the Roman Forum, I 
like to try and guess which country those people come from. Whatever their 
nationality, they all share a tangible fascination that enraptures people from 
all over the world when visiting Ancient Rome. That same captivating fasci-
nation is what I also feel, despite having worked for the Soprintendenza for 
the past 30 years, when engaged in my particular discipline: physical anthro-
pology. Together with my collaborators, we are involved in the excavation, 
recovery, conservation and analysis of human skeletal remains unearthed dur-
ing the numerous interventions of preventive archaeology conducted by the 
‘Soprintendenza Speciale per il Colosseo’, il ‘Museo Nazionale Romano’ e l’ 
‘Area Archeologica di Roma’ (see Sect.   2.1    ). 

 But what do these skeletons represent? Considering the elevated number 
of recovered human remains and the detailed documentation available, they 
describe signifi cant samples of the population of Imperial Rome. It is the 
analysis of those samples of Roman population that accounts for the impor-
tance of the present volume. Unfortunately, anthropological investigations, 
and in particular palaeopathological ones, are frequently carried out in a sen-
sationalistic and out of context manner, in pursuit of what is defi ned in jour-
nalism as a ‘scoop’. The purpose of this work is, conversely, to contribute to 
the exemplifi cation of the actual living conditions in the largest city of the 
Ancient World, and to identify the diseases that affected its inhabitants, trying 
to determine at least the ones that left distinctive marks on the skeletal 
remains. A vast amount of material was analysed, involving the expertise of 
many different professionals. The results were then evaluated from a medi-
cal-historical point of view, in an effort to establish some of the social and 
historical features of an extremely diverse and complex city where, for the 
great majority of the population, life must not have been easy.  

  Rome, Italy     Paola     Catalano    
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the project and supported it with logistic and fi nancial resources, and specifi -
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 Thanks to the SIOT’s representative (2012–2014) Pietro Bartolozzi, who 
cherishes past scientifi c mysteries. His encouragement has been essential. 
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1.1     Funerary Archaeology 
and Field Anthropology 

    Carla     Caldarini,          Paola     Catalano,       and   Federica     Zavaroni     

 Bio-archaeological studies and historical documents 
are a great tool to reconstruct the lifestyle and health 
conditions of the ancient populations, and to under-
stand the correlation between man and the environ-
ment over the course of time. The Anthropological 
Service has taken part in the environmental pro-
tection activity of the Soprintendenza Speciale 
per il Colosseo, il Museo Nazionale Romano e l’Area 
Archeologica di Roma. This has contributed to out-
line the biological history of Roman society, in par-
ticular that of the Imperial age. In the last decades, 
new excavation methods applied to the human skele-
tal remains have helped to collect valuable informa-
tion on Roman sepulchres, especially those found 
in the Suburb, because of the large number of civil 
buildings built after the urban development. These 
data, together with those deriving from in-depth 
laboratory investigation, are helping to understand 
the complex biological landscape of the ancient 
Roman population with its bio demographic and 
social processes. 

 What did the Suburb look like during the 
Imperial age? As Rodolfo Lanciani [ 1 ] wrote: “In 
its best days, Rome was practically one with the 
nearby towns of Veii,  Nomentum , Tivoli, 
Palestrina, Tusculum and  Bovillae . Villas, vine-
yards, rural estates with country houses shaped 

both small and large areas creating a wide popu-
lated park around Rome”. 

 In recent years, the investigation on a large 
number of broad excavations held by the 
Soprintendenza, has been throwing light on wide 
areas whose countless archaeological contribu-
tion had been ignored [ 2 ]. The anthropological 
material, fi rstly collected during the systematic 
excavation of the necropolis [ 3 ] and then through 
laboratory investigation [ 4 ] is a considerable help 
to understand how the funeral services were held 
and how life was in the Urbs and in its surround-
ings, in an attempt to analyse funeral customs 
and everyday lifestyle through a chronological 
and socio-historical perspective which has been 
overlooked for a long time [ 5 ]. 

 Moreover, an inter-disciplinary analysis allows 
to establish a connection between the everyday 
life conditions, the diseases, and the specifi c ther-
apies of the communities that the anthropological 
fi nds belonged to. This book is an example of the 
valuable contribution given by medical historians 
and pathologists to this aim. 

 The anthropological analysis of a burial must 
begin “in the fi eld”, at the time when it is found 
(Fig.  1.1 ). Taphonomy is the branch of  knowledge 
which studies the processes (chemical, physical and 
biotic) that the body experiences between the indi-
vidual’s death and the body’s discovery, based on 
the reconstruction of the action and interaction of 
the different factors which have interfered with it, 
from the moment of the deposition until its fi nding.  
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 The information obtained through the tapho-
nomic study of skeleton, reported case by case on 
an appropriate database, need a careful examina-
tion of the position of every skeletal element and 
the record of the condition of every joint. This is 
how the deposition can be defi ned as primary or 
secondary. In a primary deposition, the body has 
been buried, immediately after its death, in its 
ultimate place, where it decayed; at the time of 
unearthing, the skeleton must be in its original 
burial position, accepting for changes of position 
due to the action of taphonomic agents or second-
ary handling. Further changes of positions after 
the burial can be detected, whether designed, as 
in profanation, or accidental, linked to natural 
causes, as either the passage of animals or water 
damage [ 6 ]. A secondary deposition refers to a 
burial performed at two or more different times: 
the fi nding of the skeleton, and so the defi nitive 
deposition, happens in a different place from the 
one of the decay. The bones may have moved 
from their earlier position simply due to gravity, 
which pulls the bones down during the decompo-
sition of the corpse, because of the absence of the 
soft tissues and ligaments which normally hold 
them together. 

 These movements can therefore be interpreted 
in order to reconstruct the original position of the 
body, thus highlighting the funerary practices of 

deposition: for instance, we will be able to deter-
mine the presence of perishable funeral struc-
tures (as cushions, coffi ns or dressings), or 
whether the deposition occurred in the ground, 
and so the decomposition took place in a restricted 
space, or in a sarcophagus, with the decomposi-
tion in a hollow space. 

 During the excavation process, experts should 
not only collect taphonomic information, but also 
determine, when possible, the gender and age at 
death of the subject, detect any pathological altera-
tions and perform some measurements, because the 
frequent frailty of the fi nds can cause a serious loss 
of information, if the fi ndings are recorded after the 
exhumation. This is the reason why most of the 
methods which will be briefl y described below are 
usually applied in the fi eld fi rst and then in a labora-
tory in a more thorough and detailed way [ 7 ]. 

1.1.1     Determination of Sex 

 The parts of the skeleton showing features with 
the highest degree of sexual dimorphism are the 
skull (Fig.  1.2a, b ) and the pelvis (Fig.  1.3a, b ); in 
particular, the latter is structured in women to 
cope with pregnancy and birth giving. Because a 
subject rarely shows all the typical features of its 
gender, we have considered a combination of 

  Fig. 1.1    Burial during 
excavation       
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 features, taking into account their importance in 
the diagnosis, as described by various authors 
[ 8 – 11 ]. For some subjects, a gender diagnosis is 
sometimes impossible, because the fi ndings are 
fragmented and incomplete.    

1.1.2     Estimation of Age at Death 

 Various methods are used to calculate the age of 
death in adults, considering individual variability. 
The skeleton of an adult does not suffer great 
changes over time, so the age cannot be deter-
mined through the analysis of a single criterion; 
therefore, it is estimated applying several differ-
ent methods and balancing the various fi ndings, 
thus obtaining a time range in which the age of 
the subject under study is likely to be found. 

 One of the most noteworthy methods com-
monly used is the study of the degree of tooth 
wear, because the occlusal surface of the teeth 
gets thinner with age (Fig.  1.4a, b ). Other factors 
determine tooth wear: the diet, the presence 
of dental-alveolus pathologies and some jobs 
involving the use of teeth [ 12 ].  

 The degree of welding of the ectocranial 
sutures has also been detected, based on the pro-
gressive fusion of the cranial sutures, until a com-
plete obliteration, generally occurring in older 
age (Fig.  1.5a, b ). Amongst all, Meindl and 
Lovejoy’s method was used [ 13 ]. Then the auric-
ular surface of the ileum was examined: in young 
subjects, the auricular surface is characterized by 
wavelet and diagonal rifts and the bone tissue is 
granular; with ageing, the diagonal rifts and the 
scratches decrease, the grainy quality of the bone 

a b

  Fig. 1.2    ( a ) Female skull. ( b ) Male skull       

a b

  Fig. 1.3    ( a ) Female coxal bone. ( b ) Male coxal bone       
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tissue is gradually replaced by small areas of 
dense and compact tissue and by porous portions, 
the margins becoming irregular and torn. In old 
age, the surface shows porous and eroded areas, 
the margins are irregular and in the retro- auricular 
area strong bone protrusions and osteophytes can 
be observed. Amongst all we used Lovejoy et al.’s 
method [ 14 ].  

 Moreover, the morphology of the pubic sym-
physis has been detected – in young subjects it is 
wrinkled, while with ageing it becomes irregular, 
with porosities, erosions and ossifi cations. We 
used Burns’ method [ 15 ]. Then, the sternal end of 
the ribs has been examined – under 15 years of 

age the surface is fl at and mildly wavy; with age-
ing it alters until it assumes a V shape, while the 
margins rise. After 55 years of age, the degenera-
tive process prevails, until the margins fray and 
the porosity increases. Iscan et al. [ 16 ] studied 
these phenomena, but the method is diffi cult to 
apply due to the extreme frailty of the ribs. 

 The diagnosis of sub-adult’s age at death (less 
than 20-year-old dead subjects) has been deter-
mined by the examination of the degree of devel-
opment and dental eruption: this method identifi es 
the different development phases and the dental 
eruption, an almost constant feature up to 14–16 
years of age. We have used Ubelaker’s chronology 

a b

  Fig. 1.4    ( a ) Mild dental wear. ( b ) Severe dental wear       

a b

  Fig. 1.5    ( a ) Non-ossifi ed ectocranial sutures. ( b ) Ossifi ed ectocranial sutures       
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of dental eruption [ 17 ]. In addition, we have 
detected the size of the diaphyses of the long 
bones, and compared the values obtained with 
some charts based on the tight connection between 
the length of the long bones (measured without 
epiphyses) and the subject’s age. However, it is 
important to bear in mind that measurements are 
always affected by the individual and population 
variability [ 18 ]. Considering the degree of ossifi -
cation of the growth cartilage, we can estimate the 
subject’s age if it is less than 24 years: in most 
cases, at this age the diaphysis and epiphysis of the 
bones, which compose the skeleton, are com-
pletely fused. In this study we used the standards 
given by Krogman e Iscan [ 19 ], France e Horn 
[ 20 ], Suchey et al. [ 21 ], Ubelaker [ 18 ], Iscan [ 22 ].  

1.1.3     Osteometry 

 All the bones which were intact enough to be mea-
sured were analysed osteometrically in a labora-
tory, in order to evaluate the length, width, section 
and circumference. We followed Martin and 
Saller’s measurement procedure [ 23 ]. For every 
measurement we have indicated Martin’s number 
and the commonly used abbreviation. The mea-
surements are expressed in millimetres (mm) and 
taken with appropriate anthropometric instru-
ments, such as the osteometric board (Fig.  1.6 ), the 
round curved compass to measure width and 
length, the digital calibre to measure sections and 
the millimetre strip to measure the circumference.  

 We used the osteometric dimensions to elabo-
rate the height [ 24 ,  25 ] and the main indices of 
strength and section of the long bones, to try to 
highlight morphometric differences due to 
dynamic and environmental factors, such as stress 
from physical exercise or nutritional defi ciency. 

 The main indices are as follows: 

1.1.3.1     Cranial Indices 
 Cephalic index (horizontal) (8/1 × 100): ratio 
between width and maximum length. This deter-
mines the elongated ( dolichocranium ) or short 
( brachycranium ) shape of the skull. 

 Height index (vertical-longitudinal) (17/1 × 100): 
ratio between the height measured at the bregma 

and the maximum length. This determines the 
degree of fl atness of the cranial vault. 

 Frontal transverse index (9/10 × 100): ratio 
between the minimum and maximum frontal 
diameter. This determines more or less the diverg-
ing shape of the superior forehead. 

 Fronto-parietal index (9/8 × 100): ratio between 
the minimum and maximum frontal width. 

 Gnathic index (alveolar) (40/5 × 100): ratio 
between the length of the face and the nasion- 
basion length. This determines the degree of face 
prognathism. 

 Orbital index (52/51 × 100): ratio between the 
height and length of the orbit. This determines 
more or less a circular shape of the orbit. 

 Nasal index (54/55 × 100): ratio between 
width and height of the nose. This determines a 
longer or shorter shape of the piriform aperture 
(long and narrow: leptorrhine; short and large: 
camerrhine or platyrrhine).  

1.1.3.2     Post-cranial Indices 
 Strength index of the clavicle (6/1 × 100): ratio 
between the circumference measured in the mid- 
diaphysis and maximum length. 

 Humerus diaphysic index (6/5 × 100): ratio 
between the minimum and maximum diameter 
measured in the mid-diaphysis. When the value of 
the index is close to 100 the two diameters are 

  Fig. 1.6    Femur measurement with an osteometric board       
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equal and the diaphysis is round shaped (euri-
brachy): when the minimum diameter is consider-
ably smaller than the maximum, we have a fl atness 
of the humerus (platibrachya), maybe caused by 
intense workload of the biceps and deltoid muscle. 

 Humerus strength index (7/1 × 100): ratio 
between minimum circumference and maximum 
length. 

 Radius diaphyseal index (5/4 × 100): ratio 
between the sagittal and transverse diameter 
measured in mid-diaphysis. The smaller the val-
ues, the more protruding the interosseus crest due 
to greater pronation and supination movements 
of the forearm. 

 Ulna olenyc index (13/14 × 100): ratio between 
the superior transversal and the superior dorso- 
volar diameters; this shows the transversal fl at-
ness in the superior section of the ulna. 

 Ulna diaphyseal index (11/12 × 100): ratio 
between the dorso-volar and the transversal 
diameters; the smaller the values, the more pro-
truding the interosseous crest. 

 Ulna strength index (3/1 × 100): ratio between 
minimum circumference and maximum length. 

 Femur pillar index (6/7 × 100): ratio between 
the antero-posterior and transverse diameters, 
measured at mid- diaphysis. A high index means 
a strong development of the  linea aspera  (pilas-
ter), often linked to thigh muscular work. 

 Femur platimetric index (10/9 × 100): ratio 
between the antero-posterior and transverse diam-
eters measured below the lesser trochanter. An 
index lower than 85 means the antero- posterior 
crushing of the diaphysis superior third (platimery) 
generally linked to a strong development of the 
trochanters due to a great biomechanical stress. 

 Femur strength index ((6 + 7)/2 × 100): ratio 
between the sum of the antero-posterior and 
transverse diameters and the physiological 
length. A value higher than 12.5 means a good 
strength of the lower limb. 

 Tibia diaphyseal index (9/8 × 100): ratio 
between the sagittal and transversal diameters 
measured at mid- diaphysis. 

 Tibia knemic index (9a/8a × 100): ratio between 
the sagittal and transversal diameter measured at 
the nourishing passage. A value lower than 65 indi-
cates the diaphysis fl attening in a medio-lateral 
direction (platicnemia); the crushing is generally 

due to the work of the calf muscles, maybe due to a 
prolonged and intense use of the legs.   

1.1.4     Dento-alveolar Diseases 

 The anthropological study has also covered the 
state of the dento-alveolar complex. The study of 
the oral pathologies is really important in anthro-
pology because of the great amount of informa-
tion that can be obtained; from the conditions of 
the teeth, we can obtain data on the eating and 
hygiene habits of the subjects. Any presence of 
tartar, dental decay, abscesses, parodontopathies 
and  intra-vitam  losses has been recorded. 

  Tartar,  made of limestone deposits due to 
plaque mineralization, has been quantifi ed in 
three degrees: small, average and large amount. 

  Dental decay  easily develops when saliva is 
slightly acidic. Organic acids derive from carbohy-
drate fermentation due to bacteria in the plaque. If 
acidity is high, especially in a sugar- rich diet, it 
can break down the tooth mineral, and lead to 
enamel and dentin perforation. Dental decay is 
classifi ed depending on location (occlusal, buccal, 
lingual, mesial, distal), severity (superfi cial, affect-
ing the dentin, perforation or affecting the crown) 
and affected tooth area (crown, neck, root). 

  An abscess  is caused by an infl ammation 
reaching the tooth canal through decay, wear and 
tear or fracture. A tooth abscess can be detected 
through a drainage canal at the root apex. Also in 
this case we have recorded presence and position 
(buccal, lingual, apical). 

  Parodontopathies  are caused by infl amma-
tory processes involving the tissues surrounding 
and supporting the tooth; they cause a progres-
sive decrease of the alveolar margin, exposing 
the root and allowing for bacterial penetration. 
The alveolar re-absorption can occur evenly and 
with the same extension in most teeth, or it can 
be localized around a single tooth. Moreover, a 
dental pocket can occur at the neck or at root 
level, inclined to an apical extension and lead-
ing to an abscess as a fi nal outcome [ 26 ]. The 
alveolar re- absorption is classifi ed as light when 
the junction- cement and alveolar margin is 
below 4 mm and as severe when the distance is 
greater. 

1 The Study of Ancient Bone Remains
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 Finally, there is an alveolar re-absorption and 
a bone remodelling where the tooth has been lost 
( intra-vitam  loss).  

1.1.5     Non-specifi c Stress Index 

 Many factors affecting metabolism, such as dis-
eases, acute or chronic nutritional defi ciencies, 
due to either a lack of consumption (direct) or of 
absorption (indirect), lead to an alteration of the 
bone tissue diagnosed through a macroscopic 
examination. The anthropological study has also 
detected these alterations (non-metrical indices 
on functional stress and on disease). 

  Porotic hyperostosis  is a macroscopic porosity 
seen on the orbital roof ( cribra orbitalia ) and/or 
on the external surface of the cranial vault ( cribra 
cranii ). This alteration is related to anaemic 
states of different aetiology. For instance, heredi-
tary haemolytic anaemias, anaemias following 
infectious or parasitic diseases, or anaemias due 
to an iron defi ciency [ 27 ]. 

  Exostosis  is a bone formation in the external 
hearing canal and can appear as an irregular bone 
mass. Several clinical studies [ 28 ] have shown 
the onset of exostoses with a prolonged water 
exposition. Some types of dermatitis, traumas, 
haemorrhages and senile changes can lead to 
external otitis and so to exostoses. 

  Auricular osteophytosis , is due to light 
infl ammation of the external ear. It manifests 
itself as a slight bone proliferation around the 
external acoustic meatus, leading to the forma-
tion of an irregular edge with small-size osteo-
phytes. Both diseases, when present, have been 
indicated with a degree of severity: mild for up 
to 2 mm formations, severe for more than 2 mm 
formations. 

  Enamel hypoplasia  manifests itself as lines or 
little wells on the teeth surface, and it is caused by 
the interruption or slowing down of the enamel 
formation during the amelogenesis, that is the 
growth phase of the permanent teeth (the period 
from birth to 6–7 years of age). These alterations 
are caused by non-specifi c stress factors (such as 
malnutrition or diseases), so they are useful indi-
cators of the health condition and quality of life of 
a population [ 29 ]. 

  Periostitis  is an infl ammation of the perios-
teum. The pathology can be mainly observed on 
the tibia surface, due either to microtraumas or 
venous stasis [ 30 ].  

1.1.6     Musculoskeletal Markers, 
Arthropaties, Traumas 

 The bone tissue remodelling due to intense phys-
ical exercise or hard work is defi ned through 
ergonomic markers or MSM (musculoskeletal 
stress markers) [ 31 ] and MOS (markers of occu-
pational stress). Among them, we can fi nd enthe-
sopaties, arthropaties, non-metrical stress and 
trauma markers. 

  Entheses  (from the Greek enthesis, “introduc-
tion”) are areas of muscular and ligament inser-
tion [ 32 ]; in the absence of a specifi c 
biomechanical stress, they manifest on the bone 
as imprints (wrinkles, protrusions, cracks), and 
they represent variable indicators of strength. 
Under stress, the same points of insertion can 
show osseous proliferations and/or erosions, 
defi ned as osteophytosis and osteolysis. These 
alterations are due to a non-specifi c pathological 
state of the enthesis, generally called enthesopaty, 
which can be present or absent, while the strength 
signs are always recognizable. 

 These modifi cations can have a mechanical, 
metabolic or infl ammatory origin. 

 Osteophytosis and osteolysis are also due to 
age or idiopathic factors of the bone’s response to 
different stimuli: the border between a healthy 
and a pathological form is diffi cult to defi ne. 

  Arthritis  is a degenerative pathology of the 
joints of the post-cranial skeleton and of the 
intervertebral discs of the rachis, occurring with a 
marginal opening (lipping), osteophytosis, poros-
ity and eburnation. These alterations are the result 
of a discrepancy between requested work and 
work capacity of the joint. Arthritis location, age 
of onset, spread and development have a multi-
factorial origin; even though the causes can have 
a systemic nature (ageing, hereditary factors, sex, 
obesity, etc.) and/or a local one (overload and 
joint dynamics alterations), biomechanical stress 
is the necessary condition for the development of 
arthritis. 

1.1 Funerary Archaeology and Field Anthropology
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 As arthritis gets worse, and leads to a direct 
contact between the bone surfaces, these can 
become shiny (eburnation) and show stripes par-
allel to the direction of the joint movement, often 
accompanied by porosities [ 33 ]. 

 Other types of non-metric markers of func-
tional stress, defi ned as “discreet” MOS (Markers 
of Occupational Stress) [ 34 ] include all the exten-
sions of the joint surfaces (squatting and Poirier 
optional facet, sacroiliac and Allen fossae), the 
lack of fusion of the ossifi cation centres (acro-
mial bone) and the vastus medialis muscle notch 
(also called Messeri patella), due to overload. 

  A Poirier’s facet  [ 35 ] is an extension of the 
articular surface of the head of the femur on the 
anterior surface on the neck, maybe due to a con-
tact between the caput femoris and the margin of 
the acetabulum cavity, when the limb fl exes and 
extends. A further etiologic factor can be a hard 
and repeated stress of the iliopsoas muscle, which 
presses on the medial margin of the cerebral 
prominence. 

 Both a prolonged crouched posture and a 
repeated fl exion of the foot, when marching on 
rough ground [ 36 ], can cause the development of 
optional facets (squatting facets) at the level of 
the tibio-talar joint [ 7 ]. These features occur as an 
interruption of the continuity of the anterior mar-
gin of the tibial distal epiphysis. 

 The optional sacroiliac facets are round areas, 
localized at the level of the fi rst or second sacral 
foramen, sometimes having their equivalent on 
the iliac tuberosities. These modifi cations are 
generally connected to loads carried on the back, 
with an increase of lumbar lordosis [ 7 ]. 

  The Allen fossa , situated on the anterior face 
of the femoral neck, is connected to extensions 
and fl exions of the limb [ 31 ]; it is the outcome of 
the contact of the rectus muscle tendon on the 
anterior part of the femoral neck. Its presence is 
due to an upright posture [ 33 ], associated to 
ambulation on steep ground [ 37 – 39 ]. 

  Bipartite acromion , the potential outcome of 
an over use and load of the rotator cuff [ 40 ], is the 
lack of fusion of the acromion with the scapular 
spine. 

  Messeri patella  [ 41 ,  42 ] is the result of the mod-
ifi cation of the kneecap morphology. A frequent 
fl exion of the legs or a habitual crouched position 
involves the quadriceps muscle tendon; its over 
stress leads to a lesion of the superior– lateral 
 surface of the basis. 

 When studying the rachis, Schmörl hernias 
(the extrofl exion of the inner fl eshy nucleus from 
the vertebral body) have been taken into account. 
These nodes are related to traumas, ponderal 
overloads during adolescence or pre-existing 
conditions (infections, rickets and osteoporosis). 
These lesions are mainly found on the central 
portion of the lumbar vertebrae plateau and on 
the lower thorax [ 43 ]. The spinal column has also 
shown some osteophytoses, fractures and fusion 
of the bodies. 

 Among the most easily detectable alterations 
in the anthropological samples, traumatic lesions 
provide information on the environment and on 
the characteristics and hardness of the work car-
ried out. The environment can cause particular 
physical traumas, recognizable on the skeleton: 
for instance, a high frequency of both wrist and 
ankle fractures can be due to working on irregu-
lar ground. 

 The bone remains have shown some traumatic 
lesions, such as fractures, dislocations, haemato-
mas or pulled muscles. These have been recorded 
on an appropriate database, separating fractures/
dislocations from tendon/muscle traumas. 

 Traumas are classifi ed into accidental (due to 
life style), deliberate (due to violence), ritual, 
punishment (amputation) and therapeutic (surgi-
cal); their frequency, localization and severity 
can provide “traumatological patterns”, useful 
for the analysis of the socio-cultural features of 
the ancient populations. Fractures are complete 
or partial interruptions of the bone structure 
integrity, leading to a healing process seen in new 
formations (osseous callus). 

 A dislocation is a permanent relocation of the 
joint surfaces. It is called complete when the loss 
of connection between the two surfaces is abso-
lute. When partial contact remains, it is called 
incomplete or sub dislocation. Its aetiology can 
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have a traumatic origin if occurring after a  violent 
trauma which moves the ends of the bones; innate 
if due to a malformation of the ends of the bones; 
degenerative (pathological) if due to capsular 
ligament lesions.  

1.1.7     Skeletal Markers of Working 
Activity 

 These markers increase in number and intensity 
with age, but also respond to mechanical stress 
[ 44 ]. The data regarding these alterations can be 
a useful parameter to trace a population’s life-
style [ 45 ,  46 ], thus contributing to the identifi ca-
tion of load patterns and work division based on 
gender [ 47 – 49 ], or social status. 

 The muscular–skeletal stress markers have 
been recorded considering Hawkey [ 50 ] and 
Mariotti [ 51 ,  52 ] with three grades of develop-

ment for every enthesis. The fi rst grade (1), 
 characterized by a weak and average develop-
ment, is divided into three sub types: light (1a), 
low (1b) and average development (1c). The sec-
ond (2) corresponds to a marked manifestation 
and the third (3) to a really strong development of 
the tract. These grades are all physiological: 
absent or normal modifi cation. 

 Enthesopathies, when present, are divided in 
proliferative osteophytic forms (OF) (Figs.  1.7  
and  1.8 ) and erosive, osteolytic forms (OL) 
(Fig.  1.9 ). The suggested pattern for their classifi -
cation includes three grades that defi ne the patho-
logical stages. The fi rst corresponds to light 
porosities and exostoses smaller than 1 mm; the 
second one to several areas of erosion and exosto-
ses between one and four mm in size; the third 
one to marked exostoses, bigger than four mm. 
When there is no enthesis, or in case of a bad pres-
ervation status, the examined skeletal section has 

  Fig. 1.7    Enthesophytes at the insertion of the ulna triceps 
brachii. (Grave 176 Castel Malnome)       

  Fig. 1.8    Enthesophytes at the origin of the tibial soleus 
muscle (Grave 146 Castel Malnome)       
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been recorded as “ND” (that stands for:. not 
detected). For the discrete markers, the presence/
absence of traumas, fractures and arthropathies 
has been detected; for fractures and arthropathies 
also the site has been evaluated, recording the 
cases of politraumas.      

1.2     History of Medicine in Rome 

    Valentina     Gazzaniga          and   Silvia     Marinozzi     

 Ancient Rome is, for the historian of medicine, 
an extremely rich reality due to the theoretical 
development, the available and highly intellec-
tual, methodological and technical written 
sources, and the rich evidence provided by the 
archaeological fi ndings and remains [ 53 ]. 

 The chronological period, the anthropological 
and palaeopathological study dwells on in this 
book is one of the most representative of the 
whole ancient times: in Rome, a rich Italics heri-
tage of herbal and therapeutic competence faces 
the medical knowledge acquired in Greece since 
the classical times, rising increasingly complex 
pharmacological theories, whose peak is Galen 
of Pergamon’s “grades theory” but also the fl our-
ishing of encyclopaedic essays and manuals 
addressed to a wide and less refi ned public [ 55 ]. 

 The worship of thaumaturgic gods, which 
only changes the name to the really wide number 
of Greek gods somehow involved in the treat-
ment and in the promise of healing, is not only 
stifl ed by the importation of the rational medicine 
from Hippocrates, but, in a syncretistic way, it is 
enriched by the contributions from the Etruscan 
civilization fi rst and then from the oriental eso-
teric religions; the survival of templar medical 

practices, which can be wholly superposable to 
the pre-classical and classical Greek ones, is well 
documented by Ovid’s poetical tale on the impor-
tation of the worship of Asclepius and, in more 
recent ages and in a geographical and cultural 
Greek background, by the rhetorician Aelius 
Aristides’ autobiographical  Sacred tales , which 
tells his experience in healing. 

 As regards the rational medicine, the physi-
cians claiming a medical training regularly gained 
in famous schools and teachers, have already 
learnt the lessons of the Hippocratic medicine 
suggesting a reworking which comes to an amaz-
ing complex degree (one of the most striking 
examples are Galen of Pergamon’s writings) [ 54 ]. 

 The heritage of the Alexandrian medicine, 
whose history is halfway the third century B.C. in 
a very short-term and extremely important period, 
is seen in Rome with a meaningfully increased 
anatomical awareness compared to the Greek 
experience: the human body, which was concep-
tualized as a hollow vessel intended to hold fl uids 
in almost all the Hippocratic writings, is seen as 
an elaborate system of parts interacting to each 
other in the innovative Galenic medicine, com-
pletely able to exploit the Alexandrian Herophilus’ 
and Erasistratus’ medical experience on dissec-
tion and autopsy. Every part of the body has got 
its own function, which leads to health if success-
fully achieved; the change in the anatomical struc-
ture involves an impairment and so a disease [ 55 ]. 

 The medical sects question the method as well 
as the epistemological nature of medicine [ 56 ]; 
the Empire opens up to imported cultural phe-
nomena and faces with experiences, the thera-
peutic ones too, from the conquered countries 
and from the ones with an active trade, leading to 
wonderful opportunities of theoretical and practi-
cal enrichment particularly seen in pharmacopoe-
ial works, as the  Compositiones , dated around 
47–48 A.D. and written by Scribonius Largus, a 
physician operating under emperor Claudius. In 
these works new substances of vegetable, animal 
and, in small percentage, mineral origin, spread 
by the maritime trade, meet the earliest pharma-
cological expertise, raising a really varied phar-
macopoeia, where features of folk medicine 
merge, as well as the scientifi c ones. [ 57 ] 

  Fig. 1.9    Erosion at the insertion of the costo-clavicular 
ligament (Grave 60 Quarto Cappello del Prete)       
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Moreover, in their preface letter sent to Callistus, 
Scribonius’  Compositiones  are an example of 
how the Roman medicine achieves original 
results as regards the moral and ethic thought; the 
suggestion to judge every patient equal and worth 
of treatment, even the enemies of the homeland, 
enriches a moral “inner” tradition coming from 
the Hippocratic Oath with new elements [ 58 ]. 

 So, a very rich “medical marketplace” [ 59 ], 
characterized by different professional compe-
tences and by a progressive refi nement of the 
medical knowledge comparing to the Greek ori-
gin, practised together by physicians from the 
Hippocratic tradition, traditional healers, special-
ist surgeons, obstetricians, priests of Asclepius 
and Gods and heroes skilled in the art of medi-
cine, military doctors and slaves. 

 Consulting the several available historical 
sources, Roman Imperial medicine looks like a 
fi eld of knowledge deeply related to the civil and 
social life, a fi eld where different expectations 
and waitings join with an increasingly rising mar-
ket demand [ 60 ]. The geographical borders 
expansion with the high variability of the socio- 
economic status of the inhabitants of the Empire, 
also followed by the change of the risk factors, of 
the onset conditions and spread of infectious dis-
eases, in a word of the whole pathological back-
ground (called “pathocenosis” by Mirko 
D. Grmek, who coined a highly important neolo-
gism for the future study of the ancient Greek–
Roman diseases) makes the Roman world a 
privileged place to investigate on the sanitary 
ancient history. 

 This work has favoured some of the available 
sources, because of their connection to the his-
tory of the treatment of orthopaedic injuries and 
trauma: fi rst of all, the Hippocratic treatises, 
which directly or indirectly regard the healing of 
fractured and dislocated limbs, head trauma and 
wound’s general treatment. As well-known, these 
works are not entirely attributable to the Kos 
master, although some of them were by the ear-
lier reviewers, in particular Erotian, who lived 
under Nero, and author of a  Lexicon , one of the 
fi rst work trying to sort out the complex issue 
regarding the attribution of the works passed on 
under the name of Hippocrates. All these  writings, 

however, share a rather early dating (end of the 
fi fth – beginning of the fourth century A.D.) in 
unison with Hippocrates’ real life span and are 
the basis of the “technical” refl ection on a Roman 
“specialized” orthopaedic competence. In partic-
ular, operating from the medical and encyclopae-
dic point of view, Galen and Celsus regard them 
the starting point to process again bone, skeleton 
and limbs technology and intervention. 

 Celsus (1st cent. A.D.), as well known, has 
not got a medical background, but he is a highly 
brilliant data collector showing the best 
 example of technical refi nement ever reached 
in the Roman encyclopaedic fi eld in his work  De 
Medicina ; in his survived book on surgery many 
pages regard the orthopaedic techniques and the 
description of the tools used for the treatment of 
bone injuries in Rome during the fi rst Empire 
[ 61 ] . 

 Galen (130–200/210) is the well-known intel-
lectual giant of medicine in antiquity; a versatile, 
very lucky and rich man, Marcus Aurelius’ doctor 
fi rst and then his son Commodus’, he spends 
almost his whole life in Rome being on duty of 
the higher social classes. During his long Roman 
years, Galen collects books and makes up one of 
the most important medical library in the ancient 
times (destroyed by the Temple of Peace fi re in 
192 A.D. it was rebuilt by Galen himself, book by 
book, buying again what could be found on the 
market and writing “ex novo” his own works, 
when he didn’t manage to fi nd a copy among 
friends and acquaintances). His work, which sur-
vived almost entirely through the Syriac and 
Arabic translations, includes several essays on 
the treatment of fracture and dislocation, the 
instruments and technique [ 62 ]. 

 The available written sources are very rich. 
We can also add the support of the material his-
tory, thanks to archaeology [ 63 ]: the healing 
temples, consecrated to Asclepius and to a huge 
number of principal and secondary deities, all 
involved in disease healing, which carry on 
their task during the Empire, a task confi rmed 
by the richness of anatomical ex voto 
(Fig.  1.10a–c ), a wide fi eld of documents on 
diseases and deformity affecting the Romans 
and the Empire inhabitants, although unable to 
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originally repeat the typologies already docu-
mented by the Greek and Etruscan clay produc-
tion in forms and genres [ 64 ]; the treatment 
centres for slaves and soldiers (above all estab-
lished at the borders of the Empire, the valetu-
dinarian are complex buildings where wounded 
soldiers are admitted and where a military com-
petence is practised, also extended to the ortho-
paedic treatments) [ 65 ]. We can add some most 
singular events: the ruins of private surgeries, 

as the Surgeon’s House in Rimini, a second 
century A.D. building, where the Hellenic phy-
sician Eutyches lived and worked. When his 
house was destroyed by a fi re, maybe in the 
third century after a barbarian raid, he left one 
of the richest surgical legacy of the ancient 
times; a hundred and fi fty tools, of different 
material and dating, testifying their owner’s 
high specialized level, and, maybe, the “mili-
tary” origin of his medical knowledge [ 66 ].  

a b

c

  Fig. 1.10    ( a ) Roman ex-voto: hand and foot, ca. 
I-II. Cent. A.D. (Museo di Storia della Medicina, 
“Sapienza” Università di Roma). ( b ) Roman ex-voto: 
harm, ca. I-II. Cent. A.D. (Museo di Storia della Medicina, 

“Sapienza” Università di Roma). ( c ) Roman ex-voto: foot, 
ca. I-II. Cent. A.D. (Museo di Storia della Medicina, 
“Sapienza” Università di Roma)       
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 Epigraphy helps to recreate the profi le of the 
physicians working around the Empire, testify-
ing the wandering features of the medical pro-
fession practised till the end of the Empire, 
excepting some cases concerning very famous 
physicians, settled for long periods in the same 
town. As regards, a slight difference between the 
practice of the Roman medical knowledge and 
its wandering organizational features in the 
Greek world, is the really wide dimension of the 
territories where doctors practice and the differ-
ent cultures they meet: often coming from the 
eastern and Greek lands, not rare sepulchral 
statements testify their profession at the opposite 
edges of the great Empire. 

 A last notation goes to the “specialisms”, 
characterizing the Roman medicine, unlike the 
classical Greek; the work of orthopaedists, eye 
specialists, doctors caring the women reproduc-
tive period and the fi rst stages of the human life, 
surgeons of great technical competence, experts 
in diffi cult operations as trepanation, is docu-
mented by the equipment, by specifi c written 
works, as the case of Soranus of Ephesus’ book 
on women diseases, and by important palaeo-
pathological evidence [ 67 ]. In particular, a highly 
valuable example is the so-called Child of 
Fidene’s skeleton (Fig.  1.11 ), belonging to the 
Soprintendenza Speciale per il Colosseo, il 
Museo Nazionale Romano e l’Area Archeologica 

di Roma and preserved in the Museum of the 
History of Medicine at the Sapienza-University 
of Rome. The outcomes of his trepanation testify 
a surgery performed only to relieve the pain 
caused by a cerebral tumour in a very young 
 person, according to the technique described by 
Galen [ 68 ].  

 In the last years many valuable studies have 
regarded the different features of the intellectual 
and professional landscape of the art of medicine 
in Rome we have given a hint of; to mention the 
most meaningful contributions, the writings of 
V. Nutton, R. Jackson, D. Gourevitch, J. M. 
André, V. Boudon-Millot, V. Dasen, H. King, 
A. E. Hanson, M. Green, A. Krug, J. Scarborough, 
Ph. van der Eijke, L. Bliquez, I. Mazzini, 
S. Fortuna, S. Sconocchia, Ph. Mudry, F. Stok and 
A. Touwaide [ 69 ]. 

 The study of these authors have demon-
strated that the art of medicine in Rome is more 
than a simple refl ection on the cultural back-
ground acquired from the classical Greece [ 70 ]; 
the new ideas, the outlook changes, the techno-
logical and methodological innovation make 
the Roman medicine a peculiar and highly com-
plex  competence, able to set again the “long 
terms” of its theoretical base unit adapting them 
to the sanitary and social needs of a very wide 
population, characterized by deep habits and 
customs differences. 

  Fig. 1.11    The child of 
Fidene, imperial age 
(Soprintendenza Speciale per 
il Colosseo, il Museo 
Nazionale Romano e l’Area 
Archeologica di Roma, at 
Museo di Storia della 
Medicina, “Sapienza” 
Università di Roma)       
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1.2.1     Orthopaedics, An Ancient 
“Specialty”? 

    Valentina     Gazzaniga          and   Silvia     Marinozzi     

 Generally speaking, ancient medicine is a non- 
specialized discipline. Hippocratic texts found-
ing later medical rational tradition describe the 
image of a physician able to face fevers, cuts and 
traumas equally. Within this picture of generic 
medical competence, the surgical treatment of 
skin and skeletal lesions certainly fell into the 
category of the most successfully treatable medi-
cal practices [ 71 ]; in ancient times, traumatic 
lesions of varying origin must have been particu-
larly frequent, due to wars, and accidental or 
occupational hazards (the type of lesions that 
wrestlers, gladiators or slaves employed for 
building or mining must have suffered): an 

empirical competence of their treatment had to 
be shared by the various health care “profession-
als”. Hippocratic physicians, surgeons, medical 
practitioners and ‘rhizotomoi’ often dealt with 
traumas, assessed their outcome and gauged their 
potential complications from different perspec-
tives, it being a chronic infl ammation, a gangrene 
or an invalidating outcome [ 72 ] (Fig.  1.12a–c ).  

 It is not surprising that in ancient Rome the 
competence of doctors who treated walking 
defects and limb problems in general rises to the 
level of specialistic discipline, capable of imple-
menting some more practical features already 
belonging to the Greek Hippocratic medicine; the 
books of the  Corpus Hippocraticum  for general 
surgery and for the treatment of fractures and dis-
locations already had them, together with other 
scientifi c technical topics, such as obstetrics and 
pharmacology. Once again, it is not surprising 

a b

c

  Fig. 1.12    ( a ) Roman surgical instruments, Imperial age 
(Museo di Storia della Medicina, “Sapienza” Università 
di Roma). ( b ) Roman surgical instruments, Imperial age 
(Museo di Storia della Medicina, “Sapienza” Università 

di Roma). ( c ) Roman surgical instruments, Imperial age 
(Museo di Storia della Medicina, “Sapienza” Università 
di Roma)       

 

1 The Study of Ancient Bone Remains



17

that orthopaedic competence has a high level of 
specialization in ancient Rome [ 73 ]; here, the 
highly educated Greek tradition (as transmitted 
by the Alexandrian sources) joins the empiric 
trait of the Italic and Roman tradition in a perfect 
balance.  

1.2.2     “Noble” Origins 

 The theoretical lineage from the Greek Hippocratic 
knowledge is represented by the constant refer-
ence by Roman authors such as Celsus and Galen 
to a group of works belonging to the “Corpus”; 

these works document a rather high anatomical 
and osteologic competence: the essay “The Nature 
of Bones”, which despite its title is a book on 
angiology, does contain a chapter on bones; the 
essays “Fractures and Joints”, written by the same 
author between the end of the V and the beginning 
of the fourth century B.C. include directives on 
the treatment of arm and leg fractures, the reduc-
tion and treatment of dislocations of elbow and 
knee (Fig.  1.13 ), humerus and shoulder, collar-
bone, hip and fi ngers and correction techniques 
for backbone deviations; the essay “Mochlikos”, 
already attributed to Hippocrates by Erotian, takes 
its name from the lever instrument used in the 

  Fig. 1.13    Repairing dislocated 
knee from Guido Guidi, 
Chirurgia e Graeco in Latinum 
conversa, 1544 (Wellcome 
Library)       
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reduction of fractures and dislocations; the essay 
 Head Injuries , dating between the end of the V 
and the beginning of the fourth century, is a very 
technical text giving indications on the correct 
clinical approach towards a patient with head 
injury, who may need both specifi c diagnostic 
techniques, and specialized skills in the use of 
drilling tools. These essays all address a type of 
treatment which would be nowadays defi ned as 
“orthopaedic”, and extracts from other works can 
also be added to them, for example “The doctor’s 
workshop”, with the description of mechanical 
tools for the reduction of dislocations and frac-
tures, among which Hippocrates’ s bench 
(Fig.  1.14 ); how to build this traction table was 
already found in the text  Joints , and it will be dis-
cussed by future generations of doctors, from 
Rufus from Ephesus, to Galen, Oribasius and Paul 
from Aegina, thus becoming a very popular topic, 
and the reference point for corrections and con-
stant modernizations that will occur in the history 
of orthopaedic surgery up until the modern era 
[ 74 ]. Most probably, some orthopaedic informa-
tion must have been contained in a lost work by 
Hippocrates on war injuries, where working as an 
army physician was recommended as a way to 
acquire anatomical knowledge and rapidly effec-
tive therapeutic techniques [ 75 ]. Since its origins, 
a specifi c feature of the ancient orthopaedic 
 competence is the self-perception of how spec-
tacular the techniques of intervention on the bone 
are; the use of considerable tools, such as beams 

or ladders to hang the patient and bring the 
 dislocated bone back to its anatomical site 
(Fig.  1.15 ), but also the immediate perception of 
the healing process and the external visibility of 
complex bandaging techniques, make orthopae-
dics an easy fi eld to acquire fame and consensus, 
and to impress patients even without especially 
high medical qualities. A good doctor must regard 
orthopaedic tools – swings, levers, ladders and 
benches (Fig.  1.16 ) – as what they actually are 
tools that are often not designed for therapeutic 
goals, but directly borrowed from carpentry or 
other forms of craftsmanship, just like some other 
surgical tools for orthopaedic use, survived 
because they were made of metal, and diffi cult to 
identify today even by an archaeologist special-
ized in the history of ancient surgical instrumenta-
tion [ 76 ]. Tools cannot replace the doctor’s 
professional skills, just like a planer, a saw, or a 
hammer cannot guarantee a good carpenter’s 
work: “… the same is true for mechanical tools: 
they must be conceived correctly or not conceived 
at all: it is dishonourable and contrary to art when 
mechanical tools are designed to take the talent 
away from their designer” [ 77 ]. (Fig.  1.17 ). 
Orthopaedics, like any other branch of Hippocratic 
medicine, fi nds its ethical justifi cation in its being 
correction “according to nature”, a balanced tech-
nique which can bring things back to their natural 
course, where disease is its temporary discontinu-
ation [ 78 ]. Its main goal is to limit a potential 
 permanent damage caused by an error in the bone 

  Fig. 1.14    Scamnum 
(Hippocratic bench), from 
Guido Guidi, Chirurgia e 
Graeco in Latinum conversa, 
1544       
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remodelling; the main interventions on fractures, 
for instance, include the removal of minute parti-
cles, the fi ling of the fracture’s indented margins, 
the chiselling of overabundant or defective bone 
callus or the correction of congenital bone defor-
mities [ 79 ] (Fig.  1.18a, b ). All unnecessary pain 
must be limited, if not avoided; to this aim, an in-
depth knowledge of the nature and arrangement 
of bones, together with the careful respect for the 
patient’s needs are helpful; the faster the medical 
act, painful in itself, the more competent and mor-
ally correct. Medical texts and palaeopathology 
both offer the perception of the profound and 
impressive technical expertise required to bone 
surgeons: the high number of well-healed bone 

fractures on ancient human fi nds suggests good 
levels of treatment, even though a spontaneous 
healing can be hypothesized in most cases, also 
favoured by patients’ long periods of immobiliza-
tion and consequent care [ 80 ]. Immobility could 
also be guaranteed by specifi c items, such as 
wooden crates or cages made of fl exible sticks 
tied together and bandaged to the broken limb; the 
use of long strips of bark and fresh soft branches 
is documented in pharaonic Egypt, in the Iron 
Age in Italy, and in the eruption of Mount 
Vesuvius in 79 by a young fugitive from Ercolano, 
who was forever immortalized by the lava together 
with the ferula blocking his fractured arm [ 81 ]. 
An increasing “orthopaedic” competence is also 

  Fig. 1.15    Repairing a 
dislocation to the arm, from 
Guido Guidi, Chirurgia e Graeco 
in Latinum conversa, 1544 
(Wellcome Library)       
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documented in the indirect tradition [ 82 ], which 
has passed on information about lost texts of med-
ical authors, known as the inventors or renovators 
of tools for surgical correction of the bone: from 
Diocles of Carystus (fourth century B.C.), to 
Philotimus (IV B.C.), both specialized in the 
reduction of femur dislocation, to Nilaeus (III-I 
B.C.), the inventor of tools for the correction of 
out-of-site femur and humerus (Fig.  1.19 ), to 

Protarcus (II-I cent. B.C.) and Megetes (I B.C.), 
specialized in the knee; from Heliodorus (fi rst 
century), with his technique of jaw reduction, to 
Archigenes (I-II cent.), an expert in amputation 
techniques, an increasing surgical specialization 
seems to have been established in the long series 
of centuries between the Hippocratic texts and 
their reinterpretation in Roman times, mainly by 
Celsus [ 83 ] and Galen.         

  Fig. 1.16    Orthopaedics ladder, 
from Guido Guidi Chirurgia e 
Graeco in Latinum conversa, 
1544 (Wellcome Library)       
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1.2.3     Orthopaedics in Rome 

 In Imperial Rome, the spectacular nature of some 
bone correction methods, already criticized in 
Hippocratic texts, seems to diminish; thus, the 
techniques are simpler than those described in 
Hippocratic texts, but the number of pathological 
situations where they can be used increases. 
Celsus and Galen, the main authors who provide 
indications on bone treatment in Rome, refi ne 

ancient techniques and propose innovative uses. 
In the  De Re Medica , Celsus gives a more practi-
cal and realistic view of doctors’ and surgeons’ 
“modus operandi”; even with his pathological 
interpretations and some specifi c therapeutic 
treatments of Hippocratic tradition, Celsus is 
mainly interested in the praxis. On the other 
hand, Galen represents the Greek medical philo-
sophical culture, and mirrors a Hippocratic 
approach also in the re-elaboration of orthopae-

  Fig. 1.17    Roman Surgical 
Instruments, Imperial age 
(Museo di Storia della 
Medicina, “Sapienza” 
Università di Roma)       

a b

  Fig. 1.18    ( a ) Roman surgical knife (Museo di Storia della Medicina, “Sapienza” Università di Roma). ( b ) Roman 
surgical knife (Museo di Storia della Medicina, “Sapienza” Università di Roma)       
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dic surgery through the Alexandrian tradition, 
which had enriched it with the design of new 
mechanical tools [ 84 ]. In his philosophical view, 
the animal body is formed from the matter of 
masculine and feminine seeds, which collect and 
hand down the most refi ned and vital part of the 
humours and generate the three primary organs, 
the heart, the liver and the brain; arteries, veins 
and nerves develop from each of these organs. 
They instil matter and life into the other parts of 
the body, and the bone structure forms around 
them (thanks to the action of the animal bodies’ 
earthy component giving solidity and hardness, 
of air moving and giving vital wind, and of heat). 
In this perspective, the skeleton is given the role 
of protecting the vital organs, since the fi rst part 

to be developed is the rib cage, and then, as in a 
process similar to the development and ramifi ca-
tion of vegetables (Galen thinks of trees in par-
ticular), come the spine and the skull; after that, 
when the connective tissues and the muscles 
form around the bones, the skeleton becomes the 
basic structure, which enables us to be supported, 
move and stand [ 85 ]. In his  Commentaria  to 
Hippocratic works on orthopaedics, in particular 
the  De articulis  and the  De fracturis , and in other 
less specifi c ones, such as the  De medici offi cina , 
 De usu partium ,  De methodo Medendi ,  De fas-
ciis , Galen implements the original doctrine with 
the description of techniques and tools, refi ned 
and developed over time, and most of all with 
clinical cases observed by later authors and by 

  Fig. 1.19    Repairing broken 
arm, torn ligament or 
shoulder dislocation, from 
Guido Guidi, Chirurgia e 
Graeco in Latinum conversa, 
1544 (Wellcome Library)       
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himself. It is the case of humerus dislocation 
which Hippocrates believed occurring only infe-
riorly or anteriorly, because the head of the 
humerus can move forward while staying under-
neath the protrusion of the shoulder blade. Later 
Greek authors and Galen himself describe poste-
rior and lateral (external) dislocations, mainly 
frequent in wrestlers because of the twisting 
movements they undergo; the same is true with 
the knee, which can dislocate laterally for the 
same reason. Celsus and Galen view the ortho-
paedic techniques differently: Celsus refl ects the 
typical Roman encyclopaedic approach and the 
orthopaedical remedies and techniques he 
observes in Roman daily medical practice. On 
the other hand, both Celsus and Galen adopt a 
common method of explaining skeletal diseases 
of non-traumatic origins: they think an innate 
weakness or an inappropriate diet lead to heat 
defi ciency and humoural imbalance. They both 
reclaim ancient indications in order to perfect 
them and propose some innovative uses. One 
example is the drilling of the skull, generally 
used to remove bone fragments, coming from 
compound fractures, that might damage the brain 
and induce humoural plethoras, accumulations of 
pathologic fl uids, something very similar to our 
concept of infection; or, as is suggested in Galen, 
to allow the free fl ow of cerebral pneuma, which 
could be compromised by a depressed fracture, 
but also for the treatment of epilepsy or of persis-
tent headaches [ 86 ] (Fig.  1.20 ).  

 Among the most spectacular techniques avail-
able to ancient doctors, the drilling with the use 
of circular or crown drills (modiolus), or with the 
combined use of chisels (Fig.  1.21 ) to bore the 
circular section of the skull to be removed, also 
represents the therapeutic model for the removal 
of bone fragments in compound fractures of other 
skeletal parts [ 87 ]. Other specialistic and visibly 
striking interventions are those performed with 
the Hippocratic bench, a dedicated orthopaedic 
bed equipped with levers, strings and tie-rods for 
the extension and the reduction of fractures and 
dislocations; however, both Celsus and Galen 
also report less complex, but more widely per-
formed procedures used by surgeons to reduce 
humerus, femur and vertebral dislocations, but 

also spine incline, using a simple ladder 
(Fig.  1.22 ), either to lever on the rungs in rear-
rangement operations for humerus or femur 
 dislocation, or for “succussions”, performed 
tying the patient along the ladder and repeatedly 
moving it vertically to treat hunchback and verte-
bral inclinations [ 88 ]. A “retrospective diagno-
sis” is diffi cult and risky, given the theoretical 
adhesion to a strictly humoural model: with an 
analysis of the written sources only, it is diffi cult 

  Fig. 1.20    Drilled skull of the child of Fidene 
(Soprintendenza Speciale per il Colosseo, il Museo 
Nazionale Romano e l’Area Archeologia di Roma, at Museo 
di Storia della Medicina, “Sapienza” Università di Roma)       

  Fig 1.21    Roman Chisel, ca I-II cent. A.D. (Museo di 
Storia della Medicina, “Sapienza” Università di Roma)       
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to distinguish between rheumatic pathologies, 
pathologic arthritis or arthritis following exces-
sive wear, load or strain from a simple descrip-
tion of symptoms. Pains in hands and feet, for 
instance, are often classifi ed as podagra and chi-
ragra, while the symptoms are nowadays attribut-
able to a form of gout, which does not have a 
nosological classifi cation in ancient times 
(Fig.  1.23a, b ).    

 The same goes for the complex range of neo-
plastic diseases, whose description belongs to the 
ancient categories of “karkinos” or “phyma”, but 
does not allow distinguishing a potentially malig-
nant development from simple protrusions and 
swellings. Without a specifi c nosology to 

 distinguish the various pathological processes, 
skeletal disabilities, including fractures and 
recurrent dislocations, are just a sign of innate 
weakness or inappropriate diet. This is why ther-
apies are generally based on soothing compresses 
and local analgesics, diet, rest, laxatives, enemas 
and repeated bloodletting, so as to drain the cor-
rupted humours clogging the lesioned part and 
leading to infl ammation.  

1.2.4     An Advanced Technique 

 The problems in the pathological interpretation 
are counterbalanced by the huge amount of data 

  Fig. 1.22    Ladder for 
vertebral dislocation, from 
Guido Guidi Chirurgia e 
Graeco in Latinum conversa, 
1544       
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about therapies coming from Roman sources: it 
is particularly important for the historian to work 
together with physical anthropology and palaeo-
pathology, which approach skeletal diseases and 
dysfunctions objectively, and allow tracing a con-
sistent therapeutic and  pathocenotic  picture [ 89 ]. 
In Celsus and Galen, the corrective treatment of 
fractures and dislocations confi rms the high level 
of structural knowledge of the skeleton and the 
muscular system reached through animal dissec-
tions, but also the high level of technical special-
ization of Roman surgery in the Imperial time. A 
high level of technical expertise is documented in 
very interesting sources, such as the so-called 
Child of Fidene, a fi nd from Imperial Rome, now 
owned by the Soprintendenza Speciale per il 
Colosseo, il Museo Nazionale Romano e l’area 
archeologica di Roma and treasured at the 
Museum of Medical History of Sapienza- 
University of Rome. It documents a drilling 
 technique which is very close to the Galenic 
model, and more complex than the techniques 
adopted for the simple removal of fractured seg-
ments from the skull [ 90 ]. The Child of Fidene 
actually shows the intracranial signs of a mass 
probably causing a considerable increase in 
endocranial pressure and, as a consequence, 
marked pain; there must have been the drilling 
and removal of a circular bone fragment to ease 
the symptom at least for some time [ 91 ]. Such a 
high surgical level is shown in the use of spe-
cifi c techniques of orthopaedic correction, of a 

 specialized surgery and set of tools; and whereas 
Galen describes the various treatments and 
respective tools in detail, including their design, 
Celsus just mentions the more complex ones, and 
describes in detail the easier methods, the ones 
more commonly used by Roman surgeons. An 
example of such difference is the fastidiousness 
that Galen uses in his meticulous description of 
design, elements and uses of the Hippocratic 
bench for the reduction of fractures and disloca-
tions of femur, vertebrae, long bones of lower 
limbs and ankle [ 92 ]; on the other hand, Celsus 
just mentions it as the tool of choice and of high-
est effi cacy, without specifying its structure and 
functioning. In the absence of the Hippocratic 
bench, both Galen and Celsus provide precise 
indications on an alternative set of tools that can 
be used successfully: the extension can be per-
formed with strings tied to the regions to be 
pulled, and connected to sticks (Fig.  1.24 ), so as 
to favour the traction in opposite directions; in 
case of fractures and dislocations of the lower 
limbs, two sticks can be set under the armpits to 
hold the body during the traction. The reduction 
and bandaging must be performed during the 
limb’s extension, with manual replacement of the 
bone, and starting the bandaging from the pro-
truding section of the dislocation; the use of more 
than one pad and one round of bandages allows 
the physician to make a greater pressure [ 93 ]. 
After this initial treatment, the affected part must 
be immobilized and positioned higher than the 

a b

  FIG. 1.23    ( a ) Roman ex-voto: hand, ca. I-II. Cent. A.D. 
(Museo di Storia della Medicina, “Sapienza” Università 
di Roma). ( b ) Roman ex-voto: feet, ca. I-II. Cent. A.D. 

(Museo di Storia della Medicina, “Sapienza” Università 
di Roma)       
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rest of the body. The foot and the leg can be sup-
ported by a soft pillow. As a last option, not com-
pletely aligned with Hippocrates’s rules of 
conduct, surgeons can use a ladder. The indica-
tions to reduce diaphysial fractures of tibia, fi b-
ula, humerus, ulna and radius are also similar; 
both authors recommend methods of extension 
with the use of bandages and pulls and in site 
repositioning of the bone, holding it in the correct 
position with repeated wrappings at different 
degrees of pressure (Fig.  1.25 ). We already men-

tioned the  technique with wooden sticks inside 
the bandaging that Celsus calls ferulae [ 94 ]. A 
few years ago, one of these ferulae was identifi ed 
by Luigi Capasso and his team, in the form of 
partially burnt grapevine wood fragments, on the 
arm of a child from Ercolano (case E8) with a 
double fracture of the right forearm, probably 
occurred 6 or 7 weeks prior August 25th, 79 [ 95 ]. 
In case of jaw fractures, the dislocated teeth must 
be tied with a gold or silk thread (a dental tech-
nique documented on Etruscan bone samples and 
inherited and well documented in Roman medi-
cine), and then the bone must be immobilized 
with bandages. Galen suggests a peculiar type of 
bandage [ 96 ]: a strip of Carthage leather is stuck 
under the chin with some rubber, while another 
strip is applied starting from the fractured sec-
tion; the two laces will be tied together on the 
head; in this way, a permanent traction better 
guarantees the reduction of the fracture 
(Fig.  1.26 ). The indications for the treatment of 
humerus and ankle fractures, and of dislocations, 
especially of the humerus, the femur and the ver-
tebrae, are particularly detailed due to two rea-
sons: the importance of reduction and bandaging 
methods when restraining or immobilizing struc-
tures are impossible; the high risk of stiffness and 
the frequency of irreversible infl ammatory pro-
cesses, that lead to gangrene, sepsis and death of 
the patient.     

  Fig. 1.24    Reduction of leg 
fracture, from Guido Guidi, 
Chirurgia e Graeco in 
Latinum conversa, 1544       

  Fig. 1.25    Roman ex-voto: leg, ca. I-II. Cent. A.D. (Museo 
di Storia della Medicina, “Sapienza” Università di Roma)       
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1.2.5     A Rich Set of Tools 

 In different and complementary ways, both lit-
erature and archaeology offer evidence of the 
tools used for the therapy of orthopaedic lesions. 
The archaeological fi ndings from the digs in 
Ercolano, Pompei, the Domus of the Surgeon in 
Rimini and other sites [ 97 ], have allowed to 
grasp the uses and orthopaedic applications of 
chisels, bone levers, ostagrae (forceps for bones) 
cauteries, osteotomes and drills (Fig.  1.27a, b ); 
these tools have survived, at least in their metal-
lic parts, well enough to be evidence of the orga-
nizational techniques of ancient surgical tool 
sets. Other tools, made of wood or of other per-
ishable materials, have only been passed on 
through their descriptions: among these, the 
already mentioned orthopaedic bench. This is 
made up of a board, with side groovings deep 
enough to fi t the levers used as extenders and 
brakes. The external end is equipped with sup-
ports for planks holding in place the ropes tying 
the patient; the median section has a hole to fi t 
the pole used for counter- extension; two pestles 

are secured to the two ends of the board, to tie 
the ropes and achieve a balanced extension [ 98 ] 
(Fig.  1.28 ). In fractures of the lower limbs, Galen 
suggests the glossocome, a sort of lime wood 
crate – its name reminds us of the one of a jewel-
lery box largely employed in the Greek region 
Attica – with a platform to put the foot on. Two 
holes at the sides of the board hold the laces used 
to tie the extremities of the bones to be reduced, 
and go through hoists, so as to impose a continu-
ous pressure and keep the bones in place. The 
ropes are composed of two strips each; the ones 
belonging to the lower rope go through the holes 
in the board, while the ones used for the upper 
tying slide through wheels, and reach the pole at 
the end of the glossocome. The extension is per-
formed by simply turning the wheels to pull in 
opposite directions. The small boards are only 
positioned in the middle section of the leg, and 
in the areas near the joints in  general, and not at 
its extremity, so as to avoid compression, and 
consequent further infl ammation and ulcers [ 99 ] 
(Fig.  1.29 ). A similar device is described by 
Celsus for fractures of the femur, the knee and 
the leg: the bandaged limb is positioned into a 
canal with two holes for any drainage, and a sup-
port blocking the foot from sliding; the sides 
have holes for the laces tying the tool to the leg. 
In fracture of the femur, the canal holds the 
whole limb, from foot to hip, but can also just 
reach the knee [ 100 ]. Another restraining tool is 
the shower, a wooden concave structure, mod-
elled to hold the leg or parts of it, a sort of pre- 
manufactured cast to immobilize it. Specifi c 
tools are described, both by Celsus and by Galen, 
for surgery of exposed fractures, where dressing 
of the wound is essential, together with the 
removal of fragments and sharp sections of bone 
stumps, which might tear the fl esh. Galen pro-
ceeds to the reduction of the fracture by reposi-
tioning the bones using levers to lift and lower 
the bone stumps during extension; he uses the 
wedge to remove fragments that might cause fur-
ther lesions, and the axis wheel [ 101 ] (Fig.  1.30 ). 
For limb reduction, he uses a tool composed of 
two leather rings positioned at the ends of the 
bone to be extended. These rings may be con-
cave or pierced, so they can fi t sticks of varying 

  Fig. 1.26    Jaw bandage, from Guido Guidi, Chirurgia e 
Graeco in Latinum conversa, 1544       
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length made of a rather elastic wood, capable of 
a  natural pressure inducing bone extension 
[ 102 ]. Celsus cuts and fi les the sharp points 
using chisel and pincers, and inserts a small 
smooth pole into the wound; the pole naturally 
pushes the two stumps to distance and align 
them, and avoid the formation of bone callus. If 
the bones have stabilized, cutting through the 

fl esh or shortening or deforming the limb too 
much, the bone callus must be removed, the 
stumps must be taken out and repositioned, and 
a bandaging must be wrapped with a stick press-
ing on the protruding section of the bone to align 
it [ 103 ]. In the most severe compound fractures, 
even the bandaging might  compress the parts too 
much and sharpen the infl ammation, so doctors 

a b

  Fig. 1.27    ( a – b ) Roman Surgical Instruments, Imperial age (Museo di Storia della Medicina, “Sapienza” Università 
di Roma)       

  Fig. 1.28    The Hippocratic Scamnum (bench) for the correction of dislocation, from Guido Guidi, Chirurgia e Graeco 
in Latinum conversa, 1544 (Wellcome Library)       
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should only dress the wound, and prescribe fast-
ing, rest and  absolute immobilization of the 
limb. Celsus describes exostotic formations of 

the bones, which  discolour or develop ulcers or 
fi stulas, which can progress and eventually erode 
them; if this is the case, surgeons must use a cau-
tery, and a tool to curette the bone, and drain the 
blood. By digging into the cavity as far as the 
hard part containing black matter, the tissue must 
be removed until the bone is completely white. 
For this intervention, Celsus uses the drill or the 
modiolus (Fig.  1.31 ); the latter is composed of a 
pierced stick, fi tted with a second stick ending in 
a metal cylinder with a saw-toothed lower edge. 
The  trephines are screwed into this edge; the 
 handles of the bow are pierced and hold the 

  Fig. 1.29    The Glossocomium, from 
Guido Guidi, Chirurgia e Graeco in 
Latinum conversa, 1544 (Wellcome 
Library)       

  Fig. 1.30    Treating exposed fractures, from Guido Guidi, 
Chirurgia e Graeco in Latinum conversa, 1544       
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thread turning around the toothed crowns of 
the drill (it is pulled alternately from both sides 
to turn the trephines and bore a hole in the part to 
be removed). For wider and deeper lesions, sur-
geons use the drill, with a bit which enlarges 
itself and withdraws a larger amount of bone; 
some holes are bored around the affected area, so 
as to remove the whole affected area with a 
chisel [ 104 ]. In patients with recurrent joint dis-
locations of the humerus, especially if cartilage 
and bone tissue consumption is present, Galen 
cauterizes the armpit tissues to bore holes and 
insert a thin spatula to lift the skin and perform 
another eschar in the middle, with a thinner cau-

tery, until he touches the shoulder blade. If nec-
essary, some more cauterizations are performed 
anteriorly, to remove the tissues and directly 
handle the joint’s cap [ 105 ].      

 Given the pain and crudeness involved, ancient 
medical competence must have been hard to bear, 
which goes to justify Galen’s patients, whom he 
describes as willing to lie, in order to escape huge 
suffering [ 106 ].   

  Fig. 1.31    Surgical instruments 
including Modiolus, from Guido 
Guidi, Chirurgia e Graeco in 
Latinum conversa, 1544 (Wellcome 
Library)       

 This chapter is the product of collaboration of Valentina 
Gazzaniga and Silvia Marinozzi, Sapienza – University of 
Rome and is therefore attributable in equal measure to 
both the authors. 
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1.3     Basis of Palaeopathology 

    Carla     Caldarini,          Paola     Catalano,       and   Federica     Zavaroni     

 Palaeopathology is a branch of knowledge that 
studies the diseases of the ancient populations 
through the observation and examination of the 
pathological signs detected in the archaeological 
human remains, generally bone fi nds. The study of 
the pathological alterations is also relevant in the 
anthropological fi eld, because it can indirectly give 
information on the ancient populations’ lifestyle, 
environment and work and their main hazards. 

 The understanding and evaluation of palaeo-
pathological data strictly depends on the differ-
ential diagnosis of the disease found in the human 
skeletal samples. 

 The palaeopathological analysis faces many limi-
tations: fi rst of all, the unavailability of soft tissues, 
organs, cells, blood and body fl uids: the skeleton is 
only a part of the human body and may not show any 
trace of the disease affecting the subject during life. 
Secondly, many different pathologies can affect the 
bones similarly, which makes the identifi cation of 
harmful evidence even more diffi cult. Joint modifi -
cations that may fi rst appear as resulting from osteo-
arthritis, might have other causes instead: traumas, 
osteomyelitis, gout, haemophilia, psoriasis. A tibial 
lesion, showing a syphilis-like pattern may well be 
osteomyelitis due to  Staphylococcus Aureus , Paget’s 
disease or else [ 107 ]. 

 Even a simple periodontal disease, with alveolar 
retraction, can be the consequence of diet defi cien-
cies, as well as the direct result of poor hygiene 
[ 108 ]. Moreover, many bones can show hypostosis 
and/or hyperostosis variations (incomplete, failed or 
excessive ossifi cation) or segment proportion varia-
tions: if the morphological differences are mild and 
do not alter the normal function of an organ, they 
belong to the wide category of the anatomical vari-
ants with little or no pathological relevance [ 109 ]. 

1.3.1     Methods Used 
in the Examination 
of the Skeletal Lesions 

 The fi rst evidence of a disease is shown by a 
variation in the normal skeletal anatomy; this 

modifi cation can be an abnormal density, size 
or shape of the bone, and/or an abnormal for-
mation or destruction of the bone [ 107 ]. In 
human archaeological remains, some of these 
processes may be either the outcome of  post-
mortem  changes (pseudo-pathologies) occur-
ring in the sepulchral environment, or a 
consequence of problems during and after the 
excavation, and must not be confused with real 
pathological processes. Biotic (fungi, bacteria, 
insects, rodents, plants with their root system) 
and abiotic (water and sun exposure, ground 
pH) environmental factors, individual factors 
(different bone preservation in the same subject 
or in different subjects), and cultural factors 
(type of burial and funerary habits) can have 
signifi cant effects on the state of preservation 
of human bones [ 110 ]. Water and soil can deter-
mine the development of concretions on the 
bone surface that might be confused with reac-
tive modifi cations of the periosteum; erosive 
lesions due to fungi might resemble alterations 
due to osteoclastic activity, and the soil may 
also be responsible for bone deformation. 
Frequent  post-mortem  fractures are due to the 
soil’s pressure above the deposition, or to an 
improper handling of the skeletal remains dur-
ing and after the excavation. It is therefore of 
utter importance that experts distinguish 
between the  ante - and  peri-mortem  fractures 
and the  post-mortem  damage. In  ante-mortem  
destructive processes, the edges are paler and 
generally smooth and rounded, and signs of 
osteoblastic repairing may be present; on the 
other hand,  post-mortem  lesions are character-
ized by ragged and irregular edges, with no dif-
ference in colour with the other parts of the 
bone. Once the lesion has been identifi ed as 
 ante- mortem  , the cause of the abnormality is 
retraced through the bones’ macroscopic exam-
ination, the X-ray and electronic microscope 
examination, and, if possible, the chemical 
analysis. 

 The macroscopic observation is generally the 
fi rst procedure used in the examination of skele-
tal remains. The fi rst step is to give the most 
accurate description of the detected alteration, 
paying attention, as Ortner and Putschar advise 
[ 111 ], to use a clear terminology, to identify the 
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correct location and distribution, and to give a 
descriptive summary of the abnormal bone 
morphology. 

 One example is the word “periostitis”, 
 commonly used in palaeopathological literature 
to defi ne the presence of a bone fusiform hyper-
trophy [ 112 ] affecting the periosteum, which 
implies an infl ammatory process. Since prolifera-
tive bone reactions can be caused by a variety of 
conditions different from infl ammation, and the 
bone macroscopic analysis may not reveal 
changes in the cortex and/or in the endosteum, a 
more appropriate word is periostosis. This defi ni-
tion indicates a periosteum hypertrophy without 
specifying an unsubstantiated cause. 

 The essential steps of the diagnostic analysis 
are the cataloguing of the skeletal bones, the 
description, the location and distribution of the 
lesions of the subject presenting pathological 
alterations. 

 The descriptive analysis has to take into 
account: if there is only one abnormality with a 
single pathology focus, if it is bilateral and multi-
focal, if the alterations are randomly distributed 
in the skeleton. Moreover, an abnormal reduction 
of the bone mass in the whole skeleton (even if in 
different ways) and a local or general modifi ca-
tion of the bone size may be present. 

 Another important consideration to bear in 
mind is that morbid processes preferentially 
affect specifi c bones, or groups of bones, with 
characteristic locations. Functionally speaking, 
the skeleton can be divided into axial skeleton 
(skull, mandible, rachis, ribs and sternum) and 
appendicular skeleton (pectoral girdles, upper 
limbs, pelvic girdle, lower limbs). From mid 
childhood onwards, the axial skeleton is the pri-
mary site of blood formation from the marrow, 
while the appendicular one is the site of fat stor-
age; in skeletal diseases these physiological 
peculiarities are associated to different patterns 
of bone involvement and can help the differential 
diagnosis. 

1.3.1.1     Radiological Study of Skeletal 
Lesions 

 The imaging techniques applied to bone 
remains (X-rays and CT) are useful tools in the 

examination of palaeopathological skeletals and 
should systematically be employed in the evalua-
tion of the different cases. These techniques, 
based on  differential X-ray absorption depending 
on tissue density, allow an extremely good analy-
sis of the bone’s shape and structure, as well as of 
the joints’ surface. The view can be an orthogo-
nal, oblique and axial view, depending on the 
need [ 113 ,  114 ]. In addition to the macroscopic 
evaluation, X-rays examine the bone appearance, 
its grade of calcifi cation, and structure. If com-
pared with the others, these procedures have an 
advantage: they are not destructive, and can be 
used before applying chemical or histological 
methods. The main information obtained from X 
examination is the bone tissue involvement and 
the bone density pattern in the affected area and 
in its immediate surroundings [ 115 ]. For instance, 
at the macroscopic observation a diaphysis can 
appear particularly thick with porous tissue and 
the presence of cloacae. On the contrary, visual 
examination only does not allow to determine if 
the medullary space is normal, enlarged or 
smaller, and the presence of alterations in the cor-
tex. So the imaging techniques are essential to 
confi rm the existence and specify the nature of a 
bone or joint lesion.  

1.3.1.2     Molecular Analysis 
 There are several types of pathologies identifi ed 
in the ancient material, and they often do not 
directly involve the human DNA, but rather the 
parasites’ genetic material. The fi rst pathogenic 
DNA identifi ed in ancient samples was the 
 Mycobacterium tuberculosis  [ 116 ], soon fol-
lowed by the  Mycobacterium leprae  [ 117 ]. This 
research has often involved documented epi-
demic cases, in which the pathogenic microor-
ganisms could have had a crucial role in the 
pathogenesis [ 118 ]. If the preservation and per-
sistence of an ancient bacterial DNA can appear 
controversial [ 119 ], different studies have dem-
onstrated how microorganisms can set up a 
series of mechanisms which allow them to sur-
vive in sub-optimal living conditions, maintain-
ing their genetic material’s fi rmness. Several 
studies deal with this evidence, among them the 
analysis of an Israeli grave dated I century A. D. 
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[ 120 ] that represents the fi rst burial, with a 
proved dating, of an individual  suffering from 
tuberculosis and leprosy, identifi ed at a molecu-
lar level. As for the ancient remains, the molecu-
lar study has also been useful for the pathogens’ 
molecular identifi cation in archaeological evi-
dence with indefi nite palaeopathological diagno-
sis. In Butrint, an Albanian little town (tenth to 
thirteenth century A.D.), the anthropological 
analysis had highlighted round osteolytic lesions 
on the thoracic and lumbar vertebrae consistent 
with various pathologies such as tuberculosis or 
brucellosis, a pathology from the  Brucella sp . 
bacterium. The genetic screening on these etio-
logic agents has allowed identifying the genetic 
material of  Brucella sp.,  a bacterium easily 
transmitted with man–cattle contact. This obser-
vation has confi rmed brucellosis as endemic in 
the area since the Middle Ages [ 121 ]. Finally the 
whole genome of the  Yersinia pestis  bacterium, 
isolated from skeletal remains belonging to sub-
jects died during the Plague in 1300 [ 122 ], has 
been lately examined. This research has that 
there have not been any signifi cant changes in 
the bacterial sequence if compared with the 
modern pathogen, which did not explain the rea-
son why the Black Death was so aggressive and 
virulent in 1300. This epidemic had its onset in 
Europe in 1347, maybe coming from Asia, and 
quickly spread over the whole European conti-
nent, obliging the governments to set specifi c 
burial areas for the numerous deaths. It is from 
one of these burial areas that the dental elements 
have been taken as samples to draw the DNA. By 
a methodological selection of the bacterail 
genome we managed to ignore the human genetic 
material and of the environmental contaminants 
(such as other bacterial forms in the soil) to 
sequence the whole  Y. pestis  genome, through 
NGS methods. Without any signifi cant differ-
ences among the bacterial strains, the genome 
analysis has therefore proved that the extreme 
severity of the Black Death could be ascribed to 
the epidemiological–environmental conditions 
of that period [ 123 ]. 

 As well as bacteria, some parasites can also 
be identifi ed through their genetic material pre-
served during time. Indeed, we are often not 

only interested in identifying the effects of some 
parasitic  diseases on mummifi ed bodies, but in 
recovering and analysing the genetic material 
pertinent to the parasitic agents. One of the pio-
neering article on the presence of pathologies 
caused by parasites described Chagas disease, 
caused by  Trypanosoma sp ., identifi ed by the 
analysis of the cardiac lesions in mummies from 
Atacama desert [ 124 ]. Since the end of the 
1990s a series of studies have begun to identify 
and isolate  Trypanosomacruzi  DNA, starting 
from 4000-year-old Peruvian mummies [ 125 ]. 
Further studies have led to various publications 
on the DNA isolation regarding the parasite 
even in 9000-year-old Chinchorr mummies 
[ 126 ], which have allowed to identify that 
Chagas disease was present in pre-Columbian 
societies and that maybe the prehistoric human 
groups were in touch with the parasite in differ-
ent ways [ 127 ]. Finally another class of patholo-
gies can be highlighted by the DNA study: 
tumours. The analysis of the mummifi ed remains 
belonging to King Ferrante I of Aragon [ 128 ] is 
an example of this use. In this case the mummi-
fi ed body’s dissection highlighted a pelvic neo-
plastic mass. The molecular analysis of ancient 
tumours gives the precious chance to evaluate 
the history of neoplasies and compare them to 
genetic alterations, to lifestyle and environmen-
tal risk factors. Because of the limited number of 
available samples for soft tissue tumours, the 
case of a King, with his life vivisected in detail 
by coeval chronicle, is an excellent sample to 
investigate the role of exogenous elements in the 
development of carcinogenesis. From a molecu-
lar point of view the development of a tumour is 
connected to the onset of mutations in genes 
called proto-oncogenes, often linked to the cel-
lular cycle functions. In particular, the proto- 
oncogenes  K-ras , especially related to colorectal 
tumours, if “activated” by mutations [ 129 ], and 
 BRAF  gene, mutated in a wide range of tumoural 
expressions [ 130 ] have been analysed. The 
achieved fi ndings fi tting a mutational pattern in 
 K-Ras  gene, also implies a mutual exclusion of 
the mutations in BRAF in colorectal tumours, 
representing independent elements in the colon 
carcinogenesis [ 131 ].        
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2.1     Data Description 
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 This study examines the inhumed individuals of 
ten Imperial Age Roman graveyards (Fig.  2.1 ), 
from several different areas of the Suburb, and 
 concentrates on subjects affected by pathological 
phenomena of great scientifi c interest.  

2.1.1     Castel Malnome 

 The necropolis of Castel Malnome [ 1 ,  2 ], dating 
back to between I and II century A.D., extends 
for about 3,000 m 2  on a sandy hill, near Ponte 
Galeria, close to the Via Portuense. 

 The graveyard excavation has unearthed 289 
subjects, most of them inhumed, in a good state 
of preservation. The anthropological laboratory 
examination on 265 subjects, indicates a humble- 
class reference population, characterized by a 
sharp preponderance of male adults. The pres-
ence of clear stress markers due to hard work, has 
suggested the connection with the old Roman 
saltworks, found during the recent excavations in 
the nearby areas. One hundred and fi fty-seven 
cases from the sample have been subjected to fur-
ther palaeopathological examinations.  

2.1.2     Collatina 

 The most numerically representative sample 
comes from the necropolis of Collatina [ 3 – 5 ], 
between Via della Serenissima and Via Basiliano, 
at about 3.5 km from the Aurelian Walls, having 
its northern border in the urban section of the 
A24 highway, and Via Prenestina as its southern 
border (Fig.  2.2 ). The necropolis, near the old Via 
Collatina, is composed of many pit graves and 
funeral monuments. The excavation of this grave-
yard, of likely urban fruition, has unearthed 2,164 
subjects of both genders and of every age. 
The laboratory analysis has been currently car-
ried out on a sample of 800 subjects, 19 of which 
re- examined from a palaeopathological point 
of view.   

2.1.3     Casal Bertone 

 In the area of Casal Bertone, in an eastern Roman 
suburb delimited by the Via Tiburtina to the 
north and the Via Prenestina to the south, an 
extensive archaeological research, prior to the 
implementation of the High Speed Train 
Railway, has unearthed several archaeological 
fi nds most likely related to one another [ 6 ,  7 ]: to 
the north, fi ve funeral structures standing aligned 
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next to a wide production plan, identifi ed as a 
 fullonica , and lying close to a road track 
(Fig.  2.3 ); to the east, the plan of a big villa, 
composed of a residential area and a monumen-
tal nymphaeum; to the south, a funerary area 
with a “sub divo” necropolis and a mausoleum; 

fi nally, to the west, a group of structures of 
uncertain identifi cation. Overall, 221 subjects 
have been found, 190 of which are analysed in 
the laboratory. Among these, 28 have been 
 re-examined from a palaeopathological point 
of view.  

  Fig. 2.1    Location of the 
examined graveyards       

  Fig. 2.2    Aerial view of the Collatina necropolis       
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 The incidence of enthesopathic lesions and 
traumas, found in both sexes, as in the sub-adult 
section of the sample, suggests a reference 
 population employed in hard work jobs, thus 
hypothesizing a link between the funerary 
 complex and the nearby  fullonica .  

2.1.4     Padre Semeria 

 The necropolis in Via Padre Semeria [ 7 ], a side 
street off Via Cristoforo Colombo, is in the 
south of the Urbs, just outside the Aurelian 
Walls. The archaeological investigation has 
unearthed a total of 114  sub divo  monuments 
and sepulchral sections, chronologically dating 
back to II and III century A.D. The  laboratory 
anthropological analysis has been  performed on 

107 inhumed, 15 of which show noteworthy 
pathologies.   

2.1.5     Osteria del Curato 
and Lucrezia Romana 

 This area is in the south-east quadrant of the 
Suburb, along the Via Tuscolana, close to the 
Grande Raccordo Anulare. The excavations 
have identifi ed various sepulchral units, 
unearthing 410 subjects (Figs.  2.4  and  2.5 ). 
The uncovered sepultures are likely related to 
the agricultural buildings of the nearby villas 
Lucrezia Romana and Sette Bassi and so linked 
to the slave and wage worker units employed in 
the  praedium , as the archaeological evidence 
seems to suggest [ 8 – 10 ]. The laboratory 

  Fig. 2.3    Hot-air balloon view of the Casal Bertone site       
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anthropological study has involved 223 sub-
jects, 124 of which are re- examined from 
 palaeopathological point of view.    

2.1.6     Gabii 

 The archaeological park of the ancient Latin 
town of Gabii, is situated 20 km far from Rome, 
at the 12th mile of the ancient Via Prenestina. The 
ancient built up area stood on the southern ridge 
of the volcano of Castiglione, off-centred from 
the Alban Hills volcanic complex, containing a 
volcanic lake dried up in the nineteenth century. 
The 53 examined subjects from the Imperial Age 
(18 of which have been selected for the palaeo-
pathological examination), come from the so- 
called Eastern Sanctuary, just east of the ancient 
town walls, clearly connected to a road track 
going to Tibur [ 11 ].  

2.1.7     Quarto Cappello del Prete 

 The area known as Piano di Castiglione-Quarto 
Cappello del Prete [ 11 ] lies at about 1.5 km east 
of the town of Gabii, along the Via Prenestina 
Polense (Figs.  2.6  and  2.7 ). The necropolis lies in 
the furthermost south-west quadrant of the site 
and extends to the west of a monumental rectan-
gular structure. The site, which covers a 40,000 m 2  
area, is composed of a series of north to south 
oriented buildings, most of which related to water 
management. Seventy per cent of the 120 exam-
ined subjects are children and young-age burials, 
most of which died under the age of 6.   

2.1.8     Pontina – Mostacciano 

 The area, lying between the Via di Decima to the 
south/south-west and the Via Pontina to the north/
north-east, is characterized by the presence of a 
long section of the ancient Via Laurentina and of 
49 burials lying near the road. The graves are 
chronologically dated back to I–II century A.D. 
(Fig.  2.8 ).   

2.1.9     Colle Del Sole 

 The site is near the Via Prenestina, at about 
4 km from the Grande Raccordo Anulare. After 
an initial phase of agricultural exploitation of 
the area, characterized by the presence of plan-
tation trenches and drainage canals, the burial 
period produced a small unit with 11 graves, 
chronologically dated back to the full Imperial 
Age (Fig.  2.9 ).   

2.1.10     Via Delle Vigne Nuove 

 The sepulchral unit, in the north-east area of the 
Roman Suburb and near the Grande Raccordo 
Anulare, has unearthed 13 inhumation burials 
dating back to the full Imperial Age. 

 The graves lie close to the ancient Via 
 Patinaria , now called Via delle Vigne Nuove, 
between the Via Nomentana and the Via Salaria.   

  Fig. 2.4    Panoramic view of the Osteria del Curato site       
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  Fig. 2.5    Hot-air balloon view of one of the graveyards, Lucrezia Romana       

  Fig. 2.6    Hot-air balloon view of one of the burial sites, Quarto Cappello del Prete       
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2.2     Inclusion Criteria 

    Andrea     Piccioli          and     Maria Silvia     Spinelli       

 The challenging aim of palaeopathology is to 
detect pathologies in bone remains, in order to 
assess a diagnosis or look for an aetiology. 
Several palaeopathological studies have focused 
on the Roman Imperial Age, but what makes this 
study unique and innovative is that the investiga-
tion on the human remains is shared by anthro-
pologists and orthopaedists. 

 Both these experts have intruded into a differ-
ent area of expertise from their own, in order to 
add new elements, and draw new cultural stimuli 

  Fig. 2.7    Hot-air balloon view of one of the burial sites, 
Quarto Cappello del Prete       

  Fig. 2.8    Grave 46 Pontina Mostacciano, tibio-talar anki-
losis left limb       

  Fig. 2.9    Grave 1 Colle del Sole, fracture with left radius 
and ulna fusion       
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and a new interpretation of the pathology from 
the other branch, which is similar and distinct at 
the same time. 

 The aim of this work is not to write a master-
ful book on palaeopathology, as the well-known 
ones by Donald J. Ortner [ 12 ] or Aufderheide 
and Rodriguez-Martin [ 13 ], whose contribution 
to this scientifi c discipline is still the cornerstone 
of the experts’ work; its aim is to allow the two 
sciences of anthropology and orthopaedics to talk 
to each other, with no time distance between the 
bone remains and the living, in an attempt to 
evaluate the pathologies of the bones, or those 
that left their signs in the bones, due to the func-
tional or quality of life alteration on the subject. 

 The orthopaedic contribution to the palaeo-
pathological study of the ancient bone remains 
has introduced the interpretation of some “signs” 
also due to the latest understanding in the ortho-
paedic fi eld, as for the diagnosis of femoro- 
acetabular impingement (Castel Malnome, 
T. 250), which is also new to contemporary 
orthopaedists [ 14 ]. The strictly palaeopathologi-
cal study has shown today’s orthopaedists some 
incredibly interesting images, and healing pro-
cesses, dating back to an era with very limited 
therapeutic and surgical possibilities. 

 Orthopaedics itself did not exist, because it 
was born in 1741 thanks to Nicolas Andry; how-
ever, many recovery cases shown in this book, 
above all of fractures, imply the knowledge of the 
basic principles of bone reduction and healing. 

 The study has brought out the different points 
of view on the investigation of bone remains 
when the two sciences, anthropology and 
 orthopaedics, have faced each other. Even though 
the many different bone alterations had under-
gone a palaeopathological examination, they did 
not have an equivalent word or meaning in the 
orthopaedic fi eld. One example is “enthesitis”, a 
word referring to the alterations left on the bone 
by the tendinous insertions, either in a prolifera-
tive (calcifi cation of the entheses), or a destruc-
tive, way (osteolysis, as in the rhomboid fossa on 
the clavicle). Finding these signs on the bone 
 segment provides a valuable tool to retrace, for 

example, working, life style, and motor habits; 
from an orthopaedic point of view, however, they 
are of little importance, and do not represent a 
diagnostic clue in the defi nition of a pathology 
with a functional impact on daily life. 

 The population sample studied in this project 
belongs to a selection from excavations led by 
 several teams of anthropologists, in particular 
since the late 1990s under the aegis of the 
Antropological Service of Soprintendenza 
Speciale per il Colosseo, il Museo Nazionale 
Romano e l’Area Archeologica di Roma. We 
examined ten Roman graveyards, and unearthed 
3,448 subjects from the Imperial Age (I–III 
century). 

 The anthropologists have carried out a macro-
scopic examination on the remains of 1,774 
 subjects taken from this wide population sample, 
in order to detect ortho-traumatological, or other 
origin, bone pathologies (such as metabolic or 
neoplastic diseases), which have left their signs 
on the bone segment. 

 The selection has been performed following 
some criteria of morphometric and morphological 
macroscopic examination. 

 This chapter will describe the inclusion criteria 
and the selection’s limitations with reference to the 
cases presented in the following chapters. 

 The fi rst narrowing of the fi nal population has 
been based on the sample’s state of preservation. 
The subjects with at least 1/3 of the skeleton in a 
good state of preservation have been included. 
A good state of preservation means the presence of 
at least 2/3 of the whole segment of long bones, and 
the possibility to identify the segment itself.

 Inclusion criteria 

 Historical  I–III century 

 Topographic  Rome Suburbium 

 State of preservation  1/3 of the entire skeleton in 
a good state of preservation 

 2/3 of the whole segment 

 Palaeopathological 
criteria 

 Morphological and 
morphometric alterations 

 Orthopaedic criteria  Lesion suggesting a 
functional impairment and a 
reduction of quality of life 

2.2 Inclusion Criteria
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   The subjects with less than 1/3 of the whole 
skeleton have been included in the study only if 
one or more of its segments showed signs of 
undoubted bone alteration, for example of trau-
matological origin (fracture, consequence of 
fracture, pseudoarthritis, dislocation, etc.). The 
reason for this selection criterion is that the distri-
bution of the bone alteration, and its site on a seg-
ment or another, are indispensable to diagnose 
many systemic bone diseases (haematological 
tumours, infections, metabolic diseases, carci-
noma metastases). In the absence of this type of 
evaluation, there is a completely uncertain and 
confounding diagnosis. 

 Our analysis originated from Donald 
J. Ortner’s words: “The variations in the regular 
anatomy of a bone are the initial evidence of the 
disease”; however, not all bone alterations are a 
sign of pathology, and they are not always suffi -
cient to reach a diagnosis. 

 The fi rst screening was carried out through a 
macroscopic examination, following Donald 
J. Ortner’ s criteria [ 12 ]:

    1.    Abnormal bone formation   
   2.    Abnormal bone destruction   
   3.    Abnormal bone density   
   4.    Abnormal bone size   
   5.    Abnormal bone shape    

  The last criterion has been redefi ned with the 
following items:

•    Alteration in length, rotation, and angular 
deformity of the sample on the segment’s sag-
ittal and coronal plane  

•   Alterations of the periosteum  
•   Alteration in the normal anatomical profi le of 

the segment  
•   Variations in vertebral height    

 This screening clearly rules out all those intra-
medullary pathologies, which do not involve a 
macroscopic modifi cation of the bone, such as all 
the intramedullary new and etero-formations 
(enchondromas, angiomas, etc.) and also all 
those fractures which healed with no conse-
quences or complications. 

 One example can be found in a subject’s 
 pelvis (Lucrezia Romana II, T. 98), where the 
 morphological study suggested a diagnosis of 
fracture of the iliac wing also affecting the ace-
tabular roof. CT scan on the anatomical section, 
however, has shown the presence of a calcifi c 
lesion at the ischial tuberosity (Fig.   3.21    ). 

 Another example can be found in the subject 
with periacebular calcifi c tissue affecting the 
proximal section of the femur, and with fusion of 
the femoral head with the acetabulum (Castel 
Malnome, T. 277), where the imaging analyses 
have also suggested the presence of an intramed-
ullary chondroid calcifi ed lesion at the distal third 
of the femur, most common site of enchondromas 
or low-degree chondrosarcomas (Fig.   6.37    ). 

 Some bone segments, such as the fi bula, often 
show alterations of the periosteum or of the 
 cortex, which make the diagnosis very diffi cult. 
The same is true for many superfi cial osteolyses, 
which meet the above-mentioned inclusion 
 criteria, but do not identify a specifi c pathology, 
or alteration in the quality of life (e.g. the osteo-
lytic lesion of the middle third of the clavicle, 
known as rhomboid fossa). 

 Following these criteria, the anthropological 
analysis of the population selected 563 subjects, 
who subsequently underwent the orthopaedic 
study for a confi rmation or refutation of the 
diagnosis. 

 All those cases where the detected sign could 
be related to an impairment of functional activity 
or to a decreased quality of life have been 
included in the orthopaedic examination. 
According to us, the defi nition of choice for the 
term “disease” is the following: “A morbid con-
dition impairing a function or the quality of life 
of a subject with different degrees of severity”. 

 The orthopaedic investigation involved in this 
work requires a peculiar reasoning, which is dif-
ferent from what experts normally do. Rather than 
starting from a clinical picture, assuming fi rst, and 
then confi rming, the signs of the bone pathology 
with clinical and imaging studies, the orthopaedic 
examination on these remains has been carried 
out interpreting the signs left by the pathology 
(in many cases signs of its structural conse-
quences, as in healed fractures) and assuming, 
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and reconstructing, the degree of limitation that 
justifi ed the defi nition of the morbid state. 

 The orthopaedic examination has been sup-
ported by X-rays and CT scans, in the most com-
plex and unclear cases. CT examination has been 
essential for new-formation lesions (suspected 
primary bone tumours) or traumatic pathologies 
affecting the joint, to allow a better study of the 
anatomical endangerment. It has also been of 
great support for intramedullary lesions, some of 
which would have easily eluded the macroscopic 
examination, as they represented a random fi nd. 
Among these, the most common ones are the cal-
cifi c lesions. On the other hand, Nuclear Magnetic 
Resonance (NMR) studies have been impossible, 
because of the dehydration of the bone remains. 

 The case records show a selection of cases, 
which have been grouped according to category 
of pathology (traumatic, degenerative, oncologi-
cal, metabolic), and the most signifi cant ones 
from a macroscopic and imaging point of view 
have been further selected for this work. The 
oncological cases are particularly interesting due 
to the presence of pathologies, which are still 
very rare nowadays, such as parosteal osteosar-
coma of the distal tibia (see Sect.   5.3    ). The cases 
with the biggest diagnostic uncertainty have 
needed an additional evaluation by consultant 
radiologists and data both from the palaeopatho-
logical and the orthopaedic current literature.     
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3.1     Introduction 
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3.1.1     Historical Development 
of Osteosynthesis Techniques 

 For years, the most important principle in the 
treatment of fractures has been to create appropri-
ate conditions for recovery, which in most cases 
followed alignment and immobilization. The fi rst 
techniques in the surgical treatment of fractures 
were developed at the end of the eighteenth and 
the beginning of the nineteenth  century, and the 

fi rst fracture osteosynthesis using an iron wire 
was described in 1827 by Rodgers. The use of 
cerclage wires to fi x fractures has remained 
popular over time: Malgaigne treated Flaubert 
for his fracture of the humeral diaphysis using 
a metallic suture in 1839 [ 1 ]. Later on, Lister 
started using metallic wires to fi x fractures in 
1870, then Trendelenburg adopted this tech-
nique in Germany, and Lucas Championnière in 
France [ 2 – 4 ]. In all of these cases, “osteosynthe-
sis” meant an open reduction of the fracture fol-
lowed by a very unstable fi xation with cerclage 
wires. This method involved the combination of 
the disadvantages associated with conservative 
 treatment, and the risks  associated to surgery. 

  3

 History of Medicine: Fracture Care 
 Valentina Gazzaniga and Silvia Marinozzi 

 Displacements, due to dislocations or bone 
fracture, are fi rstly treated with extension  trying 
to set the limb in the right position, that is the 
most physiologically correspondent, consider-
ing the muscle retracted tension and contrac-
tion which could impair the right  repositioning 
of the bony stumps, and the  tendon and muscle 
lesions which could develop after twistings or 
changes of place, so severe to tear them and not 
to allow the right bone repositioning. 

 According to ancient sources, the right tech-
nique is to lay the muscular fi bres in a straight 
line, to check the contraction and get an ade-
quate reduction. Then the part is  immobilized, 

in different ways depending on type and 
affected region, and broad-spectrum thera-
pies are prescribed, considering the humoural 
theory of the ancient medicine disease. Diet, 
phebotomy, laxatives and diuretics draw cor-
rupted humours away from the wounded area 
but lead to infl ammation and can impair the 
healing to degenerate in gangrene. 

 Both Celsus and Galen prescribe a diet rich 
in light foods, infusions and drinkings with 
laxative and diuretic properties to draw 
 corrupted humours away from the lesion area, 
leading to infl ammation. 

 The fracture is treated with ointments and 
waxed to ease the suppurative process and exsic-
cative to fi ght infl ammation. According the 
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Hippocratic tradition, wine and oil based oint-
ment and base waxed preparations, or wax, oil, 
rose water and other anti infl ammatory sub-
stances (dry, astringent and hot are often used). 
Galen is particularly concerned about bandaging 
technique, carried out to hold but not compress a 
fracture, to avoid fl esh infl ammation and lesion 
( De Off . Med. II, 6–12 – K. XVIII/B: 738–758; 
 De Medendi methodo , VI,4 – K. X: 423–444) 

  Open Fractures  
 In open fractures, a high risk of infl amma-

tion and necrosis is due to the resulting wounds 
and infl ammation process. To medicate the 
lesions, greasy wool compresses are recom-
mended, which have soothing properties as oil, 
soaked in red and row wine, less penetrating 
than the white one, and so less irritating, but 
exsiccative and purgative in the same way. 
Galen uses cooked or raw virdigris too, for its 
exsiccative, restraining and antiseptic property; 
with clear infl ammation, a pitch-based wax, 
less penetrating and detergent, but soothing 
and palliative. A piece of leather is put under 
the limb to let the absorption of the humours 
and of the pharmacological liqueurs used. 

 For the limbs reduction, Galen uses a tool 
made of two leather rings to extend the bone far 
ends, concave or perforated to insert different 
length sticks depending on the anatomical 
structures and made of wood elastic enough to 
be put in the slightly curved rings, to make a 
natural pressure which, alone, can lead to the 
bones extension (Galen,  De Fracturis , III, 
27–32 – K. XVIII/B: 573–583; Celsus, VIII, 
10,7; 25). Some physicians treat the wounds 
only with wood and soothing wax-based prepa-
rations, extend the bones only after 3 days, 
when needed. On the other hand, Galen imme-
diately reduces the fracture, repositioning the 
bones with appropriate orthopaedic tools: levers 
to raise or lower the bone stumps during the 
extension; a wedge, to remove bony fragments 
and splinters which can lead to further fl esh 
lesions, the wheel with the axle (Galen,  De 
Fracturis , III, 38–40 – K. XVIII/B: 590–594). 

 Celsus cuts and smooths the sharp ends with 
the scalpel and, if the hand cannot get them, he 
holds the bones with pincers, which, in the con-

vex part, are also used to raise and reposition 
the bony stumps. The wound is continuously 
washed to move the spoiled parts away, when 
there are rotting fragments; if the stumps do 
not come out but the inner bony splinters injure 
fl esh and muscles, fomentations are carried out 
with cold water in the summer and cool water 
in the winter, applying a myrtle oil and wax 
based preparation and in the most severe cases 
the skin is cut and the splinters are resect. When 
the wound outcome involves a shortening of the 
limb because of dislocation or resection of the 
bones splinters, a little smooth stake is pushed 
deeper and deeper in the wound every day, to 
separate and align the two stumps; every day 
the wound is treated with myrtle, ivy and other 
verbenaceae dissolution as long as a bony cal-
lus develops. When a simple mechanical bone 
reduction is unsuccessfull, the extension is car-
ried out manually detaching the consolidated 
parts of the bones and curetting the greasy part 
(callus) developed to disconnect and reposition 
them; then the wound is treated with albumen 
and pomegranate peel solution boiled in wine; 
dressed with the canonical bandage, from the 
third day, during the treatment fomentations are 
carried out with warm water, where verbena-
ceae have been boiled in and ferulas are put on 
the fi fth day. If the bones are obliquely consoli-
dated and tear the fl esh, after the application of 
fomentations and liquid waxed packs, they are 
detached by the hands breaking the bony cal-
lus and during the extension they are handled to 
reposition them; if needed, the limb is dressed 
with a splint which presses on the protruding 
bone to align it. To treat or prevent an over 
growth of the bony callus, oil, salt and nitre fric-
tions, salted water fomentations, pharmacologi-
cal doughs medications are carried out together 
with a tight bandage, following a  vegetable-rich 
diet and taking vomitives to drain plethoras 
away (overabundance of humours) localized on 
the fracture (Celsus, VIII, 10,7) 

 The bandage is similar to the one carried 
out for simple fractures, but with less pressure 
to avoid muscular and fl esh lacerations and too 
severe infl ammation; moreover, a greater 
number of bandage is used because wooden 
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3.1.2       Intramedullary Nailing 

 Intramedullary fi xation methods were developed 
at the end of the nineteenth century. In 1883, 
Stimson was the fi rst person who described a syn-
thesis method with ivory hinges fi xed into the 
medullary cavity [ 5 ], but it was Ernest Hey- 
Groves who fi rst used metal nails in 1912 [ 6 ]. The 
“true” intramedullary fi xation technique, with the 
use of an intramedullary nail, was developed in 
the 1930s independently by the Rush brothers in 
Minnesota and by Gerhard Küntscher in Hamburg 
[ 7 ,  8 ], and this method was used and experimented 
on a large scale during World War II. The method 
became popular thanks to Klemm and Shelman, 
and Gross and Kemf in the 1970s [ 9 ,  10 ].  

3.1.3     The External Fixator 

 Many surgeons were perplexed about the use of 
intramedullary nails in subjects with exposed 
fracture focus. In the fi rst few years of the 1950s, 
Gavrijl Abramovich Ilizarov developed a circular 
fi xator, which allowed to stabilize bone frag-
ments, but also allowed three-dimensional recon-
structions. In 1980, the technique was introduced 
to Europe thanks to the Italian surgeon Carlo 
Mauri, who had been treated successfully after a 
pseudo-arthritis of Ilizarov tibia. During the 
1970s, De Bastiani developed the “dynamic axial 
fi xator”, and Gotzen the “Monofi xator” [ 11 ]. 
Nowadays the external fi xator is still used in the 
treatment of fractures associated to a large range 

of soft tissue damages, and in the fi xation of hip 
and long bones in poli-traumatized patients.  

3.1.4     Plaques and Screws 

 Arbuthnot and Lambotte (1905) are considered 
the founders of synthesis with plaques and screws 
[ 12 ]. Later on, the principle of inter-fragmentary 
compression, described by Danis, became 
extremely popular thanks to the scientifi c work of 
the AO team at the end of the 1950s [ 13 ]. In 1967, 
Schenk and Willenegger demonstrated that, in 
anatomical reduction and with inter-fragmentary 
compression, bone necrosis and retraction are 
reduced, and the bone tissue growth occurs fast, 
thus leading to primary bone recovery without 
callus formation [ 14 ].  

3.1.5     Conclusion 

 The healing of fractures needs some optimal 
conditions, which include stabilization, fragment 
juxtaposition, and a correct biology. Since the 
pioneers of traumatology, further synthesis means 
and more and more sophisticated and minimally 
invasive fi xation techniques have been devel-
oped. Thanks to their contribution, in the last 
few years the development of new  osteosynthesis 
techniques has allowed to achieve better and bet-
ter immobilizations, and juxtaposition between 
the fracture heads, thus allowing the immediate 
load and a fast functional recovery.   

rods cannot be put on the wound (Galen  De 
Fracturis , III 1–2 – K. XVIII/B: 532-–35). For 
more severe compound fractures, with spread 
and deep fl esh lesions, Galen does not carry 
out any reduction operation, which could lead 
to “spasm”, a muscular contraction so severe 
to tear the vessels and fl esh and cause acute 
infl ammation which can degenerate in gan-
grene. In these cases, also bandage can be dan-
gerous, because of its fl esh compression 
against the splintered bones with the failure of 
the humours to draw away, with severe and 
damaging plethoric phenomena. So the leg is 

only lain straight on the bed, the patient is only 
put on a fast and the wounds are treated with 
ointment, tepid waxed, greasy wool soaked in 
oil and wine. Galen uses pitch-based oint-
ments, compresses soaked in wine, chard and 
coltsfoot (tussilago farfara) and advices perfu-
sion remedies, to penetrate to the recent sores, 
and not too much exsiccative, to avoid spas-
modic outcomes. So, he uses the “barbaric” 
one, bitumen based but emollient (Galen  De 
Fracturis , III 3–26 – K. XVIII/B: 535–573; 
Galen,  De Articulis , IV, 15–30 K. XVIII/A: 
683–712; Celsus, VIII, 25). 

3.1 Introduction



54

3.2     Fracture of the Nasal Septum        

Subject: Gabii SO/99 T.6

Sex: male

Age: 35–40 years

Finding site: Gabii, Eastern Sanctuary

Type of grave: pit in the tuff with “cappuccina” cover

Type of burial: primary

Deposition: supine, with extended upper and lower limbs

State of preservation: good

Stature: ~159 cm

bone in the case

bones found

3.2.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject is male, and has a strong skeleton, 
even though the muscular insertions are gener-
ally poorly developed. On the inferior surface of 
the right clavicle, the rhomboid fossa lies as a 
deep depression with jagged margins and a rough 
surface, while the contra-lateral area is slightly 
porous and defi ned by irregular margins. These 
lesions [ 15 ] indicate generalized stress on the pec-
toral muscle, particularly when the shoulders are 
hunched forward while carrying heavy weights 
[ 16 ,  17 ]. Among the muscles involved in plantar 
fl exion, the only one showing mild variations is 
the  soleus  muscle; the rest of the appendicular 
skeleton – both superior and inferior – does not 
show any enthesopatic alterations. Even though 
most somas of the thoraco-lumbar vertebrae were 
destroyed  post-mortem,  three Schmörl hernias 
have been detected, and these can probably be 
associated to the ponderal overload, in  particular 
to the strain of carrying heavy weight on the back 
[ 18 ]. A massive periosteal reaction with new 
bone production is observable on the diaphyses 
of tibias and fi bulas: there is a thick layer of bone 
tissue, characterized by irregular surfaces and 

thin spicules, lying perpendicularly to the corti-
cal. Periostitis is more commonly found on the 
anterior surface of the tibial diaphysis. 

 Among the anatomical variants, the morphol-
ogy of the fi rst left rib is peculiar, as it shows a 
fork, with rounded corner at the sternal extrem-
ity (Luschka rib) [ 19 ]; since the body of the 
bifurcated rib (Fig.  3.1 ) is as tall as the contra-
lateral, it is not a case of complete fusion of 
two consecutive ribs. The cranial and transverse 
 fronto- parietal indices of the skull have inter-
mediate values, which indicate mesocrany and 
metriometopy respectively, while the height 
index suggests a high skull (hypsicranic). The 
frontal crests diverge, the orbits are large, and 
the  piriformis  aperture is long and narrow (lep-
torrhine). A fracture can be seen on the nasal 
bone, with a deviation of the septum to the left 
(Fig.  3.2 ).    

3.2.2     Description of the Fracture 

 The clinical case shows a deviation of the nasal 
pyramid on the left. The likely presence of bone 
callous on the surface suggests the hypothesis 
of a post-traumatic deviation as a consequence 
of the fracture of the pyramid, rather than a 

3 Traumatic Pathologies



55

congenital deviation of the nose (Fig.  3.2 ). The 
most common dynamics is a direct trauma in the 
 direction of the deviation (e.g. a punch on the 
nose). Among the fractures involving this region, 
the fracture with a deviation of the pyramid is 
the most common one, and it involves both nasal 
bones, the septum, and sometimes the frontal 
process of the maxillary sinus. The acute clini-
cal case shows swelling, bruising and bleeding 
from laceration of the nasal mucosa and can hide 
the deformity, thus delaying a manual correction 
and resulting into deformity after swelling reso-
lution. On top of the aesthetic damage, this type 
of fracture determines an obstruction of varying 
degree of one or both nasal cavities. The devia-

tion can be clearly seen macroscopically, and 
from a  radiology (Figs.  3.3  and  3.4 ), which only 
shows  lateral deviation and does not allow further 
assessments due to the overlapping of several 
bone structures.     

  Fig. 3.1    Bifurcated rib       

  Fig. 3.2    Nose fracture       

  Fig. 3.4    X-rays (axial view) of the nose showing its lat-
eral deviation on the left       

  Fig. 3.3    X-rays (lateral view) of the nose       
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3.3     Fracture of the Humerus        

Subject: CBQ T.95

Sex: male

Age: 35–45 years

Finding site: Casal Bertone area Q

Type of grave: pit in the ground with flat cover

Type of burial: primary

Deposition: supine, with extended  upper and lower limbs

State of preservation: good

Stature: ~170 cm

bone in the case

bones found

3.3.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject is averagely built, with round-shaped 
humeri (euribrachy), and fl attened femurs antero- 
posteriorly (platimery). The skull is high (hyp-
sicranic) and elongated (dolichocranic), with 
averagely diverging frontal crests, the orbits are 
large (hypsiconchic) and the nose shows a long 
and narrow  piriformis  aperture (leptorrhine). 
The hypoplasia of the enamel and the simultane-
ous presence of  cribra cranii  and  orbitalia  sug-
gest episodes of generalized suffering occurred 
during early childhood. The subject’s health 
is characterized by the presence of a few den-
tal caries, the likely cause of the loss of several 
teeth  intra- vitam.  A large cavity affected the fi rst 
left maxillary  premolar, and its alveolus shows 
osteolisis, probably caused by an odontogenic 
abscess (Fig.  3.5 ) [ 20 ]. The deltoid tuberosity 
of the clavicles is irregular, with small entheso-
pathic bone spicules associated to erosions, and 
the insertion area of the  pectoralis major  muscle 
shows a strong, fl attened surface. The infragle-
noid tubercle of the right scapula highlights a 
wide, marked ruggedness at the insertion of the 

long head of the  triceps brachii . The insertion 
area of the  pectoralis major  on the humerus is 
marked and rough bilaterally, the surfaces of the 
lesser and greater right tuberosities, where the 
muscles of the rotator cuff are attached, show 
alterations with erosions and ruggedness. The 
left ulna shows a mild enthesopatic ossifi cation, 
implanted on the upper margin of the posterior 
facet of the olecranon ( woodcutter’s lesion ) [ 21 ]. 
The enthesopaties detected on the upper limbs 
affect the muscles promoting adduction and 
anteversion movements of the arm and extension 
of the forearm on the arm. The lower limbs do 
not show signs of any relevant muscular stress, 

  Fig. 3.5    Odontogenic abscess       
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even though the antero- posterior fl attening of the 
superior third of the femoral diaphysis is gener-
ally associated to a strong development of the 
trochanters due to biomechanical stress. A patho-
logical anomaly involves both patellas, where the 
superior lateral ossifi ed nucleus is not welded to 
the rest of the bone (bipartite patella) (Fig.  3.6 ): in 
that area the margin is rough and eroded [ 22 ]. A 
small sessile ossifi cation, 22 mm long and 8 mm 
wide, is  situated on the cortical of the left femur’s 
posterior face (myositis ossifi cans) (Fig.  3.7 ): a 
traumatic episode, probably limited to the soft 
tissues, may have caused a haematoma, with the 
production of a calcifi cation of the torn muscular 
tissue [ 23 ]. The subject has some mild arthritic 
degenerations, which are confi ned to a few skel-
etal regions. A widespread porosity on the sternal 
and acromial extremities of the clavicles, on the 
glenoid cavity of the scapulas and on the humeral 
heads are all signs of suffering of the shoulders’ 
joint cartilage. There are mild degenerations on 
the hip joints, with erosion and reshaping of the 
femoral heads and of the acetabulum. The bod-
ies’ ventral margins and the articular facet of 
some cervical and lumbar vertebrae show small 
osteophytes. The thoracic vertebrae do not show 
any somatic alterations, except for the three small 
imprints of intraspongeous hernias and small 
laminal spurs on the superior  border, in the inser-
tion points of the inferior  ligamenta fl ava .     

3.3.2     Description of the Fracture 

 The fractures of the distal humerus account for 
2 % of all fractures and 1/3 of the humeral frac-
tures [ 24 ]. The direct trauma mechanism is the 
most common, while less frequently the indirect 
one, due to rotation traumas, leads to spiral or 
oblique fractures. 

 The clinical case shows the consequence of 
a fracture of the distal third of the right humeral 
diaphysis (Fig.  3.8 ). This site represents the 
least common one if compared with the frac-
tures of the other two segments of the humeral 
diaphysis, the middle third (most common) and 
the proximal third (second most common). The 
fracture looks well healed, with bone callous 
formation, thus suggesting a secondary bone 
healing. The bone callous progress, though 
partly reshaped, looks like the type of fracture 
that could have been oblique or spiroid, mean-
ing an indirect rotational trauma. There might 
have been a third fragment on the medial pro-
fi le, where the callous is most overabundant. 
This hypothesis can be supported also by the 
slight varus deviation of the distal part of the 
segment. The remaining axes of the segment 
look well preserved, and the healing of the 
fracture clears (Fig.  3.9 ). This recovery pic-
ture does not show any alterations in the limb’s 
function.     

  Fig. 3.6    Bipartite patellae        
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  Fig. 3.7    Consequence of potential myositis ossifi cans       

  Fig. 3.8    Fracture of the right humerus       
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  Fig. 3.9    X-rays of the humerus antero-posterior view shows conse-
quences of a fracture of the distal third of the bone segment with a mild 
varus deviation       
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3.4     Fracture of the Radius and Ulna 

3.4.1     Fracture of the Medial Third of the Radius and Ulna        

Subject: CDS T.1

Sex: female

Age: 45–50 years

Finding site: Colle del Sole

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: primary

Deposition: supine with flexed upper limbs and extended lower limbs

State of preservation: good

Stature: ~158 cm

bone in the case

bones found

3.4.1.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject is of average build, with particularly 
marked muscular imprints only at the pectoral 
girdle and at the upper arms. The clavicles and 
humeri show enthesopaties at the origin and 
insertion of the deltoid and  subscapularis  mus-
cles, which are used respectively, for abduction 
and rotation of the arm. The inferior appendicu-
lar skeleton does not show any enthesopathic 
alterations, even though the femurs reveal an 
antero- posterior fl attening of the diaphyseal 
superior third (platimery). 

 The presence of only two Schmörl’s nodes at 
the thoracic tract of the spine, together with a 
mild degree of arthritis, suggests a low ponderal 
and functional load of the column. The extra- 
vertebral arthritis, limited to the shoulders joint, 
may be linked to the subject’s advanced age. 

 The marked preauricolar grooves of the 
ileum, the hypertrophy of the pubic tubercle and 
the depressions of the hind symphysis area may 
be the signs of birth giving; tooth cavities and 

the loss  intra-vitam  of several teeth, may result 
from a calcium defi ciency due to pregnancies 
[ 25 – 27 ]. 

 The examination of the maxillary dento- 
alveolar complex, shows two abscesses, on the 
right fi rst and second molar and the agenesis of 
the left second incisor and fi rst molar. The height 
and horizontal cranial indices have average val-
ues (mesocranic and orthocranic) and the frontal 
crests are averagely diverging. 

 In addition to the fracture of the left radius and 
ulna, the palaeopathological study shows a likely 
muscular trauma of the diaphyseal distal third of 
the right fi bula, three right rib fractures and one 
left rib fracture.  

3.4.1.2     Description of the Fracture 
 This case shows a biosseous fracture of the 
diaphyseal medium third of the radius and ulna 
with synostosis and calcifi cation of the interosse-
ous membrane (Fig.  3.10 a, b ). Radius and ulna 
fractures may lead to several complications, 
including Volkmann Syndrome, which is the 
most severe one, and post-traumatic radio-ulna 
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synostosis, which is rather infrequent, since its 
incidence accounts for 3–9 % [ 28 ].  

 The most common risk factors associated with 
this complication are as follows:

•    Fracture of both segments at the same level 
(11 %, that is the most common risk factor)  

•   Delay in fracture consolidation  
•   Closed cranial trauma, which increases the 

rate of formation of heterotopic ossifi cations  
•   “Crush syndrome”, with severe damage to the 

soft tissues, and pluri-fragmented fracture  
•   Lesion to the interosseous membrane  

•   Infections    

 X-ray examination (Fig.  3.11 ) shows well- 
healed and consolidated fractures, with recovery 
of the cortical continuity and presence of ossifi -
cation of the interosseous membrane. The redun-
dant ossifi cation could lead to an impairment or 
hampering in the forearm pronation and the 
radius and ulna rotation. The length of the two 
osseous segments is well preserved and mild 
angular deviation can be observed. This picture 
suggests a defi cit or impossibility in prono- 
supination movements.    

a b

  Fig. 3.10    ( a ) Consequence of 
radio-ulna diaphyses fracture with 
synostosis ( b ) Detail       
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  Fig. 3.11    Radio and ulna X-rays showing the synostosis of the diaphyseal 
middle third of the radio and the ulna       
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3.4.2     Fracture of the Distal Third of the Radius and Ulna 

Subject: QCP T.26 b

Sex: male

Age: 45–55 years

Finding site: Quarto Cappello del Prete

Type of grave: pit in the tuff with flat cover

Type of burial: primary

Deposition: supine with non deductible limbs position

State of preservation: mediocre

Stature: ~162 cm

bone in the case

bones found

3.4.2.1               Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, in a mediocre state of preservation, 
pertains to a robust subject. The skull, elongated 
(dolichocranic) and fl at (chamaecranic), shows a 
mild prognathism; the frontal crests are averagely 
diverging, the orbits are low (hypsiconchic) and 
the  piriformis  aperture of the nose is long and 
narrow (leptorrhine). 

 A Wormian sutural ossicle can be observed 
along the skull’s coronal suture, at the bregma 
[ 29 ]. The dento-alveolar complex shows some 
major pathologies affecting both the maxillary and 
the jaw bones: the right fi rst superior premolar and 
second inferior molar show two apical abscesses. 

 The jaw’s second premolars are affected by 
caries: the left lesion is superfi cial, while the right 
one has led to tooth uncrowning. The alveolar pro-
cesses of several teeth are completely resorpted: 
the right upper fi rst premolar and three molars, the 
left lower fi rst molar, the right lower incisors and 
the right fi rst molars were lost  intra-vitam . 

 The most widely spread enthesopaties on the 
upper limbs have been detected at the insertions 
of the muscles used for the extensions and fl ex-
ions of the forearm on the arm: in particular, the 
left forearm shows modifi cations of the entheses 

of the  biceps ,  triceps brachii  and  brachii  
muscles. 

 A hypertrophy of the  linea aspera , the high 
and narrow pilaster and the fl attening of the small 
trochanter of the femurs, together with the pres-
ence of a protruding crest on the popliteal line of 
the tibias, may suggest a long distance strenuous 
habitual locomotion, carrying heavy loads. 

 The skeleton does not show any signs of 
severe arthritis, with the exception of the articular 
surfaces of the glenoid fossa of the scapulas and 
of the sternal extremities of the clavicles, which 
are fi nely eroded. Moreover, a mild cribriform 
area can be observed on the subchondral bony 
surfaces of the acetabuli, whose superior  cilii , 
bilaterally fringed by a thin new bone formation, 
are affected by  acetabular fl ange lesion:  this is 
an alteration characterized by  pitting  and fringed 
edge, at the origin of the refl ex tendon of the  rec-
tus femoris  muscle [ 30 ]. 

 The whole vertebral column shows mild signs 
of articular degeneration, both intersomatic and 
posterior intervertebral. 

 The lower limbs have an abnormal morphol-
ogy: the femurs show an antero-posterior curved 
diaphysis, while the tibias and the fi bulas are 
bow-shaped with medial convexity. The detected 
modifi cations may result from a metabolic dis-
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ease (osteomalacia? 1 ). An infrequent exposition 
to the sunlight, malabsorption, renal or intestinal 
diseases are some of the causes underlying an 
altered metabolism of vitamin D, calcium or 
phosphorus [ 31 ]. This pathology affects mainly 
women, and leads to a widespread bone frailty, 
which may have been responsible for the fracture 
of left radius and ulna (Fig.  3.12 ).   

3.4.2.2     Description of the Fracture 
 The clinical case shows the consequence of a 
biosseous fracture of the distal third of the fore-

1   Osteomalacia, a skeletal disease caused by a defect in 
vitamin D metabolism or by its defi ciency in the diet, is 
characterized by defects mineralization, with a non miner-
alized matrix (osteoid) buildup in the bone. The bone is 
weaker and softer than normal and suffers deformations 
under load (for instance bowed legs). This type of lesions 
is referred to as rickets in children and osteomalacia in 
adults. 

arm. The bone callous looks good on both seg-
ments and the fracture is well healed, but some 
minor angular deformities and, above all, a 
major reduction in length can be observed. The 
mechanism of the trauma may have been direct 
or indirect, which explains the oblique course 
of the fracture on both segments. This oblique 
area has been the site of the complication of the 
fracture’s healing process, which is its telescopic 
shortening, as shown by X-rays (Fig.  3.13 ). 
The  conservative treatment has led to a good 
healing of the fracture, but hasn’t preserved the 
length of the limb.  

 This picture could have led to varying impair-
ment of the functional outcomes on the elbow 
and wrist joints.    

  Fig. 3.13    X-rays of radio and ulna: deviation of the axis of 
both segments and repairing bone callus at the diaphyseal 
distal third. The X-rays show the consequence of the frac-
ture with stump overlap and shortening of both segments       

  Fig. 3.12    Fracture of the left radius and ulna       
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3.5     Fracture of the Pelvis 

3.5.1               Morfological 
and Palaeopathological 
Description of the Subject 

 The subject is a robust male, despite the poorly 
marked ruggedness due to the tendon and liga-
ment insertions. 

 The cranial index shows a roundish skull 
(brachycranic), while the fronto-parietal and the 
fronto-transverse indices suggest an eurymetopic 
skull, with medially diverging frontal crests; the 
orbits are very low (hypsiconchic). 

 Two big carious cavities have destroyed the 
distal and mesial half of the mandibular right fi rst 
molar and second premolar (Fig.  3.14 ); the latter 
shows osteolysis, externalized on the buccal sur-
face (odontogenic abscess) (Fig.  3.15 ). The left 
hemi mandible shows alveolar resorption process 
of the second molar, due to its loss  intra-vitam . 
Superiorly the left lateral incisor and second pre-
molar were lost  ante-mortem , and three caries, 
wide but not very deep, affect the central incisor, 
the canine and the right fi rst premolar.   

 The insertion of the costo-clavicular ligament 
shows some osteolytic enthesopathies bilaterally, 
while the attachment area of the deltoid muscle is 
a small wrinkled protrusion on the left. The only 
alteration observed on the lower limbs is an irreg-
ular crest at the enthesis of the  soleus  muscle. 

Subject: LR II T.98

Sex: male

Age: 40–50 years

Finding site: Lucrezia Romana II

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: primary

Deposition: supine with flexed right upper limb and 
extended left upper limb, extended lower limbs

State of preservation: mediocre

Stature: ~169 cm

bone in the case

bones found

  Fig. 3.14    Severe caries of the right mandibular second 
premolar and fi rst molar       

  Fig. 3.15    Abscess associated with lower right second 
premolar       
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 The post-cranial skeleton does not show any 
signs of arthritic degeneration, except for the last 
cervical tract of the rachis (C5-C6-C7), which 
manifests osteophytosis of the ventral margins of 
the bodies. Signs of intraspongious hernias on the 
thoraco-lumbar tract indicate a moderate discal 
distress, which might result from prolonged axial 
overload stress along the vertebral column. The 
body of the sternum shows a fi ssure along the 
medial line, suggesting a defect in the develop-
ment and ossifi cation [ 32 ,  33 ].  

3.5.2     Description of the Fracture 

 The examined case is an example of consolidated 
fracture of the left pelvis (Fig.  3.16 ). These frac-
tures are the most uncommon traumatic lesions 
in palaeopathology. The trauma mechanism is a 
high-energy trauma (fall from a height). 
Compared with traumas in other areas, this one 

may lead to severe, even life-threatening, short- 
term complications, such as hemorrhagic shock 
and major disability.  

 The description of this fracture refers to 
Judet e Letournel’s concept of two structural col-
umns around the acetabulum [ 34 ]:

•    Anterior column: from the iliac crest to the 
pubic symphysis, including the anterior ace-
tabular wall  

•   Posterior column: from the greater sciatic 
foramen to the ischial tuberosity, including the 
posterior acetabular wall    

 This subject’s fracture is very likely a mixed 
fracture of both columns with a medial opening 
of the acetabular wall (Figs.  3.17 ,  3.18 ,  3.19 , and 
 3.20 ). In some cases this fracture leads to an 
endopelvis sub-dislocation of the femoral head.     

 When no surgery or traction of the ipsilateral 
femur are performed, the muscular forces involved 
in these fractures make the resolution complex even 
for today’s orthopaedists; however, the bone callous 
is fi rm and the acetabular morphology is suffi ciently 
preserved even with a discontinuity at its bottom. 
The subject’s clinical picture could have varied due 
to antalgic ambulation defi cit, with limping and 
severe limitations in autonomous ambulation. 

 The CT scans performed for the evaluation of 
the fracture has shown the presence of a small 
calcifi c enchondroma in the contra-lateral ischial 
tuberosity (Fig.  3.21 ).    

  Fig. 3.16    Fracture of the left emipelvis       

  Fig. 3.17    CT scan coronal plane multiplanar reconstruction       
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  Fig. 3.18    CT scan sagittal plane multiplanar reconstruction       

  Fig. 3.19    CT scan axial plane multiplanar 
reconstruction       

  Fig. 3.20    CT scan 3D reconstruction       

  Fig. 3.21    CT scan coronal plane multiplanar reconstruc-
tion shows a calcifi ed lesion in the ischial tuberosity       
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3.6     Fracture of the Femur 

3.6.1     Proximal Femur Fracture Secondary to Paget’s Disease 

Subject: LR I T.107

Sex: male

Age: 35–45 years

Finding site: Lucrezia Romana I

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: primary

Deposition: supine with extended upper and lower limbs

State of preservation: good

Stature: ~163 cm

bone in the case

bones found

3.6.1.1               Morphological 
and Palaeopathological 
Description of the Subject 

 The subject is an adult male of average build. 
A mild ruggedness affects the point of insertion 
of the deltoid muscle on the anterior margin of 
the left clavicle's lateral portion, while the sur-
face of the costo-clavicular ligament's imprint is 
 characterized by a poor porosity. The proximal 
portions of the ulnae show a mild enthesopathic 
ossifi cation, at the point of oleocranon insertion 
of the  triceps brachii  muscle (olecranon spur). 
These alterations suggest biomechanical stress of 
the shoulder and repeated extension of the fore-
arm on the arm. 

 The femurs are strong and platymeric and the 
crest  vastus medialis  muscle on the left femur is 
marked, with enthesophytes, that suggest 
 frequent extensions movements of the leg on the 
thigh. 

 Signs of bone involvement with progressing 
arthritic degeneration, affect the articular  surfaces 
of the appendicular skeleton, both superior and 
inferior, and in particular the coxofemoral joint is 
the most severely affected: the acetabuli and the 

femoral heads are bilaterally fringed by a thin 
new bone formation and the endo-articular sur-
faces are eroded. 

 Angular osteophytes can be observed on the 
cervical metamers, while the vertebral endplates 
and the articular intervertebral facets are affected 
by superfi cial erosions. 

 The subject shows lumbarization: a congenital 
condition characterized by the modifi cation of 
the fi rst sacral vertebra, which takes morphologi-
cal characteristics of the fi fth lumbar vertebra, 
due to the lack of fusion with the second sacral 
vertebra [ 31 ]. 

 Finally, the bodies of the sacral vertebrae, 
with the exception of the fi rst vertebra, are not 
fused together and so the sacral canal is open 
(spina bifi da occulta) [ 35 ,  36 ].  

3.6.1.2     Description of the Fracture 
 The subject’s right femur macroscopically 
shows a varus deformity of the proximal portion, 
with gross formation of reparative bone cal-
lous around the great trochanter (Fig.  3.22a, b ). 
The ossifi ed formation protrudes antero-later-
ally. There are no alterations of the periosteum, 
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a b

  Fig. 3.22    ( a ) Fracture of the right femur, anterior view. ( b ) Fracture of the right femur, lateral view       

erosions or new formations on the cortical sur-
face of the femur. The picture is suggestive of 
the healing of a  fracture of the proximal femur, 
but the characteristics shown by the X-ray 
examination do not completely match those of 
a femoral fracture on a normal bone. The cor-
ticals appear restored in their continuity but the 
marrow looks different if compared to the other 
parts of the segment. The radiographic picture 
shows a “mosaic” pattern of osteolytic areas and 
new bone appositions. At the angle of greater 
deformity, the middle medullary area looks 
almost completely affected by repairing bone 
deposition.  

 The described radiological picture suggests 
the consequence of a pathological fracture of the 
proximal femur in Paget’s disease. 

 Paget’s disease is a metabolic disease of 
the bone, mainly affecting subjects older than 
40 years of age and rarely younger. The disease 
was named after Sir James Paget, who fi rstly 
described it in 1877 [ 37 ]. He observed that long 
bones, especially the weight bearing segments, 
were affected focally by softening, fl aring, and 
bending under stress. Assuming it was a bone 
infl ammation, he called it  osteitis deformans . 
Since then, the understanding of this disease has 
been progressing. The most commonly affected 
segments are the femur, the pelvis, the vertebral 
column, the tibia and the skull. Only one third 
of the affected subjects show symptoms of defor-
mity, pain, heat and local swelling, and one third 
can be affected by complications, given mainly 
by the pathological fractures. 
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 The radiological features of Paget’s disease are 
rather peculiar, showing a lytic wedge in the early 
stages, and alternating lytic and bone  apposition 
areas as the disease progresses (Fig.  3.23 ). The 
bone apposition appears  disorganized,  forming 

the characteristic “mosaic” pattern. The exam-
ined case lacks the characteristic fl aring of the 
cortical and of the periosteum, because of the 
superimposition of repairing images of the patho-
logical fracture.    

  Fig. 3.23    X-rays antero-posterior view show a sub trochanteric varus 
deviation of the segment. The examination shows restoration of the 
cortical bone’s thickness, but also “mosaic” medullary alterations at the 
metadiaphysis and at the greater trochanter, which suggest Paget’s 
Disease       
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3.6.2     Fracture of the Femoral Diaphysis        

Subject: CM T.141

Sex: male

Age: 30–40 years

Finding site: Castel Malnome

Type of grave: pit in the ground with no cover

Type of burial: disturbed primary by clandestine digging

Deposition: supine, with slightly flexed right upper limb, non-
deductible upper left limb and  lower limbs

State of preservation: poor

Stature: ~152 cm

bone in the case

bones found

3.6.2.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, poorly preserved, pertains to a 
short, 2  well-built subject. The skull, rather round-
ish (brachycranic), shows fi ve Wormian sutural 
ossicles (Fig.  3.24 ), irregular in shape, along the 
lambdoid suture [ 29 ]. The presence of porotic 
hyperostosis on the outer table of the skull and 
hypoplasia of the tooth enamel suggest episodes 
of stress during the subject’s growth.  

 The incompleteness of the upper appendicular 
skeleton has not allowed to detect most metric 
characters and skeletal stress markers. 

 The imprint for the insertion of the costo- 
clavicular ligament is bilaterally made up by a 
cortical erosion area (rhomboid fossa), while the 
imprint for the insertion of the conoid ligament 
shows a left hypertrophy. These ligaments, along 
with other muscles, are involved in the elevation 
of the humerus and in scapular stability [ 38 ]. The 
type of morphology of the acromial extremity of 
the right clavicle, characterized by osseous 

2   The stature is clearly inferior to the average of coeval 
sample [ 43 ]. 

remodelling and by a clear strength, is due to the 
outcomes of a well-healed fracture. 

 Enthesopaties at the origin of the  semitendino-
sus  muscle and at the insertions of the  gluteus 
minimus  and  maximus  muscles, detect continu-
ous and repeated extensions of the thigh on the 
pelvis and internal and external rotation of the 
femur [ 39 ,  40 ]; the presence of these alterations 
only on the right side could suggest overload 

  Fig. 3.24    Small Wormian sutural bones       
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events of compensatory origin, due to the con-
solidation of the contra-lateral femur fracture 
(Fig.  3.25a, b ), in a faulty posture. A usual and 
prolonged  squatting  position could have lead to 
an incisure of the supero-lateral corner of the 
right patella ( vastus  notch) and to the formation 
of an accessory facet on the tibia, at the level of 
the joint with the talus [ 21 ,  41 ,  42 ].  

 The rachis shows, on the dorso-lumbar tract, 
wide and deep imprints of Schmörl’s node 
(Fig.  3.26 ) on the superior and inferior vertebral 
endplates. Poor angular osteophytes are spread 
along the edges of the disks and also the pos-
terior vertebral joints are affected by arthritic 
degeneration.   

a b
  Fig. 3.25    ( a ) Fracture of the 
left femur anterior view. 
( b ) Fracture of the left femur 
lateral view       
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3.6.2.2     Description of the Fracture 
 The fracture examined in this medical case is a 
really rare and interesting remain because it 
shows the healing of a severe displaced fracture 
of the femur healed in a very complex way. The 
fracture regards the middle third of the diaphysis 
of the left femur with major deformity and short-
ening of the diaphysis due to a loss of contact of 
the stumps (Fig.  3.27 ). A high-energy trauma has 
lead to this fracture. Despite the gap between the 
fragments and their failed contact, the fracture 
haematoma with the conservative treatment has 
lead to the formation of a good and stable bony 
callus (Fig.  3.28 ). The deformity, in which the 
fracture has hesitated, even showing a pro curve 
mark, has preserved the mechanical axis of the 
segment on the sagittal and coronal plane. The 
most severe functional alteration is due to the 
length reduction of the whole segment with at 
least a 3 cm shortening. The clinical picture of 
this outcome has lead, because of a fi rm callus, to 
an autonomous ambulation, but with lameness 
due to a severe aetherometry of the lower left 
limb.      

  Fig. 3.26    Schmörl’s depression in a lumbar vertebra       

  Fig. 3.27    CT scan coronal plane multiplanar reconstruc-
tion shows fracture with severe segment misalignment 
and shortening       

  Fig. 3.28    CT scan axial plane multiplanar reconstruction 
shows the distance between fracture stumps and their lack 
of contact. However, the bone callus envelops both stumps 
into calcifi ed repairing tissue       
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3.7     Fracture of the Ankle        

Subject: CM T.159

Sex: male

Age: 45–55 years

Finding site: Castel Malnome

Type of grave: pit in the ground with no cover

Type of burial: primary

Deposition: supine with flexed upper limbs and extended lower limbs

State of preservation: good

Stature: ~178 cm

bone in the case

bones found

3.7.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton is attributable to a subject of 
advanced age and high stature, if compared to the 
group of his fi nding site [ 44 ]. 

 The skull is elongated, according to the cra-
nial index, and shows a completely closed inter- 
parietal suture and a sutural ossicle at the 
lambdoid fontanelle. Among the anatomical vari-
ants, the absence of the left parietal foramen can 
be observed. The imprint of the  obliquus capitis  
inferior muscle, that is involved in the head’s 
rotation, is bilaterally marked. The dento- alveolar 
complex is affected by a destructive caries, with 
alveolar pocket, on the left inferior fi rst molar, 
and by of the loss  ante-mortem  of some posterior 
teeth, both maxillary and mandibular. 

 From a pathological point of view, arthritis is 
defi nitely this subject’s primary disease: the gle-
noid cavities of the scapulae are surrounded by an 
osteophytic edge, and the inferior surfaces of the 
acromion show remodelling with new bone for-
mations (Fig.  3.29 ). The sternal processes of the 
clavicles are severely eroded and the sterno- costal 
joints show osteophytic reactions, with bilateral 

hyperthrophy. Four ribs, two on the left and two 
on the right, show the consequences of fractures 
near the sternal extremities, with bone callus.  

 The joints of the limbs also show all the 
characteristic signs of arthritis: in the medial 
part of the olecranon fossa and frontally, at the 
coronoid fossa of the humeri, there is a globular 
bone growth; moreover, the surfaces of the heads 
and epicondyles show protruding and jagged 

  Fig. 3.29    Osteoarthritis of the right scapula and clavicle       
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 margins, as do the ulnar olecranon and the radial 
capitulum ones. 

 The ilium shows a wide rugged surface in the 
area above the acetabulum bilaterally; the rough-
ness areas are larger and more obvious on the 
right, with sindesmophatic new bone formations 
at the insertion area of the  rectus femoris  muscle. 

 The joint surface of the simphyseal region is 
completely remodelled, and the horizontal 
grooves, due to the interpubic cartilage, are fi lled; 
the cotyloid cilium, above all in the lateral area of 
the acetabulum, is altered. 

 Some bone spurs of about 11 mm can be 
observed at the insertion points of the coxal and 
femoral obturator muscles. 

 The articular surfaces of the femoral condyles 
are asymmetrically edged with a thin marginal 
bone ring and, only on the left, an erosion of the 
subchondral bone, with an eburnated area on the 
medial epicondyle, can be detected. The same 
type of lesion affects the lateral part of the 
 patella’s articular face, with osteophytic new 
depositions on the edges, making the area irregu-
lar and expanded. 

 The condylar surfaces of the tibiae are edged 
with new marginal formations, the lateral inter-
condylar tubercle is hypertrophic, and the distal 
end of the left fi bula is spicular and rough. 

 Severe intra and extra-articular arthritic 
degenerations are widespread on the tarsal bones 
and on the distal ends of the fi rst metatarsals, 
which show mild eburnation of the plantar sur-
faces; the dorsal margins of the naviculars show 
edges with ossifi cations that extend upwards. 
Enthesophytosis can be detected at the insertion 
of the Achilles tendon, and only on the left calca-
neus, at the insertion of the long plantar ligament. 

 The spine shows signs of disc and interapoph-
yseal degeneration, with a greater involvement of 
the inferior cervical and dorsal tracts. 

 The superior and inferior facets of some cervi-
cal and thoracic vertebrae show enlargements 
with porosities and jagged margins, and the sur-
faces are sometimes eburnated. 

 Syndesmopathic ossifi cations can be observed 
at the insertion of the  ligamenta fl ava , and irregu-
lar osteophytic cribriform beaks branch out from 
the anterior margin of the dorsal vertebral bodies; 

T9 and T10 show, mainly on the right, bulky syn-
desmophytes that show internal friction surfaces 
with the body below. The fi rst coccigeal and the 
last sacral vertebrae are fused together. 

 Marked enthesopathies can be observed 
mainly on the lower limbs, especially on the dor-
sal surfaces of the femurs and tibiae; a furrow 
with a hypertrophic crest can be clearly seen at 
the insertion of the  gluteus maximus  muscle, 
while an irregular and rugged spur can be 
observed at the insertion of the  soleus  muscle on 
the tibia (Fig.  3.30 ). These muscles can be highly 
developed, because of long and frequent climbs, 
or of repeated plantar hyperfl exion, during a 
march on a hard or rough ground [ 16 ,  45 ,  46 ].   

3.7.2     Description of the Fracture 

 Bimalleolar fractures have the second highest 
incidence rate among ankle traumas, followed 
by trimalleolar fractures, and second only to iso-
lated fractures of one of the two malleoli. The 

  Fig. 3.30    Hypertrophy of the soleus insertion       
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trauma mechanism of this fracture is usually 
ankle inversion. 

 The macroscopic examination (Fig.  3.31a, 
b ), and later the X-ray investigation (Fig.  3.32 ), 
show an oblique fracture line on the right 

 fibula at the supra-sindesmotic level, and on 
the medial malleolus, which is displaced inside 
the malleolar joint profile. In Danis-Weber’s 
classification of ankle fractures, they are 
divided into A-B-C according to the height of 
the fracture on the fibula, which indicates the 
degree of stability and of damage of the tibio-
peroneal syndesmosis [ 28 ]. This fracture is 
classified as C.   

 Weber’s C fractures involve the fi bula with a 
fracture line above the syndesmosis, and lead 
almost always to its interruption especially when 
there is a fracture of the medial malleolus, so they 
are the most unstable ones. 

 The fracture’s healing shows this instability. 
The alteration of the articular profi les and of the 
calcifi cations or osteophytic formations clearly 
shows a secondary arthritis due to joint instabil-
ity from widening of the mortise. X-ray exami-
nation reveals subchondral sclerosis at the 
insertion of the syndesmosis (Fig.  3.32 ), which 
is the area of greatest overload in an unstable 
ankle. 

 Nevertheless, the fracture shows a good heal-
ing, and the ankle’s axis looks partly restored; the 
conservative treatment has been effective. 

 The clinical picture is characterized by persis-
tent pain of varying degrees of intensity, and a 
major impairment of ankle movement.   

a b

  Fig. 3.31    ( a ) Fracture of the right ankle anterior profi le. ( b ) Fracture of the right ankle medial profi le       

  Fig. 3.32    X-rays antero-posterior view of the ankle show 
consequences of a fracture of the peroneal malleolus and 
medial malleolus with mild diastasis on the medial corti-
cal profi le. Subchondral sclerosis and an alteration of the 
joint profi le assigns of post-traumatic ankle arthritis       
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3.8     Fracture of the Rib        

Subject: CBQ T.98

Sex: male

Age: 35–45 years

Finding site: Casal Bertone area Q

Type of grave: pit in the ground with no cover

Type of burial: disturbed primary by clandestine digging

Deposition: supine, with flexed right upper limb and left lower limb, 
non-deductible left upper limb and right lower limb

Stature: ~164 cm

State of preservation: mediocre

bone in the case

bones found

3.8.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, attributable to a mature male indi-
vidual, is incomplete, totally lacking the femur 
and the left hand, the right tibia, and the patellae; 
some elements of the skeleton, even if present, 
are incomplete. In the media-lambdoid region, 
the ectocranial surface shows a mild depression, 
not associated to any bone remodelling, while at 
the obelion level there is a small exostosis, prob-
ably of traumatic origin. The outer surface of the 
skull shows a diffused micro-porosity, due to 
porotic hyperostosis. The hypertrophy of the 
external occipital protuberance, with a smooth 
surface and regular edges facing downward pos-
teriorly, suggests the morphology called tubercle 
of Hasebe, or  calcar occipitalis  posterior of 
Balabbio (Fig.  3.33 ). Such ossifi cation, 10.4 mm 
long, can be associated to the syndesmopathy of 
the occipital intersection of the nuchal ligament 
[ 47 ]. The muscular attachments are very strong at 
the shoulder girdles, especially the deltoid one, 
the  pectoralis major , and the  triceps brachii  and 
the costo-clavicular also turns out to be bilater-
ally modifi ed. The biomechanical stress detected 

on such muscles, together with Schmörl’s hernias 
on the thoraco-lumbar region of the rachis, might 
indicate repeated heavy load lifting, accompa-
nied by fl exion and lateral torsion of the column. 
Such hyper-stress might have contributed to the 
development of arthritic degenerations detected 
on the joints of the shoulders. The marked inser-
tion observed on the ischial tuberosity of the right 
coxo-femoral joint, at the  semitendinosus  origin 
and on the ipsilateral femur, at the insertion of the 
 gluteus maximus , would testify recurrent exten-

  Fig. 3.33    Tubercle of Hasebe       
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sion movements of the thigh on the pelvis, sug-
gesting walking on uneven grounds carrying 
heavy weights. The third distal portion of the 
diaphysis of the left fi bula, right above the tibia- 
fi bular joint, shows a compound fracture, with 
enlargement of the affected segment and new 
bone production (Fig.  3.34 ). The distal joint 
 surface of the tibia shows marked margins and 

the beginning of partial subchondral bone necro-
sis, characterized by an oval-shaped imprinted 
area fi nely eroded [ 36 ].    

3.8.2     Description of the Fracture 
(Ninth Right Rib) 

 The lesion shown in this clinical case is a cribrose, 
irregular alteration of the bone surface of the 
antero-lateral profi le of the rib (Fig.  3.35 ). The 
radiography of the segment shows a radiopacity 
for the entire costal diameter (Fig.  3.36 ). These 
fi nds are attributable to a costal fracture on the 
mend. When costal fractures are not compound, 
they do not require surgical treatment, and there 
are virtually no risks of a pleural lesion or of pneu-
mothorax. The only treatment required addresses 
pain, so as to allow correct breathing, and avoid 
complications following hypo- mobility of the rib 
cage (such as pneumonia in the most severe cases).   

  Fig. 3.34    Fracture of the left fi bula       

  Fig. 3.35    Rib fracture       

  Fig. 3.36    X-rays of the rib showing repairing bone callus 
at the rib fracture       
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 History of Medicine: Rib Fractures Care 
 Valentina Gazzaniga and Silvia Marinozzi 

 Simple rib fractures, without tissue or inter-
nal organ damage, are treated by simply apply-
ing oilcloths, compresses or bandages; the 
patient is advised to eat a lot, because abdomi-
nal extension helps to support the ribs; the 
bone stabilizes in approximately 20 days. If the 
surrounding fl esh or even organs are involved 
or injured, there is a superadded infl ammation 
process, which is initially localized, but then 
spreads to the whole body and reaches the 
brain, with fever, empyema, bleeding from the 
mouth. The diet must be strict, mainly based on 
fl uids and with no fats or stinging foods, which 

would lead to a further production of pituous 
humours; the patient has to lie still as much 
as possible, avoid swallowing efforts, hiccup-
ping, cough and breathing acceleration, which 
all stress the chest muscles. Bloodletting from 
the arm corresponding to the region of the rib 
cage with the fracture helps to drain blood and 
humours clotting in the rib cage, and the ban-
daging has to be performed applying many oak 
ums and compresses on the damaged area and 
with many loose bandages so as to avoid press-
ing on the rib stumps inward and cause more 
damage to the organs (Galen, Comm. to  De 
Articulis , III, 57–64 – K. XVIII/A. 569–578). 
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3.9        Fracture of the Vertebra        

Subject: LR I T.118

Sex: male

Age: 30–40 years

Finding site: Lucrezia Romana I

Type of grave: brick grave with flat cover

Lying Type of burial: primary

Deposition: supine, with flexed right upper limb, 
extended left upper limb, and extended lower  limbs

Stature: ~175 cm

State of preservation: mediocre

bone in the case

bones found

3.9.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton is consistent with a rather tall, adult, 
male individual. The conditions of the dento- 
alveolar complex are relatively good: there are 
only three small cavities inferiorly and the loss of 
the fi rst left molar  ante-mortem . The mediocre 
conservation status and the absence of some 
epiphyses of the limbs did not allow the detection 
of several indices of the craniofacial block and of 
the post-cranial skeleton. The diaphyseal and 
robustness indices of the right humerus express a 
rounded shape and average robustness of the seg-
ment, while the diaphyseal index of the radius 
has a non-protruding crest. These values, together 
with the absence of enthesopathic lesions, sug-
gest a poor muscle use of the upper limbs. On the 
other hand, although the shaft of the femur is 
weak, the fl attening of the superior thirds of the 
femurs (platimery) and the tibias (platycnemia) 
suggests a prolonged and intense use of the legs. 
The right femur (contra-lateral non-observable) 
shows a Poirier’s facet, which looks like the con-
sequence of a extreme fl exure and abduction of 
the thigh. The anterior margin of the distal part of 
the left tibia (right one non-observable) is inter-

rupted by a facet which can be attributed to the 
squatting position. The joint of the elbows, the 
sterno-clavicular joint, and the joint of the feet 
show a mild marginal lipping, with less than 
3 mm long osteophytes attributable to the begin-
ning of arthritis. The joint of the right hip and that 
of the knees show a more severe form. Also the 
rachis is moderately affected by arthritic degen-
erations, in the form of osteophytosis of the ven-
tral margins of the bodies and of the posterior 
apophyses; three thoracic vertebrae and a lumbar 
one show intraspongious hernias, which can be 
connected to physical stress, such as carrying 
heavy weights.  

3.9.2     Description of the Fracture 

 The subject shows an anterior cuneiform defor-
mity of a lumbar vertebra (most likely L3) 
(Fig.  3.37 ). Ninety per cent of fractures involving 
the spine involve the thoracolumbar tract, and 
about 60 % affect the segments between T11 and 
L2 [ 28 ]. The thoracic tract of the rachis is much 
more rigid than the lumbar one in fl exion and 
extension, and lateral bending movements. The 
highest number of fractures in the area between 
the thoracic and the lumbar tracts is due to the 
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  Fig. 3.37    Fracture of a lumbar vertebra (L3)       

  Fig. 3.38    X-rays lateral view of the vertebra: severe 
cuneal deformity of the vertebral body as a consequence 
of a fracture       

bigger susceptibility of this transition area from a 
more rigid to a more mobile one. The trauma 
mechanism can be high energy (precipitated from 
above) or low energy, in the presence of bone 
weakness. Isolated fractures of older subjects 
with an image of cuneiform deformity are more 
commonly associated to osteoporosis, and do not 
need high entity traumas to occur. Such fractures 
are called “compression fractures” in some clas-
sifi cations (Denis), a defi nition which describes 
the dynamics of the trauma. Eighty-nine per cent 
of compression fractures involve the anterior 
wall, and they are rarely associated to neurologi-
cal damage. They are mostly considered stable, 
and the criteria of instability are loss of height in 
the vertebral body >50 %, angular deformity 
>20–30 %, multiple compression fractures of 
adjacent vertebral bodies. In the present fracture, 
the anterior wall is reduced of less than 50 % if 

compared to the posterior one, which does not 
look interrupted (Fig.  3.38 ), thus ruling out big-
ger neurological involvement. This medical case 
is of severe low back pain in the acute phase, 
which may be reduced over time and reach a 
recovery status, but leave a loss of physiological 
lumbar lordosis as its consequence.        
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4.1.1     Evolution of Orthopaedic 
Surgery in the Treatment 
of Degenerative Conditions 

 During the twentieth century, the development 
of orthopaedic surgery led to a more solid defi ni-
tion of the orthopaedist’s boundaries and compe-
tences. It started at the beginning of the 1900 from 
Alessandro Codivilla’s intuition, and his stating 
that the orthopaedist had to deal with the diseases 
of the musculoskeletal system [ 1 ]. However, 
the main pathologies involving orthopaedists in 
the fi rst few years of last century were the con-
genital and childhood ones, those resulting from 
poliomyelitis, and the bone complications of 
tuberculosis. Later on, the treatment of degenera-
tive diseases focused mainly on the treatment of 
coxoarthritis, among which the worth mention-
ing are consequences of congenital dysplasias, 
and knee arthritis. Up until the 1960s, arthritis 
surgery mainly consisted of osteotomies, with the 
aim of modifying the axes and the load areas of 
the joint cartilage, and arthrodeses, which inevi-
tably led to poor functional results in large joints, 

even though it acted directly upon the cause of 
the arthritic pain. In 1962, Sir John Charnley 
described his hip prosthesis, thus changing the 
approach to degenerative surgery for ever [ 2 ]. In 
parallel, only after several attempts, John Insall 
improved the knee prosthesis with a condylar 
design in the 1970s [ 3 ]. Interestingly, in about 
a decade the approach to the treatment of coxo-
arthritis changed completely in the records of 
the national congress of the Italian Society of 
Orthopaedics and Traumatology (SIOT). In the 
49th Congress in 1964 on the surgical treatment 
of coxoarthritis, osteotomies, arthrodeses, and 
many interventions on the soft parts were the pil-
lars of the orthopaedist’s cultural background, 
while more modern therapies such as acetabu-
loplasties and arthroplasties were only begin-
ning to develop. In 1969, many orthopaedists 
already reported on their experience in prosthetic 
implants, and the scientifi c community was split 
between “conservatives and prosthesisizers”. 
Since then, the development of more and more 
sophisticated prosthetic implants has character-
ized orthopaedic surgery, which nowadays faces 
the issue of revision surgery and complication 
management [ 4 ]. Another innovation in the treat-
ment of degenerative conditions has certainly 
been the implementation of arthroscopic tech-
niques of the large joints, which has been widely 
considered as a technological  innovation of the 
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 History of Medicine: Arthritis Care 

 Valentina Gazzaniga and Silvia Marinozzi 

 When there is no damage or evidence 
of trauma or tumour, joint pain is generally 
explained as a sign of weakness induced by 
other diseases, or ageing, or inappropriate life 
styles, and leads to the accumulation of cold 
and corrupt matter in the peripheral parts of the 
body. In arthrosis and arthritis, of pathological 
origin, or deriving from wear, load or stress, 
the procedure is the same as in case of infl am-
mation. According to the Hippocratic theories 
pathological processes are a sign of imbalance 
among the fundamental elements of the body, 
fl uids, qualities, and solid parts, which com-
promises the health of the whole body. Without 
any apostemas, swelling, or localized clotting, 
the corrupt humours are drained, in particular 
the cold ones (such as phlegm and black bile), 
with drainage and calefaction treatments to re- 
establish normal body heat and bring the body 
back to balance. The therapy involves enemas, 
emetic medications, cupping, diets and local-
ized treatments, such as warm compresses, 
and in the most complex cases, where the pain 
is very sharp, and there is motor diffi culty 
and a chronic condition, the cauterization of 
the areas where there is visible or hypothetic 
clotting of pus (Celsus,  De re medica , lib. IV, 

33–35;). Galen mainly relates about chronic 
pain and infl ammation of the femoral joint. 
There is a nosological overlap between low 
back pain and skeletal pathologies, so every-
thing is attributed to an infl ammatory process 
involving the whole limb due to plethoric pro-
cesses to be treated with warm compresses, 
baths, rest, appropriate exercise, and drainage 
treatments, both pharmacological and surgi-
cal, which is phlebotomy. The disease is not 
caused by the pituous humour per se, but by 
the fact that it stays raw: the treatment var-
ies according to the patient’s temper, age and 
physical strength. First palliative medications, 
which do not cool or warm too much, to ease 
the pain, then bloodletting from the popliteus 
muscle or from the heel. According to Galen, 
acrid medications, largely widespread in his 
time, have to be avoided, because they cause 
excessive dryness, which would solidify the 
dense pituous humours, that undissolved con-
tinue to cause illness; he prescribes palliative 
medications and composite oilcloths, provid-
ing several recipes for oilcloths and mixtures, 
mainly based on turpentine, tar, sulphur, and 
“spices” such as cardamom, colocynthis, 
ruta, and other “warming” substances (Galen, 
 De Compositione medicamentorum , X,2-3 – 
K.XIII: 331–341; XIV: 756). 

last few years, even though a 1912 contribution 
from Severin Nordentoft has just been found: 
at the 41st congress of the German Surgery 
Society in Berlin he presented his contribution 
on laparoscopy, cystoscopy, and knee endos-
copy, followed after a few years by Takagi (from 
Japan), and Bircher (from Switzerland), who 

mainly concentrated on joint endoscopy [ 5 ]. 
Finally, the last few years have seen a growing 
interest in new treatment approaches towards 
 degenerative arthritis, through the implementa-
tion of  bioengineering in surgery, in particular 
with studies on  osteocartilage transplants, mes-
enchymal cells, biomaterials, and growth factors. 
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4.2        Femoro-acetabular Impingement 

    

Subject: CM T.250

Sex: male

Age: 40–45 years

Finding site: Castel Malnome

Type of grave: pit in the ground with no cover

Type of burial: disturbed primary

Deposition: supine with flexed upper right limb and extended
left limb; extended lower right limb and absent lower left limb

State of preservation: poor

Stature: ~ 158 cm

bone in the case

bones found

  

4.2.1        Morphological 
and Paleopathological 
Description of the Subject 

 The skeleton pertaining to a mature male, it is in a 
poor state of preservation: only a few fragments of 
the skull are preserved and regarding the inferior 
appendicular skeleton, only the proximal epiphy-
sis of the left femur, a portion of the left fi bula, the 
right tibia and fi bula, and part of the feet bones are 
left. The examination of the dental disease shows 
a big abscessual cavity at the alveoli of the max-
illary right lateral incisor and canine. The right 
fi rst premolar and contra-lateral canine and sec-
ond premolar are affected by destructive decays; 
moreover, many maxillary and mandibular teeth 
were lost  intra-vitam . On the clavicles, at the ori-
gin of the deltoid and at the insertion of the  pecto-
ralis major  muscle, enthesopathic modifi cations, 
of osteophytic type, due to repeated movements 
of the shoulder, are bilaterally detected. Strong 

insertions at the origin of the  brachii  muscle are 
observed on the humeri, especially on the right, 
because of a repeated fl exion of the forearm on the 
arm. In reference to the lower limbs, the right tibia 
is medio-laterally fl attened (platycnemia); the fl at-
tening is probably due to a strong and prolonged 
exertion of the calf muscle. The only remaining 
small diaphyseal portion of the left fi bula shows 
a severe periostitis with scabrous surface and exu-
berant reactive bone production. The shoulder 
joints show some mild arthritic degenerations: on 
the acromial and sternal facets of the clavicles and 
on the humeri heads, a mild porosity is spread, 
with poor marginal ostheophytes. The enthesopa-
thy examined at the insertion of the  supraspinatus  
muscle of the right humerus, would confi rm a fre-
quent rotation of the humerus on the scapula. The 
column shows poor lipping on the ventral margins 
of the vertebral bodies; a posteriorly expelled her-
nia is also detected on the inferior endplate of a 
thoracic vertebra. 

4.2 Femoro-acetabular Impingement
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4.2.1.1     Description of the Lesion 
 The present case shows a deformity of the head- 
neck compartment of the left femur now known 
as “cam” type (Figs.  4.1  and  4.2 ) that suggests 
femoro-acetabular impingement.   

 Femoro-acetabular impingement (FAI) is a 
condition that is more and more frequently 
treated and detected nowadays in adult active 
patients complaining of hip pain. The Medical 
Subject Headings thesaurus of the US National 
Library defi nes FAI as a “condition where a path-
ological mechanical process causes hip pain 
when morphological anomalies of the acetabu-
lum and/or the femur, combined with vigorous 
hip motion (above all at the extreme degrees), 
lead to repeated collisions that damage the soft 
tissue structure within the joint itself”. 

 The essential features of this defi nition are as 
follows:

•    Morphological anomalies of the femur or 
acetabulum  

•   Anomalous contact between the two structures  
•   Supra-physiological movements leading to 

this contact  
•   Recurrence of these movements and the 

mechanical insult  
•   Damage of the soft tissue    

 FAI can be further subdivided into two catego-
ries, depending on whether the deformity con-
cerns the acetabulum or the femur, called 
respectively “pincer” and “cam deformity”, or 
both. The typical clinical picture is a progressive 
hip pain in a young active patient, which can irra-
diate laterally to the trochanteric region, medially 
to the adductor muscles region and, more rarely, 
to the gluteal region or to the knee. In the past 

some authors [ 6 ] hypothesized that only 10 % of 
hip arthritis could be accounted as purely pri-
mary and that in more than 90 % of cases the 
pathogenesis was due to other causes (mechani-
cal, infl ammatory, metabolic, biological). Ganz 
et al. [ 7 ] stated that more than 90 % of hip arthri-
tis was due to mechanical pre-existing conditions 
such as an acetabular dysplasia and FAI.    

  Fig. 4.1    Femoro-acetabular impingement posterior view       

  Fig. 4.2    Femoro-acetabular impingement anterior view       
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4.3     Primary Arthritis 

4.3.1     Primary Arthritis of the Hip in Coxa Vara 

    

Subject: Coll.T.603

Sex: male

Age: 50–60 years

Finding site: Collatina

Type of grave: pit in the ground with no cover

Type of burial: primary

Deposition: supine with extended upper right limb, flexed
upper left limb, and extended lower  limbs 

State of preservation: mediocre

Stature: ~ 174 cm

bone in the case

bones found

  

4.3.1.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject, averagely built, has humeral euri-
brachy and strong platymeric femurs. The skull 
is elongated (dolichocranic) and fl at (chamae-
cranic); the frontal crests are very diverging, the 
orbits are wide (hypsiconchic), and the nose is 
long and narrow (leptorrhine). The porosity of 
the outer table of the skull ( cribra cranii ) and of 
the roof of the orbits ( cribra orbitalia ), together 
with hypoplastic lines on the enamel of some 
mandibular teeth, suggests stress episodes that 
may have impaired the normal development of 
the subject. The maxillary bones show alveolar 
resorption processes due to the loss of all dental 

components (edentulism)  intra-vitam ; the central 
incisors and the lateral left one of the mandibular 
bone were also lost  ante mortem,  and an abscess 
can be observed on the buccal side of the left man-
dibular second molar. The carious lesions on the 
remaining teeth are widespread, but moderately 
severe, with the exception of a destructive decay 
detected on the right second incisor. The limited 
presence of alterations in the muscle- ligament 
insertions and the moderate degree of degenera-
tive phenomena observed on the whole skeleton, 
suggest that the subject was not involved in hard 
work. The only enthesopathy observed on the 
upper limbs regards the insertion of the  brachii  
muscle of the ulnas; this muscle is used for fl ex-
ion of the forearm on the arm. Even though the 

4.3 Primary Arthritis
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rachis is incomplete, the fusion of two thoracic 
low vertebrae can be observed. The trochanteric 
fossae of the femurs, on the insertion surface of 
the  obturator externus  muscle, are affected by 
exostoses; the  gluteous  insertions are marked, 
bilaterally. An extension of the articular surface 
of the head of the right femur, which can be seen 
on the anterior surface of the neck (Poirier’s 
facet) (Fig.  4.3 ) [ 8 ], may be the result of a con-
tact between the  caput femoris  and the margin of 
the acetabular fossa during fl exion and extension 
movements of the limb [ 9 ]. A further etiological 
factor can be the acute and repeated muscular 
stress of the  iliopsoas  muscle, which presses on 
the medial margin of the cervical eminence. The 
anterior surface of the patellae is affected by ossi-
fi cations of the  quadriceps  tendon, mainly on the 
right side. The diaphyses of the lower limbs, in 
particular of the tibiae and fi bulae, show osseous 

remodeling due to acute or chronic infl ammatory 
processes, and this affects the cortical bone, as 
well. The surfaces are irregular and rugged, due 
to the deposition of a new bone in the form of 
striae and plaques. The anterior crest of the left 
tibia is particularly well developed, forming a 
protruding plica (Fig.  4.4 ), compared with the 
4.6 mm cortical bone underneath.    

4.3.1.2     Description of the Lesion 
 Macroscopically, the subject’s left coxo-femoral 
joint does not show any alterations of the perios-
teum or asperities, thus suggesting a fracture, even 
if the cervico-diaphyseal angle of the proximal 
femur is narrower than 120°, indicating coxa vara 
(Fig.  4.5 ). The aetiology of this pathology can be 
innate or acquired. The latter can be secondary 
to several metabolic (i.e. type IV mucopolysac-
charidosis or Morquio’s disease), neoplastic (as 
in fi brous dysplasia), or traumatologic diseases. 
Monolateral coxa vara is clinically associated to 
lower limb heterometry, but this case has been 
selected because it shows the arthritic alteration 
which is more evident at the  level of the superior 
profi le of the head of the femur, where the osteo-
phytosic collar is well shown. The acetabulum 
alterations are less evident, and X-rays examina-
tion (Fig.  4.6 ) shows subchondral sclerosis.     

  Fig. 4.3    Poirier’s facet       

  Fig. 4.4    A protruding plica of the left tibia       

  Fig. 4.5    Pelvis and femur with varus deformity       
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  Fig. 4.6    X-rays antero-posterior view of the hip 
confi rm varus deformity of the cervico-diaphyseal 
femoral angle and subchondral sclerosis at the 
acetabulum. The absence of osteostructural alterations 
rules out the potential secondary origin of the 
deformity       
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  Fig. 4.7    Signs due to a pathology of the rotator cuff       

4.3.2     Osteoarthritis of the Knees 

    

Subject: CBM F.3 Liv. 4 Ind. E

Sex: female

Age: 45–50 years

Finding site: Casal Bertone Mausoleo

Type of grave: forma with flat cover

Type of burial: primary

Deposition: supine with extended upper limbs and non
deductible lower limbs

State of preservation: good

Stature: ~ 156 cm

bone in the case

bones found

  

4.3.2.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton belongs to a mature female and is of 
average build. The values of the main cranial 
indices are average, with the exception of the 
height index which denotes a fl at skull (chamae-
cranic) and the nasal index which reveals a long 
and narrow  piriformis  aperture (leptorrhine). 

 The dento-alveolar complex is compromised: 
a dental caries, with destructive lesion penetrat-
ing the pulp cavity, can be observed on the upper 
right second premolar and several teeth have 
been lost  ante-mortem . 

 On the anterior surface of the left clavicle, at 
the origin of the deltoid muscle, the regular curved 
margin is interrupted by a rough protrusion; the 
costo-sternal joints are affected by erosions, par-
ticularly on the left. The gleno-humeral joints are 
bilaterally modifi ed by arthritic degenerations: the 
surfaces and the contours of the lesser and greater 
tubercle of the humerus, (where, respectively, the 
 subscapularis  and the  supraspinatus  muscles are 
inserted), are eroded and sclerotic, suggesting a 
joint pathology of the rotator cuff (Fig.  4.7 ). A 
major degeneration can be detected at the right 

elbow joint: the surface of the humeral epicondyles 
is hemmed by a bony ring, the capitulum of the 
right humerus is eburneated, and posteriorly the 
olecranon fossa is irregularly rough. The cartilage 
loss and the bone destruction due to the contact 
with the humerus can be seen on the radial capitu-
lum, whose lateral edge is expanded and eroded. 
The superior margin of the olecranon posterior 
face is affected by a protruding enthesopathic 
ossifi cation at the insertion of the  triceps brachii , 
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due to repeated extension of the elbow ( woodcut-
ter’s lesion ); moreover, the contours of the olec-
ranon and of the coronoid process are jagged and 
irregular. A compound fracture can be observed on 
the distal third of the right ulna diaphysis. The cot-
yloid cilium is bilaterally altered, with mild new 
bone production, and the acetabular fossa is mildly 
porous. The margin of the dorsal symphyseal 
face of the pubis, at the insertion of the inguinal 
ligament, shows a large pit, the pubic tubercle is 
hypertrophic and the preauricular groove (Fig.  4.8 ) 
has very deep depressions; these modifi cations 
are related to the mechanical solicitations of birth 
delivery. Severe lesions can be observed at the 
knee: bilaterally a marginal osseous ring hems both 
femoral condyles, but it is especially developed on 
the superior edge of the lateral condyle’s anterior 
face, with a worn area with eburnation affecting 
the whole patella articular surface. The alterations 
of the tibial plateau are minor, the intercondy-
lar eminences are marked, and some osteophytes 
hem the posterior portions of the joint’s edges. 
The vertebral bodies referring to C3-C6 tract are 
enlarged, surrounded by limited osteophytes and 
with erosions especially on the imprint area of the 
 nuclei polposi . The costo-transverse facets, both 
on the ribs and on the transverse apophysis, at 
T10 and T11 metameres, are irregularly expanded 
and cribrous, and show clear osteophytes. The last 
three lumbar vertebrae show an  expansion of the 

 inferior facets,  latero-posteriorly,  characterized by 
macroporosities and irregular margins. The fi fth 
lumbar vertebra is fused with the sacrum (sacral-
ization) (Fig.  4.9 ). There are no Schmörl’s intra-
spongious hernias.     

4.3.2.2     Description of the Lesion 
 The subject’s macroscopic picture is compatible 
with severe arthritis of the patello-femoral joint 
of the right knee. The profi les of both femoral 
condyles are irregular due to marginal osteophy-
tosis, but even in a picture of tricompartmental 
degenerative arthropathy, the severe signs of 
patello-femoral overuse are more evident and 
signifi cant (Fig.  4.10 ). This pathology can be the 
consequence of an alteration of the normal pro-
fi le of the femoral trochlea and/or of the patella, 
or of repeated chronic overload on the patello- 
femoral joint. In most cases the contact is between 
the lateral facet of the patella and the lateral pro-
fi le of the trochlea. In the case examined, the 
trochlea shows “traintrack-like” grooves, with 
eburnation of the subchondral bone (Fig.  4.11 ) at 
the sliding area of the kneecap, due to its severe 
and repeated contact with the trochlea. The clini-
cal and symptomatological picture is extremely 
variable. Standing up from a sitting position, 
climbing up or down some stairs, or kneeling can 
start or worsen the pain.     

  Fig. 4.8    Preauricular groove ( arrow )       

  Fig. 4.9    Sacralization       
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  Fig. 4.10    Osteoarthritis of the knees       

  Fig. 4.11    X-rays antero posterior view of the distal 
femur shows an area of hyper-opacity at the lateral con-
dyle, due to subchondral sclerosis, a sign of arthritis of the 
knee joint       
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4.3.3     Spine Arthritis 

    

Subject: CM T.18

Sex: male

Age: 40–50 years

Finding site: Castel Malnome

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: disturbed primary  by clandestine digging

Deposition: supine with non deductible upper and lower limbs

State of preservation: mediocre

Stature: ~ 183 cm

bone in the case

bones found

  

4.3.3.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, pertaining to a mature and very tall 
subject, shows strong muscular insertions only in 
the lower limbs; the anthropometric indices of 
the postcranial skeleton denote roundish sec-
tions, only slightly modifi ed by biomechanical 
stress. The skull, preserved only in the occipital 
portion, shows some Wormian ossicles along the 
lambdoid suture and a small bone at the lambda. 
Mild osteolytic degenerative alterations can be 
detected bilaterally at the acromio-clavicular 
joint. The whole superior appendicular skeleton 
shows no relevant ergonomic alterations. The 
presence of little cribrosities inside the acetabular 
fossa and the raised cotyloid cilium, indicate an 
early stage coxoarthritis, while a bone rarefaction 
on the right ischial tuberosity, at the origin of the 
 semitendinosus  muscle, would indicate an enthe-
sopathy, related to the fl exion of the knee and to 
the extension of the hip. The surface of the head 
of the left femur shows a bony ring along the 
inferior perimeter, and a wide and deep fovea. 

The presence of a facet, called anterior cervical 
imprint, on the neck of the right femur, suggests 
hyperfl exion and/or extension movements of the 
femur [ 9 ]. Repeated plantar fl exion and foot 
inversion movements may have caused the strong 
development of the  soleus  muscle entheses on the 
tibiae’s dorsal surfaces, and the formation of the 
marked furrow of the left  tibialis  posterior 
tendon. 

 The tibial and fi bular diaphyses are affected 
by periostitis, with striated deposition of new 
bone. 

 The rachis shows osteophytic and osteolytic 
arthritic degenerations and the presence of four 
thoracic hernias.  

4.3.3.2     Description of the Lesion 
 The macroscopic examination of this tract of the 
vertebral column shows a severe spondyarthritis 
of the lumbar tract, from L1 to L5 (Fig.  4.12 ). 
The fairly good state of preservation allows 
the observation of the calcifi cation of the liga-
ments along the marginal profi les of the superior 
and inferior somatic limitants of the vertebral 
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bodies, which are very irregular with wide osteo-
phytosic fl arings. This picture refers to a severe 
pre- existing discopathy and major overload com-
patible with the subject estimated age and with 
the location at the last segments of the rachis, 
where the load forces are mostly concentrated. 
The clinical picture is characterized by pain 
and severe movement rigidity and by a varying 
degree of functional limitation. This severe pre-
sentation and the “bone casting” complete fusion 
between the contiguous vertebral segments may 
be differentially diagnosed as ankylosing spon-
dylitis, a chronic autoimmune infl ammatory 
rheumatic pathology. This diagnostic hypothesis 
cannot be verifi ed because of the few elements 
we have.     

  Fig. 4.12    Spondyarthritis of the lumbar tract (L1–L5)       
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4.4     Secondary Arthritis 

4.4.1     Post-traumatic Arthritis of the Elbow 

    

Subject: CM T.152

Sex: male

Age: 45–55 years

Finding site: Castel Malnome

Type of grave: pit in the ground with no cover

Type of burial: primary

Deposition: supine with  flexed upper limbs and extended 
lower limbs

State of preservation: mediocre

Stature: ~ 169 cm

bone in the case

bones found

  

4.4.1.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton belongs to a senile, well-built man. 
 The examination of dental disease reveals 

periapical abscess associated with the upper sec-
ond molars. 

 From an enthesopatic point of view, the 
subject shows alterations due to repeated and 
strained use of the muscles involved in the shoul-
der and the forearm fl exo-extension movements. 
On the right, a mild area of cortical erosion 
(rhomboid fossa) replaces the rough imprint for 
the costo- clavicular ligament; the distal extrem-
ity, at the origin of the deltoid muscle, shows a 
marked imprint bilaterally; on the lesser tubercle 
of the humerus, the surface is rough and irregu-
lar. On the infraglenoid tubercle of the scapulae, 
a furrow with a protruding crest can be detected 
at the origin of the  triceps brachii  muscle; the 
insertion area of the  pectoralis major  muscle on 
the humeri is strong and marked, and the bicipi-
tal tuberosities of the radial bones are extended 
and fringed by a bony hem. The surface of the 
ischium, at the origin of the  semitendinosus  
muscle, is bilaterally eroded, suggesting fl exions 

of the movements of the knee and extensions of 
the hip. Small enthesophytes at the insertion of 
the  gluteus minimus  muscle of the right femur 
indicate abduction movements of the thigh [ 10 ]. 
Signs of arthritic degeneration can be seen on 
the appendicular skeleton. The alterations of 
the vertebral column suggest spondyloarthritis 
likely due to the subject’s age, with clear signs 
of macroporosity on C6 and C7 and of angular 
osteophytosis on the last thoracic and lumbar ver-
tebrae. Moreover, ankylosis of T6-T7 and of the 
left seventh rib (Fig.  4.13a, b ) can be observed, 
with the formation of a bony bridge between the 
superior and inferior margins of the vertebral 
bodies. The rib joint facet is fused in the costal 
fovea and surrounded by a bone callus forma-
tion. The imprint of a posteriorly exteriorized 
intraspongious hernia can be seen on T7 inferior 
face. Several fractures with axis deviation can be 
detected on ten ribs, seven on the right and three 
on the left. In addition, the subject shows a com-
minuted fracture of the left tibial lateral plateau 
(Fig.  4.14 ), even though the incomplete preser-
vation of the proximal portion does not rule out 
the hypothesis that the traumatic event involved 
both condyles.   

4.4 Secondary Arthritis



96

 The fracture is related to a subchondral spon-
gious depression, with a resulting lack of level-
ling of the joint’s surface.  

4.4.1.2     Description of the Lesion 
 The degenerative pathology of arthritis almost 
always affects load stressed joints. The joints of 
the upper limbs, except for those found in the 
hand, where deforming arthritis of the distal and 
proximal interphalangeal joints primarily sets in, 
are usually affected only by post-traumatic arthri-
tis. The subject shows a marked alteration of the 
joint profi les (Fig.  4.15 ). The left capitellum 
shows the potential consequence of a fracture 
with crushing and angulation of the neck 
(Fig.  4.16 ). The periarticular calcifi cations and 
the eburnation of the articular surfaces are signs 
of a likely primitive arthritis of the elbow, due to 
the subject’s hard work.   

a b

  Fig. 4.13    ( a ) Anchylosis of T6-T7 and of the left seventh rib inferior view. ( b ) Anchylosis of T6-T7 and of the left 
seventh rib supero-lateral view       

  Fig. 4.14    Fracture of the left tibia’s lateral plateau       

  Fig. 4.15    Arthritis of the upper limb       
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 The clinical picture regards a painful swelling, 
with restriction of the movement, on infl amma-
tory and mechanical basis, due to the alteration of 
the articular profi le. 

4.4.1.3       Fracture of the Tibial Plateau 
 Associated to the above-described arthritic pic-
ture, the examined subject also showed a frac-
ture of the left tibial plateau (Fig.  4.14 ). The 
macroscopic fi nd confi rmed the diagnosis, which 
might have been mistaken for some post-mortem 
signs, except for the presence of healing bone 
callus on the depression area. However, the med-
ical report has been the following after X-ray 
examination.        

  Fig. 4.16    Fracture of the left capitulum of the radius       

 History of Medicine: Elbow Dislocation and 

Fractures 

 Valentina Gazzaniga and Silvia Marinozzi 

 According to Celsus, the elbow can dis-
locate in every direction and the reduction 
is performed pulling the arm in opposite 
directions, and then pushing in the  direction 
that the humerus or radius has come out 
(Celsus, XVIII, 16). 

 On the other hand, Galen states that the 
elbow can dislocate inwardly and outwardly: 
the ulna and radius dislocations are reduced 
with an extension in line with the humerus, 
performed pulling the wrist in the opposite 
direction to the pulling arm held from the 
axilla, while a third assistant presses on 
the joint’s head (Galen,  De Fracturis , III, 
51–61 - K. XVIII/B: 611–624) 

 Radiologist’s Evaluation 

 Silvana Giannini 

 Irregular radiolucency line of disconti-
nuity of the articular surface on the external 
tibial plateau. Distrectual radiopacity on 
the lateral side of the proximal metaphysis, 
likely due to a collapse of the subchondral 
trabecular, and depression of the articular 
surface. Major radiopacity in the postero- 
lateral aspect of the proximal tibia showing 
a pattern of bone healing (Fig.  4.17 ). 

 Moderate fl aring diaphyseal–metaphy-
seal proximal feature. 

 Intra bone marrow nubecular hardening. 
 The CT scan’s coronal and sagittal plane 

better shows the depression of the articular 
surface with collapse of the hyperdensity 
trabeculae (Figs.  4.18  and  4.19 ). 
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 History of Medicine: Tibia Fracture Care 

 Valentina Gazzaniga and Silvia Marinozzi 

 In tibia and fi bula fractures doctors do 
not need complex equipment: an extension 
performed by two assistants pulling in 
opposite directions is enough. Dressings 
are wrapped to apply pressure on the pro-
truding part of the stump, and after the fi rst 
bandage, rods can be put to immobilize the 
area. Galen advices to use doctors’ specifi c 
devices only if needed, for movements due 
to linen changing or to go to the toilet. One 
of these instruments is the glossocomion, a 
little box used by Atticans to preserve pre-
cious things, which is a wooden box where 
the fractured limb is placed; another tool is 
the shower, a wooden and concave frame, a 
sort of prefabricated cast, hollowed out to 
hold the leg or their parts. Axles tied with 
strings are also used to immobilize the leg. 

  Fig. 4.17    X-rays antero-posterior and lateral view: fracture 
of the tibial plateau. On the side is interesting to note diffuse 
hypodensity of the central part of the metaphysis is caused       

  Fig. 4.18    CT scan coronal plane multiplanar reconstruction       

  Fig. 4.19    CT scan sagittal plane multiplanar reconstruction       
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4.4.2     Post-traumatic Hip Arthritis 

    

Subject: VN T.6 ind.2

Sex: male

Age: 25–35 years

Finding site: Via delleVigne Nuove

Type of grave: brick grave with flat cover

Type of burial: primary

Deposition: extended upper left limb, slightly flexed upper
right limb, extended lower limbs

State of preservation: good

Stature: ~ 176 cm

bone in the case

bones found

  

4.4.2.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton refers to a tall, average built male 
subject. The skull is elongated (dolichocranic), 
with a narrow forehead (stenometopic), very 
diverging frontal crests and large orbits (hypsi-
conchic). A fi ne erosion affects the table of the 
skull, in particular in the area of the bregma, 
where more and bigger holes can be observed 
( cribra cranii ); the roof of the orbits also shows 
a mild bilateral porosity ( cribra orbitalia ); 
these lesions suggest spread porotic hyperosto-
sis. One of the anatomical variants that can be 
observed is the bilateral mendosa suture. From 
an entheso and syndesmopathic point of view, 
there are many different sites, with a mixture of 
erosive phenomena at the bone insertion, with 
several expressions of bone metaplasiae of the 
tendons and ligaments. The points of insertion 
of the deltoid muscle, both on the clavicles and 
the humeri, show ossifi cations, maybe due to 
the repeated action of carrying heavy loads on 
the shoulders. Alterations at the origin and 
insertion of the  triceps brachii  muscle, respec-
tively on the infraglenoid tubercle of the scap-
ula and on the posterior part of the olecranon of 
the ulna are maybe due to frequent extension 

and fl exion movements of the forearm on the 
arm; the origin of the  brachioradial  muscle of 
the humeri and the insertion of the  brachialis  
muscle of the ulna, which are involved in the 
same movement, are also highly developed. 
The origins of the superfi cial fl exor muscles of 
the fi ngers show wrinkled protrusions. On the 
whole, all the above-described movements sug-
gest a type of work involving repeated fl exion 
and extension movements of the forearm and of 
the fi ngers. The insertion area of the  soleus , on 
the posterior face of the right tibia, is character-
ized by a depression which traces the direction 
of the oblique line while some spicules can be 
observed on the left heel bone tuberosity, at the 
insertion of the Achilles tendon. These stresses 
may suggest repeated extensions movements of 
the foot. The posterior face of the left ischial 
tuberosity shows limited oval erosion, with 
well- defi ned and slightly raised margins, with a 
maximum diameter of 16 mm at the area in 
contact with the ischial mucous bursa. Ischial 
bursitis (“weaver’s buttock”) is an infl amma-
tion affecting the bursa (the small cavity full of 
fl uid surrounding joints) which separates the 
 gluteus medius  muscle from the ischial tuberos-
ity and its onset occurs after prolonged periods 
in a sitting position on a hard surface [ 9 ]. This 
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pathology can also be a  consequence of a direct 
trauma, such as fall onto a hard surface; in the 
examined subject, the fracture on the left ilio-
pubic eminence might have caused this condi-
tion. The presence of some parrot’s beak 
osteophytes on the lateral margin of the auricu-
lar surface and the formation of an additional 
facet at the right sacroiliac joint, may be related 
to the complex condition of the hip [ 11 ]. 
Abnormal fusiform swellings, observed on the 
diaphyses of the tibias and the fi bulas, could be 
ossifi cations of subperiosteal haematomas, of 
potential post-traumatic origin. In case of a 
vascular subperiosteal lesion, caused by contu-
sive trauma, the periosteal detachment, pro-
duced by a haematic extravasation, stimulates 
the periosteum itself in an osteoblastic way, 
thus originating a reactive periosteal (Fig.  4.20 )
bone formation [ 12 ].        

 The shoulder and wrist joints, and the thoraco- 
lumbar vertebral bodies show mild signs of 
arthritis.  

4.4.2.2     Description of the Lesion 
 The most evident macroscopic sign of this sub-
ject’s coxofemoral joint is an arthritic 
 degeneration of the head of the left femur 
(Fig.  4.21 ). A  widespread marginal osteophytic 
rim can be observed without severe alterations of 
the head’s spherical shape, as in the most severe 
cases of arthritic degeneration. The X-ray exami-
nation (Fig.  4.22 ) shows the presence of forma-
tions of geodic type at the level of the  subchondral 
bone, a sign of chronic distress and arthritic 
degeneration. However, after a more thorough 
examination the acetabulum, at the quadrilateral 
layer, shows a solution of continuity with linear 
alterations of the bone surface resulting from the 
fracture of the acetabulum. Without any treat-
ment, such as traction, this type of fracture may 
have medialized the femoral head, thus resulting 
in coxa profunda. The clinical picture is the same 
as that of primary arthritis, characterized by 
pain, stiffness and reduction of the articular 
excursion.         

 Fig. 4.20    Periostitis of the tibial diaphysis  
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5.1    Introduction 

    Carla     Caldarini,        Paola     Catalano,       Andrea     Piccioli, 
      Maria Silvia     Spinelli, and       Federica     Zavaroni        

5.1.1     Historical Developments 
in Musculoskeletal Oncology: 
From Amputation to Limb 
Conservation 

 Current musculoskeletal surgery is based on stud-
ies from the beginning of 1900 and the incorpora-
tion of metal implants (into the human body) that 
are subjected to corrosion when in contact with 
bodily fl uids, thus reacting as a foreign body. In 
1932, the development of Vitallium, an alloy of 
chromium and cobalt, fi rst used in dental implants, 
opened the way to the employment of chromium-
cobalt alloy syntheses in orthopaedics [ 1 ,  2 ]. The 
use of Vitallium in musculoskeletal oncology dates 
back to 1943, when a proximal femur endopros-
thesis was implanted [ 3 ] after resection due to 
giant-cell tumour, with signs of evident integra-
tion at autopsy and radiography 1 year later. This 
led to the creation of new implants using different 
materials, such as steel, polyethylene, and others, 
both in the treatment of resections and in long 
bone defects [ 4 ]. However, amputation represented 
the main treatment option in patients affected by 
 musculoskeletal neoplasias. The actual spread 
of prosthetic implants (still personalized) came 
thanks to the progress in radiology, pathology, 

chemotherapy, and radiotherapy, which allowed 
a better staging and assessment of the tumour’s 
size, and a higher survival rate in patients with 
 musculoskeletal tumours. In particular, adjuvant 
chemotherapy was used in the 1970s as additional 
therapy in surgery to reduce local relapses and treat 
any residual cancer cells with encouraging results 
in terms of survival rates [ 5 ,  6 ]. Moreover, thanks 
to the progress in integrated treatments, the num-
ber of candidate patients for prosthetic treatments 
and conserving surgery increased, and this was 
a major improvement compared to amputation. 
This context led to a growing effort towards the 
improvement of prosthetic systems and the birth of 
standard modular endoprostheses [ 7 ], fi rst for the 
proximal and distal femur, for the proximal tibia, 
and for the proximal humerus [ 8 – 11 ]. With the 
development of more and more sophisticated pros-
theses for the reconstruction of bone defects after 
resection, a major contribution to the systematiza-
tion of the treatment approach of musculoskeletal 
tumours was given by Prof. Campanacci and Prof. 
Enneking [ 12 ] who set the ground rules for staging, 
reconstruction, and integrated  treatment of muscu-
loskeletal tumours. In conclusion, musculoskeletal 
oncologic surgery was actually born about half a 
century ago and has evolved since then. In par-
ticular, the new material technologies, the develop-
ment of adjuvant therapies, and the systematization 
of the approach have led us to the present context, 
where we are able to save most patients’ limbs, 
thus increasing their quality of life, and the prog-
nosis in case of musculoskeletal tumours [ 13 ]. 
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 History of Medicine: Tumours Care 
 Valentina Gazzaniga and Silvia Marinozzi 

 In Ancient medical texts, the term tumour 
is not always used as our term neoplasm, gen-
erally referring only to swellings, skin lesions, 
infl ammatory status.  Palaeontology and pal-
aeopathology studies have highlighted how 
cancer seems to be characteristic of terres-
trial vertebrates, even though some neoplas-
tic forms have also been found on fossils of 
water animals and reptiles, and have demon-
strated the philogenetic relationships between 
focal hyperostosis in fi sh and osteoma in 
man. Neoplastic lesions have been found 
on animal fossils from the  Palaeolithic and 
Mesozoic periods, but the fi nds dating back 
to the Jurassic and the Cretaceus periods, that 
is the time of the development of terrestrian 
animals and reptiles, certainly show a higher 
rate of neoplasms than the water species. The 
diffi culty in reaching a diagnostic certainty 
on biological and human ancient material is 
clearly shown in an article by Luigi Capasso 
(Antiquity of Cancer.  International Journal 
of Cancer . 113(1):1–12). The diagnoses of 
tumours on palaeolithical human skeletal fi nds 
are still unreliable, and the small number of 
fi nds does not allow a realistic hypothesis of 
the incidence of these diseases in prehistoric 
and ancient populations. In Hippocrates’s 
works, the terms karkinos and karkinoma 
recall, metaphorically and literally, a “wear 
and tear” of the areas attributable to animals’ 
bites and scratches, and they are used by the 
Hippocratic doctor to explain the appear-
ance of ulcers and internal and far-between 
new formations, as a consequence of a patho-
logical process recalling a live entity moving 
within the body, and eating and corroding its 
organs and limbs. The semantic and concep-
tual continuity of some forms of neoplasms 
is found in the use of the Latin terms cancer 
and carcinoma to identify some pathological 
 conditions. Celsus describes carcinoma as an 

abnormal hard new growth, forming mainly 
in the high areas of the body, in particular on 
the face (skin, nostrils, ears, and lips) and on 
women’s breasts; fi rst it develops as a swell-
ing, and later involves the blood vessels thus 
producing red, rugged ulcers. It is diffi cult to 
remove after the very fi rst growth phase, and 
almost always incurable, because the dis-
ease relapses even when removed. Similarly, 
Celsus attributes the ability to relapse also to 
“goitre”, a disease characterized by hard and 
resilient nodules growing underneath a cor-
rupt and purulent part of the body, particularly 
in the armpit, groin, and breast areas, that can 
be interpreted as a scirrhous swelling of the 
glands ( De medicina  V, XXVIII, 7). In Galen 
(129–210), the choice of terms is based on 
what the lesions and pathological new growths 
look like, and on the assonance of signs and 
symptoms with a specifi c animal: “…we often 
see a tumour in the breasts that totally looks 
like a crab”, because it has legs on both sides, 
as the veins that branch out from the tumour 
mass ( Ad Glauconem de Methodo Medendi . 
II, K. XI, 140–141). Sometimes, due to black 
bile build-up, some blackish, non-purulent 
swellings grow and cause some malignant 
ulcers corroding the fl esh ( De atra bile , K. V, 
122). The diseases called after an animal’s 
name due to the morphologic similarity of the 
physical alterations to a given animal species 
often have a similar aetiologic interpretation: 
in Galen, cancer and elephantiasis both derive 
from a black bile build-up, which causes pre-
ternatural growths ( De alimento  K XV, 331). 
The same is found in the choice of therapies, 
which involves, based on the principle of 
similia similibus curantur, the pharmaceuti-
cal use of crab (Plinius N.H.XXXII, 46, 134). 
Celsus provides information of lesions likely 
associated to bone tumours when he refers 
to forms where the bone grows big, then 
becomes black, and decays, developing ulcers 
or fi stulas that can progress and erode it; the 
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intervention involves the removal of the rotten 
fl esh so as to uncover the bone and cauterize 
it, and in case of larger lesions the bone has to 
be scraped to allow some blood to come out. 
If there are caries, the bone has to be scraped 
until the harder part of it is reached, while 
in the presence of black matter the tissue is 
removed until the bone is completely white. 
For this operation, Celsus also uses the drill, 
which the Hippocratic tradition had indicated 
for the removal of bone segments and splin-
ters which could be harmful in fractures of 
the skull. The modiolus is composed of two 
wooden sticks, a thread, and a series of remov-
able metallic tips; one stick is bow-shaped, 
with handles at its extremities, and pierced in 
the middle so as to allow the second stick to 
slide through it; this one ends in a metal cyl-
inder with a saw-toothed lower edge to screw 

the trephines on; the grips of the bow are 
pierced to allow the thread to turn around the 
upper part of the toothed crowns of the drill 
(and to pull it alternately in one or the other 
direction to turn the trephines and pierce the 
area to be removed). This tool is used in case 
of small lesions, because it acts with one only 
perforation able to insert the catheters and dry 
the bone, so as to remove the corrupt areas, 
then scrape and remove the rotten ones. In the 
presence of larger and deeper lesions, a drill 
is used, with a tip that widens and lifts a big-
ger amount of bone; some holes are pierced 
around the corrupt area, thus allowing the 
removal of the whole diseased region with a 
chisel. Non- oily medications are then placed 
on the area, such as raw wool soaked in oil and 
vinegar ( De medicina  VIII, 2, 1). 
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5.2        Benign Bone Tumours 

5.2.1     Osteochondroma of the Proximal Humerus 

    

Subject: CM T.108

Sex: male

Age: 35–45 years

Finding site: Castel Malnome

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: primary

Deposition: supine with slightly flexed upper and lower limbs

State of preservation: good

Stature: ~ 161cm

bone in the case

bones found

  

5.2.1.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, pertaining to a mature male subject, 
is whole and in a good state of preservation. The 
cranial indices denote a roundish shape (brachy-
cranic), with averagely diverging frontal crests; 
the orbits are large (hypsiconchic), while the 
nasal index has intermediate values (mesorrhine). 
The right portion of the frontal bone shows a sub-
circular depression, presumably due to a trauma 
(Fig.  5.1 ). Two Wormian sutural ossicles can be 
observed bilaterally along the lambdoid suture. 
The oral pathologies consist of moderate calcu-
lus build-ups on all the teeth and resorption of 
the alveolar margins, both on the maxillary and 
mandibular bones. Moreover, some cavities can 
be observed only on the left emi-maxillary: a 
destructive one on the second molar, a mild one at 
the mesial neck of the fi rst premolar, and a super-
fi cial one mesially on the third molar. The right 
superior second incisor and right inferior canine 
present rotated if compared with proper align-
ment. The section indices of the limbs suggest 
a robust subject with well- developed muscular 
insertions. The shoulders seem particularly under 

stress, with the presence of enthesopathies at the 
insertion of the costo- clavicular and conoid liga-
ments of the right clavicle and at the insertion of 
the  pectoralis major  muscle of the right humerus. 
The femurs are platymeric, and the attachment 
tubercle of the adductors, on the medial condyle 
of the right femur is hypertrophic and defi ned by 
bone spicules. The third trochanter can also be 
detected on the right femur, and is considered 
as a variant of the post-cranial skeleton [ 14 ] by 
some authors, while others consider it as an occu-
pational marker, because it is a part of the inser-
tion of the  gluteus major  muscle [ 15 ]. The lateral 
epicondyle of the right tibia shows the outcomes 
of a likely depression fracture, with remodel-
ling of the antero-medial margin and new bone 
apposition (Fig.  5.2 ). A concave depression of 
the supero-lateral margin of the right patella may 
have resulted from a prolonged contraction of the 
 quadriceps  ( vastus  notch). A severe and local-
ized periostitis can be observed on the proximal 
third of the right fi bula diaphysis. Only the joint 
of the left elbow shows some arthritic signs: the 
trochlea articular margins are raised and irregu-
lar and the coronoid fossa is enlarged, with well- 
defi ned margins; a small area of subchondral 

5 Oncologic Pathologies



107

necrosis can be detected on the lateral epicondyle 
( osteochondritis dissecans ) [ 16 ]. In addition, the 
surfaces of the olecranon and of the coronoid 
process are expanded, with new spicular bone 
formations. The vertebral column is affected by 
mild degenerative, erosive, and productive phe-
nomena, and four thoracic vertebrae, on the eight 
that can be observed, show Schmörl’s hernias. 
Bilaterally the ischiatic tuberosity, at the origin 
point of the  semitendinous  muscle, is extended 
and eroded, the potential manifestation of a 
chronic infl ammation.    

5.2.1.2     Description of the Lesion 
 Osteochondroma (also called exostosis or osteo-
cartilaginous exostosis) is the most common 

benign lesion affecting the bone and accounts for 
10–15 % of all bone lesions, both in women and 
in men [ 17 ]. The location is typically metaphy-
seal or metadiaphyseal. In this case, the metadi-
aphyseal location, the large implant base, and 
the continuity of the medullary from the host 
bone into the exostosis with no periosteal reac-
tion is highly suggestive of sessile osteochon-
droma of the proximal left humerus (Fig.  5.3 ). 

  Fig. 5.1    Depression on the frontal bone       

  Fig. 5.2    Fracture of the lateral epicondyle of the right tibia       

  Fig. 5.3    Left humerus osteochondroma       
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The macroscopic examination shows the top of 
the extostosis as a spongious marrow, resulting 
from the loss of the cartilaginous cap. The 
absence of intramedullary and periosteal reac-
tions (Fig.  5.4 ) of the contiguous bone rules out 
malignancies. In this type of lesion, the area 
more prone to a malignant transformation is the 
cartilage cap (chondrosarcoma) with a percent-
age <1 % in single cases and from 3 to 5 % in 
cases of multiple exostoses [ 17 ]. Symptoms 
depend on the site of the lesion and on the adja-
cent structures, because the clinical picture 
depends on the compression “ab extrinseco” of 
the exostosis.     

  Fig. 5.4    X-rays antero-posterior view of the proxi-
mal hum erus. Exostotic lesion with no osteostructural 
alterations       
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5.2.2     Osteochondroma of the Proximal Tibia 

    

Subject: CM T.137

Sex: female

Age: 16–20 years

Finding site: Castel Malnome

Type of grave: pit in the ground with no cover

Type of burial: primary

Deposition: supine with slightly extended upper left limb and
extended upper right limb, extended lower limbs 

State of preservation: good

Stature: ~155 cm

bone in the case

bones found

  

  Fig. 5.5    Peg-shaped right third molar       

5.2.2.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton belongs to a young subject; even 
though the state of preservation is good, the right 
humerus is missing completely, and only a few 
fragments of the skull’s right parietal and occipi-
tal bone are left. The examination of the mandib-
ular dento-alveolar complex shows the presence 
of a decay at the mesial position of the dentine, of 
the left second molar and one on the occlusal sur-
face of the left third molar; the right third molar 
is typically peg-shaped (Fig.  5.5 ): it is a small- 
size tooth, without the normal crown morphology 
(diameter b-l: 3.9 mm) [ 18 ].  

 The skeleton is in the growth phase and 
shows some metaphyseal lines still partially 
active when the subject died. The right radius, 
ulna (the humerus is missing) and lower limb 
are about 8 mm longer than their contra-laterals. 
The ligament and tendon insertions are generally 
weak: only two enthesopathic alterations can be 
detected at the insertions of the  brachii  muscle 
of the left ulna and  iliopsoas  of the right femur. 
The fi fth lumbar vertebra shows an early sacral-
ization with osteophytic reaction and remodel-
ling of the articular facets. The anteversion of the 

right femoral neck (Fig.  5.6 ) is noteworthy, that 
is the angular difference between the axis of the 
neck of the femur and the transcondylar axis of 
the knee. The anteversion of the femoral neck, 
which is an important feature for hip stability and 
normal ambulation, is a multifactorial outcome 
of heredity, fetal development, intrauterine posi-
tion, and mechanical forces [ 19 ]. The anteversion 
of the femoral neck draws an angle of about 55°. 
The right clavicle exhibits a well-healed fracture 
in the diaphyseal portion, with overlapping of 
the two bone stumps and robustness of the lat-
eral extremity. Only a few vertebral fragments 
of the cervical column and of the superior tract 
of the dorsal one are left. On the contrary, the 
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tract between T9 and L5 is well preserved; fi ve 
 thoracic vertebrae show osteophytic interapoph-
yseal degenerations and two Schmörl’s hernias. 
Because of the subject’s young age, the altera-
tions on the axial skeleton may be due to biome-
chanical stress.   

5.2.2.2     Description of the Lesion 
 A pedunculated osteochondroma can be 
observed on the medial profi le of the left tibia’s 
proximal part (Fig.  5.7 ). When exostoses are so 
small, a differential diagnosis with the inser-
tional calcifi cations of the tendons is needed. 
However, the present case shows a “centrifugal” 
attitude of the knee joint that is characteristic of 

 osteochondroma. Even in this case, X-ray exam-
ination (Fig.  5.8 ) shows the lack of periosteal 
and endosteal reaction of the host bone and the 
continuity of the exostosis’ cortical and medul-
lary with that of the tibia. In some cases, such 
small lesions in areas with a reduced representa-
tion of the adjacent soft tissue make the exosto-
ses a potential site for its own fractures, and this 
would explain the remodelling of the end edge 
of this subject’s exostosis. The clinical picture 
shows a condition that ranges from silent to 
localized pain, mainly in case of fracture of the 
exostosis, with local swelling and jerk sensation 
during exercise due to confl ict with the adjacent 
soft tissues.     

  Fig. 5.6    The anteversion of the right femoral neck         Fig. 5.7    Osteochondroma of the left tibia       
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  Fig. 5.8    X-rays antero-posterior view of the proximal 
tibia show the exostotic formation ( arrow ) with a centrifu-
gal trend with respect to the joint and a narrow implant 
base on the host bone       
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5.2.3     Osteochondroma of the Distal Tibia and Fibula 

     

Subject: CM T.80

Sex: male

Age: 35–45 years

Finding site: Castel Malnome

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: disturbed primary

Deposition: supine with flexed upper limbs and extended lower
limbs 

State of preservation: good

Stature: ~162 cm

bone in the case

bones found

  

5.2.3.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject shows a roundish skull (brachycranic), 
with diverging frontal crests, long and narrow  piri-
formis  aperture (leptorrhine) and hypsiconchic 
orbits (not roundish). Tooth decay lesions on the 
left mandibular fi rst and second molar and on the 
right second and third molar, with the presence of 
odontogenic abscesses on the lower fi rst molars, 
indicate some fairly severe dento-alveolar dis-
eases. Moreover, the  intra- vitam   loss of the sec-
ond and third molars can be observed on the 
maxillary bone. The asymmetry of the clavicles 
and humeri (both as enthesopathic alterations and 
as length asymmetry of these segments) can be 
related to a higher and more frequent use of the 
right shoulder and upper limb than of the left. The 
erosions at the insertion point of the costo-clavic-
ular ligament and of the humeral  pectoralis major  
muscle, more marked on the right, confi rm that the 
subject stressed the scapular girdle musculature 
differently. Small enthesopathic ossifi cations on 
the left humerus only at the insertion points of the 
 brachioradialis  and  subscapularis  muscles, and 

on the right radial tuberosity, at the  biceps brachii,  
show repeated stress on the elbows. As for the 
lower limbs, the femurs are hyperplatymeric, sug-
gesting a severe fl attening of the superior third of 
the diaphysis, and the muscular imprints of the 
 gluteus major  and  iliopsoas  muscles, especially 
on the right, show a signifi cant stress on the hip, 
confi rmed by the enlargement of the acetabulum’s 
 facies lunata , and by an increase of the articular 
surface of the femoral head. The presence of 
Schmörl’s hernias, on fi ve thoracic and two lum-
bar vertebrae, suggests that the subject stressed the 
vertebral column with a ponderal overload, espe-
cially with lateral fl exions of the trunk; because 
these lesions are not linked to signs of degenera-
tive alteration, they do not seem to be related to 
arthritic disease. In addition, the fi fth lumbar ver-
tebra shows a partial sacralization of the left trans-
verse process and no fusion of the spinous process, 
which can be considered as hereditary dysplasia.  

5.2.3.2     Description of the Lesion 
 This last case of osteochondroma affects the distal 
metaphysis of right tibia and fi bula in their medial 
profi le, which is rather atypical (Fig.  5.9a, b ).  
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  Fig. 5.9    ( a ) Distal tibia and fi bula with osteochondroma. ( b ) Distal tibia and fi bula medial profi le with 
osteochondroma       

  Fig. 5.10    X-rays antero-posterior view of the ankle       

 The peculiarity of this site is that the exostos-
ing lesion has fused with the facing bone  during 
its growth. Even in this case, the medullary con-
tinuity with no fractures or periosteal  reaction 
with a benign deformity of the inner profi le 
of the two segments suggests a diagnosis of 
 osteochondroma (Fig.  5.10 ). The clinical picture 
is represented by distal leg pain due to the lack 
of elastic mobility of the syndesmosis with any 
ankle movement.    
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5.2.4     Supra-acetabular Cyst 

    

Subject: CM T. 69

Sex: male

Age: 45–55 years

Finding site: Castel Malnome

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: primary

Deposition: supine with extended upper and lower limbs 

State of preservation: poor

Stature: ~159 cm

bone in the case

bones found

  

5.2.4.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The incomplete skeleton pertains to a mature, fairly 
robust, male subject. The splanchnic region of the 
skull is missing almost completely; the right clavi-
cle is absent and the homolateral scapula is repre-
sented only by a fragment of the glena and of the 
acromial portion; the left coxal bone and the right 
tibia are fragmented. A mild  depression, associated 
to a slight bone reaction, can be observed on the left 
parietal of the skull, at the lambdoid suture. 
Bilaterally, the imprint of the  obliquus capitis  infe-
rior muscle, which is involved in the rotation of the 
head, is well defi ned. The imprint of the costo-cla-
vicular ligament is characterized by porosities and 
by a moderate oval-shaped depression (rhomboid 
fossa), with regular margins, associated to a smooth 
tubercle enlarging towards the posterior margin. 
The insertion of the deltoid muscle, on the anterior 
margin of the clavicle’s lateral portion, is affected 
by a mild furrow of enthesopathic origin; the mar-
gin of the medial portion, at the insertion of the  pec-
toralis major  muscle, is fl attened dorsoventrally. 

 The lack of the right clavicle does not allow to 
determine if the lesions are bilateral. The bicipital 

tuberosities of the radii are symmetrically marked, 
with raised margins and rough surfaces. The  sem-
itendinosus , at its origin on the ischiatic tuberos-
ity, shows a mild osteophitic enthesopathy only 
on the right. Moreover, the cotyloid cilium is 
affected by  acetabular fl ange lesion  (Fig.  5.11 ): 
the attachment area of the refl ex tendon of the 
 rectus femoris  muscle shows a frayed edge, with 
pitting. The femurs, strong and with an average 
pilaster, show a severe fl attening of the diaphyseal 
superior third (hyperplatymery) and the anterior 
part of the neck is characterized by the extension 
of the head’s joint surface (Poirier’s facet).  

 The anterior face of the right patella (the left is 
missing) shows a mild ossifi cation on the superior 
margin, and a concave depression (Messeri’s 
patella) [ 20 ] on the supero-lateral margin, due to a 
repeated contraction of the  quadriceps . A lesion 
can also be detected on the medial articular  surfaces 
of the left calcaneus and of the talus (the right ones 
are not observable), characterized by a subchondral 
bone necrosis (Fig.  5.12 ) and an oval-shaped area 
of trabecular tissue ( osteochondritis dissecans ).  

 The column shows signs of arthritic degenera-
tion, above all at the level of the apophyseal joints 
and at the insertion points of the  ligamenta fl ava , 
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affected by laminar ossifi cations with frayed 
edges. Lytic lesions, with a mild osteophytic 
edge, can be observed on the inferior surface of 
the seventh cervical vertebra, whose body shows 
a supero-inferior crushing; angular osteophytes 

of moderate sizes affect the bodies of the last few 
thoracic vertebrae. Finally, the superior face of 
the fi rst sacral vertebra is affected by ostheophy-
tosis on the lateral edges, with no involvement of 
the central tract of the  annulus . There are no 
signs of intraspongious hernias. The subject is 
characterized by moderate bone remodelling lim-
ited to some insertion areas. The joint of the 
shoulder seems to have been more under stress, 
and its alterations may be associated to heavy 
load lifting over the head, while the ones at the 
insertion of the  biceps brachii  of the radius to 
loads carried with fl exed or extended elbows. The 
modifi cations of the lower limbs suggest exten-
sion movements of the thigh on the pelvis and 
fl exion of the leg; the formation of Poirier’s facet 
could be related to ambulation on steep grounds, 
because the  iliopsoas  opposes to the forces deter-
mining the extension of the limb.  

5.2.4.2     Description of the Lesion 
 The macroscopic examination of this fi nd shows 
a lesion at the right supra-acetabular roof, with a 
regular circular shape (Fig.  5.13a, b ). The bottom 
of the cyst is corticalized and does not show any 
trabeculae of the hemipelvis medullary. There 
are no periosteal reactions or alterations show-
ing any malignancy of the lesion (Fig.  5.14 ). 
The fi rst differential diagnosis has to be initially 
related to the so-called pseudo-pathological 

  Fig. 5.11     Acetabular fl ange lesion  of the right cotyloid 
cilium       

  Fig. 5.12    A subchondral bone necrosis of the 
left calcaneus and talus       
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situations, due to post-mortem modifi cations. 
Pseudo- pathological alterations result from two 
main causes: the burial environment and events 
occurred during and after the excavation. Several 
agents can alter the bone after the burial, includ-
ing microorganisms (fungi), insects (larvas), ani-
mals (rodents), chemical and physical agents (Ph, 
water, pressure, ground changes, temperature) 
[ 21 ]. However, the regularity of the lesion and the 
presence of the inner corticalization, sign of “in 
vivo” response of the bone suggest a diagnosis 
of cystic lesion of the bone. The supra-acetabu-
lar site would be typical of the geodic lesions of 
coxo-femoral arthritis, which, however, come on 
at a subchondral level and do not show disconti-
nuity of the outer cortical, so a mucous cyst is a 
more likely diagnosis.     

ba

  Fig. 5.13    ( a ) Right supra-acetabular cyst. ( b ) Supra-acetabular cyst in detail       

  Fig. 5.14    X-rays antero-posterior view shows a regular 
size cyst with sclerotic margins and no alterations of the 
surrounding bone       
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5.2.5     Femoral Cyst 

    

Subject: LR II T.49

Sex: male

Age: 20–24 years

Finding site: Lucrezia Romana II

Type of grave: pit in the ground with no cover

Type of burial: primary

Deposition: supine with flexed upper limbs and extended lower limbs

State of preservation: mediocre

Stature: ~160 cm

bone in the case

bones found

  

5.2.5.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject is a young adult who has not com-
pleted his somatic growth yet. The skull is 
characterized by a very elongated shape (doli-
chocranic), a wide forehead (eurymetopic), and 
medially diverging frontal crests. Several cavi-
ties affect both the maxillary and the  mandibular 
bone, some reaching the pulpar cavity. The 
skeletal signs show a major continuous mus-
cular activity of the shoulders and arms, above 
all on the right side, as indicated by a wide syn-
desmopathic lesion at the insertion area of the 
costo- clavicular ligament, and the presence of 
small bone spicules, with erosions, on the del-
toid tuberosity of the clavicles. The metaphyseal 
activity, bilaterally in this area, had not fi nished 
when the subject died: the medial clavicular 
epiphysis is only partially fused to the diaphy-
sis. Enthesopathies at the points of insertion of 
the  pectoralis major ,  latissimus dursi , and  teres 
major  muscles can be detected on the humeri. 
The morphology of the muscular insertions, 
on the bones of the forearm, shows a marked 
development of the interosseous tubercles of 
the radius and a moderate enthesopathy at the 

insertion of the  brachii  muscle of the right 
ulna, probably related to fl exions and prona-
tion movements of the forearm. The femurs 
are robust and platymeric; the insertion area of 
the  gluteus maximus  muscle of the femurs and 
the oblique line of the tibias show a moderate 
remodelling, due to repeated extension move-
ments of the thigh and foot. A mild osteophytic 
edge can be observed on the lesser trochanter 
of the left femur, and a moderate ossifi cation is 
implanted at the insertion area of the  rectus fem-
uris  muscle, right above the acetabulum; these 
muscles are involved in the fl exion movements 
of the thigh on the pelvis. There is lumbarization 
of the fi rst sacral vertebra, which has become 
similar to the last lumbar one moving away from 
the sacrum. This anomaly did not lead to a func-
tional defect thus being probably asymptomatic. 
The perforation of the  olecranon fossa  of the left 
humerus represents the only anatomical modi-
fi cation detected on the appendicular skeleton 
[ 22 ]. Along the parietomastoid suture, above 
the right mastoid bone on the skull, there is a 
small oval-shaped perforation, with a diameter 
of about 5 mm, with a retracted inferior margin. 
The endocranial surface shows alterations with 
sclerosis and apposition of new bone tissue.  

5.2 Benign Bone Tumours



118

5.2.5.2     Description of the Lesion 
 The macroscopic examination of the distal 
femur shows an interruption of the cortical 
at the posteromedial profi le of the left distal 
femur (Fig.  5.15 ). The margins of the lesion 
are smooth and with no periosteum alterations. 
Notwithstanding its benign nature, a CT scan 
has been performed on the lesion which showed 
an intracortical cystic cavity with sclerotic mar-
gins that did not infi ltrate the surrounding bone 
(Fig.  5.16 ), which preserves its trabecular struc-
ture. The diagnosis of this formation is certainly 
benign.       

  Fig. 5.15    Cyst of the left distal femur ( arrow )       

  Fig. 5.16    CT scan sagittal view       

 Expert orthopaedic oncologist’s evaluation  
( Rodolfo Capanna ): “The lesion shown 
an intracortical osteolysis, probable non- 
ossifying fi broma”.
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5.3     Malignant Bone Tumour 

5.3.1     Parosteal Osteosarcoma of the Distal Tibia 

    

Subject: PS T.72

Sex: female

Age: 20–30 years

Finding site: Padre Semeria

Type of grave: pit in the ground with “cappuccina” cover

Type of burial: primary

Deposition: supine with extended upper and lower limbs

State of preservation: mediocre

Stature: ~156 cm

bone in the case

bones found

  

5.3.2         Morphological 
and Palaeopathological 
Description of the Subject 

 The cranial and the skull height indices have 
median values (mesocranic – orthocranic); the 
masticatory apparatus shows six superfi cial decays 
on the molars occlusal surface, the  retention of the 
deciduous inferior second molar, and the loss of 
the left superior canine  ante-mortem . The subject 
shows strength median values in all of the skeletal 
segments; on the clavicles, a marked roughness of 
the lateral portion of the anterior margin is 
observed at the deltoid muscle insertion. 

 The right humerus is 6 mm longer than the 
contralateral; however, the dimensional differ-
ences do not involve other parameters: there are 
no valuable differences both in the transverse 
diameters and in the circumferences. 

 At the origins of the  triceps brachii  muscle of 
the left scapula (the right one is not detectable) 

and of the  pronatur quadratus  of the homolateral 
ulna, small enthesopatic ossifi cations are 
observed. These lesions are due respectively to 
the forearm continuous extensions and 
pronations. 

 The long fl exor muscles of the thumb seem 
particularly stressed, maybe due to a repeated 
fl exion of the distal phalanx on the proximal one. 

 The dorsal surfaces of the femurs show wrin-
kled areas at the insertion of the  gluteus maximus  
muscle, the tibias ones at the origin of the  soleus  
muscle. 

 The signs of a previous trauma are detected on 
the ventral surface of the proximal third portion 
of the right femur showing an osseous remodel-
ling with a marked dorso-ventral curvature. 

 An articular lesion is observed on the distal 
surface of the left first metatarsal, with a 
 fragment detachment of the cartilage and 
bone subchondral necrosis ( osteochondritis 
dissecans ).  
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5.3.3     Description of the Lesion 

 The tibial distal third shows a bone lesion on its 
medial profi le. The base is large and shows the 
features of a slow erosion due to remodelling of 
the periosteum (Fig.  5.17a, b ). Macroscopically, 
it seems to have the same density as the bone and 
shows no invasiveness to the whole segment. The 
surface of the new formation looks blurred and 
disorganized. This type of mass growing on the 
periosteum, indistinguishable from the bone, is 
highly suggestive of parosteal osteosarcoma of 
the distal tibia.  

 X-ray examination (Fig.  5.18a, b ) confi rms 
the higher density of the neoformation if com-
pared to the rest of the tibia and its partial intra-
medullary involvement, more signifi cant at CT 
scan (Figs.  5.19  and  5.20 ).    

 Parosteal osteosarcoma is a malignant pri-
mary tumour with osteoformative features 

(malignant osteoid). It accounts for 5 % of all 
osteosarcomas [ 23 ]. The standard location is on 
the posterior profi le of the distal femur, and has 
its highest incidence rate around the third decade. 
In addition to the distal femur, the other most fre-
quent sites are at the proximal humerus and 
 proximal tibia. The distal tibia localization is 
very rare, about 2 % [ 23 ]. Histologically, it is a 
low- grade tumour with a slow and subtle pro-
gression. Because of its poor aggressiveness, the 
tumour reached such a large size in the present 
subject. However, in addition to the pain, the 
lesion has likely crossed the soft tissue layer, 
poorly represented on the medial profi le of the 
distal tibia, leading the subject to a severe 
disability. 

 Comparing these images with those found in 
literature [ 23 ], they are extremely suggestive of a 
diagnosis of parosteal osteosarcoma.    

  Fig. 5.17    ( a ) Parosteal 
osteosarcoma of the right 
distal tibia. ( b ) Detail of the 
parosteal osteosarcoma of the 
right distal tibia       

a b
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  Fig. 5.18    ( a ,  b ) X-rays 
antero-posterior view: a large, 
dense, and homogeneous 
lobular mass starting from the 
surface of the bone. The mass 
is more dense than normal 
adjacent bone. Normal 
appearance of the medullary 
space of the bone       

a b

 Expert Orthopaedic Oncologist’s Evaluation 
 Rodolfo Capanna 

 In my opinion macroscopical and 
 radiological aspects of the lesion are sug-
gestive for Parosteal Osteosarcoma of the 
right distal tibia.  
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  Fig. 5.19    CT scan coronal plane multiplanar 
reconstruction       

  Fig. 5.20    CT scan 3D reconstruction       

  

5 Oncologic Pathologies



123

5.4     Secondary Bone Tumours 

5.4.1     Skull Osteolysis 

      

Subject: LR I T.175

Sex: male?

Age: adult

Finding site: Lucrezia Romana I

Type of grave: pit in the ground with no cover

Type of burial: disturbed primary

Deposition: supine with extended right upper limb, absent left
and extended lower limbs

State of preservation: poor

Stature: undetectable

bone in the case

bones found

5.4.1.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, in a poor state of preservation, is 
composed of the skull, extremely fragmented, the 
pectoral girdle and the right forearm, fragments 
of the pelvic girdle and of the lower limbs. 
Despite the incompleteness, the platymery (platy-
meric femur) and pilastric indices (null pilaster) 
of the right femur have been calculated. The 
occipital bone and the parietal bones, the only 
parts of the skull suitable for the examination, 
show the presence of some subcircular lesions, 
sometimes confl uent. The sex diagnosis has been 
rather diffi cult, because the only detectable 
dimorphic character is the morphology of the 
ischiatic incisure of the left coxal bone, which is 
narrow. Moreover, we had to put the subject into 
a generic range of adult age, due to the lack of 
skeletal regions assessing a precise age at death. 
Finally, the incompleteness of the bones has not 
allowed to detect most metrical features, the 
musculoskeletal markers, and the main patho-
logical alterations of the post-cranial skeleton.  

5.4.1.2    Description of the Lesion 
 The lesions showed in this clinical case are lytic 
lesions of the cranial vault variably set around 
the bregmatic suture (Fig.  5.21 ). The fi nd only 
regards this part of the neurocranium and the 
whole skull was not found. Multiple myeloma 
(MM) is the most malignant tumour affecting the 

  Fig. 5.21    Lytic lesions of the cranial vault       
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skeleton. It is a haematopoietic disorder regard-
ing the plasma-cellular line. MM characteristic 
lesions are roundish and multiple, with a diam-
eter ranging from 5 mm to 2 cm and well-defi ned 
margins. The malignant plasma cells locally 
inhibit the osteoblastic activity, thus differentiat-
ing these lesions from the metastatic ones, which 
often show marked margins and osteoblastic 
activity at the edges of the lesions. A differen-
tial diagnosis with the diffused metastatic pathol-
ogy must be used in case of multifocal skeletal 
involvement. MM onset sites in the skeleton are 
on the axial skeleton, which contains most bone 
marrow, while the locations of long bone involve-
ment are the metaphyses, mainly of femur and 
humerus. On the cranial vault skeletal sites, the 
lesions are more prone to affect both tables, like 
carcinoma metastases. The differential diagno-
sis of MM lesions with the metastatic ones from 
breast carcinoma is really diffi cult, and gender 
can help, even if uncertain, since MM is more fre-
quent in males and breast cancer in females. The 
presence of varying size of lesions could favour 
a diagnosis of carcinoma metastasis, but the lack 
of marginal osteoblastic reactions (Fig.  5.22 ) 
 weakens the diagnostic certainty. The bad state 

of preservation of the whole skeleton and the lack 
of further bone segments make the differential 
diagnosis extremely diffi cult, but could also be 
the reason for the widespread bone pathology. 
Further hypotheses on the diagnosis would be 
arbitrary because there are no certainty signs.     

  Fig. 5.22    X-rays of the skull show grossly rounded 
osteolytic lesions showing size variability and minimal 
marginal osteoblastic reaction       
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5.4.2     Vertebral Metastasis 

    

Subject: CM T.194 

Sex: male

Age: 30–40 years

Finding site: Castel Malnome

Type of grave: pit in the ground with “cappuccina” cover 

Type of burial: disturbed primary

Deposition: supine, with extended upper limbs,  
non deductible lower limbs 

State of preservation: mediocre 

Stature: ~166 cm 

bone in the case

bones found

  

5.4.2.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, belonging to an adult individual, is 
completely lacking of the tibias, the fi bulas, and 
the feet. The skull is elongated (dolichocranic), the 
transverse fronto-parietal and the fronto- transverse 
indices show eurymetopy and average diverging 
frontal crests, respectively. A fi ne erosion involves 
the outer table ( cribra cranii ) and the roof of the 
orbits ( cribra orbitalia ). Among the anatomical 
variants, there is lack of the right parietal  foramen , 
and presence of an occipital segmentation which 
starts from the  asterion  and goes towards the 
occipital protuberance for a short tract without 
reaching it (sutura mendosa) [ 24 ]. Moreover, three 
small depressions can be seen, probably of trau-
matic origin: on the occiput, above the superior 
nuchal line, on the mid- frontal, and on the left 
parietal. The humeri are fl attened dorsoventrally 
(platybrachia) as a probable consequence of  biceps  
and  deltoideus  work; the radial tuberosities have 
enhanced margins and porous surfaces, as a result 
of forearm fl exion stress on the insertion area of 
the  biceps brachii . The robust femurs, with strong 
pilaster, show marked muscular imprints at the 
insertion of the  gluteus maximus  and the  iliopsoas  
muscles, which are a sign of repeated femoral 
movements of extension and external rotation, and 
of fl exion of the thigh on the hip [ 25 ]. The rachis, 

well  preserved only in the dorsolumbar tract, 
shows imprints of small intraspongious hernias on 
two thoracic and one lumbar bodies. An upper tho-
racic vertebra shows a large developmental asym-
metry of the vertebral soma: the height of the body 
at the right anterior corner is 14.7 mm, while on 
the left it is 18.6 mm. One left rib shows morpho-
logical anomaly and reduced size, which are typi-
cal characteristics of the rudimental or extralumbar 
ribs [ 26 ]. Two lumbar vertebrae (L4- L5) show 
epiphysitis, which leads to new spicular bone for-
mations and erosions in the antero-superior mar-
ginal part of the body; the lesions, limited to the 
imprint area of the  anulus fi brosus,  both suggest a 
spondylitis (Fig.  5.23 ) [ 27 ].    

  Fig. 5.23    Spondylitis of a lumbar vertebra       
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5.4.2.2    Description of the Fracture 
 The same case shows also a fracture of the middle 
third of the left clavicle (Fig.  5.27 ), which has a 
frequency rate of about 80 % of all clavicle frac-
tures, where the middle third and the lateral third 
represent 5 and 15 %, respectively [ 28 ]. The most 
frequent trauma mechanism is the fall on the 
shoulder, and less frequently, the direct trauma 
on the clavicle and the fall with a raised arm. The 
consolidation is very good, even though it shows 
shortening of the segment (Fig.  5.28 ), probably 
due to incorrect tension of the shoulders “during 
the opening”. There is no major decomposition in 
any of the planes, and this rules out severe func-
tional defi cits of the shoulder in active movements.         

  Description of the Lesion: Radiologist’s 

Evaluation 
 Silvana Giannini 

  X-Rays  (Fig.  5.24 )  
  The image of the left peduncle shows homo-

geneous radiopacity extended to the lamina, 
posteriorly and on the somatic area. This 
radiopaque region has sclerotic borders.  

  The right peduncle shows slight radiopacity, 
and no bone erosions or somatic reductions can 
be detected. The upper vertebral end plate shows 
a nick as a marginal anomaly of the district.  

  CT Scan  (Figs.  5.25  and  5.26 )   
  CT scan shows a densitometric bilateral 

peduncular alteration, in particular, a right 
peduncular widening with a densitometric 

alteration, and peripheral hyperdensity and 
 hypodensity of the central portion. No discon-
tinuity or double outline of the cortical can be 
seen. On the left side, the lesion affects lamina 
and peduncle, which appears deformed and 
open. The hyperdensity also involves the left 
half of the vertebral end plate with an anoma-
lous distribution of density, which is dishomo-
geneous and extended in the bone trabeculae. 
A homogeneous hyperdensity reaches the sub-
chondral region of the upper vertebral end 
plate with mild erosions of the surface.  
  Conclusions: Sclerotic bone metastases with a 
low degree of aggressiveness, considering their 
slow extension from the left peduncle to the 
vertebra.  

  Fig. 5.25    CT scan coronal plane multiplanar reconstruc-
tion of the vertebra shows densitometric bilateral pedun-
cular alteration with deformation of the peduncle on the 
left side       

  Fig. 5.24    X-rays antero-posterior view of the vertebra 
show homogeneous radiopacity of the left peduncle       

  Fig. 5.26    CT scan axial plane multiplanar 
reconstruction       
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6.1      Gout 

  6

    

Subject: CM T. 213

Sex: male

Age: >50 years

Finding site: Castel Malnome

Type of grave: pit in the ground with "cappuccina" cover

Type of burial: disturbed primary by clandestine digging

Deposition: non deductible

State of preservation: mediocre

Stature: ~ 175 cm

bone in the case

bones found

  

6.1.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, attributable to a senile male subject, 
is well built, but the bone sections have not been 
particularly modifi ed by bio-mechanical stress. 
The horizontal cranial index suggests mesocrania 
(not particularly elongated shape of the skull), 
the frontal crests are averagely diverging, and the 
forehead is broad (eurymetopic). Two Wormian 
bones can be seen on the skull along the  lambdoid 

suture, and some sessile exostoses are at the 
external auditory meatus (Fig.  6.1 ); these ossifi -
cations seem to be connected to a prolonged, fre-
quent soak in cold water [ 1 ], even though many 
authors are inclined to think of a multifactorial 
aetiology [ 2 ]. As for the dento-alveolar complex, 
there is a large abscess cavity in correspondence 
with the alveoli of the fi rst mandibular incisors 
(Fig.  6.2 ), which were lost  intra - vitam ; the fi rst 
left molar and the second right molar are char-
acterized, respectively, by a cavity in the tooth 
pulp and one in the dentine, and they both show 
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the  consequence of odontogenic abscesses on the 
alveolar processes. The left maxilla shows 
the loss of the three molars  intra - vitam  (the right 
one cannot be seen). A probable dislocation can 
be seen at the left temporo-mandibular joint 
(Fig.  6.3 ), with reshaping of the edge of the gle-
noid fossa and formation of a bone ring on the 
antero-superior margin of the mandibular con-
dyle. At the insertion of the conoid and trapezoid 
ligaments and at the origin of the deltoid muscle 
on the clavicles, there are some evident entheso-
patic modifi cations of ostheophytic nature, likely 
resulting from repeated shoulder movements; 
moreover, the enthesopathy at the insertion of the 
 infraspinatus  muscle of the right humerus con-
fi rms a frequent rotation of the humerus on the 
scapula. The diaphyseal index, and the enthesop-
athies on the interosseous tubercles of the radial 
bones, denotes a protruding interosseous crest, 

which suggest habitual forearm movements of 
pronation and supination; this hypothesis is also 
corroborated by the marked development of the 
attachment area of the  pronator quadratus  muscle 
of the ulnas. The fl attening of the lesser trochan-
ter, where the  iliopsoas  muscle is inserted, and the 
presence of the facet of Poirier on the femurs sug-
gest a major fl exion and abduction of the thigh; 
on the other hand, the enthesopathies at the origin 
of the tibial  soleus  muscle, at the insertion of the 
Achilles tendon and at the insertion of the plan-
tar ligament would suggest habitual extension 

  Fig. 6.1    Auditory exostosis       

  Fig. 6.2    Abscess associated with fi rst mandibular 
incisors       

  Fig. 6.3    Dislocation of the left temporo-mandibular joint       

  Fig. 6.4    Ankylosis of T9-T10       
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 movements of the foot and prolonged  marching 
on broken ground. The surfaces and the articular 
outline of most bone epiphyses of the appendicu-
lar skeleton are well worn, with diffused porosi-
ties and formation of bone rings. In particular, the 
right elbow joint is characterized by the formation 
of sclerotic bone plaques, at the humerus olecra-
non fossa and of the ulnar semilunar incisure; on 
the humerus condyle, an area of smooth compact 
bone can be seen, similar to ivory (eburnation), 
and the ulnar coronoid process is deformed, with 
expanded and jagged margins. These variations 
suggest diffused suffering of the joint cartilages, 
and their aetiology probably results from gout. 
The outer face of the ilium shows a new bone 
formation in the insertion area of the abdominal 
external oblique muscle ( calcar crest ) [ 3 ], while 
the attachment area of the refl exed tendon of the 
 rectus femoris  muscle is hypertrophic. A defect in 
the acetabulum fusion can be seen as a U-shaped 
notch, on the superior part of the acetabular fossa; 
this anomaly can be considered as a non-metric 
trait of almost no pathological value. As for the 
rachis, exuberant sindesmophytes are localized on 
the superior and inferior margins of the vertebral 
bodies; in T9-T10, the bone protuberances are 
linked and form a bony bridge between the two 
vertebrae, with a resulting ankylosis (Fig.  6.4 ). 
The fi fth lumbar vertebra shows the imprint of an 
intraspongious hernia on the superior endplate. 
The costo-sternal cartilages are completely ossi-
fi ed, with a considerable deformity of the sternal 
margin.      

6.1.2     Description of the Disease 

 Gout is an acute infl ammatory arthropathy result-
ing from a deposition of micro crystals. It is char-
acterized by the deposition of monosodium urate 
monohydrate crystals, and this is what distin-
guishes it from pseudo-gout, which is character-
ized by the deposition of calcium pyrophosphate 
dihydrate. Its aetiology is often connected to a 

diet rich in meat and alcohol, which is the reason 
why it manifested in wealthy individuals. 
However, some other factors, such as kidney 
 failure, can raise the plasma levels of uric acid 
and produce pseudo-gout signs. Males have twice 
as high incidence as females, while pseudo-gout 
is equally distributed between males and females. 
The clinical manifestation of gout usually fol-
lows a long period (up to a decade) of asymptom-
atic hyperuricemia. The typical anatomical site, 
almost pathognomonic, of the fi rst gout onset is 
the fi rst metacarpo-phalangeal joint, also known 
as podagra. The other joints, rarely the ones near 
the trunk such as shoulders and hips, can be 
affected by the following attacks. The pain of the 
fi rst attack is very sharp, and resolves spontane-
ously, if untreated, in 5–14 days. The gout attack 
appears again in 90 % of cases [ 4 ]. A prolonged 
condition of untreated hyperuricemia or of its 
causes leads to tophaceous gout, with a deposi-
tion of monosodium urate monohydrate micro-
crystals in the soft tissues. Gout tophi do not 
usually calcify, but they apply pressure on the 
adjacent bone structures, thus causing marginal 
erosion and the shape of a “mouse’s bite” on the 
articular bone surface (Fig.  6.5a, b ). In the pres-
ent case, the erosions around the head (distal 
meta-epiphysis) of the fi rst metatarsus show the 
picture just described, and must undergo a dif-
ferential diagnosis with the pseudo-pathologies 
(rodents’ bite) (Fig.  6.6 ). However, the typical 
site and the absence of identical lesions in other 
bone regions lead to an almost certain diagnosis 
of gout lesion on the fi rst MT.    

6.1.3     Vertebra with Angioma 

 The patient showed an interesting additional 
pathological fi ndings. 

 The macroscopic and imaging study shows 
an intriguing, large lesion, probably an angioma, 
on the lumbar vertebra in the picture (Figs.  6.7  
and  6.8 ).   

6.1 Gout
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6.1.4     Radiologist’s Evaluation 

 Silvana Giannini, 
 CT Scans 
  Densitometric alteration with a well -
 defi ned central hypodensity and regular 
margins ,  placed in the central part of the 
soma with a clear hyperdensity peripheral 
border  (Fig.  6.8 ).  Regular densitometric 
representation of the adjacent bone trabec-
ulae and absence of deformities in the 
opposing vertebral plates. The clear line of 
demarcation and the site of the lesion sug-
gest a benign angiomatous formation , 
 especially considering the centrifugal 
development typical of angiomas .    

a b

  Fig. 6.5    Case of gout in the  right  ( a ) and  left  ( b ) medial fi rst metatarsal       

  Fig. 6.6    Lateral and antero-posterior projection X-rays 
of the fi rst metatarsus. The joint profi le of the distal epiph-
ysis is irregular, with higher erosion at the dorsal profi le       

  Fig. 6.7    Vertebral body showing an osteolytic lesion in 
the bone marrow context       

  Fig. 6.8    CT scan coronal view multiplanar reconstruc-
tion: distrectual central hypodensity area with peripheral 
hyperdensity ring       
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6.2     Pott’s Disease       

6.2.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject, longilineal with slender upper and 
lower limbs, and does not seen to have undergone 
any severe biomechanical stress in life. 

 The skull is elongated (dolichocranic), 
with convex and not very large forehead 
(metriometopic). 

 There is a porotic hyperostosis both on the 
roof of the right orbit ( cribra orbitalia ), and on 
the outer table of the skull ( cribra cranii ). The 
dento-alveolar complex is compromised, in par-
ticular on the upper part, where destructive decay 
lesions can be seen on the fi rst molars, three 
milder ones on the second premolar and on the 
second and third molar on the left, and a severe 
one on the right third molar. The alveolar process 
of the left fi rst molar is affected by an odonto-
genic abscess. On the mandibular bone, the sec-
ond and third molars are affected by mild cavities, 
on the buccal and occlusal surfaces, respectively. 

 Even though there is a medium-strong devel-
opment of the muscular imprints, the entheso-
pathic alterations have been detected only at the 
origin of the  triceps brachii  muscle of the  scapulae 

and at the insertion of the  biceps brachii  muscle 
of the left radius; these muscles are all involved in 
the forearm extension and fl exion movements. 

 The presence of Poirier’s facets on the femoral 
heads and the fl attening of the lesser trochanter, 
at the insertion of the  iliopsoas  muscle, both sug-
gest fl exion movements of the thigh on the pelvis, 
while the facets of squatting on the anterior mar-
gin of the tibio-talar joint, may have resulted 
from a prolonged squatting position. 

 The palaeopathological study has highlighted 
a fracture on the distal third portion of the radius 
and the presence of  osteochondritis dissecans  on 
the right radial capitulum (Fig.  6.9 ) and on the 
glenoid cavity of the right scapula (Fig.  6.10 ).   

 The fusion of the body of the sternum with the 
xiphoid process can be observed.   

6.2.2     Description of the Disease 

 Spine tuberculosis is one of the oldest diseases of 
mankind, but although the fi rst cases were docu-
mented in Egyptian mummies about 5,000 years 
ago, in modern times Sir Percival Pott described 
the fi rst case of this disease in 1779 [ 5 ]. In  subjects 
with tuberculosis (TB), the manifestation of the 

Subject: LR I T.173

Sex: male

Age: 25–30 years

Finding site: Lucrezia Romana I

Type of grave: pit in the ground with no cover

Type of burial: primary

Deposition: supine with extended upper and lower limbs

State of preservation: good

Stature: ~ 182 cm

bone in the case

bones found

6.2 Pott’s Disease
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  Fig. 6.9    Osteochondritis dissecans on the right radial 
capitulum       

  Fig. 6.10    Osteochondritis dissecans on the glenoid cav-
ity of the right scapula       

  Fig. 6.11    Pott’s disease with collapse and kyphosis of 
the spine ( a ) and detail ( b )       

a

b
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disease at the rachis (Pott’s disease) is rather rare 
(about 2 %), nevertheless it is a common site of 
extrapulmonary tuberculosis, accounting for about 
50 % of all skeletal locations [ 6 ]. 

 Tubercular rachis infection, compared with other 
infectious diseases, is connected to a greater mor-
bidity and mortality rate, with severe  complications 
ranging from neurological  defi cit to severe mal-
formations. Risk factors for this infection are 
deprivation, overpopulation, malnutrition, immu-
nodefi ciency or immune suppression. The spinal 
location is generally secondary to the pulmonary or 
abdominal one, but it can also be the primary site of 
disease onset. The most frequent location is the short 
thoracic and the fi rst lumbar segments, followed by 
the higher thoracic segments and by the cervical 
tract. The typical manifestation of the disease affects 
two adjacent vertebrae, less often only one verte-
bra, multiple vertebrae or skip-lesion (4–10 %). 
At fi rst the disease affects the anterior inferior por-
tion of the vertebral body, then it spreads to the 
central area of the disc. The typical sites of the dis-
ease are paradiscal, anterior, central and of the neu-
ral arch. 

 The central infection of the vertebral body, 
when the disc is not affected, spreads through the 
Batson venous plexus and produces a progressive 
shock, reaching vertebra plana. In paravertebral 
lesions, the disease spreads through the arteries. 
Young patients show a primary involvement of 
the disc. 

 The fi nds which are characteristic of Pott’s 
disease are as follows:

    1.    Destruction of the inter-vertebral disc and of 
the adjacent vertebral bodies   

   2.    Collapse of the spinal elements and wedging 
of the anterior elements, leading to kyphosis 
(Fig.  6.11 )     

 The neurological complications of Pott’s dis-
ease vary from 10 to 43 % [ 7 ]. Paraplegia is the 
most devastating complication. Its clinical pre-
sentation can be early or late. 

 The early presentation refers to a paraplegia 
onset during the active phases of the disease, and 
needs an acute treatment; its prognosis is better. The 
cause of paraplegia in this manifestation is the for-

mation of pus, detritus, granulation tissue, unsteadi-
ness due to lesion of the vertebral  anterior columns, 
which leads to sub dislocation and dislocation. 

 The late presentation of paraplegia can 
occur after a very long period, varying from 
20 to 30 years after the healing from TB active 
phase. It is commonly associated to a marked 
spinal deformity. Since bio-molecular studies 
are complicated and sometimes impossible on 
 palaeopathological fi nds, the fi rst line of diagnos-
tic auxiliary tools has been the evaluation of the 
radiographic characteristics. 

 In the late stages, traditional radiography 
shows the typical kyphosic deformity (Fig.  6.12 ) 
of the column with several degrees, according 
to the collapse and wedging severity. The fi rst 
signs are a reduction of the articular space, and 
paradiscal blurred margins of the vertebrae. In 
the thoracic regions, the formation of paraverte-
bral abscesses, with necrotic tissue and granula-
tion, is called “bird nest” and is fusiform and 
radio-opaque. Long lasting abscess leads to 
concave and excavating lesions of the anterior 
aspects of the vertebra, similar to aneurismatic 
phenomena [ 8 ].  

  Fig. 6.12    X-rays: lateral view shows the typical kyphosic 
deformity       
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 CT scan allows a higher defi nition of bone 
alterations and their location inside the vertebral 
body (sclerosis, osteolysis), but also a collapsed 
disc and an abscess calcifi cation inside a soft tis-
sue. Moreover, it is useful for the defi nition of 
abscess calcifi cations inside the soft tissues. In 

vivo, it does not allow a better visualization of 
nervous structures than MRI, but it can be diag-
nostic in the analysis of skeletal fi ndings. 

 The presence of calcifi cations inside an 
abscess is almost always diagnostic of spinal 
tuberculosis [ 9 ].  

  Figs. 6.13 and 6.14    Sagittal plane multiplanar reconstruction CT scan: severe collapse of two vertebrae, fulcrum of 
the wedging and Metameric anterior fusion with intradiscal calcifying material       

6.2.3     Radiologist’s Evaluation 

 Silvana Giannini 
 CT scans in axial, sagittal and coronal 

planes multiplanar reconstruction. 
  Metameric anterior fusion with intradis-

cal calcifying material ,  severe collapse of two 
vertebrae ,  fulcrum of the wedging  (Fig.  6.13 ). 
 Irregular density of the somatic limitants 
opposed to multiple fi ssures and cerebral 
feature with marginal erosions. In conjunc-
tion with trabecular areas of hypodensity and 
intrametameric ones of hyperdensity ,  showing 
the reduction to load resistance and result-
ing vertebral collapse. The disc spaces show 
hyperdense nebular precipitates ,  the result 
of phlogistic damage due to the spread of 
the cold abscess into the intradiscal space , 
 which is reduced in height  (Fig.  6.14 ).  This 
is a valuable radiologic sign of Pott ’ s  [ 10 ]. 
 Anteriorly ,  in the site of granulomatous devel-

opment ,  which determines the anterior verte-
bral collapse ,  small hyperdensity plates can 
be observed ,  which are remains of the calci-
fi cation of the anterior longitudinal ligament. 
This aspect suggests an  extension of the gran-
ulomatous process from the vertebral bodies 
and from the intradiscal area to the anterior 
area beneath the anterior longitudinal liga-
ment and later in the paravertebral periosteal 
area  [ 11 ].  The coronal level of the CT scan 
reconstruction shows a reduced thickness of 
the bone cortex with marginal encoche from 
modelling and some cribrate areas ,  compat-
ible with excavation from organized collec-
tion. Finally ,  regarding the somas preserved 
in height ,  some hypodensity areas due to 
trabecular rarefaction can be observed ,  with 
hypodensity areas due to trabecular bundle 
pattern resulting from reduced osseous resis-
tance due to altered load determined by the 
vertebral collapse of the metamers above .    
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6.3     Gaucher’s Disease 

    

Subject: CF T.1

Sex: male

Age: 40–50 years

Finding site: Osteria del Curato - Casal Ferranti

Type of grave: pit in the tuff, with inclined tiles cover

Type of burial: primary

Deposition: supine with extended upper and lower limbs

State of preservation: good

Stature: ~ 167 cm

bone in the case

bones found

  

6.3.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, pertaining to an adult male subject, 
shows a high skull (hypsicranic), with very 
diverging frontal crests, large orbits (hypsi-
conchic) and a long and narrow nose (leptor-
rhine); the cranial index denotes mesocrany. 
Small bony formations (4 and 5 mm) can be 
observed on the anterior edge of the  foramen 
magnum , at the  basion . A pair of button osteomas 
can be seen on the outer table of the right emi- 
frontal bone; moreover, a widespread porotic 
hyperostosis can be observed on the cranial theca 
( cribra cranii ) (Fig.  6.15 ) and on the roof of the 
orbits ( cribra orbitalia ). The  ante - mortem  loss of 
some dental elements can be observed both on 
the maxillary and the jaw bones, in particular, the 
alveolar processes of the superior left fi rst molar 
and inferior second premolars and fi rst molars 
are completely resorpted.  

 The subject is robust, but both upper and lower 
limbs sections are not particularly modifi ed by 
biomechanical stress. 

 The upper right limb is longer than its contra- 
lateral, even though the differences in size do 
not apply the other parameters: as a matter of 

fact, there are no meaningful differences either 
between the transverse diameters, or between the 
circumferences and the muscular insertions are 
more marked on the left. A biomechanical stress 
of the  pectoralis major  muscle on the humerus 
and of the deltoid muscle is detected, both at the 
clavicular origin and at the humeral insertion. 
Repeated adduction and abduction movements of 
the arm may have lead to the detected lesions. 
The lower limbs show some enthesopathies at 
the insertion of the  vastus medialis  and  soleus  
muscles, which may suggest repeated extension 
movements of the leg on the thigh and of the 
foot. The axial skeleton is the area which is most 
frequently affected by degenerative phenom-
ena, above all in the dorsal portion of the rachis; 

  Fig. 6.15    Cribra cranii       
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signs of discal distress, in the shape of wide and 
deep intraspongious hernias (Fig.  6.16 ), can be 
observed on the vertebral bodies of the thoracic 
and lumbar tracts; superiorly L3 and L4 show 
two oval depressions affecting the posterior 
right quadrant of the disc and in both cases cross 
the  annulus  imprint. A widespread presence of 
Schmörl hernias suggests intense and prolonged 
compression on the vertebral axis. The appen-
dicular skeleton shows mild degenerative phe-
nomena that can only be seen at the level of the 
acetabular fossae of the coxal bones and of the 
superior margin of the fi rst sacral vertebra. Small 
articular lesions, with a local detachment of the 
cartilage and local subchondral bone necrosis 
( osteochondritis dissecans ), can be observed on 
the lateral condyles of both femurs and on the 
distal articular surface of the right tibia. Three 
right ribs show macroscopic signs of previous 
fractures, with the complete ossifi cation of the 
bone callus.   

6.3.2     Description of the Disease 

 The lesions examined in this subject are very 
peculiar. They affect both shoulder joints and 
show a marked heterometry of the humeri 
(Fig.  6.17 ), with the left one longer (294 mm) 
than the contra-lateral (272 mm). The epiphyses 
of both humeri have lost their roundness and the 
congruence with the glenoid fossa, which also 
lacks its physiological concavity (Fig.  6.18 ). 
The macroscopic fi nd suggests a bilateral necro-
sis of the heads of the humeri. Moreover, the 
X-ray examination shows a structural alteration 
of the diaphysis with alternating demineralized 
and osteosclerosis areas (Fig.  6.19 ). The sys-
temic signs, such as the alterations in the alveo-
lar processes, lead towards a systemic picture of 
Gaucher’s disease. The eponym takes its name 
from Philippe Charles Earnest Gaucher, who 
discovered it in 1882 [ 12 ], even if the orthopae-
dic signs were fi rst described by Amstutz [ 13 ], 
and enzyme defi ciency was only identifi ed in 

1965. This autosomal recessive pathology is 
characterized by an enzymatic defi ciency in the 
sphingolipid metabolism. The lack or defi -
ciency of hydrolase, a glucocerebrosidase 
enzyme, determines a build-up of this in the 

  Fig. 6.16    Schmörl’s node in a lumbar vertebra       

  Fig. 6.17    Heterometry of the humeri and abnormal 
development of the humeral heads       
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reticulo- endothelial system, thus affecting the 
spleen, the liver, the bones and the nervous 
system.    

 There are three types of Gaucher’s disease [ 14 ]:

•    Type I is the most common and interesting 
form, from an orthopaedic point of view and 
does not involve the central nervous system.  

•   Type II prematurely and severely affects the 
nervous system. Affected children die by the 
age of one.  

•   Type III, in addition to type I characteristics, 
involves the central nervous system slowly 
and progressively.    

 The main clinical sign of Gaucher’s disease 
regarding the bones is a non-specifi c and dull 
bone pain, generally periodic and chronic [ 15 ]. 
Typical characteristics are the bone crises, simi-
lar to the sickle-cell ones, affecting the joints, 

especially hips, knees, shoulders and the rachis, 
resulting in osteonecrosis. The crisis can be 
accompanied by fever, joint tumefaction and, in 
absence of treatment, rest is the only relief, thus 
limiting the disease duration to about 2–3 weeks. 
Bone pain can also derive from complications 
such as pathological fractures and osteomyelitis. 
In case of the latter, crises are diagnosed differ-
entially. Among the build-up metabolic diseases, 
mucopolysaccharidosis is one where an enzy-
matic defi ciency in the metabolism of complex 
carbohydrates leads to their decomposition. The 
clinical picture of mucopolysaccharidosis is very 
similar to that of Gaucher’s disease, with osteo-
necrotic epiphyseal changes, mainly in the hips, 
short height and sometimes valgus knee due to 
incomplete ossifi cation of the lateral margin of 
the proximal metaphysis of the tibia. The dif-
ferential diagnosis between the two build-up 
diseases is impossible, due to the lack of discrim-
inating diagnostic features, but type I Gaucher’s 
disease is more likely [ 16 ].  

  Fig. 6.18    Lack of physiological concavity of the right 
glenoid fossa       

  Fig. 6.19    X-rays antero-posterior view shows bilateral 
deformity and necrosis of the humeral head with fl at sur-
face of both epiphyses (humerus and glenoid fossa)       
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6.3.3     Radiologist’s Evaluation 

 Silvana Giannini 
  The humeral metaphyseal bone deformity 

 suggests the presence of fracture and vascular 
necrosis of the humeral head compatible with 
Gaucher ’ s disease bone evolution  (Figs.  6.19  
and  6.20 ) [ 17 ].  Bone deformity of the heads , 

  Fig. 6.20    Axial plane multiplanar reconstruction CT 
scan: glena deformity with fl at pattern and subchondral 
hyperdensity. Multiple hypodensity areas at the humeral 
head suggesting necrosis       

  Fig. 6.21    Coronal plane multiplanar reconstruction CT scan: 
deformity of the lower part of the right humeral epiphysis with 
pseudo-exostosis. Narrowing of the joint space and remodel-
ling of both articular surfaces as the cause of neoarthrosis       

  Fig. 6.22    (Left side detail): coronal plane multiplanar 
reconstruction CT scan: presence of structured hyperden-
sity precipitates with a “cobblestones” feature in the bone 
marrow and thinner adjacent cortex       

 which are oval - shaped and with a lower 
pseudo - exostosis   caused by neoarthrosis by 
functional remodelling suggests a post - frac-
ture collapse restoration. Bone frailty is well 
shown by a reduced representation of the bone 
reticular pattern because of a reduced calcium 
component. A densitometric alteration with 
structural capsizing of the entire segment can 
be observed ,  with internal structured precipi-
tates  (Fig.  6.21 ).  The sample can be compared 
to an aggregation of  “ cobblestone ”  structured 
polysaccharides occupying the bone marrow 
while the cortical appears thinner  (Fig.  6.22 ).    

  In conclusion ,  the absence of growth lines 
is suggestive of an adult subject. The pecu-
liar bone deformity and the typical aspect  
(“ cobblestone ”  feature )  of the bone marrow 
are highly suggestive of a storage disease  
( probably type I Gaucher ’ s disease ).   
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6.4     Ankle Infection 

    

Subject: PM T.46

Sex: male

Age: 30–40 years

Finding site: Pontina Mostacciano

Type of grave: pit in the ground with no cover

Type of burial: primary

Deposition: prone and curled, with flexed upper and lower limbs 

State of preservation: good 

Stature: ~173 cm

bone in the case

bones found

  

6.4.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The metric analysis and the appendicular skele-
ton’s musculo-skeletal markers both defi ne a 
well-built individual, with no major biomechani-
cal stress in life. The cranial and the height indi-
ces describe a large and high skull (brachycranic 
and hypsicranic); the transverse fronto-parietal 
and frontal indices suggest a wide forehead, with 
averagely diverging crests (eurymetopic). As for 
the dento-alveolar diseases, there are two superfi -
cial cavities, both on the left upper jaw third 
molar: one mesial, and one occlusal. Quite a lot 
of calculus can be seen on most teeth, both of the 
upper and of the lower jaw, and some resorption 
can be seen on the alveolar margins. There are 
signs of a major muscle stress only on the right 
shoulder, as expressed by the presence of enthe-
sopathic alterations at the origin of the deltoid 
muscle and at the insertion of the costo-clavicular 
ligament. Moreover, the values of the right radio 
and ulna diaphyseal indices denote a protruding 
interosseous crest, the result of repeated forearm 
movements of supination and pronation. These 
indicators suggest a dimensional and functional 
asymmetry, which indicates a prevalence of the 

right upper limb and of its overload. As for the 
lower limbs, the femurs are strong and platy-
meric, while the cnemic indices of the tibia are 
eurycnemic, revealing scarce activity of the calf 
muscle. There are no signs of arthritic degenera-
tions on the axial and appendicular skeleton, 
other than a mild marginal lipping, lower than 
3 mm., on the incisure of the fi rst left rib. Severe 
and diffused periostitis has been observed on the 
right tibia, on the left fi bula, and on the lateral 
surface of the right calcaneus, on the fi bular 
tubercle. The remodelling is due to infl ammatory 
processes at the cortical portion of the diaphyses, 
with deposition of new streaked bone and 
plaques. 

 A circular osteolytic area can be observed on 
the proximal surface of the right navicular.  

6.4.2     Description of the Disease 

 The subject shows a left tibio-talar-calcaneal sin-
ostosis, a complete bone fusion of the tibio-talar 
and astragalo-calcaneal joint (Fig.  6.23a, b ). The 
three hind-foot bones appear arranged regularly 
in the fusion, with a normal hind-foot axis on 
the coronal and sagittal plane. There is a proba-
ble heightened dorsal fl exion, and an increase in 
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the height of the plantar vault. This can suggest 
potential neurological pathologies (M. di 
Charcot-Marie-Tooth). The radiology examina-
tion (Fig.  6.24 ) shows the three bones to be nor-
mal, with well-preserved articular lines: this 
feature rules out a potential congenital malfor-
mation. The bone fusion seems limited to the 
periskeletal soft tissues, leading to a circumfer-
ential calcifi cation of the joints involved, with-
out altering the bone and articular profi les. The 
bone profi les, with a regular anatomical shape, 
rule out the presence of a more severe traumatic 
pathogenesis. The radiographic investigation, 
and the CT scan (Figs.  6.25  and  6.26 ), show an 
osteostructural alteration of the talar vault, with 
a likely infective aetiology (tuberculosis?, bru-
cellosis?, pyogenic arthritis?). The periskeletal 
ossifi cation would be secondary to a prolonged 
immobilization of the limb, and recovery pro-
cess of arthritis. The issue of a spontaneous 
healing of the ankle from septic arthritis is still 

suspicious, since it is not a major medical prob-
lem today, but could certainly become lethal in 
the pre- antibiotics era. Arthritis can reasonably 
be hypothesized, with a not too aggressive aeti-
ologic agent, responsible for a chronic infec-
tion, and confi ned to the subject’s response in a 
bone sarcophagus. The above described features 
seem to resemble those of sub-acute tuberculo-
sis become chronic.      

a b

  Fig. 6.23    Tibio-talar-calcaneal sinostosis ( a ) Anterior view ( b ) lateral view       

6.4.3     Radiologist’s Evaluation 

 Silvana Giannini 
  Cortical integrity ,  with absence of 

deformity ,  and the tibio - talar - calcaneal 
functional unit. Hardening caused by 
homogeneous hyperdensity distributed on 
joint surfaces with an incomplete talar -
 calcaneal synostosis  (Fig.  6.25 ). 
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  The diagnosis of a fracture can be ruled 
out due to cortical integrity ,  absence of 
marginal deformity and integrity of tibio -
 talar - calcaneal functional unit . 

  Loss of the cleavage plane with subtotal 
joint fusion  (Fig.  6.26 )  and deformity of the 
talus dome . 

  The preservation of part of the joint line 
and the uniformity of the joint surface rule 
out the hypothesis of osteomyelitis  [ 18 ,  19 ]. 

  The sample suggests the fusion of a non-
post - traumatic   arthritis process ,  likely result-
ing from tuberculosis ,  also considering the 
areas of radiopacity adjacent to the bone rar-
efaction ,  as in bone exuding - caseous TBC 
with pseudo - seizure  [ 20 ].   

  Fig. 6.24    X-rays lateral view: Peripheral osseous fusion 
of the tibio-talus-calcanear joint. Integrity of the bone 
shapes with focal irregularity of the chondral surface of 
the talus and the tibia (kissing lesion)       

  Fig. 6.25    CT scan sagittal plane multiplanar reconstruc-
tion: peripheral trabecular fusion of the tibio-talar joint, 
with hyperdensity area. Sub-total posterior fusion with 
compact aspect of the trabeculae (focal hyperdensity area) 
around the sub-talar joint       

  Fig. 6.26    CT scan coronal plane multiplanar reconstruc-
tion: central hypodensity area, suggesting Brodie abscess 
with surrounding hyperdensity area       
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6.5     Osteochondritis Dissecans 
of the Knees 

    

Subject: CBQ T.51

Sex: male

Age: 25–35 years

Finding site: Casal Bertone area Q

Type of grave: pit in the ground in "Recinto" with inclined cover 

Type of burial: primary

Deposition: supine, with flexed upper limbs and extended lower limbs

State of preservation: good

Stature: ~165 cm

bone in the case

bones found

  

6.5.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, pertaining to an adult male individual, 
is strong, with eurybrachic humeri and platymeric 
femurs. The skull is elongated (dolichocranic), 
with slightly diverging frontal crests, large orbits 
(hypsiconchic) and long, narrow nose (leptor-
rhine); the height index shows intermediate values 
(orthocranic), while the gnathic one expresses a 
vertical facial skeleton (orthognathism). There is a 
slight deviation of the nose towards the right; there 
is also a diffused porosity on all the cranial theca, 
more evident on the supercilliary arches ( cribra 
cranii ). The tendon and ligament insertions are 
generally weak: only the deltoid tuberosity and the 
pectoral crest of the humerus are large and rug-
ged; the right humerus is stronger and longer than 
the contra-lateral (322 mm versus 313 mm). The 
insertion area of the  pronator quadratus  muscle 
on the ulnas has a longitudinal furrow, and the 
interosseous crests of the radii are protruding, 
thus suggesting frequent pronation and supination 
movements of the forearm. The lower limbs only 
show mild  ruggedness at the insertion of the  glu-
teus  maximus  on the femurs and at the origin of 
the  soleus  muscle on the tibias. There are several 

intraspongious hernias (Fig.  6.27 ) on the vertebral 
column: these lesions are wide and involve both 
the superior and the inferior face of the bodies. 
Since they are not associated to any more signs of 
joint degenerations (such as ostheophytosis and/
or inter- somatic or interapophyseal porosity), a 

  Fig. 6.27    Schmörl’s node in a thoracic vertebra       
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traumatic aetiology with ponderal overload of 
the rachis can be hypothesized. The sixth cervical 
 vertebra shows a bipartite left transverse foramen 
due to the presence of a complete bone partition.   

6.5.2     Description of the Disease 

 Macroscopically, two symmetrical lesions can 
be seen on both joint surfaces of the distal 
femurs in correspondence to the femoral troch-
lea on the lateral eminence (Fig.  6.28 ). The 
lesion on the right is roughly circular, with a fur-
row surrounding an area which continues with 
the articular surface of the trochlea. The lesion 
on the left is similar in size and shape, but seems 
to miss the defi ned fragment of the lesion, as if it 
had dropped off. The described fi nds seem to be 
compatible with a diagnosis of osteochondritis 
dissecans (OCD) of the femoral trochlea. This 
site is the rarest one in OCDs of the knee, 
accounting for just 6 % of cases. In the latest 
review of this pathology, Wall et al. [ 21 ] count a 
total of just 50 cases in literature. This case rep-
resents an utter rarity. The fi rst description of 
OCD belongs to Paret and Paget, but the fi rst one 
to give it a name was Konig in 1888 [ 22 ]; with 
this term, he indicated an infl ammatory process, 
a theory that he later gave up, which caused the 
presence of mobile bodies within the joint. The 
aetiology of the disease is still unclear, and no 
theory is universally acknowledged. The fea-
tures underlying the development of the lesion, 

which are crucial for its aetiology are repeated 
micro-traumas, vascular insuffi ciency of the 
fragment, growth imbalance between the fast 
cartilage growth and the ossifi cation of the distal 
femur’s growth cartilage. The position on the 
femoral trochlea seems to be more likely corre-
lated to traumatic factors, as there is a high inci-
dence in young athletes who undergo repeated 
chronic traumas on this joint. The distribution 
ratio between males and females is 2:1, respec-
tively, with a bilaterality from 15 to 30 % of 
cases, and a peak of incidence between 10 and 
15 years [ 23 ]. However, Smillie [ 24 ] recognizes 
two forms, one juvenile, due to a development 
disturbance in the femur’s distal epiphysis with 
the development of areas of subchondral bone 
separated from the main nucleus where repeated 
micro-traumas trigger a hypoxia area and are the 
cause of the detachment. Smillie also describes 
an adult form which is more directly linked to a 
traumatic pathogenesis. The typical site for knee 
OCD is the lateral profi le of the medial condyle, 
but it can also be somewhere else in the body as 
this case shows. The acute phase of this pathol-
ogy is represented by pain, generally anterior, 
and swelling, but the prognosis depends mainly 
on the detachment of the fragment due to its sta-
bility or instability. Another precious feature of 
this case is that it seems to show both evolutions 
of OCD: the re-ossifi cation of the fragment, ini-
tially detached, with a furrow in one knee, and in 
the other one the space left by the fragment 
which is detached as a free body in the knee.    

  Fig. 6.28     Osteochondritis dissecans  in the distal femurs ( a )  left side  with detachment of a fragment ( b )  right side  with 
bone fragment in place       
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6.6     Distal Femur Osteomyelitis       

6.6.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The skeleton, pertaining to a minute and graci-
lis individual, shows fragmented bones, espe-
cially in the areas of the trunk and of the upper 
limbs; the skull, which has been reconstructed 
only  partially, is elongated (dolichocranic), 
with averagely diverging frontal crests. The 
conditions of the dento-alveolar complex are 
relatively good: there is only a cavity at the 
mesial side of the fi rst left maxillary molar, and 
a fair amount of calculus on all the teeth. The 
poor state of preservation of the post-cranial 
skeleton has strongly limited the detection of 
the musculo-skeletal markers and of the articu-
lar alterations; however, the imprint of the right 
costo-clavicular ligament shows a mild osteo-
phytic alteration, the femurs are platymeric, 
and the gluteal tuberosity area is more marked 
on the left side. The fi rst metatarsal bones show 
an osteolytic enthesopathy at the insertion of 
the  peroneus longus , involved in the plantar 

fl exion of the foot. The ileum’s pre- auricular 
sulcus has small foveas, and the left pubic sym-
physeal margin shows a marked depression 
(the right one cannot be seen); these features 
are probably due to postpartum sub- ligamentous 
haematomas.  

6.6.2     Description of the Disease 

 In this clinical case, the macroscopic lesion of the 
femur shows a central cortical alteration at the 
left femur’s mid-distal third (Fig.  6.29a ). This 
superfi cial alteration of the cortex and of the peri-
osteum is accompanied by a distal diaphyseal 
enlargement (Fig.  6.29b ). There are no visible 
interruptions in the cortex, and the periosteal 
reaction seems to involve circumferentially the 
most highly interested posterior profi le. Without 
a traumatic and metabolic aetiology, the sus-
pected diagnosis is of an oncology infectious 
 origin, which seems to be supported by the 
imaging.   

Subject: Gabii SO/99 T.18

Sex: female

Age: 35–40 years

Finding site: Gabii Eastern Sanctuary

Type of grave: pit in the ground with tile fragments 

Type of grave: primary

Deposition: supine, with flexed upper and lower limbs 

State of preservation: poor

Stature: ~151 cm

bone in the case

bones found
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a b

  Fig. 6.29    Osteomyelitis of the left distal femur ( a ) posterior view ( b ) detail       

6.6.3     Radiologist’s Evaluation 

 Silvana Giannini 
  Deformity of the femur with a fl ared dis-

tal diaphysis ,  affected by a peripheral ,  bone 
trabecolar rarefaction ,  periosteal layering 
with  multiple appositions  (Fig.  6.30a ).  The 
external area shows an  “ onion - skin ”  type 
periosteal delamination  (Fig.  6.30b ),  and 
district discontinuity with pseudo Codman 
due to potential fi stulas. The central , 
 oblong ,  oval radiopaque hardening in the 
centre of the bone marrow in the context of 
fl aring femoral is consistent with Brodie ’ s 
abscess caused by bone seizure with cloaks 
of the fi stula tracts  (Fig.  6.31 ).   

  The turnover of areas of bone impoverish-
ment  ( rarefying osteomyelitis )  and bone hard-

ening due to prevalent processes of 
neo - apposition by hyperactivity of osteoblasts 
processes suggests a mixed form of condens-
ing and peripheral rarefying osteomyelitis. 
Moreover ,  the presence of a double outline 
from external cortical delamination confi rms 
the diagnosis of osteomyelitis  (Fig.  6.32 ).   

6.6.4     Expert Orthopaedic 
Oncologist’s Evaluation 

  Rodolfo Capanna  
  In my opinion macroscopical and radio-

logical aspects of the lesion are suggestive 
for Chronic osteomyelitic process .   
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  Fig. 6.31    CT scan coronal plane multiplanar reconstruc-
tion: central hypodensity area, suggesting Brodie abscess 
with surrounding hyperdensity area       

  Fig. 6.32    CT scan sagittal plane multiplanar reconstruc-
tion: the posterior aspect of the cortical bone is enlarged 
with sub-cortical hyperdensity area       

a b  Fig. 6.30    ( a ) X-rays antero-posterior of the femur 
showing the distal deformity with enlargement of 
the diaphysis with dishomogeneous radiopacity in 
the centre of the bone marrow. ( b ) X-rays (detail): 
“Onion-skin” type periosteal reaction and disconti-
nuity of the cortical bone       
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6.7     Septic Hip Arthritis 
with Distal Femur 
Enchondroma 

    

Subject: CM T.277

Sex: male

Age: 30–40 years

Finding site: Castel Malnome

Type of grave: pit in the ground with cover of tiles

Type of burial: disturbed primary 

Deposition: supine, non deductible upper limbs
and extended lower limbs 

State of preservation: poor

Stature: ~ 158 cm

bone in the case

bones found

  

6.7.1        Morphological 
and Palaeopathological 
Description of the Subject 

 The subject is an adult male of short height, char-
acterized by a strong skeleton. Phenotypically, 
the skull is elongated (dolichocranic), with aver-
agely diverging frontal crests, large orbits (hyp-
siconchic), and long and narrow apertura 
piriformis (lepthorrine). The height, transverse 
fronto- parietal, and gnatic indices express inter-
mediate values (orthocranic, eurymetopic, 
orthognatic). The skull shows a series of anatom-
ical variants of limited pathological value: total 
persistence of the metopic suture (Fig.  6.33 ), 
presence of the suture mendosa (Fig.  6.34 ) and 
of two Wormian sutural ossicles, along the lamb-
doid suture (Fig.  6.35 ). Moreover, a small sutural 
bone, symmetrically bipartite, can be seen at the 
level of the lambdoid suture. There is a 3 mm 
diastema between the two upper central incisors. 
The health of the dento-alveolar complex is com-
promised: there are large calculus deposits on the 
vestibular and lingual sides of the dental crowns. 
On the maxilla, the second right premolar has a 
cavity at the mesial margin and the alveolar 
 processes are resorpted at the right molars. 
The crowns of the lateral incisors are strongly 

worn, with total enamel and dentin demolition, 
and pulp cavity exposure. Both incisors are 
reduced to small radicular stumps, probably due 
to destructive caries; there is also a small cavity 
on the vestibular side of the right lateral incisor’s 

  Fig. 6.33    Metopic suture       
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alveolar process, secondary to a prior odonto-
genic abscess, with the tooth’s root at its centre. 
A larger bone fi stula opens on the apex of the 
second lower left molar. As for the appendicular 
skeleton, the muscular insertion areas show an 
intensive activity of the pectoral girdle muscles, 
with enthesopathies at the origin of the  triceps 
brachii  muscle and of the scapular  teres minor  
muscle. The insertion area of the costo-clavicu-
lar ligament is marked on the sternal extremities 
of the clavicles; the surface is irregular, slightly 
depressed and outlined by discontinuous 
 margins. The surface of the lesser humeral tuber-
cles shows thick and deep porosity at the  insertion 
of the  subscapularis  muscle; there are some 
enthesopathic alterations, only on the right side, 

at the insertions of the radius’s  biceps brachii  
and  interosseous  tubercle muscles and the ulna’s 
 brachial  muscle. On the anterior inferior iliac 
spine, at the origin of the  rectus femoris  muscle, 
the surface is altered, with a crest formation of 
about 18.4 mm from the irregular margins. The 
marked imprints on the lower limbs are of inter-
est: in particular, the anterior surfaces of the 
femurs’ trochanter major are irregular, with 
enthesophytes and bone apposition; only on the 
left side, the  linea aspera  appears prominent and 
rough, while bilaterally above the medial con-
dyle, there is hypertrophy of the  gastrocnemius  
muscle’s origin area. A mild ossifi cation of the 
tendons of the  quadriceps femoris  muscle, with 
new bone formations, can be seen on the tibial 
tuberosities, at the level of the posterior cruciate 
ligament and on the anterior surface of both 
patellas. Overall, the alterations detected suggest 
diversifi ed movements: stress of the shoulder 
with arm adduction and intrarotation, forearm 
extension and fl exion on the arm, and partially, 
also forearm supination and pronation. As for the 
lower limbs, there must have been frequent 
abduction, adduction, fl exion and rotation move-
ments of the thigh, leg extension on the thigh and 
foot extension. The presence of encrustations 
limited the observation of the axial skeleton: the 
segments that could be analysed did not show 
any disc degenerations, but there are a mild 
osteophytes on the ventral margins of the verte-
bral bodies. Among the congenital anomalies, 
there is fusion of the fi fth lumbar vertebra with 
the fi rst sacral vertebra (sacralization); the 
sacrum has kept its morphological aspect, but 
with one more sacral foramen. A fracture can be 
seen on the distal third of the diaphysis of the 
second right metatarsal, with bone callus forma-
tion and mild axis deviation.     

6.7.2     Description of the Disease 

 The lesion shown in this case is extremely com-
plex to interpret. There is an ossifying compo-
nent that seems to affect the right coxo-femoral 
joint, with greater effort of the periacetabular 

  Fig. 6.34    Mendosa suture ( arrow )       

  Fig. 6.35    Ossicles along the lambdoid suture       
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area, and joint fusion presenting no relevant 
deformity of the femur’s head (Fig.  6.36 ). The 
ossifying new formation seems to include the 
proximal femur’s anterior portion without any 
signs of periosteum alterations (Figs.  6.37  and 
 6.38 ). The lesion seems to be too large and too 
compact to be a heterotopic ossifi cation of the 
soft tissues. A malignant neoplastic aetiology 
seems to be ruled out by the absence of periosteal 
reactions, but suggested by the macroscopic 
picture.    

 There is also an osteolysis at the femoral head, 
as resulting from colliquative collection. The 
most likely diagnostic hypothesis is  osteomyelitis 
with peripheral sarcophagus, colliquation and 
presence of abscesses at the femoral head.  

a b

c

  Fig. 6.36    Fusion of coxo-femoral joint ( a ) medial view ( b ) posterior view ( c ) anterior view       

6.7.3     Radiologist’s Evaluation 

  Silvana Giannini  
  Iliac wing :  densitometric alteration with 

hyperdense image and well-structured , 
 hypodense areas associated to hyperdense 
nubecular   areas. The CT scan shows a 
peripheral hyperdensity  (Fig.  6.39 ), 
 together with a central hyperdensity pre-
senting a hypodense peripheral area .  

  Femur: Cribrate  
  Cribrate hyperdensity of the joint sur-

face with subtotal fusion at the level of an 
extensive and dishomogeneous bone defor-
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  Fig. 6.38    CT scan sagittal plane of the proximal part of 
the femur: deformity of the femoral head and bone mar-
row dishomogeneity       

  Fig. 6.37    CT scan sagittal plane – multiplanar 
reconstruction showing the dishomogeneous area of 
hyperdensity involving the femoro-acetabular joint. 
A nubecular  hyperdensity is shown distally ( arrow ), sug-
gesting a  possible enchondroma       

mity of the femoral head  (Fig.  6.40 ).  It also 
shows an irregular deformity with cribrate 
areas of medium hyperdensity ,  and loss of 
regular trabecular distribution. Focal dis-
continuity of the femoral head caused by 
erosion with trabecular circinate hypoden-
sity and peripheral hyperdensity. There are 
also external concave areas at the femoral 
neck ,  with some sections of circinate hyper-
density  (Fig.  6.40 ).  The fi nd shows an 
abnormal structured capital and sub - capi-
tal density ,  and cleavage plane with the 
bone marrow diaphysis area. Partial femo-
ral - acetabular synostosis . 

  The irregular discontinuity of the femo-
ral head ,  similar to erosion ,  suggests a 

partial femoro - acetabular   fusion with pos-
sible extension of the infl ammation to the 
surrounding soft tissue . 

  Distally focal ,  34 mm moriform den-
sitometric alteration ,  with nubecular 
hyperdensity ,  a large implant area inside 
the diaphyseal supracondylar ,  probably 
caused by enchondroma ,  with hyper-
density of the adjacent lateral cortex  
(Fig.  6.39 ). 

  Conclusions :  possible infl ammation 
process ,  like osteomyelitis of the meta-
epiphyseal femoral region with an exten-
sion to the acetabulum ,   partial fusion on 
the joint ,  and possible extension to the sur-
rounding soft tissues given the erosion of 
the femoral head .  
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