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Foreword

 

 In this book Brickley and Ives bring together both clinical and palaeopatho-

logical research on the effects of metabolic diseases that affect the skeleton and, in doing so, provide an important reference work that has the potential to enhance bioarchaeological research on the importance of these diseases in antiquity. Although the major emphasis is on the effect of these disorders in human remains, the authors also emphasise that metabolic diseases can affect non-human skeletons; zooarchaeologists will benefi t from the contents of the book. The authors correctly emphasise the role of metabolic disease as an important dimension of the challenges that faced past human popula-tions. This is particularly true during the last 10,000 years when monumental changes took place in human society as our ancestors gradually but incom-pletely migrated from a hunting–gathering economy to an economy based on agriculture. This change affected the relationship between human individuals and groups but also between human populations and the environment in which they lived.  

 There is general agreement among biological anthropologists that diet 

changed profoundly with the advent of agriculture. With that change the specter of malnutrition became a much more serious potential problem. However, the evidence for this conclusion remains ephemeral, resting uncom-fortably on a very thin base of data. The quest for additional and better evi-dence for malnutrition should represent a major emphasis for the biological anthropologist. This makes the subject of this book a timely step in the right direction in our understanding of this important category of bioarchaeological human disease and in our ability to gather new data on the presence and preva-lence of metabolic diseases in past human groups. 

 Metabolic disorders include an assemblage of diseases whose pathogenesis 

is varied to say the least. The relationships between disorders included in this category require a tolerant attitude regarding the scientifi c rigors of classifi cat-ion. These disorders include vitamin-related diseases such as those that result from defi ciencies in vitamins C and D, disorders related to changing hormo-nal balances such as post-menopausal osteoporosis and disorders caused by too much or too little of crucial dietary components including trace elements such as fl uorine. The authors provide a brief exploration of the effect of severe protein-calorie malnutrition on the skeleton. Also included is a review of some diseases that may have a metabolic component but the cause of which remains unclear. Paget ’ s disease, for example, is often classifi ed with the metabolic 
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diseases and is reviewed in this book. The disorder is associated with greatly accelerated osteoclastic and osteoblastic activity. However, the cause of the disease is unknown and its relationship with other metabolic diseases remains unclear. 

 The disparity of pathological conditions included in the category of meta-

bolic disease illustrates some of the problems in creating and using a classifi -catory system for skeletal disorders. Classifi cation is a crucial exercise in all the biological sciences and skeletal pathology is no exception. Nevertheless it remains very important to be aware of the limitations of any classifi catory system and equally important to not permit the system to oversimplify our understanding of the diversity of skeletal disorders both in their skeletal mani-festations and pathogenesis. 

 The problems in classifi cation are well illustrated by a disease not included 

in this book. Iron defi ciency anaemia is one of the most common dietary dis-orders today. In most medical reference works, it is classifi ed with the other haemopoietic diseases largely because it has, in common with some, defective haemoglobin. However, the basic cause is a defi ciency in dietary iron intake and the disorder appropriately could be classifi ed with the metabolic diseases such as scurvy and rickets because it is a manifestation of malnutrition. Indeed one of the challenging issues in human skeletal palaeopathology is to distin-guish between skeletal manifestations of anaemia, scurvy and rickets. 

 Research linking various stable isotopes to variation in diet represents a 

signifi cant development in reconstructing some aspects of diet in bioarchaeo-logical populations. Since this methodology began to be applied to bioarchae-ological problems about 30 years ago with the publication of a paper on early evidence of maize cultivation in North America (Vogel and van der Merwe, 1977), we have learned a great deal about food resources in earlier human societies. However, this evidence does not address adequately the need for data regarding both the type and severity of malnutrition in various past human groups. There have been attempts to use variation in amino acid residues to identify some types of dietary defi ciency such as iron defi ciency  anaemia (Ortner, 2003). However, what has been lacking is a greater knowledge of the bioarchaeology of metabolic diseases and particularly those whose cause is malnutrition. The major factor in this gap in our knowledge has been that the skeletal manifestations of some of the metabolic disorders have not been care-fully defi ned and described. For sub-adult scurvy, rickets and osteomalacia, this gap in our knowledge has been fi lled partially although more research is needed, particularly on early stage skeletal manifestations of these disorders. 

 Another disorder reviewed in this book is osteoporosis. As with many abnor-

mal skeletal manifestations, both osteoporosis and osteopenia are essentially symptoms that can be caused by several pathological conditions; determining the most likely cause is a challenging exercise and is not always possible. 

 The skeletal manifestations in osteoporosis and osteopenia are relatively 

clear. Trabecular bone is the most metabolically active skeletal tissue and usually FOREWORD xv

 

is affected fi rst and most severely when abnormal bone loss occurs. Additional bone changes in osteoporosis and osteopenia include reduced thickness of cor-tical bone and diminished bone density, i.e. subnormal mass per unit volume of bone. All of these manifestations result in reduced biomechanical function of bone with an increased risk of fracture. Increasing availability of CT radiog-raphy for research in palaeopathology offers the potential of signifi cant research on abnormal bone loss in human bioarchaeological skeletal samples. 

 A problem in need of research and resolution is distinguishing between the 

various potential causes of osteoporosis and osteopenia. Clearly the hormo-nal changes linked to aging are the most common cause in the Western world today as life expectancy has risen dramatically and with that rise, the risk fac-tors for age-related loss of bone have increased as well. In research on the pal-aeopathology of age-related osteoporosis, the major criteria for this diagnosis is the estimated age of a bioarchaeological burial. However, as Brickley and Ives emphasise, other disorders including starvation are also potential causes of bone loss and at least some of these can occur at any age in either sex   

 Fluorosis is a metabolic disease caused by excessive amounts of fl uorine 

primarily in human water supplies. Contamination of drinking water by fl uo-rine occurs in many areas of the world, often as the result of leaching into well water. Although it is not a common disorder, it can produce skeletal and dental changes that are specifi c to this disorder and diagnosis of skeletal abnormal-ities caused by this disease is relatively certain and uncomplicated. Generally fl uorine concentrations in excess of about 3 ppm in the water supply are toxic, but the severe skeletal manifestations apparent in some cases of fl uorosis are probably the result of higher concentrations. In some individuals, mineralisa-tion of connective tissue other than bone occurs, resulting in bony growths on many surfaces of bone including the spinal canal. The latter manifestation is associated with neurologic defi ciency that can be severe in some patients. In severe cases abnormal bone development may result in complete fusion of the spine. The very spiky abnormal bone distinguishes it from ankylosing spond-ylitis. Fluorosis can also affect developing teeth resulting in a brown colour of, or brown spots in, the enamel. Excessive intake of fl uorine can have an adverse effect on compact bone histology; osteon remodelling is affected with zones of poor mineralisation of osteoid associated with toxic levels of fl uorine at the time a layer of bone is being mineralised in a forming osteon. 

 One of the surprising observations that emerges in the study of bioarchaeo-

logical skeletal samples from areas where fl uorosis is endemic, is that many of the burials show no evidence of excessive fl uorine intake. Clearly if well water is the source of the fl uorine, all people using a well are drinking the contam-inated water presumably in about the same amounts but not all burials show skeletal manifestations of abnormal fl uorine intake. Why this variation exists is an important problem that deserves attention both in clinical situations and in bioarchaeological skeletal samples. However, variation in bone involvement occurs in many disorders that have the potential to affect the skeleton. xvi FOREWORD

 

 Skeletal evidence of metabolic diseases has the potential to provide import-

ant insight into dietary adequacy and health in earlier human populations. Making inferences about the prevalence of metabolic disorders in a past human population on the basis of the prevalence of these diseases in bioarchaeologi-cal skeletal samples will always be a challenging exercise. What is needed is a better sense of how severe a metabolic disease has to be before the skeleton is affected and, related to this, what is the relationship between the prevalence of skeletal metabolic disease and metabolic disease prevalence in the living popu-lation represented by the archaeological skeletal sample? Several lines of evi-dence are relevant, including gross and microscopic skeletal changes caused by metabolic diseases, isotopic evidence that has the potential of clarifying dietary variation that might be related to metabolic disease and bone protein research because of the effect of some types of dietary defi ciency on protein synthesis. We are unlikely ever to have the certainty that would be ideal, but approaching the problem of metabolic disease prevalence in archaeological human populations by evaluating for multiple types of evidence does provide a strategy that at least would permit generalisations about the relative impor-tance of these disorders in a given bioarchaeological population. 

 Brickley and Ives have provided a signifi cant review of what is known 

about metabolic diseases as they affect the human skeleton. This review pro-vides an important tool as biological anthropologists attempt to reconstruct in greater detail the dietary problems that human groups encountered in past human societies. 
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 Chapter  1 

 

Introduction 

 

 The impairment of health is of great importance in the modern world. Determining the extent to which disease also affected past populations is a fundamental goal of the study of bioarchaeology. The direct physical evidence derived from the examination of human remains provides a vital means of understanding illness and its impact on the lives of those who lived previously. In writing this book, we aim to develop the knowledge of past human health through a detailed consideration of factors that can mediate the expression of a particular group of diseases, the metabolic bone diseases. 

 This chapter introduces the specifi c nature of these complex and intriguing 

conditions, and highlights the insight they can provide into past life and health. We defi ne the terminology crucial to the understanding of these diseases and outline the format that this book takes in illustrating the challenges faced in the reconstruction of health from many past contexts. 

 The scale of disease expression is vast and investigations of health in the 

past have expanded enormously over recent years (e.g. Cohen, 1989; Goodman et al., 1988; Goodman, 1993; Larsen, 1997; Ortner, 2003; Roberts and Cox, 2003; Buikstra and Beck, 2006). Specifi c study of the metabolic bone diseases provides a fascinating means of determining how factors inherent within a given lifestyle, including diet/nutrition, cultural practices, socio-economic sta-tus and environmental surrounding, can impact on health both at an individual and population level. 

 A  signifi cant focus of this research aims to highlight how an integrated 

appreciation of the metabolic bone diseases within many modern cultures can broaden the interpretative frameworks that are considered within bioarchaeol-ogy. Variation in disease expression may become manifest by additional fac-tors involved in the onset and development of these conditions, including age, sex, ancestry and geographic habitat. Heritability can contribute to the devel-opment of various metabolic bone diseases, but interactions with many compo-nents of the environment may exacerbate or prevent disease expression. Recent research into the characteristics of these diseases in many modern populations, in addition to increasing investigation in zoological research, has signifi cantly expanded the recognition and understanding of these conditions. 

 Many of the diseases examined in this book may be well known, such as 

osteoporosis; others are likely to be less so, including fl uorosis. The spectrum 

 

1

2 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

of diseases that we discuss, demonstrate how the bioarchaeological evidence of human health can contribute to the overall study of anthropology. The dis-tinctive goal of anthropology is a better understanding of humanity, whether it is the nature of social or cultural organisation and change, determining the role of human development in economic growth, or the adaptation to environmental situations and nutritional resources. Anthropology can be defi ned in a number of ways, but is used throughout this book to mean the study of all aspects of humankind, both past and present. Consideration of health challenges faced by non-human primates and other zoological species can also further our under-standing of the diverse range of causative variables within a specifi c environ-ment. Such observations are likely to make an important contribution to the interpretation of the many pathological conditions that can affect humans. The potential for consideration of metabolic bone disease manifestations in zool-ogy will be highlighted through various avenues in this book. 

 

  METABOLIC BONE DISEASE: A DEFINITION 

 The term  ‘ metabolic bone disease ’  has been used since 1948, when Albright and Reifenstein introduced it to describe conditions that affected the processes of bone formation and remodelling involving the whole skeleton (Albright and Reifenstein, 1948). As with many medical terms, subsequent alterations in the inherent meaning ascribed to this term have become apparent. Recently, there has been considerable interest in a group of cardiovascular diseases that pose signifi cant health problems throughout the world. This group of closely related conditions has been termed the ‘ metabolic syndrome ’ , and has become the focus of intense study (e.g. Byrne and Wild, 2006). Many of the condi-tions investigated in the present book could illuminate aspects of health and lifestyle that may impact on conditions within metabolic syndrome. However, our research does not detail obesity, high triglyceride levels, high blood pres-sure and low HDL (high-density lipoproteins)-cholesterol; conditions inherent within the metabolic syndrome (World Health Organization (WHO), 1999a). 

 In this book, the term metabolic bone disease is used to indicate conditions 

in which the processes of bone modelling and remodelling are specifi cally disrupted. These fundamental processes determining the structural organisa-tion of the skeleton are discussed in Chapter 3. However, pathological changes may not systematically affect the whole skeleton. Particular conditions, such as Paget ’ s disease of bone (Chapter 8), tend to exhibit fairly localised skeletal changes rather than demonstrate involvement of the whole skeleton. 

Various investigations have included anaemia as a manifestation of the 

metabolic bone diseases (e.g. Roberts and Manchester, 2005). This inclusion largely derives from the role of dietary iron defi ciency in contributing to anae-mia. The extensive involvement of bone marrow tissue in order to regenerate blood cell supply results in secondary effects on bone cells and structure. The specifi c diagnosis of iron defi ciency anaemia in past populations is complex and 
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likely over-estimated, particularly as the wide range of potential causative fac-tors, which includes intestinal parasitic infections and/or excessive blood loss, are frequently overlooked. The diagnosis of the condition can be challenging and cannot be simply attributed to cortical bone porosity in the skull, most nota-bly the orbits (cribra orbitalia). As such, anaemia has not been considered as a specifi c example of the metabolic bone diseases in this book. However, the sec-ondary effects of this condition can result in the development of various other metabolic conditions, including vitamin C defi ciency and osteopenia, and it will be discussed where relevant to these conditions (Chapters 4 and 7, respectively).  

 

  FORMAT OF THE BOOK 

 The discussions throughout this book aim to demonstrate the important role that the analysis of metabolic bone disease has in developing a comprehensive understanding of health, particularly as an indicator of life within past popu-lations. The study of paleopathology is vital in advancing the knowledge of health in the past. However, it is critical that such work should not be viewed as an end in itself, but rather as a step in a wider process enabling increas-ingly accurate interpretations of health in the past to be ascertained. As has been emphasised above, consideration of manifestations of metabolic bone disease and health within various modern contexts will develop the interpre-tative framework to which paleopathology substantially contributes. Chapter 2 introduces the study of metabolic disease in bioarchaeology and highlights the benefi ts and challenges of the evidence and methods that are available to enable investigation of these diseases in the past. Consideration is also given to using clinical data in bioarchaeological research and the potential benefi ts and pitfalls of this type of information. This chapter further outlines the wider relationship that bioarchaeological research can have in investigations within the many sub-disciplines of anthropology. 

 Accurate interpretations of the metabolic bone diseases are enhanced by 

recognition of the normal and pathological processes evident at the bone cell level. Chapter 3 presents an introduction to bone biology with a review of the mechanisms inherent in bone growth (modelling) and maintenance (remodel-ling), as well as the functions of individual cells and the systemic and local factors that can infl uence cell behaviour. Recent years have seen a number of important advances in the understanding of bone structures and processes. Continued awareness of these advances made in clinical and scientifi c research has important consequences for those working within bioarchaeology. As such, this chapter contains references to recent investigations at the bone cell level to create a basis for more detailed consideration of this subject. 

The subsequent chapters of this book each discuss a specifi c  metabolic 

bone disease, considering the nature of the disease process and etiology. Within each chapter an emphasis is placed on the modern understanding of the disease, together with extensive discussion of prominent anthropological considerations 4 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

and debates. The existing archaeological evidence for each disease is reviewed, together with recommendations for directions of future developments nec-essary for improving current knowledge. Each chapter concludes with the macroscopic, radiological and histological features that are required for the paleopathological diagnosis of these conditions. 

 The chapters contain a series of Box Features designed to illustrate how 

the analysis of the metabolic bone diseases can provide a range of insights into issues considered by many anthropologists. Variation in health can have wide-spread impacts in nutritional, cultural, social and biological/physical anthro-pology. The Box Features aim to explore a range of key concepts which could be investigated by considering disease interactions, modern versus past per-spectives or animal versus human disease expression, in order to enhance the study of anthropology. 

 Discussion of vitamin C defi ciency (scurvy) in Chapter 4 demonstrates 

the potential for this disease to become manifest across very diverse contexts. Recent advances in paleopathological diagnosis have demonstrated that scurvy cannot be considered merely as a disease of mariners, or as a simplistic con-sequence of warfare. The etiologies of many of the metabolic bone diseases are complex, enabling them to exist in a wide range of situations, as well as in non-human primates. Chapter 5 discusses the nature of vitamin D defi -ciency and its manifestation in children and adults. This chapter illustrates how various metabolic bone diseases can provide substantial data on the range of factors, including living conditions, pollution levels, cultural practices and nutritional quality, that can have a detrimental impact on health. 

Osteopenia, or abnormal bone loss, has recently attracted considerable 

interest in modern medicine. Chapter 6 investigates the age-related onset of osteoporosis, a condition that has a very prominent place in relation to women, in both clinical and mass media. This chapter tackles the wider issues related to the onset of this condition including its expression in males and consid-ers to what extent variation in the causative factors may alter the timing and prevalence of this disease in different societies. Whilst humans appear to have always suffered from bone loss as they age, bioarchaeological evidence from around the world indicates the inherent variations in rates of bone loss between different population groups, with implications for the onset and identifi cation of pathological outcomes. Chapter 7 considers the wider range of circum-stances that can result in osteopenia as a secondary pathological consequence. Loss of reliable food resources and the complex outcomes of dietary interac-tions are considered, together with the effects of limited treatments previously available for a number of conditions, as signifi cant factors likely to have con-tributed to secondary osteopenia in many past populations. 




 Chapter 8 explores the nature of Paget ’ s disease of bone. This is a particu-

larly important condition to consider, as despite investigations spanning over 100 years, there is still no known cause for this disease. Whilst presently limiting potential bioarchaeological interpretations, it does provide an exciting opportunity
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for accumulating paleopathological evidence to substantially enhance what is currently known of the causative mechanisms. A number of lesser known meta-bolic bone diseases are evaluated in Chapter 9, such as fl uorosis and pellagra. With further investigation the understanding and identifi cation of these condi-tions in past societies can make central developments to the study of health. 

 The  fi nal chapter of the book, Chapter 10, draws together an overview of 

the principal components of the fi ndings and concepts within this research. This chapter provides a reference for those who wish to discover the fi elds in which future research on these subjects might most fruitfully be directed. Ultimately, the range of information brought together in this book aims to demonstrate that the metabolic bone diseases have an increasingly important role to play in bioarchaeology, through enabling many anthropologists to gain a fuller understanding of health and its complex interaction in past human life. 
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 Chapter  2 

 

The  Study  of  Metabolic  Bone 

 

Disease in Bioarchaeology 

 

 The study of metabolic bone disease has an important role to play in improv-ing the understanding of a variety of aspects of life in both past and present human societies. There are many branches of anthropology in which informa-tion regarding metabolic disease is assuming an increasingly signifi cant role. For example, data on disease prevalence will broaden understanding of sub-sistence strategies, living and environmental conditions, social and cultural practices, as well as the impact and effects of the aging process. In this book we have utilised a range of evidence that contributes to the investigation of metabolic bone disease, and have provided specifi c examples that demonstrate how improved understanding of these conditions benefi ts the study of bioar-chaeology. The primary source of evidence that we have used to investigate past health derives from paleopathology, the study of archaeological human remains for evidence of disease. This chapter outlines the potential and limita-tions of utilising the various forms of evidence available to those investigating the metabolic bone diseases in bioarchaeology. 

 

  APPROACHES TO THE STUDY OF METABOLIC BONE DISEASE 

 Metabolic bone diseases are a particularly valuable source of information for those who have adopted a  ‘ life course ’  approach to the study of individuals in the past (e.g. Harlow and Laurence, 2002). With a life course approach, the tran-sition through life is recognised as being culturally construed and the life course itself may vary depending on status and sex, together with the surrounding con-straints of the community or society. Childhood in particular is both a biologi-cal phenomenon and a social construct, with huge differences observed between societies (Panter-Brick, 1998). Within the biological interpretation of the life course, culturally and behaviourally mediated infl uences on life and health will be inherently interlinked with the surrounding environment and dietary prac-tices. However, both factors may further vary depending on the position of the individual in the community. Such interactions may be refl ected in the expres-sion of metabolic bone diseases within a society; for example, possible changes 
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in clothing types as individuals aged or varying attitudes towards exposure of skin and the relation to vitamin D defi ciency (Chapter 5). 

 The onset of the menopause, which has clear links to the development of 

conditions such as age-related bone loss and osteoporosis may have marked a new stage in the life course of women in past communities. There needs to be greater awareness of the effects of aging on disease processes, and the extent to which males and females might be differently affected. Factors that may impact on the development of metabolic bone diseases are plotted in  Figure 2.1   . 

 There are a number of variables that require consideration in relation to 

bioarchaeological material. For example, are the older adults represented from archaeological sites a more robust group than those who were buried as juveniles? To what extent can pathology experienced in childhood affect the long-term growth and development of individuals? It has been suggested that malnutrition experienced during growth and development may leave affected individuals more prone to developing age-related bone loss and osteoporosis in later life (Grech et al., 1985). These factors are considered further throughout this book (see Box Feature 3.1 and Chapter 6). 

 When considered in the context of information about a society, the presence 

of metabolic bone diseases may yield insight into behavioural treatment of spe-cifi c groups within a community, such as juveniles. Child abuse and neglect in modern communities are problems that have received increased recognition in recent years. Whilst physical abuse may be evident on the skeleton, additional evidence of malnutrition would demonstrate prolonged neglect of dietary pro-vision. Through wider publication of information on cases, anthropologists from a range of fi elds are now more aware of such issues. Unfortunately what would now be termed  ‘ child abuse and neglect ’  are not new developments and increasing evidence suggests that such factors may have been present in many 

 

Genetic factors                                                     Cultural factors

 

Sex    Age   Psychological stress   Status    Environment    Occupation

 

Nutrition

 

Host resistance                                       Exposure/risk

 

Co-morbidity

 

Development of a metabolic bone disease

 

FIGURE 2.1 Schematic relationship of some of the key factors that may impact on the development of metabolic bone diseases. The position of the various factors included in this diagram does not denote importance.
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past human communities (e.g. Blondiaux et al., 2002). Abuse is not specifi c to children and may occur at any stage of the life course. The potential for recog-nition of abuse and/or deliberate neglect is discussed in Box Feature 5.2. 

 Information on vitamin D defi ciency has been used to infer information 

on the treatment of children in past societies (e.g. Mays et al., 2006a). For example, swaddling children could have had an impact on the development of vitamin D defi ciency. Recent research has indicated that childhood malnutri-tion and ill-health may affect longer-term survival and adult health (Cameron and Demerath, 2002). Some of the conditions covered will impact on human growth and biological development, for example the ability to attain peak bone mass as an adult (discussed in Chapter 6). 

 As today, certain groups within past communities may have been more at 

risk of malnutrition and/or disease co-morbidities, such as women (particularly during childbearing) and the elderly. A greater understanding of the presence of metabolic bone diseases would help interpret how health varied over dif-ferent time periods or across different regions. The types of research ques-tions being generated by nutritional anthropologists relating to diet will play a fundamental part in a greater understanding of health patterns in both past and present communities. For example, changes in human subsistence practices at a micro- and macro-scale, will have impacted on many aspects of life in past communities. Utilising a life course approach will enable the impact of vari-ous conditions on particular demographic groups and their consequences to be considered. For example, vitamin defi ciencies in parous females can result in congenital forms of the disease in children and this is discussed in detail in Chapters 4 and 5. Breastfeeding and weaning practices may have had an infl u-ence on the development of conditions such as scurvy and rickets in infants (as discussed in Box Feature 4.1). In adults, factors such as vitamin D defi ciency will have an impact on a woman ’ s ability to successfully give birth. 

 As discussed in Chapters 4 and 9, the study of metabolic bone diseases can 

also contribute to understanding the health consequences of natural disasters that result in various types of pollution and destruction of crops and stored foods. Food shortages have a number of consequences including vitamin defi ciencies, and the health problems associated with displaced peoples are discussed in Box Feature 9.1. However, as the information referred to here demonstrates, issues of illnesses caused by food shortages may be complicated by co-morbidi-ties caused by overcrowding and poor hygiene. Factors such as these are likely to exacerbate the risk of infection, and may result in death before metabolic conditions become visible in the skeleton (see discussion in Chapters 4 and 9). 

 The various branches of anthropology draw upon a wide range of evidence. 

This diversity brings with it very real opportunities for work to be undertaken that will allow a better understanding of the contribution of metabolic bone diseases to bioarchaeological investigations. In the section below, some of the key biases that affect the types of data used in the study of metabolic bone dis-ease, particularly in past societies, are identifi ed.  
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  CHALLENGES IN THE INVESTIGATION OF METABOLIC BONE DISEASE 

  Museum Collections 

 There are a number of important museum collections around the world in which recent human bone is held. Museum collections fall into two broad categories; those in which examples of pathological conditions are curated, some of them from documented individuals, for example the Galler collection, Switzerland (Rühli et al., 2003) and museum collections comprising of documented indi-viduals that were collected from autopsy room cadavers. Many of the latter col-lections were established to allow research and teaching on subjects relating to human biology to be undertaken, for example the Terry collection, held by the Department of Anthropology of the National Museum of Natural History of the Smithsonian Institution, Washington, US. Anatomical collections also occasionally contain individuals who had metabolic bone diseases ( Figure  2.2   ). Both types of museum collection form excellent research collections, and many of the individuals housed within them lived prior to the adoption of medical treatments that are now available. For those interested in disease processes in past populations, these collections provide a valuable resource. However, 
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FIGURE 2.2 Cranium of a two-year old child held in the Federal Museum of Pathological Anatomy, Vienna. This cranium is recorded as being from a child with a  ‘ rachitis cranium ’ , but porosity on the sphenoid and other changes across the cranium indicate that this child may also have been defi cient in vitamin C. The co-occurrence of rickets and scurvy is discussed in more detail in Chapter 4. Photograph by the authors courtesy of the Federal Museum of Pathological Anatomy, Vienna.
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although there is interesting material housed in museum collections, there are a number of limitations that should be kept in mind when using information from such collections. 

 Although the aims and purpose of the museum collections held around the 

world varies enormously, individuals selected for inclusion frequently had a  ‘ classic ’  or very interesting case of a medical condition. For those who study human skeletal remains from an archaeological context, it would be fair to say that there would be little chance of human remains displaying the level and types of pathological features exhibited by human remains in these collections, surviving in a buried environment. 

 At the time of collection many treatments that are currently available were not 

present, but diagnostic tests now used by clinicians were also absent. Not all the diagnoses undertaken at the time of collection would be accepted today. Many individuals may also have had multiple conditions, but the person who collected the specimen only diagnosed one. In the experience of the authors, quite a number of individuals held within these collections almost certainly had more than one pathological condition. However, the catalogue of the collection specimens will often only have one of the conditions recorded. In such cases the effects of the co-existence of a number of pathological conditions need to be considered. 

 Many of the metabolic bone diseases are chronic rather than acute. 

Individuals in past societies would often have lived with a condition for some time prior to death, frequently developing severe bone changes. Given the long period an individual could have lived with a condition, co-morbidities may well have developed. For example, older individuals who may well have had age-related bone loss could also have been at risk of developing osteomalacia (see Chapter 5). The exact expression of pathological conditions in the skel-eton, particularly where diseases co-exist, are still a very poorly understood area and are discussed in the various chapters of this book. 

 The socio-economic status of those who were collected also needs to be 

considered when examining human remains in museum collections. As dis-cussed later in this book, low socio-economic status (which often characterises individuals in such collections) would have had important consequences for wider health issues. Individuals included in such collections may have suffered more than individuals of a higher status from inadequate housing conditions and poor levels of nutrition.  

 

  Archaeological Human Bone 

 Archaeological human bones are an invaluable resource for scientifi c  study, and are found across much of the world (e.g. see discussion by Armelagos et al., 1992; Aufderheide and Rodríguez-Martín, 1998; Ortner, 2003). Indeed the study of human skeletal remains is the primary source of evidence relating to metabolic bone diseases in pre-historic communities. Even when texts are available, written records have many problems. Many texts relate predominantly 12 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

to small elite sections of society and detail issues involved with government and control of power, as discussed in the case of written records relating to cases of scurvy considered in Chapter 4. 

 One of the aspects of archaeological human skeletal remains that make 

them particularly valuable is the fact they are frequently associated with a par-ticular cultural or social group. Within the cultures and societies around the world from which human remains have been excavated, there is often differen-tial burial and association of artefacts that can contribute to interpretations of the socio-economic status of the individual (as discussed by Robb et al., 2001; Pechenkina and Delgado, 2006; and illustrated in  Figure 2.3   ). Over the last few years a number of historical cemeteries have been excavated with input from biological or physical anthropologists; for example, Christchurch Spitalfi elds, London (Molleson and Cox, 1993), St. Thomas ’  Anglican Church, Belleville, Ontario (Saunders et al., 2002) and more recently St. Martin ’ s, Birmingham, England (Brickley and Buteux, 2006). Not only have these collections helped to determine the accuracy of techniques used to establish the demography of 
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FIGURE 2.3  A Roman skeleton (approximately AD 0–500) with associated grave goods exca-

vated in advance of building work in 1925, Cologne, Germany. Fremersdorf-Köln (1927:263).    
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individuals from past societies, they have also contributed to our understanding of the link between socio-economic status and health. However, it should be remembered that there are still large gaps in our knowledge linked to archae-ological human bone. There are extensive geographical regions in which no structured excavations utilising recent developments in fi eldwork  techniques have been undertaken. 

 One problem with studying the metabolic bone diseases in archaeological 

skeletons is that many of the conditions covered in this volume cause consider-able weakening of the skeleton (discussed in Chapters 5 and 8). It is therefore likely that not all the evidence for these conditions in past communities will survive in a state that will make recovery and interpretation of the conditions easy. As was demonstrated at St. Martin ’ s, Birmingham, England, the deci-sion to concentrate the available resources on the better preserved and more complete individuals (Brickley and Buteux, 2006) introduced the potential that quite a few individuals with pathological conditions were excluded from the recording undertaken for the site report. Analysis undertaken as part of a research project on vitamin D defi ciency at St. Martin ’ s demonstrated that some individuals who were very poorly preserved, and so not recorded for the report, did have metabolic bone diseases (Brickley et al., 2007). 

 Various factors that affect human bone when it is buried in the ground will 

result in less than ideal preservation, and may result in the loss of certain skel-etal elements through taphonomic processes. A number of papers have cov-ered aspects of bone preservation and survival from archaeological sites (e.g. Waldron, 1987; Mays, 1992; Stojanowski et al., 2002). Lyman (1994) reviewed many aspects of vertebrate taphonomy, but this is still a poorly understood area. At a very basic level it appears that smaller bones survive less well and bones with higher trabecular bone content may also be prone to loss. However, as discussed by Mays (1992), some skeletal elements may be lost during recovery of skeletons from archaeological sites. 

 At a microscopic level there may also be changes in archaeological human 

bone that make the study of disease processes diffi cult. Diagenetic alterations, such as those shown in  Figure 2.4    can severely disrupt the histological appear-ance of bone, and as are demonstrated in a number of chapters in this book, histological investigations can be invaluable for assisting with the diagnosis of pathological conditions. Diagenetic changes include disruption of bone microstructure by fungi and bacterial activity, but visual examination of bone will not allow the detection of such changes. Bell and Piper (2000) provide an introduction to the use of paleohistological studies within bioarchaeology. It is also possible that mineral replacement may take place, which will render the results of investigations that utilise non-invasive measures of  ‘ bone mineral ’  inaccurate (Farquharson and Brickley, 1997). 

 In addition to the various taphonomic factors that may affect the preserva-

tion of bones from archaeological sites, there are a number of factors linked to human actions that may impact on the survival of skeletons. Where societies use designated places to bury individuals, and these sites are intensively used, 14 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 2.4  Back-scattered scanning electron microscopy (BSE-SEM) image of diagenetically 

altered archaeological bone (femoral shaft). Extensive areas of focal destruction have obliterated most structural features in this piece of archaeological human bone.    

 

earlier burials may be disturbed or truncated ( Figure 2.5   ). Having a complete skeleton is often very important for a possible diagnosis to be suggested, as the pattern of pathological changes across the skeleton needs to be observed. Incomplete or partial skeletons will be a hindrance to paleopathological inves-tigations, and will also reduce the amount and quality of biological information available. Large assemblages of skeletons from clearly designated burial areas are also less likely from small mobile band societies. In other groups funer-ary processes that involve excarnation and disarticulation or cremation of bod-ies may be undertaken. McKinley has demonstrated that it is worth studying
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FIGURE 2.5 Truncated skeletons from the historic St. Martin ’ s cemetery, Birmingham, England. Use of the cemetery was intensive and as can be seen in this image, many earlier graves were disturbed by later burials. Reproduced with permission of CgMs Limited on behalf of the Birmingham  Alliance.    

 

cremated human bone from archaeological contexts (e.g. McKinley, 2000). However, the amount of information on pathological conditions and factors such as the age and sex of the individuals that can be derived from burned or disartic-ulated bone will be more limited than that which can be obtained from complete skeletons (see images of such material in  Figure 2.6   ). 

 The demographic composition of a skeletal collection is important to con-

sider in the analysis of the bioarchaeology of the metabolic bone diseases. Waldron (1994) covers some of the key issues involved when dealing with the study of pathological conditions in archaeological human remains. There are many factors that affect the  ‘ sample ’  that is available for analysis from different cultures. For example, there may be different burial treatments according to age or sex, or specifi c burial treatment for individuals of different socio-economic status (see  Figure 2.7   ). Such factors should always be considered before draw-ing any conclusions from data obtained from archaeological human remains. Cohen (1989) and Goodman (1993) provide fuller discussion of the problems and potential of investigating archaeological skeletal material. 

 Although the authors would encourage people to use the information 

provided by archaeological skeletons and would argue that such data are of inter-est to those in a wide range of fi elds of anthropology, the collections available to us are at best very partial. Such collections are never fully representative of the living community from which they came. The ideas introduced by Wood et al. 16 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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(b)

FIGURE 2.6  (a) Disarticulated human bone at the third clearance level in the south chamber of 

Hazleton North, a Neolithic long Cairn in England. Photograph by Alan Saville (Saville, 1990:82). (b) Romano-British lidded urned cremation burial from Dorset, England. Lack of soil infi ltration means the bone has retained the fragment-size as at the time of original deposition. Courtesy of Jackie  McKinley,  Wessex  Archaeology  UK.      

 

(1992) relating to the osteological paradox also need to be considered. It may be possible that weaker individuals in past communities may have died prior to dis-playing clear pathological changes in their skeleton. In the study of the human bone from St Martin ’ s, Brickley and Buteux (2006) noted several instances where the osteological paradox appeared to play a role in disease expression. Issues relating to selective mortality are discussed further by Larsen (1997). 
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FIGURE 2.7 Cultural practices have a signifi cant impact on the manner of burial, as illus-trated by this burial of a decapitated infant from the Romano-British site of Godmanchester, Cambridgeshire, England. As discussed by Boylston et al. (2000) decapitation was a common practice during this period. Courtesy of Birmingham Archaeology, UK (Jones, 2003:219).    

 

  Paleopathological Diagnoses 

 There are still many problems with accurately diagnosing disease in archaeo-logical bone, but recently far more information has been assembled on the range and type of expressions of disease in the skeleton. However, much of the information that would be available to clinicians when making a diagnosis is missing in archaeological bone. A review of recent clinical literature demon-strates that there is still considerable debate surrounding making the correct diagnosis, and misdiagnosis does happen. For example, Grewar (1965) reported on numerous instances of misdiagnosis in cases of scurvy. Akikusa et al. (2003) also report that lack of awareness of scurvy among clinicians often leads to a delay in diagnosis. There are in fact a number of conditions that can produce similar changes in the skeleton, and distinguishing between these can be very diffi cult. In some cases it may be possible to suggest which of the pathological conditions that could have produced a change may have been responsible, using a variety of cultural historical and other contextual information. 

 With the defi nition of the metabolic bone diseases used in this book (dis-

cussed in Chapter 1), there should be evidence of pathological changes at a gross, radiological or histological level. However, given the fairly limited rep-ertoire of changes that can be produced in bone (discussed in detail in Chapter 3), suggesting a defi nite diagnosis may not be possible even if skeletal changes are present and histological and radiological analyses have been undertaken. Although improvements have been made there is still a lack of uniformity in the way in which a diagnosis is suggested for many conditions, and many older reports fail to provide consistent information, even at the level of the recording criteria used. These issues are discussed in detail by Roberts and Cox (2003).  18 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

  Demographic Issues 

 Collections of archaeological skeletons consist of dead individuals, and the likelihood of those of various ages to die in past communities will have been very different to that observable in many modern populations. In addition, social and cultural practices may result in certain parts of the dead popula-tion being treated in a way that will prevent their recovery by archaeologists. Hoppa and Vaupel (2002) discuss a number of the issues relating to the demo-graphics of archaeological collections. 

In particular, our lack of ability to pick out and distinguish accurately 

between the many groups who must reside in the category of  ‘ old adult ’  (50+ years), which researchers are advised to use (Buikstra and Ubelaker, 1994; Brickley and McKinley, 2004) will limit research that can be undertaken. Recent work has moved towards addressing this problem (e.g. Buckberry and Chamberlain, 2002; Falys et al., 2006), but lack of precise aging techniques for older individuals and absence of other biological information, such as the age of menopause, are serious problems. Far more information could be derived about a number of important conditions (such as age-related bone loss, dis-cussed in Chapter 6) if these data were available (see Box Feature 6.3). This is not the appropriate place to enter the extensive debate surrounding paleo-demography, but issues relating to demography do have quite profound impli-cations for investigations of the bioarchaeology of metabolic bone diseases. Although less has been written about sex determination from archaeological human bone, the potential for diffi culties for the accurate determination of sex in archaeological skeletons should also be considered. It has been suggested that a number of metabolic bone diseases have very different distributions in males and females. In some conditions, such as age-related bone loss, possible sex differences have been investigated. However, in others, such as osteomala-cia, possible sex differences are still not well understood. 

 

  MODERN MEDICAL DATA 

 All anthropological investigations of metabolic bone diseases will clearly rely very heavily on modern medical data on these conditions. The value of these data can be seen throughout this book, but there are a number of important considerations that need to be considered when using this information. Care needs to be taken as the use of terminology frequently differs between anthro-pologists and medical professionals. For example, the term  ‘ osteomalacia ’ (discussed in Chapter 5) is used differently by both groups. Terminology also changes through time, as has already been discussed in relation to the term  ‘ metabolic  disease ’   (Chapter  1). 

 Anthropologists frequently view medical diagnosis with a degree of cer-

tainty that they would never ascribe to their own work. However, as discussed in Chapter 4, even clinically there can be problems with making a direct diagnosis, 
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and the existence of co-morbidities may not always be picked up on. Modern medical data also tend to focus on conditions affecting individuals in the devel-oped countries of the world. As discussed in Chapter 7, the effects of starvation and malnutrition on the development of osteopenia remain almost completely un-investigated, because generally these are conditions that affect individuals in the poorest countries of the world. The amount of research undertaken is also dictated to a certain extent by funding available. As discussed in Chapter 6, oste-oporosis in women has been extensively studied in comparison to the condition in men where there is no one-drug treatment that can be sold. Whilst medical data offer an invaluable resource to anthropologists, these and the many other limitations of these data need to be considered. 

 

  GENETICS AND ANTHROPOLOGY 

 The extent to which the timing or onset of genetic abnormalities in program-ming may result in disease, or may predispose or increase the risk of disease in later life, are important factors to consider in relation to metabolic bone diseases. The range of issues that genetics can help researchers address, and the implica-tions of genetics for an understanding of human health and disease are discussed in detail by Jobling et al. (2004). Conditions such as age-related bone loss, dis-cussed in Chapter 6, almost certainly have some genetic components (Ralston, 2005; Huang and Wai Chee Kung, 2006) and the amount of melanin in the skin, and hence vitamin D synthesis is also genetically determined. Factors such as the heritability of transmission of conditions, the cause of some heredi-tary diseases (some of which are discussed in Chapter 9) and the mechanism through which such conditions have evolved, are becoming better understood as knowledge of genetics advances. Recent years have seen a number of important developments and these along with advances in the study of ancient DNA can provide valuable information (e.g. Montiel et al., 2001; Zink et al., 2002; Gilbert et al., 2005). 

 

  CULTURAL AND SOCIAL ANTHROPOLOGY 

 Given the limitations of some of the types of information discussed above, a number of researchers have drawn on ethnographic data as a primary form of evidence, particularly in cultural and social anthropology (e.g. studies by Dufour et al., 1998). Increasingly, biological anthropologists have used such data as a supporting form of evidence where other sources have failed to provide adequate information (Dettwyler, 2005). The study of diseases in modern populations pro-vides a dynamic and interesting addition to our knowledge about various con-ditions, and the study of health and diseases in both the past and present have considerable mutual benefi t in terms of increasing our knowledge and under-standing regarding human health. Many of the issues such as modes of subsist-ence and adaptation, family structure, peasants and cities, covered in texts such 20 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

as Keesing and Strathern (1998) would be enhanced through consideration of health. Approaches taken by cultural anthropologists allow aspects such as gen-der roles in subsistence, access to dietary resources, clothing and costume, as well as housing types and working practices to be explored. 

 

  NUTRITIONAL AND MEDICAL ANTHROPOLOGY 

 Another important linked fi eld is nutritional anthropology; the multidisciplinary approach to the study of human diets and related issues. As will be apparent throughout this book, diet is a key factor in human health issues and so con-siderations of diets, both past and present, are vital in any assessment of health (see discussions in Chapters 4, 5, 7 and 9). Nutritional anthropology has seen many important developments over the past 15 years (e.g. Ulijaszek and Strickland, 1993). In order to gain the fullest possible understanding of past and present health, researchers should consider these factors. The area of cultural anthropology referred to as medical anthropology; the study of the relationship between aspects of cultures and health and disease can also pro-vide very valuable information for investigations of metabolic bone disease (e.g. studies by Benyshek and Watson, 2006).  

 

  PRIMATOLOGY 

 Many of the metabolic bone diseases covered by this book also affect some of the non-human primates, and as a result are of interest to those engaged in primatology. Research in primatology also enables a number of different aspects of metabolic bone disease to be investigated. For example, research on age-related bone loss and osteoporosis in non-human primates has consider-able potential to contribute to our understanding of such conditions in mod-ern humans (e.g. Sumner et al., 1989; Cerroni et al., 2000). Where possible, throughout this book, examples of the various disease processes in non-human primates will be discussed as these can provide important insights into the evo-lution and development of some of the metabolic bone diseases.  

 

  CONCLUSIONS 

 This chapter has highlighted the diverse range of evidence that exists for the study of bioarchaeology and anthropology. As long as researchers are aware of the factors that may challenge or bias investigations of metabolic bone dis-ease, there is considerable potential for future studies of these conditions. As discussed throughout the book and summarised in Chapter 10, it is clear that investigation of the metabolic bone diseases can make a signifi cant contribu-tion to understanding the impact of disease in many anthropological contexts. 




 Chapter  3 

 

 

Background  to  Bone  Biology  and 

 

Mineral Metabolism 

 

 A clear understanding of underlying bone biology is vital to enable differen-tiation between normal and pathological conditions. During life, bone is not a static tissue and whilst the bone cells themselves do not survive after death, evi-dence of recent cell activity can be recognised in skeletal tissue. This chapter reviews processes within bone biology in order to facilitate the accurate under-standing and identifi cation of the manifestations of the metabolic bone diseases. 

 

  BONE TISSUE: CORTICAL AND TRABECULAR BONE 

 Bone is comprised of organic collagen fi bres, together with non-collagenous proteins and water, which provide elasticity and resistance to tension, as well as mineral tissue comprising of hydroxyapatite, a calcium–phosphorous min-eral. The mineral tissue enables the skeleton to be strong and resistant to com-pression (see reviews Sommerfeldt and Rubin, 2001; Pearson and Lieberman, 2004:67–68). The skeleton is comprised of two tissue types: cortical bone and trabecular bone (see  Figure 3.1   ). Cortical bone forms the outermost solid layer of the skeleton and forms thick, dense walls of the long bones. The cortical bone of the long bones encloses the medullary cavity, which during life con-tains the haematopoietic bone marrow (see  Table 3.1   ) (Martin et al., 1998:31; Downey and Siegel, 2006). Trabecular bone is formed as a honeycomb net-work of bone tissue located at the epiphyseal ends of the long bones and within areas of the axial skeleton, such as the vertebrae. An individual spur of bone within this network is called a trabecula. The spaces within the trabecular net-work also contain haematopoietic bone marrow. Joint surfaces at the epiphy-ses are covered with uncalcifi ed articular cartilage (see Schwartz, 1995:4–7; Baron, 1999:3). Bone is surrounded by an osteogenic tissue containing cells that affect the production and removal of bone tissue (see below). The layer of tissue in contact with the external bone surface is called the periosteal mem-brane or periosteum, while the internal bone surface in contact with the medul-lary canal is covered with the endosteal membrane (see  Table 3.1 ) (Vaughan, 1975; Baron, 1999; Allen et al., 2004). A comprehensive review of the struc-ture and composition of bone is given by Sevitt (1981). Various descriptive ter-minology utilised to describe the structural components of bone are outlined further in Schwartz (1995) and White (2000).  
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FIGURE 3.1     Schematic section of the major components of an adult human long bone.    

 

  DIFFERENT TYPES OF BONE STRUCTURE: WOVEN BONE AND LAMELLAR BONE 

 During periods of rapid bone formation, particularly for example during growth or in certain pathological conditions such as Paget ’ s disease (see Chapter 8) or in fracture healing, the bone produced is not well organised. Collagen bundles 
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are irregular in formation and are randomly orientated, lacking well-defi ned arrangement (Martin et al., 1998; Baron, 1999; Sommerfeldt and Rubin, 2001). This type of bone is called woven bone (or alternatively fi bre bone; see Ortner, 2003:19). The importance of the formation of woven bone is in providing a means of rapidly responding to changes, whether growth, or through reacting to functional activity or various disease states, and this bone type also plays a role in fracture healing and callus formation (Sommerfeldt and Rubin, 2001). However, the disorganised structure of woven bone is unable to provide long-term, effi cient structural support. 

 In order to provide bone strength, a second type of bone is formed later 

during childhood and throughout adulthood comprising of mineral crystals and collagen fi bres that are highly organised and orientated into layers called lamellae, forming lamellar bone (Martin et al., 1998:34). Through processes of bone turnover described below, lamellar bone eventually replaces woven bone. Lamellae are formed as parallel layers at the sub-periosteal margin of cortical bone and along trabeculae (circumferential lamellae). In cortical bone, lamel-lae are arranged in successive concentric layers in which the collagen fi bres alternate in alignment (see Baron, 1999; Pfeiffer, 2000; Ortner, 2003:19–21). The structural unit containing the concentric lamellae is called an osteon. At the centre of an osteon is a Haversian canal, which contains a blood vessel. Some canals may also contain nerves and lymph vessels (Downey and Siegel, 2006:81). Positioned at relative right angles to the Haversian canals are net-works of much smaller blood vessels called Volkmann ’ s canals. These provide additional links between the blood supply throughout cortical bone. In con-trast, trabecular bone is not arranged surrounding specifi c canals but instead accesses blood supplies and nutrients directly from the haemopoietic tissue, which surrounds the bone structure. The boundary of each osteon is defi ned by a cement line, which denotes the extent of bone removal and replacement undertaken during modelling and remodelling (see below). 

 When lamellar bone is originally formed, it effectively fi lls in the spaces 

apparent in the structure of the rapidly formed woven bone. These lamel-lar units are called primary osteons (Sevitt, 1981:19; Martin et al., 1998:37; Ortner, 2003:25), and tend to be quite small and are not well defi ned by a cement line. However, bone tissue needs to be regenerated throughout life and lamellar osteons are continually altered and replaced by new osteons. These osteons are formed by a specifi c process called remodelling (see below) and are clearly defi ned by the cement line. These structures are called second-ary osteons. Fragments of lamellar bone located between different osteons are called interstitial bone (Sevitt, 1981:19). Secondary osteons may show numerous cement lines, which represent repeated remodelling events, or may show an osteon having formed within an osteon unit (type II osteon). As Ortner (2003:25–26) has discussed, this type of remodelling does not occur uniformly throughout secondary osteons and may well represent a remodel-ling event triggered by a physiological cause. Anthropological research has 24 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

particularly investigated the various factors which may affect the shape and size of osteons and Haversian canals during remodelling, including age and potentially mechanical strain (see reviews by Pankovich et al., 1974; Stout and Teitelbaum, 1976a; Cho and Stout, 2003; Robling and Stout, 2003). 

 

  BONE CELLS 

 Disease expression in skeletal tissue can only become manifest in a limited number of ways; through bone formation, bone removal or combination of both processes. The metabolic bone diseases are characterised as those which refl ect disruptions in bone formation, maintenance (remodelling) or mineralisation, or comprise conditions which involve a combination of these factors (see Chapters 1 and 2). The specifi c bone cells that are responsible for these processes are dis-cussed below and summarised together with relevant tissues in  Table 3.1 .

 Osteoclasts remove bone tissue via the process of bone resorption 

(Sommerfeldt and Rubin, 2001). At a determined site an osteoclast seals a portion of bone surface using its apical membrane, thus defi ning the extent of bone that is to be removed. The osteoclast ’ s membrane creates an irregular, ruffl ed or scalloped-shaped border of the resorbed area, which is visible his-tologically (Parfi tt, 1994; Phan et al., 2004). In order to resorb bone, hydrogen ions and lysomal enzymes are secreted and activated by the lowering of the pH level beneath the osteoclast (Baron, 1999; Raisz, 1999). Mineralised bone is effectively degraded or dissolved (Raisz, 1999) and the resulting resorption bay with a ruffl ed border is called a Howship ’ s lacuna. The number of active resorbing sites may vary between pathological conditions that increase bone resorption and ones which inhibit the initiation of this process. 

 Osteoblasts synthesise new bone through secreting organic bone matrix 

(osteoid) and regulating its subsequent mineralisation (discussed below) (Parfi tt, 1994; Baron, 1999). Osteoblasts maintain extensive communication with surrounding cells via transmembranous proteins, specifi c cell receptors and through the actions of cytokines, hormones and growth factors (Linkhart et al., 1996). Such communication facilitates cellular function and responses to metabolic and/or mechanical stimuli (Sommerfeldt and Rubin, 2001). Research also suggests that osteoblasts exert an infl uence on osteoclasts by using recep-tors that can control the chemical or hormonal signals which would either initiate or inhibit osteoclastic action (Marks and Odgren, 2002). These inher-ent qualities of the osteoblast aid the  ‘ coupling ’  of osteoblasts to osteoclast activity which is vital in remodelling (see below) (Lian et al., 1999; Parfi tt, 2000). Once the osteoblast has completed bone formation it can undergo vari-ous transformations, either becoming a fl attened bone lining cell, undergo pro-grammed cell death (apoptosis), or it can become embedded within the newly formed bone tissue transforming into an osteocyte (see below) (Parfi tt, 1994; Baron, 1999; Sommerfeldt and Rubin, 2001). 
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TABLE 3.1 Summary of Bone Cells and Tissues Involved in Bone Formation and Remodelling

Cells and tissues                  Summary of function                                                       Sources

Bone cell origins:                   Production of stem cells                                                       Vaughan (1975); Martin et al. (1998);                    Background to Bone Biology and Mineral Metabolism haematopoietic tissue           Production of blood cells in bone marrow in the medullary cavity in          Baron (1999); Sommerfeldt & 

adults, in widespread tissue (extra-medullary haemopoiesis) in children     Rubin (2001) Contains osteogenic tissue to generate osteoclast bone cells

Can create (differentiate) macrophage cells (host defence)

Bone cell origins:                   Loosely organised, undifferentiated tissue                                   Vaughan (1975); Martin et al. (1998); mesenchymal tissue             Production of non-haematopoietic stromal cells for bone, cartilage,           Baron (1999); Sommerfeldt & Rubin, 

tendon and muscle tissue                                                (2001); Pountos & Giannoudis (2005) Contains non-specifi c repair cells, forming connective tissue (e.g. trauma, 

fracture, infl ammation, necrosis and tumours)

Cells reside in tissue of bone marrow, spleen and thymus, cartilage, 

periosteum, endosteum, synovium, muscles and tendons

Produces osteoblasts, osteocytes and bone lining cells

Periosteal membrane           Covers external bone surface                                            Baron (1999); Allen et al. (2004)

Outer layer contains nerves, blood vessels and collagen fi bres

Internal layer adjacent to bone (cambium layer) contains mesenchymal 

progenitor cells, osteoblasts and micro-vessels

Varying thickness across skeletal regions

Endosteal membrane           Covers internal surfaces of bones                                        Baron (1999)

Osteoblasts                     Forms new bone tissue                                                 Peck & Woods (1988:8); Parfi tt (1994); 

Produces unmineralised organic bone matrix (osteoid) (see text)            Lian et al. (1999) Regulates matrix mineralisation

‘Coupled’ with activity of osteoclasts in remodelling (see text)

Derive from mesenchymal cells
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TABLE 3.1 (Continued)

Cells and tissues                  Summary of function                                                       Sources

Osteoclasts                      Remove (resorb) existing bone (see text)                                   Peck & Woods (1988:8); Parfi tt (1994); 

Specifi c attributes for resorption – apical membrane, digestive enzymes     Lian et al. (1999) Derive from haematopoietic cells

‘Coupled’ to osteoblasts for remodelling (see text)

THE BIOARCHAEOLOGY OF MET

Bone lining cells                   Members of the osteoblast family                                           Parfi tt (1994)

Do not excrete bone matrix

Covers resting (quiescent) bone surfaces

Removes bone membranes to enable resorption

Osteocytes                     Transformed from mature osteoblast cells                                 Lian et al. (1999)

No longer signifi cant role in forming new bone matrix

.                                                       Reside in osteocyte lacunae (Figure 3.2)

Maintain extensive communication (osteocytes, bone lining cells, 

osteoblasts)

May recognise bone fatigue, aiding initiation of remodelling

Chondrocytes                  Differentiated from mesenchymal tissue                                  Olsen (1999); Scheuer & Black (2000a)

Secrete extracellular matrix forming hyaline cartilage ABOLIC BONE DISEASE

Basis of endochondral ossifi cation

Cartilage matrix is easily degraded by blood vessels needed for bone 

cell proliferation

Sequential development: chondrocyte proliferation and differentiation, 

synthesis of cartilage matrix (hypertrophic activity), cell death, 

osteoblast activity, bone formation on cartilage template
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FIGURE 3.2  BSE-SEM image identifying numerous osteocyte lacunae and Haversian canals in 

secondary osteons. Sample from adult human cortical bone. Archaeological femur, St. Martin ’ s Churchyard,  Birmingham.    

 

Osteocytes are former bone-producing osteoblasts that no longer synthe-

sise osteoid and have instead become trapped within the calcifi ed bone matrix. Osteocytes, however, remain important in facilitating extensive cellular communi-cation via long cytoplasmic extensions (canaliculi), which contact other cells (see Curtis et al., 1985; Baron, 1999; Lian et al., 1999; Martin, 2000; Sommerfeldt and Rubin, 2001). These networks are likely to be important in initiating cellu-lar stimuli for bone remodelling (Raisz, 1999; Sommerfeldt and Rubin, 2001). During life, osteocytes reside in lacunae fi lled with extracellular fl uid  (Baron, 1999; see also Pearson and Lieberman, 2004) and these lacunae remain visible at the histological level in archaeological bone as shown in  Figure 3.2 

 There are numerous other factors that can infl uence bone growth and mainte-

nance, which are beyond the scope of this review. These factors include various hormones and proteins, such as macrophages and lymphocytes. These may aid the preparation of bone surfaces for resorption, enable cellular differentiation into specifi c bone cells, or may carry receptors for factors (e.g. parathyroid hormone (PTH), vitamin D) that can regulate bone remodelling (see below). Proteins such as osteocalcin and osteonectin, expressed by osteoblasts can encourage crystal growth and collagen and hydroxyapatite binding, playing an important role in the mineralisation process. Furthermore, groups of polypeptide growth factors, insulin-like growth factors, transforming growth factor- (TGF-), bone mor-phogenetic proteins as well as growth hormone, have signifi cant effects on the 28 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

bone cells and play an important role in the maintenance of bone remodelling. For detailed reviews of these additional factors see Linkhart et al. (1996), Lian et al. (1999), Mundy (1999), Ortner (2003:30–31), Ueland (2004) and Downey and Siegel (2006:84). Reviews of the blood supply to bone are introduced by Sevitt (1981) and Milgram (1990). 

 

  MODELLING AND REMODELLING: GROWTH AND ADULTHOOD 

  Mechanisms of Growth 

 There are several mechanisms of skeletal growth (see reviews Scheuer and Black, 2000a, 2000b; Downey and Siegel, 2006). Intramembranous bone formation requires mesenchymal cells within embryonic connective tissue to proliferate and eventually differentiate into osteoblasts. Osteoblasts form woven bone matrix using connective tissue membranes (Baron, 1999; Ortner, 2003:16). Blood vessels can become incorporated in between the woven bone trabeculae from haematopoietic bone marrow. The woven bone is eventually replaced with more mature and organised lamellar bone (Baron, 1999). Woven bone formation is particularly responsible for the development of the skull and the maxilla (Scheuer and Black, 2000a, 2000b). Endochondral bone formation involves the differentiation of mesenchymal cells into chondroblasts, which create a cartilaginous template forming the shape of the bone. Cartilaginous templates are subsequently replaced by bone. This process proceeds in the long bones and vertebrae (Sommerfeldt and Rubin, 2001; Marks and Odgren, 2002; Downey and Siegel, 2006). A third type of bone growth combines the two above processes, whereby intramembranous ossifi cation occurs ini-tially, but is subsequently replaced by endochondral bone growth, as occurs in the development of the clavicle and mandible (see Scheuer and Black, 2000a, 2000b).  

 

  Modelling 

 Whilst the template of the long bones is formed by cartilage, this does not account for the need of the width of bones to constantly increase during growth. As such, it is necessary to remove bone tissue from some locations and deposit bone in new ones in order to meet changing mechanical demands, par-ticularly in the shaping of the metaphyses (Parfi tt, 1994; Baron, 1999; Raisz, 1999; Sommerfeldt and Rubin, 2001; Ortner, 2003). This process of skeletal development during growth is called modelling. Modelling can involve bone being deposited without requiring previous resorption (Baron, 1999). Extensive reviews of bone growth are provided by Martin et al. (1998), Scheuer and Black (2000a) and Marks and Odgren (2002). In modelling, bone is depos-ited and then removed. This is the opposite to the process of remodelling (see Parfi tt, 2003:4). 
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  Remodelling 

Once growth has ceased, bone cells continue to function to remove exist-ing bone and create new bone, but in contrast to modelling, the bone tissue selected for removal is targeted as structurally weakened and needing replace-ment. Old bone is removed and replaced with new bone in order to maintain the integrity and functionality of the skeleton. This process of skeletal mainte-nance is called remodelling or bone turnover. 

 Bone remodelling occurs within temporary units called basic multicellular 

units (BMU). Within each BMU, osteoclasts are created to resorb bone and new osteoblasts then follow to replace bone in the same location. The rela-tionship between osteoclast action followed by osteoblast function in one loca-tion is known as coupling, and is an essential concept in bone biology (Parfi tt, 1994, 2000; Frost, 2003; Parfi tt, 2003). Remodelling occurs on a resting bone surface (quiescent), which is covered with bone lining cells ( Table 3.1 ; see Parfi tt, 1994). This process is initiated by an activation stimulus received by mesenchymal bone lining cells, which subsequently prepare a bone surface and remove the covering membrane (Parfi tt, 1994; Raisz, 1999; Hauge et al., 2001; Everts et al., 2002; Parfi tt, 2003). The exact mechanism of this stim-ulus is presently unknown but may relate to the recognition of fatigue dam-age or a mechanical strain stimulus (Martin, 2000; Parfi tt, 2003; Pearson and Lieberman, 2004). The bone lining cells then withdraw and a local blood sup-ply enables the differentiation of osteoclasts (Parfi tt, 2003:10). 

 Osteoclasts resorb a pre-determined amount of bone (Parfi tt, 2000; Phan 

et al., 2004). In the subsequent reversal phase bone lining cells enter the resorption lacuna and clean the bone surface, digesting any remaining colla-gen prior to osteoblastic bone formation (Everts et al., 2002). A thin layer of fi brillar collagen is excreted by the latter cells to create a smooth surface layer, which is the cement line marking the boundary of resorption (Baron, 1999; Parfi tt, 2000; Everts et al., 2002; see also Frost, 1963).  Figure 3.3    demonstrates scalloped bays in bone surface indicative of resorption together with cement lines in an image of archaeological bone taken with back scattered electron microscopy (BSE-SEM). 

 Following reversal, osteoblasts assemble and secrete unmineralised organic 

bone matrix (osteoid) and regulate its mineralisation (see below). Eventually the resorption cavity is re-fi lled with new bone tissue (Parfi tt, 2000). The dura-tion of each remodelling cycle has been estimated to take three to six months to complete (Baron, 1999), but may vary between the bone tissue types and under pathological conditions. 

 Whilst the mechanisms of bone remodelling are essentially the same in 

both bone tissue types, the structural BMU in which remodelling is carried out varies slightly between cortical and trabecular bone (Parfi tt, 1994, 2003). Cortical bone remodelling is undertaken in an elongated and cylindrical struc-ture BMU ( Figure 3.4   ) (for detailed discussion see Parfi tt, 1994). This unit 30 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 3.3 BSE-SEM image of bone resorption sites with scalloped borders and cement lines. Sample from adult human cortical bone. Archaeological rib, St. Bride’s Lower Churchyard, London. SEM by authors, courtesy of the Museum of London.    

 

progresses through bone aligned with the long axis of the bone. Osteoclasts are present in the front ‘ cutting cone ’ . Following this is the  ‘ closing zone ’  where osteoblasts secrete osteoid. In the centre of the BMU is a blood capillary pro-viding pre-cursor cells. The fi nal result of a BMUs ’  work in cortical bone is a new osteon, with central Haversian canal and thin layer of cement marking the remodelling boundary (osteonal remodelling) (Jowsey et al., 1965). 

 Trabecular bone remodelling occurs in a unit which progresses over 

the surface of the bone (see Parfi tt, 1994; Hauge et al., 2001; Parfi tt,  2003). Whereas in cortical bone a circular tunnel is cut through the bone, in trabecu-lar remodelling a trench comprising effectively a semi-circular shape is exca-vated while the osteoclasts travel along the surface of a trabecula. The trench is subsequently fi lled moving in the same manner using the cutting cone and closing zone as in cortical remodelling. The surrounding haematopoietic tissue replaces the need for a specifi c blood capillary for pre-cursor cells. This proc-ess is called hemi-osteonal remodelling (Parfi tt, 1994, 2003) (see  Figure 3.5   ).

 

  Bone Mineralisation: The Extracellular Matrix (osteoid) 

 Osteoblast cells secrete unmineralised organic bone matrix called osteoid. This matrix contains a high amount of collagen (94%) together with a number of pro-teins, growth factors and cytokines required for mineralised tissue (see reviews in Termine and Robney, 1996; Sommerfeldt and Rubin, 2001; Marks and Odgren, 2002; Downey and Siegel, 2006). Various enzymes are required in order to aid 
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FIGURE 3.4 Schematic drawing of the process of cortical bone (osteonal remodelling). Osteoclasts resorb old bone creating resorption bays (Rb). Reversal cells (Blc) prepare the bone sur-face and create a smooth cement line (Cl). (Bs) blood supply at central focus of BMU. Osteoblasts secrete bone matrix (osteoid), which is subsequently mineralised. The changes occur as the remod-elling unit (BMU) passes through a section of cortical bone over a period of approximately 56 days. Above the unit are cross-sectional features observable in archaeological bone, the resorption bays, the cement line and the infi lling of the osteon with newly mineralised bone and Haversian canal (Hc). Courtesy of Michael Parfi tt (1994), reprinted with permission from Wiley-Liss, Inc. 
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FIGURE 3.5  Schematic drawing of the process of trabecular bone (hemi-osteonal remodelling). 

Osteoclasts resorb old bone creating resorption bays before the formation of the cement line and secretion of osteoid. Mineralisation of new bone occurs shortly afterwards. The unit passes along the surface of a trabecula rather than remaining stationary. Courtesy of Michael Parfi tt  (1994), reprinted with permission from Wiley-Liss, Inc.    

the proper formation of collagen strands in osteoid and to enable subsequent maturation. Amongst the elements necessary for osteoid production and colla-gen formation is vitamin C, which is essential for effective enzyme function (Stini, 1990; Sakamoto and Takano, 2002; see Chapter 4). In contrast, mature 32 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

lamellar bone contains approximately 25% organic bone matrix, 5% water and 70% inorganic bone mineral, hydroxyapatite (Sommerfeldt and Rubin, 2001). The process of bone mineralisation is complex and to date is incompletely understood. Recent reviews are provided by Sommerfeldt and Rubin (2001) and Marks and Odgren (2002). 

 Within 10–15 days after osteoid secretion, mineralisation of the collagen 

starts to occur. It is during this period that bone rapidly attains a large amount (70%) of its mineral content. The remaining 30% is acquired subsequently over several months before becoming completely mineralised (Sommerfeldt and Rubin, 2001). In order to facilitate this rapid accumulation of bone mineral, concentrations of mineral ions are needed to create sites for initial calcifi cation. Supplies of calcium and phosphate are available in the extracellular fl uid which surrounds bone (see below), but the concentrations of these minerals are not large enough to enable calcifi cation (Vaughan, 1975). Instead, the initiators of mineralisation are small extracellular organelles, which bud from chondrocytes or osteoblasts, and which form a matrix vesicle containing phosphatases, phos-pholipids and calcium ions. Disintegration of the vesicles introduces these miner-als to the organic osteoid, which enables mineral crystallisation to begin. During this process, collagen fi brils and glyocoproteins act to determine the organisa-tion and structure of bone mineral crystals (see review Sommerfeldt and Rubin, 2001). The mineralisation process is particularly affected by adequate amounts of vitamin D, without which osteoid will remain unmineralised (Chapter 5). 

 

  Tooth Formation and Mineralisation 

 Detailed reviews of the biological processes of tooth formation are beyond the scope of this chapter. Both Hillson (1996) and Jones and Boyde (1999) are useful sources for this discussion. Pathological alterations of the dentition associated with the metabolic bond diseases are briefl y highlighted in specifi c chapters on pathology in this book, including vitamin C defi ciency  (Chapter 4), vitamin D defi ciency (Chapter 5) and fl uorosis (Chapter 9). However, the relationship between the many factors that can result in defects in tooth forma-tion and mineralisation needs further detailed investigation. 

 

REASONS FOR REMODELLING 

 It is of functional importance that the skeleton is strong and able to resist mechanical failure (fracture) (see Einhorn, 1992; Martin et al., 1998; Ruff, 2000; Currey, 2002; Pearson and Lieberman, 2004). Mechanical loading has a signifi cant impact on the skeleton and is likely to play an important role in the stimulus of remodelling (Turner, 1998; Martin, 2000; Frost, 2003; Martin, 2003). Bone is subject to fatigue damage, with the attainment of micro-cracks and fractures evident at the structural level (see Schaffl er et al., 1995; Burr et al., 
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1997; Martin, 2003; Grynpas, 2003). Recognition of the accumulation of such fatigue damage and attempts to repair structurally weakened bone may act to trigger bone remodelling (Martin, 2000; Martin, 2003:127; Qui et al., 2005). In particular, cellular communication between osteocytes, osteoblasts and bone lining cells may stimulate remodelling to enable the bone to respond to such loading and micro-damage (Martin, 2000; Frost, 2003; Martin, 2003:125; Pearson and Lieberman, 2004). The effects of micro-damage on bone strength may have greater implications with aging, and research into this relationship is developing (Schaffl er et al., 1995; Burr et al., 1997; Diab et al., 2006). 

An important concept long investigated in anthropological research is that 

mechanical loading can alter a bone ’ s shape, and this is often designated as  ‘ Wolff ’ s Law ’  or more recently, bone functional adaptation (as reviewed by Ruff, 2000; Pearson and Lieberman, 2004; Ruff et al., 2006). This premise is of particular interest in the study of various metabolic bone diseases in which bone shape can be altered by mechanical loading in response to an underly-ing pathological condition, such as in vitamin D defi ciency (see Chapter 5), or alternatively where bone shape may alter over the life course via mechani-cal loading with potential for this to alter the susceptibility to fractures as in osteoporosis (see Chapter 6). Remodelling will also occur due to various phys-iological demands, such as hormonal status (e.g. oestrogen defi ciency), patho-logical conditions, physiological status (e.g. pregnancy) and nutritional state (Box Feature 3.1). It is signifi cant that various factors in the burial environ-ment can affect bone tissue with potential impacts on the recognition of the processes of modelling and remodelling in bioarchaeological samples. These problems are discussed further in Chapter 2 and see also Bell (1990).

 

Box Feature 3.1. Bone Biology in Context of the Life Course     

 

 The processes of modelling and remodelling clearly demonstrate that bone is 

not a static tissue. The mechanisms infl uencing bone do not remain the same 

throughout the life course, and it is the nature and variation of these processes 

which form the essential base for the understanding of both normal and patho-

logical tissue and which shape subsequent interpretations. Variation in bone 

morphology and mineral content are clearly evident between childhood and adult-

hood. There are further sources of alteration in bone tissue between young adult-

hood, with the attainment of peak bone mass (discussed further in Chapter 6), and 

the onset of aging, with effects on the actions of bone cells and the effi ciency of 

mineral metabolism. 

 It is becoming clear that episodes of ill-health and growth disturbances dur-

ing childhood may have lasting effects into adulthood, including stunted growth, 

increased morbidity, delayed mental and physical development with potential 

impacts on intellectual performance and the ability to work (Ulijaszek, 1998:417–418; 
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Cameron and Demerath, 2002; Kuh and Hardy, 2002; Dewey, 2005). A cyclical 

development of malnutrition in pregnant mothers may also affect offspring pro-

ducing low birth-weight infants with poor health (Krishnamachari and Lyengar, 

1975; Cameron, 1996; WHO, 2002:13). There may be complications in the clear 

identifi cation of such processes within past populations owing to the nature of 

the demographic composition of the  ‘ non-survivors ’ . The challenges in interpreta-

tions of the presence or absence of pathological changes have been reviewed by 

Wood et al. (1992; see Chapter 2). However, increasing consideration of these con-

cepts could prove valuable in developing a better understanding of demographic 

trends of disease. Further analysis of health variation across the life course and 

between different comparative frameworks may provide an important means to 

improving interpretations both in modern and past contexts.  

 

  BONE BIOLOGY IN FRACTURE HEALING 

 Fractures occur in bone via two mechanisms. One is traumatic, in which an accidental overload of the normal range of bone loading occurs, whether through a fall or intentional force applied to the bone. The second is a path-ological fracture, occurring when normal loads are applied to a bone that is substantially weakened by an underlying pathological condition. These latter fractures are particularly evident in metabolic diseases, including osteoporosis, osteomalacia and Paget ’ s disease. A brief review of normal fracture healing is presented here and summarised in  Table 3.2   . 

Fracture healing involves the combined actions of endochondral and 

intramembranous bone formation to enable a rapid response to bone recov-ery ( Table 3.2 ) (see especially McKibbin, 1978; Sevitt, 1981: Chapters 4–7; Martin et al., 1998; Salter, 1999: Chapter 15; Gerstenfeld and Einhorn, 2003). Osseous response to fracture can occur very quickly with some bone formed at approximately four weeks after a fracture, although this may not be easily visible during macroscopic examination. A range of factors will affect the rate of healing, including the type and location of the fracture, and the alignment or degree of overlap of bone fragments. Adequate blood supply at the fracture site is essential for healing as is the supply of calcium and a good nutritional sta-tus. The availability of treatment to reduce and re-align fractured bones may be a signifi cant factor affecting healing as is the potential for bacterial infection to complicate open (compound) fractures (see further Chapter 7). These factors are discussed in bioarchaeological contexts in Grauer and Roberts (1996) and Lovell (1997a). 

 Various  defi ciency states will impede fracture healing and these are 

reviewed by Sevitt (1981:52–63). For example, individuals who are vitamin C defi cient (scurvy, Chapter 4) are likely to exhibit delayed fracture healing. Cartilage proliferation is not affected but the osteoid required for initial woven bone repair and ossifi cation of the cartilage framework will fail to form owing 

TABLE 3.2  Mechanisms  of  Fracture  Healing  

 

 Phase 

 Phases of healing and actions       Mechanism                             duration

Infl ammatory phase

 Immobilise fractured bone          Pain and swelling                         3–7  days  Activate cells required for bone      Mesenchymal  tissue repair                              differentiation

 Thickening of periosteum aids 

differentiation mesenchymal and 

osteoprogenitor cells 

Haematoma formation, clotting      Cytokines and growth factors aid broken blood vessels              climate for cell differentiation 

Reparative phase

 Formation of periosteal callus        Osteoblasts differentiated from           1  month (intramembranous ossifi cation)     cells in periosteum form woven 

trabecular bone to bridge the 

external fracture gap at 

periosteum

Formation of medullary             Osteoblast differentiation from callus (intramembranous           bone marrow. Formation of initial ossifi cation)                          bone union at the medullary 

cavity

 Increase in vascular                   Facilitates cell differentiation proliferation                        and supply of minerals  Provisional  callus                        Cell differentiation into formation                        chondroblasts. Formation of 

cartilage framework. Bridging 

fractured bone ends 

 Template for endochondral 

ossifi cation 

 Initial callus and woven bone 

created

 Bone callus formation                Continuing  calcifi cation, greater 

rigidity. Bony callus achieving 

bone union 

Remodelling phase

 Bone is mechanically strong         Remodelling to restore shape             Continual and functional but is greater in      and structure mass than original shape            Removal of periosteal and 

medullary calluses. Replace-

ment of woven bone and cartilage 

by lamellar bone 

 Modelling  drifts                         Attempts at increasing mechanical 

effi ciency by removing excess 

bone mass, or malalignment 

Sources : Sevitt (1981:40), Martin et al. (1998:69–70), Li et al. (2002), Gerstenfeld and Einhorn (2003).  
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to defective collagen synthesis. Clinical studies have demonstrated increased retention of vitamin C in individuals having suffered trauma and increased dietary intakes are also required to aid soft tissue repair (see review in Sevitt, 1981:61). Vitamin D defi ciency is a signifi cant factor in ineffi cient  fracture healing. This hormone (see Chapter 5) is vital for the mineralisation of osteoid. In active defi ciency states osteoid in the fracture callus is produced normally but is poorly mineralised. The fi ssure fractures evident in osteomalacia (pseud-ofractures) may show some evidence of fracture healing, but the callus bridges comprise irregular and poorly mineralised trabeculae (see Sevitt, 1981:61; and Chapter 5). Recent studies have demonstrated that fracture healing in individu-als with osteoporosis may be delayed, owing to the effects of oestrogen defi -ciency and calcium defi ciencies (Namkung-Matthal et al., 2001; Chapter 6). Immobilisation as a means of fracture healing may further lead to localised bone loss and osteopenia (see Chapter 7).  

 

  MINERAL METABOLISM DURING LIFE 

 Growing body mass and maintenance during life are dependent on the dietary supply of minerals such as calcium, phosphate and magnesium and the com-plex management and utility of these minerals. These minerals are absorbed by the intestine in quantities dictated by the proportions available in the diet and infl uenced by the effi ciency of intestinal absorption (see Lemann and Favus, 1999:63). Proportions of the minerals can be stored in the skeleton, in small amounts in the extracellular fl uid (see below) and also in small supplies at the margin of the bone lining cells and quiescent bone surfaces (see discussion by Parfi tt, 2003). Minerals not utilised by the endocrine system are excreted by kidney function and faecal excretion. Dietary intake needs to be maintained above the level of renal mineral excretion. Detailed discussions of the mech-anisms of mineral homeostasis can be found in Wasserman (1997), Civitelli et al. (1998), Broadus (1999) and Heaney (1997a, 1997b, 2002). 

 

  Extracellular Mineral Metabolism 

 During life, bone is covered by blood plasma and extracellular fl uid,  which serve to transport oxygen and carbon dioxide. Concentrations of various minerals also form part of these fl uids and facilitate the transfer of minerals between bone and the extracellular fl uid (Heaney, 1997a, 1997b). PTH and vitamin D (1,25(OH) 2 D) maintain tight control of the mineral concentrations in the fl uid. Without such regulation, serum amounts of calcium would fl uctu-ate to the extremes of hypo- and hypercalcaemia with potentially fatal conse-quences during periods of feeding and fasting (see Heaney, 1997a:487). Both serum calcium and phosphate are necessary to maintain the normal mineral ion product, facilitating skeletal mineralisation, as well as helping to maintain the stability and permeability of soft tissue plasma membranes (Heaney, 1997a). 




Chapter | 3 Background to Bone Biology and Mineral Metabolism 37

 

 Calcium is a vital element in the human diet and it forms a principal com-

ponent of the skeletal system and plays an important role in extensive cellular communication and activation of molecular catalysts (Heaney, 2002). Calcium present in the extracellular fl uid  infl uences many physiological and biologi-cal functions, ranging from aiding the process of blood clotting in the soft tis-sues to initiating the mechanisms of muscle contractions (Stini, 1990; Civitelli et al., 1998; Miller et al., 2001; Heaney, 2002; Chapter 7, Table 7.3). 

 There is a delicate balance between the amount of calcium in dietary intake, 

calcium utilised by the endocrine system and calcium subsequently lost during urinary and faecal excretion (Heaney, 1997b:487). Dietary calcium intake must remain greater than those amounts lost in order to maintain a healthy supply of skeletal and extracellular calcium. The recommended daily amounts of cal-cium are discussed in Chapter 7 in relation to the dietary causes of osteopenia. Following intestinal absorption, calcium enters the blood serum and extracel-lular fl uid. However, some of the calcium exits this system and is passed into the kidney, where it is either excreted, or is re-absorbed and following fi ltration subsequently re-enters into the extracellular fl uid for re-use as outlined in  Figure  3.6   . It is estimated that in order to maintain the extracellular calcium balance, approximately 98% of the serum calcium fi ltered through the kidney must be re-absorbed (Hoenderop et al., 2000). A defi ciency of calcium will contribute to osteoporosis and can also underlie other defi ciency disease states. 

 Dietary intakes of phosphate and magnesium are also essential in human 

life. Both phosphate and magnesium are constituent parts of most plant and 

 

TABLE 3.3     Summary of Adequate and Minimum Dietary Intakes of 

Calcium Phosphate and Magnesium and the Amount of Each Mineral 

Which is Absorbed by the Intestine  

 Low levels of 

intake causing 

zero intestinal 

absorption and 

 Normal range of        Amount            greater losses dietary intake         absorbed by      via excretion 

Mineral          (mg/day)            intestine (%)       (mg/day)

 Calcium                 1000                         30 *                      200 

 Phosphate             775–1860                  60–80                   310 

 Magnesium           168–720                   35–40                  48 

Source :  Lemann  and  Favus  (1999:64–67). 

  *  Calcium levels are subject to variation and are especially dependent on vitamin D availability.  
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Intestinal absorption
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Reabsorption in kidney               Renal excretion

 

FIGURE 3.6 Flow diagram demonstrating the principal mechanisms of human calcium metabolism.

 

animal cells and adequate intake and absorption can be usually attained from most diets (see Lemann and Favus, 1999:65–66).  Table  3.3     summarises  the normal range of dietary intake required for adequate intestinal absorption of the minerals. Phosphate is important in bone remodelling as increased amounts can inhibit bone resorption (see Peck and Woods, 1988:20); therefore action to remove phosphate via kidney excretion can result in resorption activation. This mechanism is under the control of the PTH (see below). 

 Additional minerals required by the skeleton but in lesser amounts than 

those above include fl uoride, sodium, potassium, strontium and citrate. A review of the role of these variables in human mineral metabolism is provided by Vaughan (1975). 

 Vitamin D is a pro-hormone which is essential in the skeleton. Vitamin D 

can be obtained from exposure of the skin to sunlight or from dietary intake. These sources produce inactive pre-vitamin D 3  (cholecalciferol), which requires conversions in the liver and kidneys to become active vitamin D. These processes are reviewed in detail in Chapter 5. It is the active form of vitamin D that can be used by the body in the metabolism of calcium and phosphorous (Mankin, 1974; Francis and Selby, 1997; Hochberg, 2003; Holick, 2003). Active vitamin D affects the intestinal absorption of calcium and phosphate, enabling the transfer of calcium into cellular components (see Heaney, 1997a; Wasserman, 1997; Civitelli et al., 1998:169). If there is a defi -ciency of vitamin D, or if the intestine does not respond to this hormone, the amount of dietary calcium absorbed by the intestine will decrease, lowering 
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concentrations of calcium and phosphate in the extracellular fl uid  (Lemann and Favus, 1999). Vitamin D is also essential in facilitating skeletal minerali-sation. Without vitamin D, osteoid will accumulate and remain unmineralised. The skeletal effects of this are discussed in Chapter 5. Vitamin D seems to play little role in affecting magnesium absorption, but an active vitamin D defi ciency will reduce the intestinal absorption of phosphate (Lemann and Favus, 1999:66). 

 The hormone oestrogen has an important infl uence on both the female 

and male skeletal systems. Oestrogen has recently been implicated in sub-periosteal apposition during growth in males and females (Bilezikian, 2006) and during adulthood, oestrogen affects bone maintenance through variously inhibiting bone resorption (Reid, 1999; Pacifi ci, 2001). Oestrogen can also act on osteoblasts and other factors such as cytokines. As such, rapidly occurring oestrogen withdrawl following the menopause in females and prolonged declines with aging in both sexes have direct impacts on bone remodelling, and makes an important contribution to increased bone loss and fracture risk in both sexes (see discussion in Chapter 6 as well as Civitelli et al., 1998; Reid, 1999; Orwoll and Klein, 2001; Pacifi ci, 2001; Riggs et al., 2001; Bilezikian, 2006). 

 PTH is secreted by the parathyroid glands and has a complex role in 

maintaining calcium homeostasis and bone remodelling. It has a particularly sensitive involvement with calcium and phosphate handling in the kidney as well as in the synthesis of vitamin D, in order to maintain a constant serum calcium level (Silver and Naveh-Many, 1997; Broadus, 1999; Jüppner et al., 1999; Hock, et al., 2002; Houillier et al., 2003). Prolonged PTH action can increase the number and activity of osteoclasts, thus increasing bone resorp-tion, in order to stimulate the release of calcium and phosphorous from bone (Jüppner et al., 1999:84). However, actions by the PTH to increase bone resorption will also increase bone formation via increases in remodelling (see Peck and Woods, 1988:21). The inter-relationship between PTH, vitamin D and calcium metabolism is discussed further in Chapter 5. Pathological condi-tions affecting PTH are discussed in Chapter 9. 

Additional factors affecting mineral metabolism and bone cell func-

tion include calcitonin, which is a polypeptide hormone that has a signifi cant inhibitory effect on osteoclasts (see Downey and Siegel, 2006), and can block proliferative responses of the PTH further preventing osteoclast stimulation (Peck and Woods, 1988:22). High levels can prevent bone resorption which also has the effect of preventing the release of calcium and lowering serum calcium levels (see Downey and Siegel, 2006:83). The thyroid hormone is a stimulator of trabecular bone remodelling resulting in increases in both resorp-tion and formation (Downey and Siegel, 2006:84) and vitamin A stimulates bone resorption, potentially through modifying osteoblast activity (Peck and Woods, 1988:27). 
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  CONCLUSIONS 

 The metabolic bone diseases are inherently linked with cellular defects in the processes of bone resorption, formation and mineralisation. As such, accurate interpretations of skeletal pathological defects are enhanced by a detailed reali-sation of the processes evident at the underlying bone cell level. Brief reviews of bone growth (modelling) and maintenance (remodelling), and cell function have been discussed in this chapter. An introduction to mineral metabolism highlights the complex inter-relationship of calcium metabolism with other minerals and at the organ and hormonal level as well. Throughout this chapter, references to recent literature are highlighted, which will substantially enhance the understanding of bone biology and its relevance within many disciplines of bioarchaeology. 




 Chapter  4 

 

Vitamin  C  Defi ciency Scurvy 

 

  CAUSES OF VITAMIN C DEFICIENCY 

 Most mammals can produce their own vitamin C (ascorbic acid). However, humans, other primates, guinea pigs and the fruit-eating bat Pteropus medius , need to obtain vitamin C from dietary sources (Stone, 1965). In these ani-mals a range of disease processes (discussed in detail later, and described in Box Feature 4.3) result from a defi ciency, and these are referred to as scurvy. It has been suggested that in humans, and the other animals that need to ingest vitamin C, the ability to synthesise ascorbic acid was lost during evolution (Nishikimi and Udenfriend, 1977). Biochemical enzyme systems responsi-ble for the synthesis of vitamin C vary across the animal kingdom; in higher vertebrates, such as mammals, the site of synthesis is the liver, but in lower vertebrates, for example reptiles, synthesis occurs in the kidney. Birds appear transitional, with variation in the site of synthesis. The change in the site of synthesis probably occurred after vertebrates began to evolve temperature regulatory mechanisms, changing from cold-blooded to warm-blooded spe-cies (Stone, 1965). Stone (1965) discusses the evolutionary development of the inability to synthesise vitamin C in more detail. As the need for dietary sup-ply of this vitamin is an inborn error of metabolism and universal in humans (Nishikimi and Udenfriend, 1977), the condition has frequently been omitted from the clinical literature on metabolic bone diseases (e.g. Avioli and Krane, 1998) and until recently has been neglected by many anthropologists. 

 

  Sources of Vitamin C 

 Vitamin C is available from a wide range of fresh fruits and vegetables, and small amounts of vitamin C are also available from milk, meat and fi sh (Fain, 2005; see  Table 4.1   ). Various plants have been suggested as a cure for scurvy from the writings of Pliny the Elder (fi rst century AD) onwards (Hughes, 1990), and knowledge of a range of plants that could be used in this way was probably far more ancient than this. Scurvy grass was frequently referred to in texts from the fi fteenth century onwards, and Carpenter suggests that the term was used for a variety of plants including  ‘ spoonwart   Cochlearia curiosa , or offi cinalis,  or cresses such as  Cardamine glacialis  and hirsute ’   (Carpenter, 
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TABLE 4.1  Summary of the Vitamin C Content in a Range of Foods  

 Cooked 

Raw vitamin C     Stored  vitamin     vitamin C content         C content         content per  100        ml              per  100        ml                per  100        ml (liquid)/          (liquid)/100        mg      (liquid)/

 Food  source                100        mg  (solid)      (solid)                100        mg  (solid) 

 Angelica *                      14–100                nd                       0 (Angelica sylvestris ) 

 Apple,  crab                      8                         nd                          nd 

 Apple,  desert                   6                        3.9                         0.2  (boiled) 

 Avocado                       8                      nd                       nd 

 Banana                         9–13                   7  (dried)                nd 

 Bean/grain  sprouts *              30–200                 na                         nd 

 Bilberry/whortleberry          3                       nd                       nd (Vaccinium myrtillus ) 

 Birch leaves ( Betula sp.)         460                     nd                         nd 

 Black  crowberry *                 30                        nd                          nd (Empetrum nigrum ) 

 Blackberry  ( Rubus sp.)          6                         nd                         nd 

 Bread  fruit                          29                         nd                           6.1  (boiled) 

 Cereals  (un-sprouted)         0                       0                          0 

 Cloudberry *                  80                     nd                       nd (Rubus chamaemorus ) 

 Corn, sweet, yellow           6.8                     0  (cornmeal  and        6.2  (boiled) (maize)                                      tortillas)

 Cranberries                     5–10                   nd                        nd (Vaccinium sp.) 

 Eggs                                0                          0                             0 

 Fig                                            2                                 1.2                                 1  (canned) 

 Fish  fl esh  (cod,  char)            0.5–2                     na                           0  (boiled) 

 Goosegrass *   ( Galium           78                       nd                         nd aparine ) 

 Honey                         0                      na                       0 

Continued
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TABLE 4.1  (Continued)

 Cooked 

Raw vitamin      Stored  vitamin     vitamin C C content        C content          content per  100        ml              per  100        ml                per  100        ml (liquid)/          (liquid)/100        mg      (liquid)/

 Food  source                100        mg  (solid)      (solid)                100        mg  (solid) 

 Liver,  beef                          1.3                        na                           0.7  (fried) 

 Liver,  lamb                        4                          na                           4  (braised) 

 Liver,  seal                            18–35                     na                            14–30  (boiled) 

 Meat                             0–1.8                   na                         0–0.5  (boiled) 

 Milk, cow (mature)            2 (raw)               1.4 (evaporated)      1.5 

(pasteurised) 

 Milk,  goat/sheep                2–3                     0  (cheese)               nd 

 Milk,  guinea  pig                  12                        nd                          nd 

 Milk, human and camel       3–6                  –                       nd 

(mature)

 Mustard *                      70                     nd                       nd 

 Nettle  juice *                         160                        nd                            nd 

(Urtica sp.) 

 Nuts,  hazel                        5                          na                           nd 

 Onions                          7–30                   4.5  (2  months)          0.4  (boiled) 

 Orange                          53                      nd                        nd 

 Parsley                             150–170                122  (dried)              nd 

 Parsnip                            17                       nd                         10–17  (boiled) 

 Peppers,  sweet  green          80–200                nd                       41  (boiled) 

 Peppers,  hot,  green             243                     2–6                        34  (canned) 

 Potatoes                         20–30                  8  (8–9  months)          7.4 

(peeled/boiled)

 Raspberries *                  30                     nd                       8.7  (canned) 

 Rose  hips *                           1000–7000              nd                          nd 

 Rowanberries *               80                    nd                      nd 

(Sorbus sp.) 

Continued
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TABLE 4.1  (Continued)

 Cooked 

 Raw  vitamin        Stored  vitamin      vitamin C C content        C content          content per  100        ml              per  100        ml                per  100        ml (liquid)/          (liquid)/100        mg      (liquid)/

 Food  source                100        mg  (solid)      (solid)                100        mg  (solid) 

 Sauerkraut                      150                    10–15  (1  month)        nd 

 Scurvy  grass *   ( Cochleare         200                        nd                           nd 

offi cinalis ) 

 Seal  fl esh                           0.5–3                     nd                           0.5–2.5 

 Spruce  pine  needles *           65–200                 0.5  (fermented       nd 

infusion)

 Sweet  potatoes                20–30                 nd                       13  (boiled) 

 Tomatoes,  red                  19–24                  39  (sun  dried)           23  (canned) 

 Turnip,  greens                   60                       nd                         30  (boiled) 

 Turnip,  root                        21                         nd                           10–17  (boiled) 

 Watercress *   ( Nasturtium       60                       nd                         nd 

offi cinale ) 

Sources : Grewar (1965), Norris (1983), Holck (1984), Crawford (1988), USDA National Nutrient Database 

for Standard Reference (Release 19) and WHO (1999b).    Notes : na, not applicable; nd, no data available. Values 

provided are for unfortifi ed foods. Exact vitamin C content of the fruit/vegetable may vary according to variety, 

growing conditions/methods and ripeness. Once harvested treatment and storage of food will impact on vitamin C 

content. There are various methods for drying foods and the technique used will determine vitamin C content. Latin 

names are provided where colloquial names for plants may vary.  

  *  Items used in traditional scurvy remedies.  

 

1986:14). Writings relating to the voyages of Vasco de Gama also make it clear that the use of oranges for treating or preventing scurvy was known from an early date. It is likely that in the past a wide range of plant  ‘ cures ’  for scurvy was known, particularly in regions where there may have been a sea-sonal shortage of readily available foods containing vitamin C. Holck (1984) discusses the vitamin C content of some of the plants that were used to treat scurvy in Scandinavia in the past. Norris (1983) has provided detailed infor-mation on the vitamin C content of a range of foods in both fresh and cooked states, and in addition Crawford (1988) considers the impact of storage on the availability of vitamin C in a range of foods. 

As can be seen from  Table 4.1 , a number of animal products contain high 

amounts of vitamin C likely suffi cient to prevent the development of scurvy, and these sources may have prevented scurvy developing in a number of past communities. However, processing of food resources can affect the availability 
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of vitamin C. For example, pasteurisation will reduce the vitamin C con-tent of cow ’ s milk (Grewar, 1965). Prior to the domestication of animals, which would provide an alternative source of milk allowing artifi cial  feed-ing, scurvy would be extremely rare in young infants (Box Feature 4.1). The availability of heat-treated milk and propriety food (such as the early manufactured  ‘ infant foods ’ ) caused nutritional problems, including cases of scurvy, towards the end of the nineteenth century (Ratanachu-Ek et al., 2003:S735). In this instance, it was the children of wealthier families in London in the 1870s that suffered adverse consequences from eating such foods (Pimentel, 2003). The use of proprietary foods was also a problem for children in the United States (Rajakumar, 2001). Due to the high vita-min C content of human milk, scurvy is unlikely to develop in societies that have not adopted artifi cial feeding. Vitamin C is sensitive to heat, oxygen and ultraviolet radiation (Fain, 2005). Frequent consumption of fresh foods is important in preventing scurvy, as vitamin C is water-soluble and cannot be stored by the body. Symptoms of scurvy can become apparent between 29 and 90 days after vitamin C is removed from the diet (Pimentel, 2003).

 

Box Feature 4.1. Scurvy and Weaning   

 

 As human infants are unable to synthesise vitamin C, human milk produced by 

healthy women receiving adequate nutrition contains good quantities of this 

nutrient. Grewar (1965) documents levels of vitamin C that occur in a range of 

milk types (including rat and whale); human milk contains much higher lev-

els than those found in fresh cow ’ s milk (see  Table 4.1 ). Early investigations of 

scurvy demonstrated that infantile cases rarely occurred if infants were breastfed 

(Barlow, 1894; Follis et al., 1950; Shorbe, 1953). A more recent study by Severs et 

al. (1961) found an increase in cases in infants as breastfeeding practices declined 

in Canada. However, the fi gures provided in  Table 4.1  assume that the mother is 

not vitamin C defi cient herself. Defi ciency in the mother will reduce the vitamin C 

content of breast milk (Fain, 2005). 

 Thomas Barlow (1894) placed the age at which the fi rst symptoms of scurvy 

became apparent in juveniles at eight months, and clinical investigations by Follis 

et al. (1950) suggest a similar age. These researchers also identifi ed a very early 

case of scurvy that they refer to as a case of  ‘ congenital scurvy ’ . Although early 

development of scurvy is rare, a number of cases have been reported. Jackson 

and Park (1935), Hirsch et al. (1976) and Bhat and Srinivasan (1989) noted cases 

occurring during the fi rst month of life in children whose mothers were severely 

malnourished.

 Whilst cases of scurvy in very young infants clearly exist in the literature, it is 

likely that such occurrences will remain relatively rare. However, there are circum-

stances where nutritional disturbances or early weaning are likely to have occurred 

in past communities. When examining pathological changes in young infants con-

sideration should be given to the possible effects of malnourishment of mothers. 

An understanding of the occurrence of scurvy has a signifi cant potential to con-

tribute to debates on weaning and the diets of children.  
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Despite losses during food processing, the potato was an important source of vitamin C for the post-Medieval working classes of Ireland and England (Crawford, 1988; Cheadle, 1878). In Scandinavia the potato was referred to as the ‘Nordic orange’ until relatively recently (Holck personal communication). When successive potato crops were destroyed by blight during 1845–8, the resulting famines caused widespread outbreaks of scurvy. Natural disasters that impact on local food supplies (see  Figures 4.1 and 4.2     ), such as crop disease, 

[image: ]

 

FIGURE 4.1 A herd of goats amongst a swarm of desert locusts near Kaedi, Mauritania. Livestock are in competition with the insects for available grazing land. Courtesy of Food and Agriculture Organization (FAO) of the United Nations: FAO/G. 

 

Situation

•  Natural disasters (Chapters 4, 7) 

•  Famine (Chapters 4, 7, 9) 

•  Warfare (Box Feature 5. 2) 

•  Displaced peoples (Box Feature 9.1)

 

Specific effects

 

Contaminated drinking water/      Insanitary      Limited food

limited availability             conditions        availability

 

Intestinal                        Malabsorption       Loss of energy/ infections                        of nutrients       prolonged inactivity

 

Diarrheal

Dehydration    Disease states    Co-morbidities

diseases

  FIGURE 4.2 The manner in which situations may contribute to the development of metabolic bone diseases and the way in which the various factors interact.  
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or damage through drought, earthquakes or pests are very likely to result in an array of malnourishment states and subsequent dietary diseases including scurvy. The scale of the problems that can occur following a natural disaster can be seen following the earthquake that struck the north of Pakistan and India in 2005 (Brennan and Waldman, 2006). As discussed later, defi ciencies of micronutri-ents such as vitamin C, folate and iron, frequently co-occur and the possibility of more than one condition being present in any individual should always be consid-ered. Although at the time of writing no cases of scurvy had been reported from this region of Pakistan and India, scurvy is highlighted as a recurrent problem in such situations. Outbreaks have occurred in Somalia (1982, 1985), Sudan (1984, 1991), Ethiopia (1989), Nepal (1992) and Kenya (1994) (WHO, 1999b, 2006b). 

 

  THE ROLE OF VITAMIN C 

 Vitamin C has a number of valuable roles in the body, including allowing the maintenance of collagen formation (Jaffe, 1972). The exact role that vitamin C plays in collagen synthesis is still debated (as discussed by Ortner, 2003:383) but defects in synthesis have a number of important consequences including; haemorrhage, delayed wound healing, petechiae, purpura and lack of bone for-mation in juveniles (Bourne, 1942a; Pimentel, 2003). Petechiae are individual dark spots caused by bleeding into the skin and purpura is the term applied to a rash of such spots. Pain and weakness in the limbs reported by those with scurvy could be related to reduced vitamin C dependent cartine synthesis, which is required to produce energy in muscles. Vitamin C also has a role in a number of other biochemical pathways (Akikusa et al., 2003). It is closely linked to blood formation and the metabolism of iron and folate (Pangan and Robinson, 2001; Cheung et al., 2003) and as a result, individuals with vitamin C defi ciency are more likely to develop anaemia. Haemorrhage that occurs as a result of scurvy may also cause suffi cient blood loss to contribute to the development of anaemia (Pimentel, 2003). A number of studies have demon-strated that anaemia frequently occurs when scurvy is present (e.g. Levy, 1945; Cutforth, 1958; Clark et al., 1992; Fain, 2005). 

 Vitamin C has an important role in maintaining adequate immune func-

tion and this is discussed in detail by Jacob and Sotoudeh (2002). The mecha-nisms behind this role are still poorly understood, but vitamin C has two broad functions: assisting in neutralising or destroying pathogens, and producing various protective antioxidants. A number of studies have demonstrated that individuals who are defi cient in vitamin C are more prone to infectious condi-tions and recovery is impaired (e.g. Bartley et al., 1953). 

 

  Vitamin C Requirements 

 The recommended daily allowance (RDA) is widely quoted as being 30       mg/day of vitamin C, although a review by Cheung et al. (2003:248) found that scurvy 48 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

could be prevented with an intake of between 6.5 and 10       mg/day.  However, an individual ’ s requirement will differ for a variety of reasons. For example, pregnancy may increase the required amount of vitamin C to 70       mg/day  and lactation may further raise it to 95       mg/day (Pimentel, 2003). The exact amount of vitamin C required to prevent the development of scurvy is variable and depends on factors such as age and the type of physical activities undertaken. It has been suggested that those undertaking physically demanding work will have higher vitamin C requirements due to increased catabolism of tissue pro-teins and ascorbic acid (Norris, 1983). 

 Healing of scurvy is relatively rapid once vitamin C is re-introduced into 

the diet, and clinical improvement can be present in 48 hours (Greenfi eld, 1990:237). Many of the symptoms of scurvy can be resolved in three to fi ve days and most physical signs within two weeks (Pimentel, 2003). In children, there may be complete obliteration of histological signs of scurvy after three months of receiving vitamin C treatment (Follis et al., 1950). 

 

  CONSEQUENCES OF SCURVY 

 Scurvy has a number of effects but the severity of the symptoms experienced will depend on the age of the affected individual and the length of the defi -ciency. Some of the fi rst noticeable symptoms are tiredness and lethargy with development of musculoskeletal pain and weakness (Cutforth, 1958; Estes, 1997; Akikusa et al., 2003; Ratanachu-Ek et al., 2003). Such symptoms will be found in both adults and children. 

 The principal defects in scurvy are haemorrhagic manifestations. These 

arise because of damage to blood vessels, which have a greatly weakened structure due to impaired collagen formation, leaving them susceptible to dam-age even following very minor trauma. Sub-periosteal haemorrhages can occur in a variety of locations throughout the skeleton and can result in stripping of the periosteum from bones. 

 Scurvy also causes depressed osteoblastic activity, resulting in reduced or 

arrested deposition of osteoid (Ortner and Ericksen, 1997; Ortner et al., 2001; Brickley and Ives, 2006), the framework upon which mineralised bone is formed. As a result, osteopenia is frequently reported in individuals with scurvy (Fain, 2005). The exact expression of such changes will be slightly different in adults and children, as in adults there will only be remodelling, but in chil-dren modelling will also be taking place (see Chapter 3 for further information on these processes). Experimental work undertaken in guinea pigs by Bourne reported that there was a delay in the differentiation of cells into osteoblasts in animals with scurvy (Bourne, 1942b). It has since been reported that in children there is an inability of osteoblasts to produce the osteoid seam (Fain, 2005). 

 

  Consequences for Adults 

 Reddening and swelling of the gums, have long been regarded as one of the most characteristic and easily recognisable changes associated with scurvy. As the 
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condition progresses, gums can turn a purple colour with the surface degenerat-ing into a slimy fi lm that may have some ulceration. At this stage the gums also sag away from the teeth (Bartley et al., 1953), which become loose due to degeneration of the connective tissues that hold them in place. The end result of these processes can be ante-mortem tooth loss (AMTL), and the single-rooted teeth are particularly susceptible (Danzeiser Wols and Baker, 2004). However, not all individuals with scurvy will display these changes, and gum changes are unlikely to develop in edentulous individuals (Cutforth, 1958). It has been suggested that gum changes may be more common in individ uals who had gingivitis before developing scurvy (e.g. Pangan and Robinson, 2001), but more research is required to establish if there is a clear link between these factors. 

 Scurvy can result in bleeding into the joints causing haemarthrosis; swell-

ing and pain at the joint. Trauma is one of the most frequent causes of hae-marthrosis (Pangan and Robinson, 2001, give a full discussion of the range of causes), but in scurvy bleeding can occur in the absence of trauma. The hips, knees and ankles, have been noted to be especially susceptible in the modern population (Fain, 2005). Blood leaking into surrounding soft tissues can cause pain. Swelling around limb joints may occur, and this is caused by blood leak-ing into the surrounding soft tissue. In severe cases, these changes may result in limping or an inability/refusal to walk (Ratanachu-Ek et al., 2003). Such changes are also observed in children. Cutforth (1958) reported observing a number of individuals with scurvy who experienced pain, which is described as being  ‘ rheumatic ’  (1958:454). Such a description could have contributed to some cases of scurvy being overlooked by medical practitioners in the past.  

 

  Consequences for Children 

 Changes of the gums can also occur in children and haemorrhages can be very apparent around newly erupted teeth. Sub-periosteal haemorrhage may be par-ticularly marked in children as the periosteum is less fi rmly attached than in adults, but in children blood rarely enters the joint cavities (Jaffe, 1972:455). As a result of infl ammation associated with bleeding, bone surface porosity may develop in a number of skeletal areas (Ortner and Ericksen, 1997:213; Brickley and Ives, 2006). 

 In addition to the development of osteopenia of existing tissue owing to 

defects in osteoid synthesis, in children there will also be a virtual cessation of new bone formation (also found in adults). Weakening of bone structures in juve-niles can lead to the development of metaphyseal fractures (Milgram, 1990:844).   

 

  SCURVY IN THE MODERN PERSPECTIVE 

 Cases of scurvy are comparatively rare in the modern population, although the occurrence of sub-clinical and clinical vitamin C defi ciency is reportedly increasing (Akikusa et al., 2003; Fain, 2005). Early in their development many 50 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

conditions can have a sub-clinical stage, when no clinically recognisable signs are present. Although foodstuffs containing vitamin C are now widely avail-able in countries such as the United States, 30% of the adult population have less than the recommended daily intake (RDI) of vitamin C (Akikusa et al., 2003). Many elderly individuals, people with alcohol dependencies, men who live alone and children who adopt very restricted diets have sub-clinical vita-min C defi ciency and may even develop scurvy. 

Outbreaks of scurvy can become common when socio-agricultural sys-

tems have been disrupted due to confl ict. There have been a number of reports of scurvy occurring in refugee populations (e.g. Toole, 1992; WHO, 1999b; Stevens, 2001; Prinzo and de Benoist, 2002). Most health workers have lit-tle experience of the condition and so there can be a delay in the diagnosis or underestimate of scurvy (e.g. Shorbe, 1953; Akikusa et al., 2003; Ratanachu-Ek et al., 2003). A recent report by Cheung et al. (2003) highlighted the problems faced by refugees living in the mountains of Afghanistan where scurvy has a prevalence of 6.3%. Outbreaks of scurvy arose because of a complex series of emergencies precipitated by recent confl ict in the region. Cases of scurvy are highest at the end of the winter in January and February and declined in the spring when the availability of various vegetables, fruits and plants increased. Prolonged ‘ winter  periods ’   lasting  fi ve or six months limit the availability of fresh foods and result in frequent outbreaks of scurvy unless there is sup-plementation of the diet. In the report by Cheung et al. (2003:251–252) it was stated that  seech  a green plant that grew in the mountainous regions of Afghanistan became available in March, but for the majority of people in this region the last time that fresh foodstuffs had been available was October. Many of those who had suffered scurvy but survived had eaten  seech  when it became available. The individuals found to be most at risk of developing scurvy were women and elderly individuals. Discussion with the population revealed that under these conditions scurvy was present every winter. Most local inhabitants thought that sialengi , the local word used for scurvy, was in fact caused by the cold weather and some individuals thought it was contagious (Cheung et al., 2003:253).

 A lack of understanding of scurvy and its causes was probably almost uni-

versal until very recent times, and it is likely that in past communities scurvy was attributed to a wide range of causes. For example, air quality was often considered a cause of sickness amongst crews (Carpenter, 1986:2–7), and was also blamed in past outbreaks of scurvy amongst land-based peoples (Crellin, 2000). Although treatments for scurvy were worked out independently at a number of times and places as discussed by Maat (2004), it took many centu-ries before there was suffi cient understanding of the condition to enable specifi c planning to prevent scurvy. There has been a clear gap between know ledge and systematic actions to prevent cases of scurvy developing. In the case of modern refugee communities it could be argued that this situation has continued (see further discussion of health in displaced peoples in Box Feature 9.1). 
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  ANTHROPOLOGICAL PERSPECTIVES 

An improved awareness of scurvy in past societies has considerable potential to contribute to a better understanding of a variety of issues in anthropology. In terms of interpreting socio-cultural activities in past societies, important inform-ation could be gained from considering a wider range of circumstances in which scurvy occurred. For example, it has been suggested that seasonal-related nutri-tional stress is very common in developing countries (Ulijaszek and Strickland, 1993). The prevalence of scurvy through time was probably closely related to socio-cultural practice, for example farming methods and ideas relating to food production and storage. In hunter-gatherer groups or band societies storage of food does not occur and food is eaten very soon after it is obtained (Cohen, 1989:17). However, changes in subsistence practice may have brought about an increase in cases of scurvy. The potential for this to be demonstrated during the transition to agriculture is discussed in Box Feature 4.2 and further health issues linked to adaptive and transitional diets are outlined in Box Feature 7.3.

Population movements and the arrival of people in new areas may result in changes to available foods as another likely cause of scurvy in past commu-nities. Without a nutritional knowledge of a balanced range of foods that could be eaten, early settlers may well have consumed a diet that did not include the full range of micronutrients, leaving them open to defi ciency diseases. Early colonies established by the French in Canada and the British in America suf-fered from scurvy, particularly in winter when there was limited availability of fresh foods (Carpenter, 1986:12). Scurvy was further present in several of the new communities moving into North America, such as amongst the early set-tlers in Newfoundland during the early seventeenth century (Pimentel, 2003). An earlier explorer to the region, Jacques Cartier, used a recipe from native inhabitants of the area to treat scurvy in 1543 (Crellin, 2000). Episodes of this disease occurring amongst individuals moving into areas with which they were unfamiliar appear to have been a frequent problem since modern humans fi rst evolved (e.g. Gandevia and Cobley, 1974; Houston, 1990; Feeney, 1992; Forsius, 1993; Hampl et al., 2001). 

 Individuals who have their dietary resources constrained and/or who rely 

on others for provision of sustenance are also likely to be at risk of nutritional diseases. For example, research by both Carpenter (1987) and Hampl et al. (2001) demonstrated that scurvy has frequently occurred in prisoners. 

 

  Reference to Probable Scurvy in Early Texts 

 Some of the earliest written evidence for scurvy comes from Egypt and dates to 1550 BC (Rajakumar, 2005), but various ancient texts have references to diseases that are probably scurvy. Mogle and Zias (1995) report that references to scurvy are present in Babylonian texts, the Old Testament and the Talmud. In each of these sources reference is made to pathological changes in the 52 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

Box Feature 4.2. Subsistence Change and the Development of Scurvy: 

The Origins of Agriculture   

 

 The adoption of agriculture is widely accepted as being one of the most import-

ant changes in human history (Ulijaszek and Strickland, 1993). This change in 

subsistence patterns would have resulted in complex social and cultural changes 

that probably had a signifi cant impact on nutritional stress. Following the work of 

Cohen and his co-workers (e.g. Cohen and Armelagos, 1984), it has become widely 

accepted by bioarchaeologists that the transition to agriculture may not nec-

essarily have brought improvements in human health and nutrition. This would 

have been particularly marked in latitudes where greater seasonality resulted in 

limited availability of fresh plant foods for part of the year. Although the adop-

tion of agriculture may have resulted in a greater availability of foodstuffs, in many 

instances the diversity and range of plants grown would have been more lim-

ited in some nutritional aspects. Research by Cordain (1999) has suggested that 

this transition might have resulted in people adopting diets containing a far 

more restricted range of plants. People could have moved from a diet in which 

as many as 200–300 species of plant foods to one where in addition to a couple 

of domesticated cereals, probably only 20–50 plant foods were utilised (Cordain, 

1999:23).

A good diet requires more than just an adequate number of calories. 

Sedentism may have had benefi ts in terms of greater food production, but it may 

have had disadvantages in terms of the range of nutrients gathered. As pointed 

out by Cordain (1999:24)  ‘ all cereal grains have signifi cant nutritional shortcom-

ings ’ . One important nutrient that cereals lack is vitamin C (see  Table 4.1 ). 

 The adoption of agriculture or horticulture may have required a signifi cant 

input of working hours and meant reduced time was available for other activ-

ities. Over time some cultural activities such as gathering a wider range of wild 

resources may have been lost. Fehrsen (1974) has discussed the problems of com-

municating the concept of nutritional disease in rural areas, and has highlighted 

the diffi culties that exist even amongst modern populations regarding understand-

ing the causes of disease. In past communities that lacked knowledge on micronu-

trients and the link between diet and disease, it may have been even more diffi cult 

for communities, especially ones that had recently undergone changes, to under-

stand the cause of diseases that occurred. These examples illustrate that informa-

tion provided by nutritional anthropology can provide important tools with which 

to view patterns of disease in past communities. To date relatively few cases of 

scurvy have been identifi ed in individuals from these important transition periods 

(see Table A1). However, recent advances in the osteological identifi cation  of 

scurvy may increase the number of cases identifi ed and help to understand the 

impact on health during the transition to agriculture.  

 

mouth and the condition is referred to as the stinking disease (Mogle and Zias, 1995). One of the earliest references to what later became known as infantile scurvy was that made by Glisson (1650), but following this there were few ref-erences to the condition until the mid-nineteenth century. Infantile scurvy was 
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fi rst specifi cally identifi ed by Sir Thomas Barlow in the early 1880s, and as a result has been referred to as Barlow ’ s disease (Aspin, 1993). Carpenter (1986) provides a full discussion of the development of knowledge relating to scurvy. 

 Popular perceptions of scurvy in past communities have tended to focus 

on events, such as sea voyages as a major causative factor, although we would argue that this focus is misplaced. There are a number of reasons why scurvy in mariners has attracted considerable attention. The severely restricted diet on many longer voyages would probably have produced quite severe manifestations of the condition. The individuals involved would often have been otherwise healthy young males, so an outbreak of an incapacitating disease, which in some cases contributed to their death, would have been remarked upon. During the historic period at least one literate individual who could document the voyage would have been on board many ships. Outbreaks of scurvy would have not ably disrupted activities associated with warfare, international relations and trade, including journeys linked to highly desirable and economically valuable spices. The interruption of such activities would have attracted widespread attention. 

 Longer sea voyages became more frequent from the fi fteenth  century 

onwards, and by the late eighteenth/early nineteenth century effective treat-ments for scurvy, such as citrus fruits, were known and widely used. However, specifi c strategies on prevention and treatment took longer to become wide-spread in the merchant navy than in organisations such as the British Royal Navy (Cook, 2005). As a result, scurvy continued to be a problem in the mer-chant navies until the end of the nineteenth century. 

 Whilst they occurred less frequently, earlier voyages were also likely to 

have been affected by scurvy. Evidence documenting the journey between the Indus and the Persian Gulf undertaken by the fl eet of Alexander the Great in 329 BC indicates that those on board suffered from scurvy (Tickner and Medvei, 1958). Symptoms reported included leg pains, and problems in the mouth including bad gums and tooth loss. Although reports on scurvy in mari-ners do contain useful information, it should be remembered that they occurred within a relatively short period in human history and few individuals undertook such activities. An important point made previously by Holck (1984) is that scurvy was probably present as a sub-clinical condition in numerous inhabit-ants of northern Europe in the past. Many sailors, like the rest of the popula-tion, probably had sub-clinical scurvy before they ever got on a ship and this is why once at sea scurvy developed so rapidly and frequently. 

Times of confl ict and the health of soldiers have also attracted signifi -

cant interest from those studying scurvy in past populations. The writings of Hippocrates have descriptions of men in the army who suffer from a condi-tion that caused changes of gums and loss of teeth. Tickner and Medvei (1958) report that in 1555 Olaus Magnus (Archbishop of Uppsala) referred to a dis-ease which was probably scurvy affecting soldiers and prisoners across north-ern Europe. During the Crimean and American Civil Wars, troops were also affected (Pimentel, 2003). The contribution of a poor diet to the development 54 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

of scurvy in soldiers during the American Civil War has been discussed by a number of authors (e.g. Bollet, 1992; Sledzik and Sandberg, 2002; Danzeiser Wols and Baker, 2004). Although soldiers were supplied with foods such as dried vegetables to prevent scurvy (as scurvy and its causes were recognised), cooking practices used would have destroyed much of the vitamin C (Danzeiser Wols and Baker, 2004:67). It is likely that many of the cases of scurvy that occurred during the American Civil War went undiagnosed (Bollet, 1992) as access to medical care in which a diagnosis could be made was limited, and many individuals were killed in fi ghting or succumbed to other conditions. 

 

  A More Recent View of Scurvy in the Past 

 Scurvy was likely to have been far more widespread and linked to a much greater range of activities than the recent focus on sea voyages and wars would suggest. Vitamin C defi ciency, at various levels, probably occurred relatively frequently and it is likely that many individuals were periodically defi cient in vitamin C. However, there can be complications in deriving adequate diagno-sis of this condition. An early clinical study by Follis et al. (1950) reported fi ndings of scurvy from autopsies that were undertaken on children who died between 1926 and 1942. Of 69 cases of scurvy identifi ed at autopsy, only six cases had been recognised clinically during life (Follis et al., 1950). In many cases, scurvy was at an early stage and not suffi ciently advanced to be identi-fi ed clinically. There were a number of cases in the children autopsied where the physical signs of scurvy had in fact been thought to relate to rickets by medical staff treating the child (Follis et al., 1950:582). Rickets has long been noted to be frequently present in individuals who have scurvy (Follis et al., 1950) and early medical writings have noted the co-occurrence of the two con-ditions (e.g. Glisson 1650, cited by Jaffe, 1972; Barlow, 1883). However, the study by Follis et al. (1950) also found that 65.4% of the children with scurvy they examined had an acute illness and most of these were infectious diseases. Milgram (1990:843) further observed that scurvy was often identifi ed during post-mortems of children who had died of infectious diseases. 

 

  PALEOPATHOLOGICAL CASES OF SCURVY 

 Whilst there is quite a lot of written evidence relating to scurvy in the past, direct evidence of the disease process provided by paleopathological investigations contribute signifi cant additional information. For example, it was suggested by Rajakumar (2001) that the lack of reference to infantile scurvy in the literature between 1650 and 1850 probably refl ected a decline in the condition during this period. However, the discovery of evidence of infantile scurvy dating to the nine-teenth century from the site of St. Martin ’ s, Birmingham, England (Brickley and Ives, 2006) demonstrates that infantile scurvy was present at this time. It is likely that many cases occurring at this time were sub-clinical, and that many of the affected individuals died of acute infectious conditions before obvious symptoms 
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became apparent. Lomax (1986) has also suggested that scurvy may have been present after 1650 but was not being recognised by contemporary individuals. 

 Research conducted by Ortner and his various co-workers between 1997 

and 2001 (Ortner and Ericksen, 1997; Ortner et al., 1999; Ortner et al., 2001) has improved the awareness of the range of manifestations of scurvy in juven-ile remains. As a result of these works the number of reported cases of scurvy in paleopathology has increased (see Table A1). Information contained in Table A1 shows that the fi rst reported cases of scurvy were mainly in adults. However, following Ortner ’ s work there was a big shift, and now most cases reported are in juveniles. Paleopathological cases of scurvy reported to date, demon-strate that the condition was evident across a wide geographical area, as well as across a broad temporal range. Research currently being undertaken on the WORD project by the Centre for Human Bioarchaeology, Museum of London has identifi ed four juveniles and one adult with probably scurvy from two Medieval sites, and 41 juveniles from 516 analysed to date from post-Medieval sites in London. There are however, gaps in our current understanding of scurvy in past communities, and it is not yet clear whether this trend refl ects a true lack of occurrence of the condition, or a lack of research in some areas. 

 Whilst, the skeletal manifestations of scurvy in adults are diffi cult to dis-

cern from infectious, traumatic or infl ammatory conditions, there is still poten-tial for this disease to be better recognised in future research. One example that had not been fully published at the time of writing came from adults bur-ied near the mining community of Kimberly, South Africa, where there would have been limited access to adequate nutrition and medical treatment (abstract by Van der Merwe and Steyn, 2006). Several of these adults had convincing evidence of scurvy and clear publication of the features observed would be very useful. With better diagnosis in adults it would be possible to establish a more complete picture of the pattern of the condition within past communities. 

 A number of possible causes are suggested for the development of vitamin C 

defi ciency in past individuals. Various studies have considered environmental stress, for example that undertaken on human bone from Polynesia by Buckley (2000). Specifi c forms of environmental stress, such as earthquakes, can lead to limited access to fresh foods, as was considered possible for scurvy recorded in human remains from a proto-Byzantine (sixth–seventh centuries AD) site at Eleutherna, Greece (Bourbou, 2003a, 2003b). In countries such as Tonga and Greece fresh fruits and vegetables are generally widely available and scurvy would not normally be a common problem (Buckley, 2000; Bourbou, 2003b). In more temperate regions outbreaks of scurvy may be a seasonal occurrence. Research by Maat (2004) demonstrated that in the past scurvy was endemic amongst people living in the area known as the Low Countries, frequently appearing at the end of the winter and during the early spring (similar to the pattern reported in modern Afghanistan earlier). Following the examination of cases from across sites in North America, it was clear that scurvy was likely to have been a serious problem for many past Native American communities (Ortner et al., 2001). Variations in prevalence rates recorded from different 56 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

regions were probably due to differences in food resources, cultural practice and other socio-economic factors (Ortner et al., 2001).  

 

  DIAGNOSIS OF SCURVY IN ARCHAEOLOGICAL BONE 

 When considering features that can be used to suggest a possible diagnosis of scurvy, it is important to take the age at death of the individual into account. Therefore information on diagnosis of the condition has been divided between juveniles and adults. 

 

  Macroscopic Features of Infantile scurvy 

 Key macroscopic features used in the diagnosis of scurvy in archaeological bone are listed in  Table 4.2   . As demonstrated by many of the studies included in Table A1, less severe cranial manifestations including those at the sphenoid, orbits, hard palate and mandibular ramus ( Figures 4.3 and 4.4   ) have recently proved to be very important in suggesting a diagnosis of scurvy (e.g. Ortner et al., 2001; Ortner, 2003:111; Brickley and Ives, 2006; Ortner et al., 2007; Mays, 2008). 

 Variations in rates of growth between skeletal areas will produce a range of 

effects in juveniles who acquire the condition at different ages. For example, changes may be particularly marked following periods of rapid bone growth (Rajakumar, 2005). It should be remembered that ossifi cation of new bone in areas of sub-periosteal bleeding would only become apparent when vitamin C is ingested and osteoid formation has begun. As discussed in Chapter 3, it is only at this stage that bone can form (Scott and Helton, 1953; Weinstein et al., 2001). Research by Bourne (1942b) demonstrated that only very small amounts of vitamin C are required to produce a considerable reaction and new bone formation at the periosteum. Complete exclusion of vitamin C from the human diet is quite rare, and it is likely that small amounts would occasionally be ingested. Individuals who show some new bone formation, such as the child from St. Thomas ’ s hospital, London, shown in  Figure 4.4 , will have obtained some vitamin C following a period of defi ciency. 

 Ratanachu-Ek et al. (2003) report that sub-periosteal new bone formation 

following bleeding was apparent (using radiological examination) in 33% (7/28) of cases reviewed. In these clinical cases researchers were not able to directly observe the bones, and it is likely that periosteal new bone formation may have been present in an even higher proportion of the cases. However, in a study involving autopsies Follis et al. (1950) noted that haemorrhagic phe-nomena were present in just two or three of the 69 cases of scurvy studied. This difference could be related to the stage of the disease in each of these two groups. Ratanachu-Ek et al. (2003) were reporting on individuals that were still alive, and following diagnosis may have received some vitamin C. Many of the individuals reported on by Follis et al. (1950) were undiagnosed prior to death and may not have ingested any vitamin C, without which no bone forma-tion would have occurred. 
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TABLE 4.2  Macroscopic Features of Scurvy in Juveniles  

 Bones                                              Differential 

affected  Features Code diagnosis  Sources 

 Cranium       Abnormal  porosity  of         D            Anaemia           Ortner & Ericksen 

cortex (pores should                  Rickets           (1997), Ortner penetrate the cortex                  Trauma           et al. (1999), and be  1        mm  across)  –                   Infection          Ortner  (2003)       sphenoid, mandible, 

maxilla  and  orbits                                                             Sloan et al.  New bone formation –      D                         (1999), Brickley & orbits and vault                                        Ives (2006) 

 

 Dentition       Loosening  of  teeth            G           Periodontal        Wolbach & Howe 

and AMTL                       disease        (1926), Jaffe  Hypoplastic  defects                                      (1972), Hillson  G Conditions 

causing         (1996:165–166) ‘ stress ’

 Vertebrae       – 

 Ribs               Fracture  of  bone                D             Trauma              Ortner  (2003:386)   

adjacent to 

costochondral junction 

 Enlargement  of                             Rickets D ribs adjacent to 

costochondral junction – 

scorbutic rosary 

 Pelvis           Rare – but sub-               G            Infection           Ortner  (2003:387) 

periosteal

haemorrhages can 

occur. Porosity and 

new bone formation. 

 Scapulae        Abnormal  porosity  of         D               Infection            Ortner et al. 

cortex – particularly                     Trauma           (2001), Brickley & supraspinous and                   Normal          Ives  (2006)     infraspinous  areas                              growth 

 Long             New bone formation –       D               Infection           Wolbach  & 

bones      particularly common                Trauma          Howe (1926), 

towards  ends                                      Normal             Ratanachu-Ek

growth           et  al.  (2003)     

Notes : As discussed in the text new bone formation will only occur when some vitamin C is obtained. The features listed 

demonstrate the skeletal changes useful for pathological identifi cation. Diagnosis can be determined on the strength of each 

feature: –, no signifi cant features recorded for this region; S, strongly diagnostic feature; S features are normally required 

for a diagnosis; D, diagnostic feature, the presence of multiple D features are required for a diagnosis; G, general changes, 

can occur in many of the metabolic bone diseases, as well as in other conditions; G features can aid a diagnosis together 

with S or D features but cannot be used alone to suggest a diagnosis. Commonly occurring conditions that display these 

pathological features are listed to aid differential diagnoses, although this list is not exhaustive. 
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FIGURE 4.3 (a) Marked porosity above the mandibular foramen in a juvenile from London. Photograph by Rachel Ives, courtesy of the Museum of London. (b) Porosity at mandibular foramen in a 1–2 year-old child from an Iron Age (radiocarbon dates c.200 BC–AD 100) site from Kirby, North Yorkshire, England. Photograph by Anwen Caffell for York Osteoarchaeology Ltd., on behalf of MAP Archaeological Consultancy Ltd.

 

 Sub-periosteal haemorrhage has also been reported to occur in the orbits 

(Sloan et al., 1999) and so new bone formation can also occur on the roof of the orbits (see  Figure 4.5   ). In cases of scurvy increased vascular fragility in this area results in bleeding following very limited tissue movement, but trauma and venous anomalies should also be considered as a possible cause of bone forma-tion in the orbits (Zilva and Still, 1920; Krohel and Wright, 1979; Jacobsen et al., 1988).  Figure 4.6    illustrates the formation of bone in the orbit of a juvenile thought to have had scurvy. Such changes could develop in both adults 
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FIGURE 4.4  New bone formation on the skull of a child aged 1–5 years from the post-Medieval  site of St. Thomas ’ s hospital, London. These changes are not diagnostic, but the pattern of changes across the skeleton suggested that this individual had scurvy. Photograph by Rachel Ives, courtesy of the Museum of London.

 

and juveniles. Although these lesions are not commonly reported in modern clinical cases of scurvy they do occasionally occur (e.g. Sloan et al., 1999). 

 Parrot ’ s swellings, deposits of woven bone on the cranial bosses, have 

been suggested to be formed by similar mechanisms to those that produce bone formation on the long bones of individuals with scurvy (Ortner and Ericksen, 1997). Care is required however, because as discussed in Chapter 2, many individuals whose remains were kept in pathology museum collections, where such changes have been observed, could have had more than one condi-tion. Barlow ’ s report (1883) on the autopsy of one of a child with scurvy describes evidence of sub-periosteal haemorrhages in the position where Parrot ’ s swellings 60 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 4.5  Coronal CT scan showing bilateral superior sub-periosteal orbital haematomas in 

a 13-year old girl with scurvy. Photograph published in Sloan et al. (1999). Copyright  © (1999), American Medical Association. All rights reserved.    
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FIGURE 4.6 Extensive new bone formation on the right orbital roof of a 9–12 month old child from an Iron Age (radiocarbon dates c.200 BC–AD 100) site from Kirby, North Yorkshire, England. Photograph by Anwen Caffell for York Osteoarchaeology Ltd., on behalf of MAP Archaeological  Consultancy  Ltd.    
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develop, but these changes were also noted in cases of congenital syphilis and rickets (Barlow, 1883:192). Barlow (1883) states that Parrot originally described these skeletal changes in individuals who had congenital syph-ilis, although they may have had another condition as well. Therefore care is required when linking such changes to scurvy. At present it is probably not safe to regard these features as evidence of scurvy, but continued careful recordings of such features may allow clearer suggestions as to their cause in the future. 

 

  Macroscopic Features of Adult Scurvy 

 In adults, where growth has ceased, the skeletal manifestations of the condition will take a different form and will be very subtle; none of the changes listed in  Table  4.3    are pathognomic. During the rapid analysis of human remains excav-ated from St. Martin ’ s Churchyard, Birmingham, no cases of adult scurvy were identifi ed. However, as discussed in Brickley and Buteux (2006) documen-tary sources, and pathological changes in juveniles (Brickley and Ives, 2006) 

 

TABLE 4.3  Macroscopic Features of Scurvy in Adults  

 Bones                                             Differential 

affected         Features                 Code     diagnosis  Sources 

 Cranium          New  bone                  D           Trauma             Sloan  et  al.  (1999) 

formation – orbits 

 Dentition          AMTL  single-rooted        G            Periodontal         Wolbach & Howe 

teeth particularly                   disease          (1926), Hillson susceptible                                      (1996), Pangan &  Infl ammation in                                      Robinson (2001) ,  G alveolar bone   Ortner  (2003:387) 

 Vertebrae         Osteopenia  and            G            Osteoporosis       Joffe  (1961) 

possible bi-concave                Trauma compression (Figure 

4.10)

 Ribs                  Transverse  fractures        D             Trauma               Ortner  (2003:387) 

at osteocartilaginous 

junction of ribs 

 Pelvis                – 

 Long  bones       New bone formation      D              Trauma             Walbach & Howe 

– particularly common              Infection          (1926), Ortner towards ends  (2003), Fain (2005) 

Notes : As discussed in the text new bone formation will only occur when some vitamin C is obtained. –, no signifi cant 

features recorded for this region; AMTL, ante-mortem tooth loss. See  Table 4.2  for defi nition of codes used in diagnosis. 
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indicated that scurvy was present in Birmingham at this time. It is likely that any bone changes that were present were too subtle to be identifi ed during the rapid recording undertaken to produce the site report. 

 The lack of clear bone changes in cases of adult scurvy is demonstrated by 

the detailed study undertaken by Maat (1982) on the Dutch whalers buried at Spitsbergen. Preservation of the human remains from Spitsbergen was remark-able with traces of blood and soft tissues being present. Features such as sub-periosteal haematomas were recorded in many of the men. However, most of these cases were identifi ed through the presence of remnants of bloodstains, and only one individual actually had any new bone formation. This person must have ingested some vitamin C and this had enabled bone to form at the locations of haematomas (Maat, 1982). In some individuals there were infractions of the cortex, but it is possible that these were made more noticeable due to freezing of blood within these lesions (Maat, 1982). Infractions of cortical bone have not been noted in clinical reports of scurvy. There was evidence for in vivo tooth loss in a small number of individuals excavated from Spitsbergen. Retraction of the alveolar bone was recorded in quite a few of the individuals, but as pointed out by Maat (1982), this could have been caused by periodontal disease. 

 The most important thing to emerge from this study is that the number of 

bone changes linked to possible cases of scurvy was very small. Many adults who have scurvy will not have bone changes that enable clear diagnosis of the condition. Blood clots, in which bone formation had taken place were one of the features used by Stirland to suggest possible cases of scurvy in an adult from the ship the Mary Rose  (Stirland, 2000).  

 

  Radiological Features of Infantile Scurvy 

 A range of the radiological changes that can appear in children with scurvy are illustrated in  Figures 4.7 and 4.8 , and the diagnostic features are given in  Table 4.4  . Features such as a metaphyseal  ‘ white line ’ , which have been referred to as ‘ white lines of Frankel ’  can appear due to the preservation of areas of provisional calcifi cation at the ends of the metaphyses (Tamura et al., 2000). In some cases a fi ne white line of more mineralised bone may be apparent outlining the epiphyses and this has been termed a  ‘ Wimberger ring ’  (Tamura et al., 2000), or a  ‘ pencilled effect ’  (Grewar, 1965). As no new matrix is formed, calcifi cation is intensifi ed in a limited area. Adjacent to these white lines are lucent areas referred to as the  ‘ scurvy line ’  (Grewar, 1965) or the ‘ Trümmerfeld zone ’ . Radiolucent lines may be present in juveniles although once individuals receive adequate amounts of vitamin C these can be resolved in two to six weeks (Ratanachu-Ek et al., 2003). Because of their relatively rapid resolution, such features will be of limited use in cases of healed scurvy. At the edge of the white lines at the lateral edge of the metaphyses, spurs of more min-eralised bone can be observed, known as  ‘ Pelkan spurs ’  that result from healing of micro-fractures (Tamura et al., 2000). The term  ‘ corner  sign ’   or   ‘ corner  sign  of 
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FIGURE 4.7     Radiological changes that can be observed in infantile scurvy. 

 

Park ’  has also been applied to fractures of trabecular elements below the epiphy-sis. Fractures occur due to minor trauma as pre-existing bone becomes brittle. 

 It is noted by Follis et al. (1950:569) that skeletal lesions must be  ‘ marked ’  

before they can defi nitely be identifi ed using X-ray, and Joffe (1961) reported that in around half of those with severe cases of scurvy no radiological features were apparent (see also Akikusa et al., 2003). A number of early signs of scurvy that could be identifi ed radiologically were reported by Park et al. (1935), read-ers are referred to his published radiographs. Not all of the features described here and shown in  Figures 4.7 and 4.8  are present in all cases of scurvy (Tamura et al., 2000), and no one feature alone is pathognomic for scurvy (Grewar, 1965).  

 

  Radiological Features of Adult Scurvy 

 As illustrated by the features listed in  Table 4.5   , many of the radiological fea-tures of scurvy in adults are non-specifi c. Generalised osteopenia will extend 64 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 4.8  Antero-posterior radiograph of the left knee showing generalised osteopenia, meta-

physeal lucent bands and irregularity of the medial cortex of the distal femoral metaphysis due to fractures on the left side. Picture courtesy of Michael Weinstein and the American Academy of Pediatrics, Pediatrics (2000), 108:E55.    

 

throughout the skeleton, not just to the bones listed in  Table 4.5 . An example of to the uneven bone loss around the knee is illustrated in  Figure 4.9   . 

 Loss of bone in the vertebrae may also contribute to osteoporotic fractures in 

these bones (see  Figure 4.10   ) (Joffe, 1961). However, as discussed by Fain (2005) the reported cases of this type of fracture occurred in elderly female patients and so age-related bone loss (as discussed in Chapter 6) was almost certainly also involved. Elderly individuals frequently have multiple defi ciency diseases, and the possibility that this is occurring in the elderly has been largely overlooked (Fain, 2005). There is also the potential for the deliberate mismanagement of foods as a manifestation of elder abuse and this is considered in Box Feature 5.2. 

 To date none of the published cases of scurvy in archaeological human 

bone have used radiological features of the condition in suggesting a diagnosis. This is probably because none of the radiological features of the condition are pathognomic and many are transitory and not always present even in clinically diagnosed cases of scurvy. However, radiological analysis is worth conducting 
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TABLE 4.4  Radiological Features of Juvenile Scurvy  

 Bones                                              Differential affected        Features                   Code     diagnosis  Sources 

 Cranium          – 

 Dentition         – 

 Vertebrae        Osteopenia  (across  the      G             ‘ Ground-glass ’         McCann  (1962) 

skeleton this has been              appearance referred to as  ‘ ground-               also described glass ’   osteoporosis)                     in fl uorosis 

 Ribs                 Osteopenia                    G

 Pelvis               Osteopenia                   G

 Long               Osteopenia – of cortex      G                                 McCann  (1962), bones       and trabeculae                                   Grewar (1965), 

 Irregularity and thinning  Chatproedprai &   D  Healing  rickets 

of the cortex                                             Wananukul 

(2001)

 White line of Frankel        D or dense metaphyseal 

line

 Radiolucent  or                D            Trauma  ‘ scurvy ’   line  –  band  of 

diminished density 

beneath band calcifi ed 

cartilage

 Wimberger  ring             D Corner fractures or         D sign – defect in 

spongiosa and cortex 

below provisional zone 

of calcifi cation 

 (see  Figures 4.7 and 4.8  

for illustration of these 

features)

Note : – denotes to no signifi cant features recorded for this region. See  Table 4.2  for defi nition of codes used in 

diagnosis.

 

as it may provide additional observations that could help suggest a diagnosis particularly in juveniles.  

 

  Histological Features of Infantile Scurvy 

 Key features linked to infantile scurvy that can be identifi ed  histologically are listed in  Table 4.6  . Investigations by Follis et al. (1950) suggest that 66 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

TABLE 4.5  Radiological Features of Adult Scurvy  

 Bones                                                Differential 

affected        Features                  Code       diagnosis  Sources 

 Cranium          – 

 Dentition         – 

 Vertebrae        Generalised                 G               Osteoporosis        Joffe  (1961), 

osteopenia (may                      See Chapter 7    Greenfi eld contribute to  (1990), Tamura 

compression fractures,                                  et al. (2000), see   Figure  4.10 )                                                             Fain  (2005)   

 Ribs                 Generalised                   G               See  Chapter  7        Greenfi eld 

osteopenia (1990), Tamura 

et al. (2000) 

 Pelvis               Generalised                   G               See  Chapter  7        Greenfi eld 

osteopenia (1990), Tamura 

et al. (2000) 

 Long  bones      Generalised                 G              See Chapter 7      Greenfi eld 

osteopenia                                        (1990), Joffe  Uneven areas of                                         (1961) D osteopenia around 

knee or ankle joints 

 Figure  4.9  

  Notes: – denotes to no signifi cant features recorded for this region. See  Table 4.2  for defi nition of codes used in 

diagnosis.

 

scurvy is characterised by fractures within the trabecular bone at the epiphy-seal plate in individuals in whom endochondral bone formation should be taking place. This leads to an area with limited trabecular development, as illustrated in sections of a scorbutic and normal guinea pig rib shown in  Figure 4.11   . These investigators observed fragments of mineralised trabecular bone lying at various angles in individuals who had scurvy, or who had recently started to recover (but importantly not all individuals with scurvy showed such changes). Fractures caused by scurvy may be present for a couple of months after recovery, but, this type of fracture is not pathognomic (Follis et al., 1950). Histological changes can be used to help suggest a diagnosis in archaeological bone, but other features (macroscopic and radiological) would need to be present for a fi rm diagnosis to be considered. 

 An important point noted by Follis et al. (1950) was the diffi culty of identify-

ing features linked to scurvy using histology if severe rickets was present (see Figure 4.12). Schultz (2001) also states that some aspects of the histological appearance of scurvy and anaemia are very similar, although the cases discussed 
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FIGURE 4.9  An anteroposterior radiograph of the right knee of an adult male with scurvy. Para-

articular osteopenia can be observed around the knee joint. A smooth narrow layer of periosteal reaction was observed on the medial border of the femur and this extended along the length of the shaft. This individual did receive some vitamin C prior to the radiograph. Joffe N. 1961. Some radiological aspects of scurvy in the adult. British Journal of Radiology 34:429–437.    

 

in this paper are all archaeological so an exact diagnosis is not known. However, Schultz does provide information in differentiating between changes caused by scurvy and anaemia (Schultz, 2001:134). There are diffi culties with the histologi-cal analyses of bone sections especially where diseases co-exist, but microscopic analysis is worth considering where invasive investigative techniques are possi-ble, as it may provide additional information that can assist with a diagnosis. As shown by Brickley and Ives (2006) microscopic analysis of bone surfaces, which is relatively easy to undertake, is particularly useful for characterising the extent and type of porosity abnormal surface present in early stages of the condition. 

 

  Histological Features of Adult Scurvy 

 As can be seen in  Table 4.7   , there are no clear histological features that can be identifi ed in adult individuals with scurvy. Changes such as the widespread 68 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 4.10 Lateral radiograph of the lumbar spine of an adult male with scurvy, showing generalised osteopenia and bi-concave compression of the vertebrae. Joffe N. 1961. Some radio-logical aspects of scurvy in the adult. British Journal of Radiology 34:429–437.   

 

TABLE 4.6  Histological Features of Juvenile Scurvy  

 Differential

 Tissue  type        Features                Code     diagnosis  Sources 

 Cortical  bone        Metaphyseal             D            Trauma              Milgram  (1990) 

fractures

 Trabecular           Fractures  in               D            Trauma              Bourne  (1942b), 

bone           trabecular bone                              Follis et al. 

elements                                   (1950), Milgram  Broken or irregular                                   (1990) D  Leukaemia ossifi ed cartilage 

columns

Note : See  Table 4.2  for defi nition of codes used in diagnosis.  
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FIGURE 4.11  1.  Un-decalcifi ed section of costochondral junction of rib of guinea pig receiving 

ample diet of greenstuff. Numerous calcifi ed trabeculae may be seen extending from the junction. 2. Un-decalcifi ed section of costochondral junction of rib of guinea pig on a scorbutic diet for two weeks. Number of trabeculae greatly reduced (Ca., cartilage; T., trabeculae; C.R., cortex of rib; M., marrow; B., deposit of bone salt in cartilage). Courtesy of Geoffrey H. Bourne. 1943. Some experiments on the possible relationship between vitamin C and calcifi cation. Journal of Physiology, Wiley-Blackwell Publishing Ltd. 

 

osteopenia will be observable, but as discussed in Chapter 7, the range of conditions and circumstances that can lead to the development of secondary osteopenia are extensive.   

 

DIFFERENTIAL DIAGNOSIS 

 Increased knowledge about scurvy, and especially its appearance in juvenile bone, has prompted many investigators to consider scurvy when considering a differential diagnosis for pathological changes in human skeletal remains (e.g. Fairgrave and Molto, 2000; Lambert, 2002; Lewis, 2002; Danzeiser Wols and Baker, 2004; Blom et al., 2005). 

 The importance of checking for multiple defi ciency diseases is discussed 

by Ortner et al. (2001:349) and here one of the individuals analysed from Native American skeletal collections is also suggested to have anaemia due to the skeletal changes present. The likely co-existence of a number of patho-logical conditions was also reported in the human bone from Tonga (Buckley, 2000), where there was evidence for anaemia and infectious diseases (possibly due to conditions such as weanling diarrhoea and yaws) (Buckley, 2000). The presence of acute infectious diseases may have resulted in malabsorption of vitamin C (Buckley, 2000:499). 

 Although periosteal new bone formation frequently occurs with scurvy, a 

wide range of other pathological and traumatic conditions can cause such new bone formation (see  Table 4.4 ) and all of these should be considered before making a diagnosis. 
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Scurvy

 

Rickets

 

FIGURE 4.12  Camera lucida drawing of transverse sections of a typical scorbutic and rachitic 

rib. The upper borders correspond to the outer surfaces of the costochondral junctions. In rickets the sharp angle of junction between cartilage and shaft is not apt to be present because of the deep rachitic intermediate zone interposed between the proliferative cartilage and the shaft. Reproduced with permission from the BMJ Publishing Group © . Archives of Disease in Childhood, Park et al. 1935. 10:265–294, Figure 37.    

 

TABLE 4.7  Histological Features of Adult Scurvy  

 Differential

Tissue type Features                Code   diagnosis       Sources

 Cortical  bone      Generalised  osteopenia      G           See  Chapter  7       Bourne  (1942a) 

 Trabecular        Generalised  osteopenia      G           See  Chapter  7        Bourne  (1942a) 

bone

Note : See  Table 4.2  for defi nition of codes used in diagnosis.  

 

The diagnosis of scurvy can be complicated by the frequent co-occurrence 

of other defi ciency diseases, such as vitamin D defi ciency (Pimentel, 2003). The presence of metaphyseal cupping of long bones, a feature frequently associated with rickets (discussed in Chapter 5), can in rare cases also occur as a result of infantile scurvy (Hallel et al., 1980). As stated by Ortner and 
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Box Feature 4.3. Scurvy in Non-Human Primates: A Result of 

Human Actions   

 

 All primates lack the ability to synthesise vitamin C (Akikusa et al., 2003), but it is 

unlikely that many non-human primates would experience scurvy in their natural 

habitat with unrestricted access to their normal foods. Spontaneous scurvy will be 

rare in non-human primates and the condition will almost certainly always relate 

to inappropriate feeding by humans, or dietary restrictions that occur as a result 

of human actions. A reported case of scurvy occurred in young rhesus macaques 

held at a research centre (Morgan and Eisele, 1992). Scurvy developed as a result of 

feeding the macaques a commercially available diet, which turned out to be defi -

cient in vitamin C. In this case the problem was spotted and rectifi ed, and all but 

one of the animals regained full health. An older case of scurvy is reported from 

mummifi ed baboons from ancient Egypt, which would have been kept in captivity 

(Nerlich et al., 1993). These authors found that pathological investigations contrib-

uted signifi cantly to understanding life and living conditions of baboons at this time. 

 It is unclear if the research suggested by Stone (1965) regarding further testing of 

all non-human primates to see which if any animals have the gene that is responsible 

for synthesis of ascorbic acid has ever been undertaken. An answer to this question 

would provide important information that would contribute to a clearer understand-

ing of human evolution and the relationship of humans to other primates. 

 

Ericksen (1997) care should be taken that skeletal changes caused by scurvy are not confused with those such as infections and anaemia. It has been suggested that in children, the bone pathology associated with scurvy could be confused with the types of changes that occur during child abuse (Rajakumar, 2005), but it is possible that neglect of a child could result in them developing scurvy due to a nutritionally inadequate diet. These issues are discussed in Box Feature 5.2.

 

CONCLUSIONS 

 The recognition that vitamin C defi ciency does, and certainly in the past, did exist quite widely means that anthropologists will be able to use information on this condition in a wide range of current debates. With the publication of the many cases of scurvy that have been recognised from a range of archaeo-logical contexts over the next couple of years, bioarchaeologists in particu-lar are well placed to contribute to a diverse range of fundamental debates in anthropology, including wider recognition of the health impacts of displaced peoples as well as culturally mediated practices within infant feeding and weaning. Information on scurvy in both past and present societies is also likely to be an important source of information in future studies of disease inter-actions on human health and the life course.  
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TABLE A1  Reported Published Paleopathological Cases of Scurvy  

 Total           Age/Sex,  bones 

 Location           Date                   burials     affected               Methods       Attributed  cause                Sources 

 Germany           3500–2900  BC           NS             3  J.  Cranial               Mac.  Rad.         NS                                    Carli-Thiele  (1995, 

(EN)                                             Mic.                                       1996)

THE BIOARCHAEOLOGY OF MET

 Greece              3500–2000  BC  (N)        NS             J?  Cranial                Mac.              Link to adoption of                 Papathanasiou  (2005) 

agriculture

 Austria                2200–1800  BC  (N)        5                 1  J.  NS                      Mac.  BiT.          NS                                         Schmidt-Schultz  & 

Schultz (2004) 

 Austria                2200–1800  BC             110             7  J.  NS                     Mic.                Seasonal  occurrence  with           Schultz  (2001) 

(EBA)                                                          adoption of cereal grains 

 Jordan                 3300–3200  BCE           153            J. (2 clear, 2?).           Mac.              Episodes of malnutrition in        Ortner et al. (2007) 

(EBA)                          Cranial, Long                      the community 

 Slovakia              2200–1800  BC            89              15  J.  NS                   Mic.                Seasonal  occurrence  with           Schultz  (2001) 

(EBA)                                                          adoption of cereal grains                                      ABOLIC BONE DISEASE

 England             2200–1970  BC  (BA)       14              1  J.  Cranial,  Long        Mac.               Suggested  lack  of                    Mays  (2008) 

breastfeeding

 Turkey                2200–1800  BC            123             17  J.  NS                   Mic.                Seasonal  occurrence  with           Schultz  (2001) 

(EBA)                                                          adoption of cereal grains 

 Israel                    ca. 2200 BC (MiBA)       1                1 J. Cranial               Mac.  Rad.         NS                                       Mogle & Zias (1995) 

Mandible
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 England             650  BC–AD  100          NS             1  J.  NS                    Mac.  Rad.         NS                                      Roberts  (1987) 

(IA-ER)

 England             AD  43–410  (R)            52              2  J.  Cranial                Mac.                Seasonal  availability  of              Melikian & Waldron 

foods                         (2003)

V

 Peru                    200  BC–AD  1530         NS              J.  (10%).  Cranial          Mac.                NS                                       Ortner et al. (1999).                  itamin C Defi

Additional data 

Ortner (2003:390) 

 England             AD  410–1050             NS             A.  Cranial  and           Mac.               NS                                     Wells  (1964) 

(A–S)  ciency  Long

 Greece              AD  500–600  (PB)         NS             2  J.  Cranial                Mac.               Natural  event  e.g.,                    Bourbou  (2003a, 

Mandible Long  Scurvy  earthquake restricting fresh  2003b)

food supplies 

 Portugal               AD  300–500   (R)          8                 1  J.  Cranial                 Mac.                NS                                         Ferreira  (2002) 

Scapula

 England             AD  750–1550  (M)        52              2  J.  Cranial                Mac.               Seasonal  availability  of              Melikian & Waldron 

foods                         (2003)

 Tonga               AD 800–1700 (PE)      NS            J. and A. Cranial        Mac. Rad.        Possible crop destruction         Buckley  (2000) 

Long                          following natural disaster. 

Co-occurring with a number 

of other diseases. 

  Guatemala         800 BC–AD 300         15?           J. and A. Cranial        Mac.              Seasonal  availability  of             Saul  (1972) 

Long                          fruit, food storage and 

preparation practices 

 Denmark          AD 750–1550 (M)       800           28 J. and A.             Mac.             NS                                 Møller-Christensen 

Cranial and Long                                                   (1958)                           73

Continued
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TABLE A1  (Continued)

 Total           Age/Sex,  bones 

 Location           Date                   burials     affected               Methods       Attributed  cause                Sources 

 North America      AD 1300–1850          NS           J. (2–38% by site).      Mac. SSEM.     Variation in food resources        Ortner et al. (2001). 

Cranial Long                         and cultural practices            Additional data Scapula                                                       Ortner (2003:390) 

 England             AD  1485–1603            NS             A.  Cranial  and           Mac.               NS                                      Stirland  (2000). 

(PM) THE BIOARCHAEOLOGY OF MET  Long

 Germany           500–1400  AD            159            57  J.  NS                  Mic.               Seasonal  occurrence                Schultz  (2001) 

 The                     AD  1600–1700            50              39 A and J. Cranial      Mac. Mic.         Endemic during winter             Maat (1982), Maat & Netherlands      (PM)                          Long                            periods – seasonal             Uytterschaut (1984), 

availability of foods               Maat (2004). 

 Alaska                 AD  1800–1900            NS              1  J.  Cranial                Mac.                Change in diet post-contact       Ortner (1984) 

 England             AD  1800   (PM)           164             6  J.  Cranial                Mac.  SSEM.       Socio-economic  status  likely       Brickley & Ives (2006) 

Mandible Scapula                  restricting food available, 

and potato crop destruction 

 Peru  ABOLIC BONE DISEASE  Not  specifi ed   19   3  J.  Cranial   Mac.   NS   Melikian  &  Waldron 

(2003)

Notes : Dates given are only approximate to provide a time line. Time periods given by original authors are indicated in brackets: E, Early; Mi, Mid.; N, Neolithic; BA, Bronze Age; IA, Iron Age; 

R, Roman; A-S, Anglo Saxon; M, Medieval; PM, Post Medieval; PE, pre-European; PB, proto-Byzantine; J, juveniles; A, adults; NS, not specifi ed; Long, Long bone; Mac., macroscopic examination; Mic., histological examination; SSEM, surface SEM; Rad., radiological examination; BiT, biochemical test.  




 Chapter  5 

 

Vitamin  D  Defi ciency 

 

 Vitamin D is a pro-hormone that is vital for skeletal health and which plays a signifi cant role in many bodily functions including immune reaction, min-eral metabolism, cell growth and maintaining cardiovascular health (Holick, 2005:2746S, see also Holick and Adams, 1998; Hochberg, 2003; Pettifor, 2003). Clinical research into the actions and effects of vitamin D and inter-ruptions in its synthesis and utilisation is developing rapidly and the next few years are likely to yield signifi cant advances in our knowledge of this element in health. Similarly, investigations into the role of vitamin D in health in past populations are developing, and will enable a greater insight and wider inter-pretations of the range of factors affecting life in the past. 

 Vitamin D synthesis is dependent on the exposure of skin to ultraviolet rays 

in sunshine or dietary intake of vitamin D from eggs, fortifi ed milk, liver and oily fi sh such as salmon, tuna and mackerel (Francis and Selby, 1997; Holick, 2006). At the skeletal level, vitamin D is essential for proper mineralisation of osteoid formed during bone growth and remodelling (Pitt, 1988; see Chapter 3 for these processes), and plays a signifi cant role in calcium homoeostasis. The evolutionary development of an inter-relationship between vitamin D and cal-cium has recently been considered by Holick (2003). 

 

  THE SKELETAL REQUIREMENT OF VITAMIN D 

  Figure  5.1    illustrates how vitamin D is required during the mineralisation of newly formed bone osteoid. Vitamin D is particularly important in aiding intestinal mineral absorption and regulating renal re-absorption and excretion to ensure that suffi cient calcium and phosphorous exist in the blood serum to enable bone mineralisation (Pitt, 1988; Heaney, 1997a; Holick and Adams, 1998).

 The impact of reduced amounts of vitamin D on calcium metabolism is dem-

onstrated in  Figure 5.2   . The principal feature is an increase in bone resorption to release calcium back into the blood serum. If severe, a vitamin D defi ciency can lead to skeletal osteopenia (Chapuy and Meunier, 1997; Heaney, 1997a; Bilezikian and Silverberg, 2001; Holick, 2002a). During a prolonged defi ciency of vitamin D, the subsequent shortages of serum calcium and phosphorous will prevent or delay the mineralisation of newly formed organic bone matrix leading 
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FIGURE 5.1     Flow diagram illustrating the effects of insuffi cient attainment of vitamin D.    
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FIGURE 5.2     Physiological effects and reactions to vitamin D insuffi ciency.    

 

to the accumulation of unmineralised patches of osteoid throughout the skeleton (St-Arnaud and Glorieux, 1997:295; Holick, 2002a:733; Holick, 2003). These predispose to sites of weakness and stress in the skeleton (Chalmers, 1970 in Parfi tt, 1986a:268; Mankin, 1974:118–119). Skeletal deformities arising from poorly mineralised bone comprise rickets in children and osteomalacia in adults (discussed further below). 

 The  specifi c actions of vitamin D on bone cells are to date unclear. Osteo-

blasts contain a vitamin D receptor, and respond to stimulatory signals in dif-ferentiation and osteoid synthesis and mineralisation (St-Arnaud and Glorieux, 1997:297). Vitamin D appears to have an effect on increasing production of 
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factors such as alkaline phosphatase, osteocalcin and osteopontin, which are necessary for osteoid mineralisation (Favus, 1999:617). Under a severe vitamin D defi ciency, osteoblast formation and activity are impaired further pre-venting osteoid mineralisation (Parfi tt, 1997). 

 

  TERMINOLOGY 

 Vitamin D is a pro-hormone rather than a traditional vitamin, as it requires syn-thesis or transformation to become actively utilised in the body (Mankin, 1974; Holick, 2003). Different terminology is used to refer to the status of vitamin D at each stage of formation. As these terms are used interchangeably throughout literature concerning vitamin D, a summary is presented in  Table 5.1   . 

 

  CAUSES OF VITAMIN D DEFICIENCY 

 Vitamin D defi ciency is primarily caused by a prolonged lack of exposure to sunlight and/or dietary defi ciency of foodstuffs containing vitamin D (see Holick, 2003; Pettifor, 2003). There are a number of rare hereditary and other conditions that can result in severe skeletal manifestations of vitamin D defi -ciency and these changes are discussed later in this chapter. It is likely that high levels of vitamin D defi ciency in past populations will be attributable to defi ciencies of sunlight and dietary practices (see Mays et al., 2006a). As such, the presence of this condition in past populations, whether manifest in adults or juveniles, can provide an important indicator of socio-economic, cultural, environmental and nutritional conditions in the past (see Ortner and Mays, 1998; Mays et al., 2006a; Brickley et al., 2007). 

 

  Sunlight 

 The method of vitamin D synthesis from ultraviolet radiation is detailed in  Figure  5.3   . It is the fi nal form of vitamin D which is metabolically active and is required for cellular, muscle and skeletal functions. Exposure of the skin to sunlight is therefore extremely important in the synthesis of vitamin D (Hess, 1930:107–117; Mankin, 1974; Holick, 2003). 

 Holick recently estimated that between 5 and 15   minutes exposure to 

sunlight per day of adult arms and legs or hands, face and arms between the spring, summer and autumn should generate a minimum required amount of 1000 International Unit (IU) of cholecalciferol (2005:2746S). Fully clothed infants but without a hat, need sunlight exposure for 2     hours a week to main-tain normal levels of calcifediol (25(OH)D) (Pettifor and Daniels, 1997:665). Sunlight exposure varies between the geographic latitude of countries and also fl uctuates with seasonal alterations in sunlight (see  Table 5.2   ). These factors can signifi cantly alter the amount of vitamin D synthesis. 
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TABLE 5.1  Summary of Terminology Relevant to Different Aspects of 

Vitamin D Metabolism  

 Terminology                 Additional  terms           Descriptions 

 7-Dehydrocholesterol         N/A                          Exists in the skin and is 

required to turn into

pre-vitamin D 3

 Vitamin  D 3                        Cholecalciferol  (also           Formed from irradiation 

referred to as calciferol)     of pre-vitamin D 3  in the 

skin

 Vitamin  D 2                        Ergocalciferol  (also            Produced by irradiation of 

referred to as calciferol)     food sources 

 25-Hydroxyvitamin  D           Calcifediol                     Produced  via  hydroxylation 

 25(OH)D                                                   of vitamin D 3  in the 

liver

 1,25-Dihydroxyvitamin  D       Calcitriol                       The  most  biologically 

 1,25(OH) 2 D                                                          active form of vitamin D 

 produced via a 

hydroxylation of 25(OH)D 

in the kidney 

 Vitamin D insuffi ciency         N/A                           Decrease of vitamin D 

in the serum and in 

metabolism

 May initiate secondary 

hyperparathyroidism

 If worsened will result in 

defi ciency 

 Vitamin D defi ciency            Rickets  –  children *              A level of vitamin D at 

 Osteomalacia   –  adults *       which pathological 

changes will occur  

 Changes in intestinal

and renal (kidney) 

handling of calcium and 

phosphorous

 If prolonged, pathological 

skeletal changes will occur 

Source:  Reid  (2001:554) 

*Discussed further in this chapter.  

 

  Table 5.2  clearly demonstrates that there is substantial variation in yearly 

sunshine hours throughout various countries based on data published by Hess (1930:43). The growing accumulation of air pollution and continued con-centration of urban architecture (such as taller buildings) are likely to have fur-ther impacts on sunlight availability in various locations in more recent times. 
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FIGURE 5.3     Attainment and synthesis of vitamin D from sunlight.    

 

 The lower levels of sunlight in areas of the United States and Northern 

Europe are attributable both to greater latitude as well as to the effect of sea-sonal climatic variation. Changes in the solar zenith angle alters the amount of ultraviolet B radiation that can penetrate through the ozone layer and reach the earth (Holick and Adams, 1998:128; Holick, 2003). Individuals living cit-ies in the northeastern parts of the United States (such as Boston) produce no vitamin D during winter months even when sunlight exposure is prolonged (Holick and Adams, 1998). Whilst age-related changes can increase the sus-ceptibility to vitamin D defi ciency in the elderly (see later description), various studies have demonstrated that younger adults are also at risk. For example, a study of young adults living in Finland identifi ed 86% of women and 56% of men aged 31–43 years as vitamin D insuffi cient at the end of the winter (Lamberg-Allardt et al., 2001:2070; see also Tangpricha et al., 2002). Young adults living in Ireland, England, Italy and France are similarly affected during the winter (see Chapuy and Meunier, 1997:684). 

 Seasonal vitamin D insuffi ciency may not result in skeletal changes of 

rickets or osteomalacia, but may result in bone loss resulting from underlying 80 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

TABLE 5.2  Yearly Average Number of Hours of Sunlight in Various 

Cities (Arranged by Greatest Number of Hours)  

 Yearly  average                              Yearly  average 

 City  (country)           sunlight hours     City (country)          sunlight hours 

 Phoenix  (US)               3752                    Tsing-tao  (China)          2202 

 Cairo  (Egypt)                3238                     Tokyo  (Japan)               2171 

 Kingston  (Jamaica)        3169                   Sofi a (Bulgaria)           2145 

 Port-au-Prince  (Haiti)      3056                    Sydney  (Australia)         2125 

 San  Diego  (US)             3049                    Portland  (US)               2095 

 Tampa  (US)                2948                   Toronto  (Canada)          2048 

 Denver  (US)                2946                    Seattle  (US)                2022 

 Madrid  (Spain)             2909                   Budapest  (Hungary)      1963 

 San  Francisco  (US)         2878                    Oslo  (Norway)              1949 

 Honolulu  (Hawaii)         2840                   Vienna  (Austria)           1852 

 San Juan (Porto Rico)     2720                  Cracow (Poland)          1733 

 Athens  (Greece)           2655                   Zurich  (Switzerland)       1693 

 Chicago  (US)                2632                    Berlin  (Germany)          1672 

 Washington  (US)           2598                   Paris  (France)              1663 

 New  York  (US)              2557                    Brussels  (Belgium)        1570 

 New  Orleans  (US)          2519                   Utrecht  (Holland)          1469 

 Buenos  Aires               2396                    Leningrad  (Russia)        1427 

(Argentina)

 Rome  (Italy)                 2362                     Stockholm                 1418 

(Sweden)

 Palermo  (Sicily)             2261                     London  (England)         1227 

 Port of Spain              2245                   Glasgow  (Scotland)       1086 

(Trinidad) 

 Bucharest  (Romania)      2238 

Source :  Hess  (1930:43). 

 

secondary hyperparathyroidism caused by the secondary effects of lowered vitamin D on calcium metabolism (Chapuy and Meunier, 1997). Where defi -ciencies become more marked and prolonged, without means of additional intake of vitamin D from the diet or artifi cial supplementation, pathological 
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skeletal changes can develop. The effect of seasonality on sunlight exposure is signifi cant in the pathogenesis of vitamin D defi ciency. Behaviour related to seasonal climate (e.g. warm layers, and hats and gloves) can limit skin surfaces available for pre-vitamin D synthesis.  

 

  Cultural Practices and Sunlight Exposure 

 Customs exist in many population groups, which dictate the adoption of spe-cifi c clothing practices. Cultural practices may be specifi c to certain occasions or circumstances and there may be a different practice adopted between public and private living (Groen et al., 1964; Groen et al., 1965). However, individ-uals who follow such cultural practices may receive extremely limited sunlight exposure minimising vitamin D synthesis, which can be exacerbated without extensive consumption of dietary sources of vitamin D (see Berlyne et al., 1973; Güllü et al., 1998). The health consequences of some of these practices are becoming more widely recognised with the onset of detailed investigation in affected regions, and may vary depending throughout the life course. Elderly females, or those experiencing pregnancy and lactation may be affected more than other demographic groups (see later description). 

 Many modern developed countries strongly advocate the use of sunscreens, 

and skincare products routinely incorporate protective sunscreen lotions to prevent harmful over-exposure to sunlight and consequent risk of skin cancer. By preventing the absorption of ultraviolet light by the skin, these factors also limit the means of dermal production of vitamin D (Holick, 2003). These devel-opments may have a signifi cant impact in the risk of heightening the occur-rence of low levels of vitamin D in many demographic groups within affected countries. 

 

  Skin Pigmentation and Genetic Adaptations 

 Skin pigmentation is caused by melanin, a granular substance that can absorb and fi lter components of ultraviolet light in the skin. Melanin is responsible for skin and hair colour (Jablonski and Chaplin, 2000; Jobling et al., 2004:407– 409). Variation in skin colour derives from differences in the number, size and distribution of the vesicles which contain melanin in the skin (melanosomes). Dark skin contains a number of large, dark melanosomes, whereas lighter skin contains smaller and less dense melanosomes (see Jobling et al., 2004:408). The chemical structure of melanin may also vary between individuals of dif-ferent skin colour, but such differences are incompletely understood (see Jobling et al., 2004:408). 

 There are differences in vitamin D concentrations between individuals of 

different ancestry, which act to vary the risk of developing rickets and osteo-malacia (Mitra and Bell, 1997). The interaction between the degree of skin pigmentation and risk of vitamin D defi ciency is complex, but is suggestive 82 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

of greater risk with darker skin. Research has indicated that black popula-tion groups living away from the equator, tend to experience lowered levels of 25(OH)D (Holick, 2003). It is thought that increased melanin in the darker skin pigmentation reduces the dermal production of vitamin D 3 , which is com-bined with reduced sunlight exposure evident in countries with greater latitude. In consequence, Holick (2005:2742S) has argued that  ‘ African-Americans who are heavily pigmented require at least fi ve to ten times longer [sunlight] expos-ure than whites to produce adequate cholecalciferol in their skin ’  (see also Clemens et al., 1982; Nesby-O ’ Dell et al., 2002). 

 Low levels of vitamin D in black individuals tend to be correlated with 

increased concentrations of parathyroid hormone, in an attempt to increase vitamin D synthesis and improve calcium metabolism and availability. Genetic differences, for example, in enzymes required for vitamin D hydroxylation, may also exist but require further study (Mitra and Bell, 1997). Much of what is currently known regarding vitamin D metabolism derives from research into population groups in North America and Europe. Future research across a wider geographical range will provide a better understanding into population differences of vitamin D amounts and utility, together with the implications for health. 

 Population groups with increased skin pigmentation who immigrate into 

more northerly latitudes have been recently documented as experiencing vita-min D insuffi ciency and defi ciency (e.g. Meyer et al., 2004; De Torrenté de la Jara et al., 2006; Roy et al., 2007). It is likely that decreased sunlight exposure due to seasonality and latitude are signifi cant causative factors, together with increased skin pigmentation compared to European white groups. Co-occurring dietary factors may play an important role in increasing the risk of vitamin D defi ciency in Asian groups within northern latitudes (see later description).  

 

  Food Sources 

 Vitamin D can be obtained from various food sources, although in the developed world these largely consist of foods that have been artifi cially fortifi ed to boost vitamin D intake (Mankin, 1974; Holick and Adams, 1998:13; Bilezikian and Silverberg, 2001:72).  Figure 5.4    demonstrates the process of vitamin D synthe-sis from food sources. Natural foods containing vitamin D are primarily eggs and oily fi sh (Holick, 2003).  Table 5.3    summarises the vitamin D content of various foods. Individuals who lack sunlight exposure are dependent on large doses of vitamin D in the diet or on modern artifi cially created supplements (see the requirements of submariners discussed by Preece et al., 1975 cited by Boyle, 1991:59). 

 In 1997 the Institute of Medicine recommended that the minimum intake 

of vitamin D should be 400IU in middle aged adults and over 600IU in older adults (70  years) (Holick, 2002a:4). However, Holick has argued that these levels are too low and that in the absence of sunlight exposure, dietary intake 
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FIGURE 5.4     Attainment and synthesis of vitamin D from food sources.    

 

TABLE 5.3  Vitamin D Content of Various Modern Foodstuffs  

 Per                                                    Per 

 Vitamin  D     portion     Food           Vitamin  D     portion

 Food  source        content      size        source       content      size

 Milk *                      100IU               8        oz               Liver,  beef         30IU                  3.5        oz 

cooked

 Orange  juice *          100IU              8        oz              Tuna                 236IU                3.5        oz 

canned

 Yoghurts *              100IU             8        oz              Mackerel           ~ 250IU             3.5        oz 

canned

 Butter *                   56IU                3.5        oz            Sardines            ~ 300IU              3.5        oz 

canned

 Margarine *            429IU             3.5        oz           Salmon             ~ 300–600IU       3.5        oz 

canned

 Cheese *               100IU             3        oz              Salmon             ~ 400–500IU       3.5        oz 

fresh

 Egg yolk (fresh or       ~ 20IU             Yolk            Eel                200IU              3.5        oz 

lightly cooked,                                    cooked

not dried) *

 Shiitake                 100IU              3.5        oz            Oysters             272IU               3        oz 

mushroom                            cooked

(fresh)

 Shiitake                 1600IU            3.5        oz            Cod-liver          400IU              5       ml

mushroom                            oil          1360IU       15        ml 

(sun-dried)

Sources : Hess (1930:76) and Holick (2006:2065). The recommended daily amount of vitamin D is 1000IU (see text). 

* Contain artifi cially fortifi ed forms of vitamin D that are unavailable to populations in many developing countries 

and in the past.  
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of vitamin D should be increased to 1000IU per day (2002a:4). It is recom-mended that infants receive 400IU per day and females lactating should receive up to 2000IU per day to maintain infant levels of calcifediol (25(OH)D) and also benefi t maternal calcium metabolism (see Pettifor and Daniels, 1997:665, 670). 

 Modern estimates suggest that between three and four portions of oily fi sh, 

such as salmon are needed per week to maintain the minimum adequate vita-min D status (Holick, 2003, 2004). Whilst milk can be a valuable source of vitamin D and calcium in modern western societies, the vitamin D component is only apparent following artifi cial irradiation (Bilezikian and Silverberg, 2001:72).

 Dietary intake of vitamin D is not as effi cient as dermal synthesis follow-

ing sunlight exposure. For example, Holick (2005:2743S) states that an adult white individual exposed to suffi cient sunlight to cause a slight pinkness of the skin during one tanning, will produce a comparable amount of vitamin D to an individual ingesting approximately 10,000–20,000IU of vitamin D from food intake. 

 Of considerable importance in modern and across past populations, is 

consideration of the potential for various foods to affect the utility of vitamin D and its interaction with calcium metabolism. For example, high levels of phytate from cereal grains can bind to calcium preventing its absorption and use in the body. The resulting calcium imbalance interferes with the normal vitamin D synthesis (see Dunnigan and Henderson, 1997; Pettifor and Daniels, 1997:674). Low-calcium diets increase the concentrations of active vitamin D (1,25(OH) 2 D), which in turn heightens the rate of clearance of calcifediol (25(OH)D). This reduces the supply of vitamin D available for hydroxylation in the kidney, requiring greater vitamin D 3  production (Pettifor and Daniels, 1997:673; Holick, 2003). High-fi bre diets and intestinal malabsorption also reduce the half-life of 25(OH)D. 

 Vegetarian diets which include sources of calcium (e.g. milk, cheese) but 

which do not contain oily fi sh, meat or eggs may pose a risk to health if sun-light exposure is minimal. The low protein levels of such a diet may contribute to a lack of vitamin D through reducing oxidation required in the transform-ation of pre-vitamin D to active vitamin D (Dunnigan and Henderson, 1997). Low dietary protein is a factor implicated with the onset of osteopenia (see Chapter 7), and this risk will be exacerbated if there is insuffi cient vitamin D to effi ciently regulate calcium absorption and utility.  

 

  Pregnancy and Lactation 

 Foetal development requires substantial calcium accumulation through placental transfer during pregnancy (Prentice, 2003:249; Chapter 6). Adequate vitamin D is essential to increase the intestinal absorption of calcium and for provision of binding proteins (e.g. calbindin 9k -D) to enable calcium utility (Care, 1997; 
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Prentice, 2003:250). Additional synthesis of active vitamin D can occur in the placenta and oestrogen, prolactin and growth hormone can enhance the renal production of vitamin D during pregnancy (Holick and Adams, 1998:137). Pregnancy, and lactation in particular, have been associated with an increase in bone remodelling, with temporary losses of bone tissue occurring where extra serum calcium is required (see Prentice, 2003:252; Chapter 6). Prolonged defi -ciencies of vitamin D during this period will not only impact on calcium avail-ability and absorption from the diet, but may exacerbate bone loss through secondary hyperparathyroidism. This will occur together with a failure to mineralise bone that may be formed during the increased remodelling. Recent clinical evidence has demonstrated the presence of vitamin D insuffi ciency in reproductive aged females (Holick, 2002b; Nesby-O ’ Dell et al., 2002). 

 Severe vitamin D defi ciency occurring in childhood and adulthood can affect 

the structure and morphology of the pelvis, particularly in the narrowing of the pelvic outlet (see  Figure 5.5   ). These changes have severe implications for obstructing normal delivery following pregnancy. Hess (1930:227) has dis-cussed the frequency with which caesarean section operations have been 

[image: ]

 

FIGURE 5.5  Severe effects of vitamin D defi ciency osteomalacia on an adult pelvis. Note the 

buckling of inferior pubic rami, displacement of pubic symphyses, fracture of superior pubic rami with protrusion into pelvic inlet, buckling and collapse of ilium and angulation with anterior protru-sion of the sacrum. The range of these defects in cases of osteomalacia is likely to have had impli-cations for childbirth. Photograph by authors, courtesy of the Federal Museum for Pathological Anatomy, Vienna, Austria. 
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required in cases of vitamin D defi ciency (see also Mankin, 1974; Herm et al., 2005; and Ortner and Mays, 1998; Ortner, 2003; Brickley et al., 2005 for illus-trations of skeletal changes). It is likely that the undertaking of this type of operation even in the relatively recent past was a signifi cant concern for mater-nal health. 

 Cultural clothing practices which limit sunlight exposure can particularly 

exacerbate the risk of vitamin D defi ciency during pregnancy and lactation. Increases in bone remodelling combined with insuffi cient dietary intake of calcium and limited sources of vitamin D can result in severe consequences for the skeleton (see examples in Serenius et al., 1984; Henry and Bowler, 2003:329; Herm et al., 2005). Further differences in socio-economic status, food availability (such as cost of milk products), housing conditions (degree of outside space in rural and urban settlements) and air pollution, are factors con-tributing to vitamin D defi ciency particularly during pregnancy (e.g. Sachan et al., 2005). 

 Maternal stores of calcifediol (25(OH)D) can be passed to the foetus via 

the placenta and to the infant through breast milk, but these stores are rapidly utilised within three to four weeks, necessitating additional sources of vitamin D from a young age (Hess, 1930:90–91; Pettifor and Daniels, 1997; Holick, 2003). These sources are severely limited by maternal vitamin D defi ciency, and like other metabolic conditions (e.g. scurvy in Chapter 4), can result in infantile expression of the maternal pathology (Care 1997; Mitra and Bell, 1997; Pettifor and Daniels, 1997). 

 Unfortifi ed  cow ’ s milk contains little vitamin D and a relatively equal 

ratio of calcium to phosphorous. Human milk contains more calcium and vitamin D, with the latter ranging between 20 and 60IU per litre (Pettifor and Daniels, 1997:664). Pettifor (2003:545) has calculated that if an infant con-sumed 600–700       ml of breast milk a day, this would confer a vitamin D amount of less than 40IU, which is considered insuffi cient to protect against vitamin D defi ciency. Maternal supplementation with 1000–2000IU of vitamin D per day can increase the amount of vitamin D within breast milk. Alternatively, increased infant sunlight exposure is needed to provide adequate vitamin D status.

 

  Increased Age 

 Clinical evidence indicates that vitamin D concentrations in older individuals are less than those found in younger adults with the same diet and sunlight exposure (Bilezikian and Silverberg, 2001; Mosekilde, 2005). Dermal levels of 7-dehydrocholesterol decline with age (Bilezikian and Silverberg, 2001) and both skin thickness and capacity to produce pre-vitamin D 3  are also limited (Chapuy and Meunier, 1997:681; Halloran and Portale, 1997:542; Holick and Adams, 1998). There is currently no evidence to indicate age-related variation in the capacity of a healthy liver to produce calcifediol (25(OH)D). However, 
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kidney function decreases with age, potentially reducing active vitamin D (1,25(OH)2 D) synthesis (Halloran and Portale, 1997; Reid, 2001). Decreased kidney response to parathyroid hormone may also contribute to a reduction of vitamin D (Bilezikian and Silverberg, 2001). It is not yet clear whether there are age-related changes in the intestinal absorption of dietary vitamin D (Chapuy and Meunier, 1997:681; Holick and Adams, 1998:131; Bilezikian and Silverberg, 2001:72). Further research is needed to extrapolate whether there are different effects of aging on vitamin D synthesis between the sexes, as well as between groups of different ancestry (Halloran and Portale, 1997).  

 

  Age-Related Osteoporosis 

Vitamin D insuffi ciency has been increasingly noted in elderly individuals with osteoporosis and post-menopausal females (Chapuy and Meunier, 1997; Holick and Adams, 1998; Lips, 2001). Oestrogen defi ciency  following  the menopause can exacerbate secondary hyperparathyroidism contributing to low levels of vitamin D (Holick and Adams, 1998:137). These changes can increase the rate of bone loss, which together with the accumulation of poorly mineralised bone will prevent effi cient load bearing and contribute to the risk of fracture. Individuals with age-related osteoporosis have demonstrated mark-edly low concentrations of vitamin D (Bilezikian and Silverberg, 2001), likely exacerbated where dietary calcium intake is also low (Malabanan and Holick, 2003). A correlation between vitamin D defi ciency and osteoporosis-related fracture of the femoral neck has been suggested in several early clinical studies (e.g. Aaron et al., 1974; Parfi tt, 1986a; Chapter 6). Several more recent stud-ies have demonstrated that a reduction in the number of osteoporosis-related fractures with supplementation of vitamin D does occur (Chapuy and Meunier, 1997; Feskanich et al., 2003), but such results are not consistent across studies and additional lack of calcium is likely to prevent supplementations of vitamin D from being effective (see recent reviews in Eastell and Riggs, 1997; Favus, 1999; Lips, 2001; Reid, 2001; Malabanan and Holick, 2003). Furthermore, it remains diffi cult to extrapolate the effects of increased age acting on vitamin D concentrations and synthesis from effects specifi cally attributable to age-related osteoporosis (Bilezikian and Silverberg, 2001; Reid, 2001).  

 

  Additional Causes of Vitamin D Defi ciency with Effects on Mineral Metabolism 

 Lack of sunshine exposure remains a signifi cant cause of vitamin D defi ciency. However, as mentioned briefl y above, there are a large number of additional conditions that can result in the skeletal manifestations of rickets and osteomal-acia, principally via defects in the synthesis of vitamin D, alterations in min-eral metabolism or defects within remodelling such as hypophosphatasia (see Chapter 9; Arnstein et al., 1967; Parfi tt, 1998; Berry et al., 2002). These 88 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

conditions are relatively rare today but are gaining increasing clinical interest due to attempts to identify many of the genetic changes responsible (Holick, 2003; Holick, 2006).  Table 5.4    highlights some of the principal conditions likely to result in rickets and osteomalacia. 

 

TABLE 5.4  Summary of the Various Forms of Inherited and Acquired 

Rickets and Osteomalacia  

 Condition                      Features 

 25-OHase-defi ciency rickets        Defect in hydroxylation of vitamin D in the liver 

Inability to form 25(OH)D 

 Limits the amount of vitamin D passed to kidney for fi nal hydroxylation 

 Rare condition as various enzymes can undertake 

equivalent of liver hydroxylation of pre-vitamin D 

 Hereditary,  vitamin-D-             Pseudo-vitamin D defi ciency rickets 

dependent rickets Type I 

 Defect in conversion of 25(OH)D to active vitamin D in the kidneys 

 Rare hereditary disorder 

 Condition is often manifest before 2 years 

 Hereditary,  vitamin-D-             Vitamin D resistant rickets 

dependent rickets Type II 

 Mutations exist in vitamin D receptor gene 

 Tends to have early onset in children (under 2 years) but can occur in some adults 

 Hereditary,  vitamin-D-             Abnormal expression of hormone response element 

dependent rickets Type III        binding protein 

 Binds to vitamin D responsive elements preventing 

linkage with vitamin D active receptors 

 Rickets or osteomalacia occurs despite normal intake of vitamin D 

 Completely resistant to the action of 1,25(OH) 2 D  Severe skeletal deformities 

 Fibroblast growth factor 23         Problems in phosphorous homeostasis 

(FGF23)

 Includes regulating factors (phosphatonins), such as fi broblast growth factor 23 (FGF23) 

 Hypophosphatemia              Decreased renal re-absorption of phosphorous 

 Reduction in intestinal absorption of calcium and 

phosphorous

 Levels of 1,25(OH) 2 D  decrease  Defi ciencies of vitamin D, calcium and phosphorous may occur 

Continued
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TABLE 5.4    (Continued)

 Condition                      Features 

 May include failure of or excessive production of 

FGF23

 Rickets and osteomalacia can occur 

 If present, normal calcium levels will prevent 

secondary hyperparathyroidsism 

 Autosomal  dominant               Mutation of the FGF23 gene 

hypophosphatemic rickets 

 Increased levels of growth factor production 

 Increased phosphorous excretion 

 Decreased phosphorous absorbed from 

the diet 

 X-linked  hypophosphatemic        Unclear  cause 

rickets

 Hypophosphatemia and decreased intestinal 

absorption of calcium and phosphorous 

 Mutation may affect the phosphate regulating 

endopeptidase homolog X-linked gene 

 May increase expression of FGF23 affecting 

phosphorous metabolism 

 Tumour-induced                 Small benign tumours can secrete FGF23 

osteomalacia                    Imbalance in the amount of phosphorous absorbed 

and excreted 

 Renal tubular disorders            Includes Fanconi syndrome 

 Rickets and osteomalacia secondary to inherited and acquired defects in renal function 

 Hypophosphatasia                 Mutations in the gene for non-specifi c alkaline 

phosphatase

 Results in rare heritable osteomalacia and rickets (see Chapter 9) 

 Incidence of one per 100,000 live births in severe 

forms, with 300 modern cases (see Whyte, 

1999:337)

 Infantile cases can occur aged 6 months 

 May include craniosynostosis and ante-mortem 

tooth loss 

 Condition can be fatal in about 50% of the 

cases

 Fibrogenesis  imperfecta            A rare bone disorder associated with abnormal bone 

ossium                       mineralisation and defective collagen fi bres, resulting 

in features of osteomalacia 

Sources : Glorieux (1999), Liberman and Marx (1999), Whyte (1999), Berry et al. (2002), Reginato and Coquia 

(2003:1074) and Holick (2006).  
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FIGURE 5.6  Schematic illustrations of normal and pathological changes in endochondral devel-

opment in rickets. p, zone of proliferating cartilage cells; h, hypertrophic zone of cartilage cell maturation and degeneration; c, zone of cartilage mineralisation and osteoblast synthesis of oste-oid on cartilage template; Mb, zone of mineralised bone incorporating the growth plate, cortical bone in the metaphyses and internal trabeculae. (a) Shows normal arrangement, (b) shows early changes of rickets with cortical fl aring, osteopenia of the trabeculae and disorganised arrangement of forming cartilage and (c) shows recovery from the vitamin D defi ciency, with disordered ossi-fi cation of cartilage formed during the defi ciency at the growth plate and metaphyses. The newly developing  cartilage  is  regaining  normal  columnar  structure.        

 

  RICKETS 

 Vitamin D defi ciency in growing children prevents calcium from being deposited in the developing cartilage as well as in newly formed bone osteoid, impeding bone mineralisation (Mankin, 1974; St-Arnaud and Glorieux, 1997:295; Chapter 3). As such, deformation particularly occurs in the cartilaginous growth plate between the mineralised metaphysis and the epiphysis, with signifi cant effects on the forming bone structure (Pettifor, 2003). 

 Lack of bone mineralisation is prominent at sites of endochondral growth 

(e.g. costocartilage rib junctions and long bones). In these regions, lack of min-eralisation promotes continual cartilage development by removing the mecha-nism needed to cause cartilage cell death and allow penetration of the cartilage template by osteoblasts. The normal, tightly ordered columnar arrangement of cartilage cells fails, and as such disordered cartilage is formed. This poor cartilage arrangement is exacerbated by mechanical forces acting on affected bones (e.g. crawling, walking), which further spreads the cartilage into a wider, splayed, horizontal form, than the vertical orientation which occurs in normal growth. Whilst these changes derive from alterations in the cartilage growth plate, when bone mineralisation occurs following attainment of small amounts of vitamin D or with complete recovery, endochondral bone can only be formed on the pre-existing cartilage template. Therefore, deformities in the metaphyses will become manifest in ossifi ed bone before remodelling attempts to rectify the changes. These pathological changes are illustrated in  Figures 5.6 




Chapter | 5 Vitamin D Defi ciency 91

[image: ]

 

Metaphysis

[image: ]

 

Growth plate   (a)             (b)                (c)                  (d)

[image: ]

 

FIGURE 5.7  Schematic overview of pathological changes at the growth plate and metaphyses in 
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rickets. (a) Normal outline of the metaphyses and growth plate in a juvenile radius, (b) increased porosity of the growth plate in active rickets, (c) increased porosity and cupping of the metaphy-sis in rickets, similar to changes in scurvy and (d) grossly disordered swelling of the metaphysis and angulation of the growth plate in severe defi ciency. Severe cupping and swelling changes are likely to continue to be evident in healed cases. Porosity will be rectifi ed with recovery and nor-mal mineralisation of osteoid (no porosity of the growth plate).          

 

and 5.7      and are discussed further in older literature by Park (1923) and Hess (1930) and more recently by Ortner and Mays (1998) and Mays et al. (2006a). 

 Defects in endochondral mineralisation are specifi c to growing juveniles 

and are called rickets. Juveniles also experience a failure to mineralise bone that has been laid down on previously formed bone surfaces and this defect is referred to as osteomalacia (Mankin, 1974; Pettifor, 2003). Therefore, juveniles with vitamin D defi ciency experience both rickets and osteomal-acia. Adults affected by vitamin D defi ciency will only demonstrate skeletal changes relating to incomplete mineralisation of bone on pre-existing surfaces (osteomalacia) with growth at the epiphyseal plates having fi nished, prevent-ing the manifestation of endochondral defects (see Pettifor, 2003:541; Brickley et al., 2007). In keeping with terminology adopted previously in paleopathol-ogy, we will refer to rickets as vitamin D defi ciency in childhood, to residual rickets as evidence of the healed childhood condition detectable in adult skel-etal remains, and to osteomalacia as vitamin D defi ciency which occurred dur-ing adulthood. The macroscopic, radiological and histological features of each condition are detailed at the end of this chapter.  

 

  CONSEQUENCES OF RICKETS 

 Rickets has a peak incidence in modern cases between 3 and 18 months, par-ticularly affecting children before they are able to freely move around in the sun-shine and when dietary sources of vitamin D are inadequate (Pettifor, 2003:544). 92 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

The age of onset may vary considerably across other contexts, depending on maternal health and socio-cultural practices concerning the diet and mobility of juveniles within a population group. 

 The physical effects of rickets can include a temporary cessation of breath-

ing (apnoea), involuntary muscle contractions and bodily contortions (convul-sions) or spasms particularly affecting the face, hands and feet (tetany) (see Hess, 1930; Pettifor, 2003:548). Increased muscle weakness is a signifi cant concern in rickets and adult onset osteomalacia, and can be signifi cant enough to prevent movement (Hess, 1930:243; Parfi tt, 1998; Pettifor, 2003:550). 

 Bone deformation in rickets depends on the age at which the disease occurs 

and behaviour relevant to the age of occurrence. In severe cases, softening and weakening of the bone caused by the accumulation of unmineralised osteoid and poorly formed bone, causes bending deformities in long bones in response to weight-bearing, including in the forearm during crawling and legs during walking. Young infants that are tightly swaddled may exhibit bowing, angula-tion deformities and even metaphyseal fractures in long bones and ribs, inde-pendent of mechanical force from weight-bearing (see macroscopic features in later description). Apart from causing marked changes in physical appearance (see later in this chapter), these changes may prevent effi cient mobility, may cause eventual increased stress on joints and may complicate events such as pregnancy (see above) .

 

  Historical Recognition of Rickets 

 Accurate descriptions of the pathological changes in the condition were reported on by Whistler in 1645 and Glisson in 1650, both noting the occur-rence in children aged six months to two and a half years. Trousseau, writ-ing during the 1800s, related rickets to nutritional disturbances and lack of sunlight. The use of cod-liver oil for the treatment of rickets existed since the early 1700s but became widespread after 1920, together with sunlight exposure for treatment. Developments in the artifi cial irradiation of foodstuffs were ori-ginally conducted by McCollum, Park and Mellanby. The history of the recog-nition and treatment of rickets has been previously discussed by Hess (1930), Aufderheide and Rodríguez-Martín (1998:309), Mays (2003), Pettifor (2003), O ’ Riordan (2006) and Lewis (2007:119–126). 

 

  RICKETS IN THE MODERN PERSPECTIVE 

 Surveys of infant health within tropical counties have demonstrated that cases of rickets are geographically widespread, occurring throughout the Eastern Mediterranean, Palestine, Egypt, Syria and Lebanon, Pakistan, India, China, Africa including Nigeria, the Ivory Coast and Sierra Leone, as well as Brazil in South America (Jelliffe, 1955; see also Hess, 1930; Pettifor, 2003:545; Pettifor, 2004; Holick, 2006; Thacher et al., 2006). 
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 Various factors may result in the onset of infantile rickets throughout these 

countries, most notably maternal malnutrition causing vitamin D defi ciency during pregnancy and lactation, as well as an inadequacy of vitamin D in infant foods used in partial weaning and complete weaning (Jelliffe, 1955:94). Diets low in calcium and often high in cereals containing phytates can exacer-bate vitamin D defi ciency (Jelliffe, 1955:95; see also Pettifor and Daniels, 1997:665; Pettifor, 2004; Chapter 7 and above). Jelliffe (1955:29–30, 34) particularly observed subsistence practices countries such as Egypt, Lebanon, Syria and Morocco, of excluding foodstuffs which contain vitamin D (e.g. eggs and fi sh) from young infant weaning diets, likely contributing to vitamin D defi ciency where sunlight exposure was also minimal. Poor nutrition and the onset of many illnesses can lead to diarrhoeal diseases in young infants which will also prevent the dietary intake and absorption of calcium and vitamin D, exacerbating ill-health. 

 Cultural practices can be particularly important in governing sunlight expos-

ure for very young children. For example, rickets occurred in the Dode !Kung, observed between 1967 and 1968, despite adequate nutrition but caused by excessive protection of infants from sunlight exposure. Spontaneous resolution of the condition occurred when sunlight exposure became a normal part of infant social maturation (Cohen, 1989:82). Young infants in Ibadan, western Nigeria, who were consistently swaddled and carried on their mother ’ s backs (see  Figure 5.8   ) thus receiving limited sunlight exposure experienced infan-tile rickets (Jelliffe, 1955:93). The rickets often resolved itself in older chil-dren, who could spend more time in the sunlight independent of their mother ’ s movements (see also discussion in Pfeiffer and Crowder, 2004:24). Dense for-est canopy provides marked shade from the sun and was likely to be a con-tributing factor to rickets cases along the Ivory Coast observed by Jelliffe (1955:93), as well as in the Congo (Barnes, 2005:327) (see also discussion of light density in tropical rainforests across Mesoamerica, Africa and Southeast Asia by Keesing and Strathern, 1998:90). 

 Overcrowding of living space, particularly by increasingly tall buildings 

creating dark alleyways and courtyards and minimising sunlight availability in outside spaces, are factors frequently associated with the living conditions and the onset of the Industrial Revolution during the post-Medieval period in England (see later description, and Mays et al., 2006a). However, the creation of walled cities across many urban centres from a range of present and past contexts are likely to have created similar limitations on building spaces and dark spaces (see e.g. Jelliffe, 1955:94; and Wells ’  discussion of Lahore, India, 1975:752). Jelliffe (1955:92) also identifi ed urban children as more affected by rickets more than those in rural villages in for example, Syria and Lebanon, with living conditions in urban locales and differences in child weaning foods thought responsible (Jelliffe, 1955:30). Jelliffe (1955:30) noted a socio-economic divide in some area affected by rickets, with poorer individuals in towns in Syria and Lebanon unable to afford milk, with potential complications 94 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 5.8  Cultural practices of consistently swaddling and carrying infants on the back of 

the mother was observed to be a contributory factor to infantile rickets in Ibadan, western Nigeria by Jelliffe (1955). Figure courtesy of the World Health Organization, and taken from Jelliffe DB. 1955. Infant feeding in the subtropics and tropics. Geneva: World Health Organization, Plate 2.    

 

for calcium balance and vitamin D metabolism. Seasonal changes in climate and sunlight exposure may further contribute to rickets occurrence in countries such as Israel (see Costeff and Breslaw, 1962).  

 

  ANTHROPOLOGICAL PERSPECTIVES: RICKETS 

 Investigations into the effects of urban living in the past are frequently related to contexts of the Industrial Revolution. However, historical evidence suggestive of rickets occurring in urban life was documented in Rome, as discussed by Soranus of Ephesus, dating to the second century AD (see Steinbock, 1993:978), as well as from China dating to the seventh and eighth centuries AD (Lee, 1940 discussed in Steinbock, 1993:978). 

 Various effects of urban living, including factors such as overcrowding and 

variable living conditions, sanitation, food availability and quality and employ-ment prospects may affect health, and increase the risk of rickets. Heightened understanding of the interactions between people, environment and health is 
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developing (see Howe, 1997; Gage, 2005). Analysis of rickets from urban contexts in the past has enabled better understanding of its range of manifest-ations, socio-economic prevalence and effects on juvenile growth (see Lewis, 2002; Mays, 2003; Mays et al., 2006a; Pinhasi et al., 2006) as well as seasonal episodes of disease frequency (see Mays et al., 2006a and in press). 

 Air pollution from coal smog was likely to have been a particularly import-

ant factor in contributing to rickets and poor health from the later Medieval period in England (Brimblecombe, 1987; O ’ Riordan, 2006). Pollution worsened in urban centres during the Industrial Revolution, with increased factory smog, leading to the frequent co-occurrence between many infectious and respira-tory diseases (Hardy, 1993). The identifi cation of co-existing conditions, such as between rickets and evidence of pulmonary infection could be refl ective of these living and working conditions. Rickets can be an important secondary factor underlying other illnesses, particularly where individuals are too sickly to venture outdoors, as has been attributed to a number cases of affected young infants excavated from the Medieval rural village of Wharram Percy, England (Ortner and Mays, 1998). 

 There are a wide range of contexts in which vitamin D defi ciency can be dem-

onstrated and might be further investigated in past communities. For example, investigation of infant nutrition and health is increasing in bioarchaeology (see Lewis, 2007; Chapter 4), and rickets in infant remains can highlight poten-tial defi ciencies in quality of breast milk or the transition to milk replacement foods. It is likely that research will need to incorporate evidence from histori-cal, archaeological and potentially enthnohistorical sources to make accurate interpretations regarding this transition and its effects in past populations (e.g. Fitzgerald et al., 2006; see also Box Features 4.1 and 7.3). The poten-tial for multiple conditions to co-exist and indicate poor nutritional quality and health in infancy is important in the accurate recognition of rickets (Box Feature 5.1).

  The most frequently identifi ed traits of vitamin D defi ciency in the phys-

ical remains of past populations are bending deformities that occurred during childhood. Bone deformation can be severe in healed cases despite subsequent bone remodelling attempts. The social implications of disease are inter-related with concepts of disability and associated factors including provision of aid or food (Box Feature 7.1; Roberts, 2000). Integration of archaeological evidence with historical documentation may be able to better determine the nature of such effects on life in the past, both in terms of social attitudes, manifest-ations of care and residual effects (see discussion in Sledzik and Sandberg, 2002:190–191). Circumstances under which care may be deliberately with-held can result in various pathologies including rickets (see Box Feature 5.2; Blondiaux et al., 2002). It is of further importance to question whether those affected by physical deformities, such as bowed limbs in rickets, manifest dif-ferent treatment within native funerary cultures (e.g. discussion in Formicola and Buzhilova, 2004).  
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Box Feature 5.1. Beyond Fighting: The Physiological Impact of Warfare     

 

 Warfare has a signifi cant impact on individuals affected by confl ict but who may 

be removed from direct physical aggression. Confl ict can result in the destruction 

of crops and food stores, may involve the stealing or killing of livestock and can 

result in damage to farming equipment, as was recently reviewed by Bizzari (2004) 

(see also Johansson and Owsley, 2002:540). War in Rwanda in 1995 displaced three 

out of every four farmers resulting in harvest volumes being subsequently reduced 

(Bizzari, 2004). The consequences of modern warfare may render land unusable for 

cultivation, for example, containing landmines (Bizzari, 2004). Pathological con-

ditions are likely to occur from food shortages, including many of the metabolic 

bone diseases, in similar pathways as those affecting peoples displaced from nat-

ural disasters (Moss et al., 2006; see Chapter 4 and Box Feature 9.1). 

 Clinical evaluation of large numbers of Jewish individuals deported into 

Warsaw during World War II identifi ed physical manifestations of disease together 

with behavioural and psychological health problems (Braude-Heller et al., 1979). 

Markedly reduced levels of physical activity and muscle strength occurred in some 

children causing dependency of daily care. Some female adolescents displayed 

malnutrition-induced amenorrhoea (cessation of menstruation) (Braude-Heller 

et al., 1979:48, 55) which, together with inactivity, may have exacerbated the risk 

of osteopenia (see Chapters 6 and 7). Overcrowded conditions in which Jewish 

deportees were housed invoked the spread of tuberculosis, particularly preva-

lent in children (Braude-Heller et al., 1979:55). Vitamin D defi ciency was evident 

in infants and children under two years of age, despite attempts to make pre-

ventative treatment widely available (Braude-Heller et al., 1979:51). Poor nutri-

tion, and illness-preventing mobility and ability to move outside in the sunshine 

are likely responsible factors, in a similar manner as postulated for very young 

children affected by rickets from the Medieval site of Wharram Percy, England 

(Ortner and Mays, 1998; see also Jelliffe, 1955:93). Whilst the study of warfare in 

the past is developing (e.g. Frayer and Martin, 1997; Sledzik and Sandberg, 2002; 

Mitchell, 2004), increased consideration of how such events may impact on health 

is required to interpret the full range of effects experienced by past and present 

communities.

 

  PALEOPATHOLOGICAL CASES OF RICKETS 

Table A1  summarises the paleopathological evidence for rickets recorded in juvenile remains. Whilst there are a number of cases linked to increasing urbani-sation and industrialisation from the post-Medieval period, the occurrence of this condition in earlier periods may be linked to living conditions, as well as die-tary or cultural practices. Recording of human burials in the Centre for Human Bioarchaeology, Museum of London, has so far confi rmed 1/18 juvenile cases in Roman burials with 2/324 Medieval and 28/206 post-Medieval cases. 
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FIGURE 5.9  Bending deformities in juvenile femora resulting from vitamin D defi ciency rick-

[image: ]

ets. Note unilateral difference in severity of deformity in (a) and different apex of anterior bend at distal shaft in (b) and at proximal shaft in (c). There is also distal metaphyseal fl aring and  coxa vara  of the femoral neck in (a). Femora: (a) (b) from Medieval East Smithfi eld Black Death cem-etery, London. Juvenile aged approximately 5 years (MIN11415). Photograph by Rachel Ives, courtesy of the Museum of London, (c) from post-Medieval St. Martin ’ s Churchyard, Birmingham. Photograph by authors, child aged approximately 2 years (SMB100).        

 

  DIAGNOSIS OF RICKETS IN ARCHAEOLOGICAL BONE 

  Macroscopic Features of Rickets 

 Long bone bending deformities and metaphyseal swelling are characteristic and well-recognised skeletal changes of rickets, although there are a number of conditions where one or the other feature can occur (see differential diagno-sis in later description) (see  Figures 5.9, 5.10 and 5.11       ).  There  can  be  consid-erable variation in the manifestations of bending between affected limbs and between individuals as demonstrated in tibiae shown in  Figure 5.10 , with post-Medieval cases from St. Marylebone, Westminster, London (Miles et al., in preparation) and St. Martin ’ s Churchyard (Mays et al., 2006a;  Figure 5.12   ). 

 Early stages of the condition may not include bending. Instead the initial 

changes at the metaphyses will include fraying and fl aring of the growth plate margins and metaphyseal junction as the cartilage structure starts to lose the organised vertical arrangement (see  Figures 5.6, 5.7, 5.10(d) and 5.12 ). These changes may progress to marked swellings in a severe defi ciency. Active rickets can be recognised by increased porosity of bone surfaces, particularly the cra-nium (see  Figure 5.13 ) and the growth plates, where unmineralised osteoid was present during life. Detailed discussion of these features and methods for 98 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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(a)                               (b)                          (c)
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(d)                               (e)                          (f)
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FIGURE 5.10  (a–c) Range of bending deformities in juvenile tibiae due to vitamin D defi ciency 
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rickets, (d) fraying and slight cupping of the distal tibial growth plate with outline emphasized, (e) medial tilting of the distal tibial growth plate with outline emphasized and (f) posterior swell-ing and fl aring of the distal tibial growth plate. Figures (a–c) and (f) post-Medieval examples from St. Marylebone, Westminster, London (see Miles et al., in preparation). Photographs by Rachel Ives, courtesy of the Museum of London Archaeology Service. Figures (d) and (e) are post-Medieval examples from St. Martin ’ s Churchyard, Birmingham. Child aged approximately 2 years (SMB100).
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osteological recording are provided by Ortner and Mays (1998) and Mays et al. (2006a) (see Figure 5.14; Table 5.5). Where a child has overcome the vita-min D defi ciency, but skeletal defects are still clearly visible, this is consid-ered healed rickets with evidence of porosity limited to the concave surface of severe bending deformities due to compensatory mechanical remodelling. 

[image: ]

Two forms of rickets have been noted by previous researchers report-

edly based on the nutritional health of the affected juvenile (see Silverman, 1985; Stuart-Macadam, 1989; Ortner, 2003). The atrophic form is linked 
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FIGURE 5.11  Arms from a juvenile affected by severe, but healed vitamin D defi ciency rick-

ets. All arms bones are thickened, with curvature and fl aring of distal left humerus, and curving and fl aring of the distal ulnae and radii. Post-Medieval archaeological example from St. Martin ’ s Churchyard, Birmingham. Child aged approximately 2 years (SMB100).    

 

to malnourished children and the hypertrophic form to well-nourished chil-dren. There is however, signifi cant overlap between skeletal features seem-ingly attributed to each form (e.g. discrepancies between presence of cupping deformities and osteopenia present in both types in Silverman, 1985:668, 669). More importantly, the stage of the disease will determine the presence patho-logical manifestations (e.g. active or healed) together with the age of the child. 100 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 5.12  Pathological changes in the costocartilage junctions of juvenile ribs in vitamin D 

defi ciency rickets. (a) Shows rounded swellings compared to sharp fl aring in (b). Archaeological examples: (a) post-Medieval example from Cross Bones burial ground, London, juvenile aged 7– 11 months (REW 109A), (b) from post-Medieval St. Benet Sherehog, London, juvenile aged 1–5 years (ONE616). Photographs by Rachel Ives, courtesy of the Museum of London.    

 

Recent researchers have noted diffi culties in utilising these divisions (see Littleton, 1998), and Mays et al. (2006a) present further discussion of these issues.

 

  Radiological Features of Rickets 

 A detailed discussion is presented in Table 5.6 on radiological features of vita-min D defi ciency rickets. 
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FIGURE 5.13 Plaques of porous, spiculated bone in juvenile cases of vitamin D defi -ciency rickets. (a) Porous bone affecting the glabella from post-Medieval St. Benet Sherehog, London. Photograph by Rachel Ives, courtesy of the Museum of London, juvenile aged 1–5 years (ONE616). (b) Juvenile parietal bone from Medieval Wharram Percy of an infant aged 6–8 months (NA236). Photograph by Rachel Ives, courtesy of Simon Mays, English Heritage.

 

  Histological Features of Rickets 

Table 5.7  shows the histological features of vitamin D defi ciency  rickets.  Figure  5.15    presents a BSE-SEM image of a section of juvenile bone with pathological changes of vitamin D defi ciency rickets. 
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FIGURE 5.14  Pathological changes at the juvenile proximal femur (arrowed) due to vitamin 

D defi ciency rickets compared to normal. Increasingly acute angulation of the neck ( coxa vara ), depression and fl attening of the head and proximal epiphyses. Post-Medieval examples from St. Martin ’ s Churchyard, Birmingham, juvenile aged 2–3 years (SMB108).    

 

  RESIDUAL RICKETS IN THE ANTHROPOLOGICAL PERSPECTIVE: ADULT EVIDENCE OF CHILDHOOD VITAMIN D DEFICIENCY 

 It is a signifi cant challenge to the reconstruction of many aspects of health in the past that illness affecting juveniles cannot be construed according to a sex basis when based on the examination of the juvenile skeleton (Lewis, 2007). Residual rickets deformities in adults may provide a broad insight into any potential sex-related differences that could indicate variation in health in juveniles. Research has suggested that males may be more commonly affected than females, although the mechanisms for this are unclear (Hess, 1930:91; Pettifor and Daniels, 1997:664). Patterns of disease onset are also likely to vary depending on cultural practices throughout the world. Inferences regard-ing sex-related disease trends from past populations require caution given the composition of the archaeological record (see discussion in Chapter 2) and the potential for bone remodelling to obliterate pathological changes over time. However, a greater consideration of these factors could offer additional insights into reconstructions of health in past populations. 

 Investigations into the health of various slave populations in the past 

have demonstrated a range of skeletal health insults. Slaves working on plan-tations in the Caribbean have shown evidence of chronic and likely seasonal vitamin and mineral defi ciencies (Corruccini et al., 1987:183; Hutchinson, 1987:235–237; Lambert, 2006). Slaves living within the rural South of North 
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TABLE 5.5  Macroscopic  Features  of  Rickets 

 Bones 

affected           Features                               Code     Differential  diagnosis                          Sources 

V

 Cranium           Delayed closure of fontanelles          G           Hydrocephalus,  Congenital  or                      Hess (1930), Pettifor &                   itamin D Defi

developmental conditions                     Daniels (1997), Pettifor 

 Cranial bone thinned                   G          Osteopenia                                      (2003) Frontal and parietal bossing             G          Scurvy,  Anaemia                                    Ortner & Mays (1998), Mays  Craniotabes (softening of bone                                                                     et al. (2006a) G Normal  variant,  Prematurity,  Congenital                              ciency behind ears over occipital region                  syphilis, Osteogenesis imperfecta and adjacent to lambdoid suture)                (Chapter 9)  Formation of large, square-shaped      G          Normal  variant,  or  swaddling/binding head

 Layers of spiculated, irregular,           D           Normal  growth  (endocranial),  Scurvy, porous bone formation can occur                 Anaemia during healing when osteoid is 

mineralized

 Dentition  and       Delayed eruption of deciduous and     G          Various illness and childhood stress,              Hess (1930), Hillson (1996), mandible       permanent dentition                          Generalized nutritional defects, Scurvy         Berry et al. (2002) 

 Enamel hypoplastic defects            G          Infl uence of sex  Dental  caries                                 G

 Mandibular ramus may show          D

medial angulation 

 Vertebrae          Kyphosis or scoliosis (generally         D           Congenital or developmental conditions          Hess (1930), Pettifor & 

T9-L3)                                                                                        Daniels (1997), Pettifor 

(2003) 103

Continued
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TABLE 5.5    (Continued)

Bones

affected         Features                             Code    Differential  diagnosis                        Sources 

 Ribs  and                                                                                * Alteration in rib neck angle D Age                                                       Pettifor & Daniels (1997), sternum                                                      * Lateral straightening of shaft D Age                                           Scheuer & Black (2000a)

(thorax narrowing) 

 Enlargement of costochondral rib       D          Scurvy                                           Pettifor  (2003)   

THE BIOARCHAEOLOGY OF MET

junctions; fl aring to swelling and 

beading  ( ‘ rachitic  rosary ’ ) 

 Protrusion of sternum together with     D

rib  angulation  ( ‘ pigeon-chested ’ ) 

 Pelvis  and            Exaggerated  medio-lateral               D                                                                Hess (1930), Ortner & Mays sacrum          curvature of ilium                                                                             (1998)

 Acetabulae pushed dorsally into        D          Developmental  conditions pelvic cavity and angled anteriorly 

(protrusio acetabulae ) 

 Retarded disproportionate growth      G

of pelvis  ABOLIC BONE DISEASE

 Long bones        Flaring and swelling of distal            D          Scurvy                                              Hess (1930), Pettifor (2003), 

metaphyses                                                                       Pettifor  &  Daniels (1997),  Fraying bone margins growth plate                                                                Ortner  &  Mays (1998), Mays D Post-mortem  damage 

et al. (2006a )

 Porosity growth plate                    D

Various.  See  Table  5.10. 

 Cupping deformities of growth          D           Post-mortem  damage.  Trauma  if  severe, 

Prolonged habitual posture 

plate and metaphyses                          likely unilateral, scurvy. 

(e.g. sitting, lying). TPBD. 
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 Bending  ( genu varum ):  forearms            D

crawling, legs with walking 

 Bending may be variable between      D

limbs (e.g. valgus  and  varus changes)  V

itamin D Defi

 Angulation of femoral neck due to       D           Osteopenia,  Developmental weight-bearing on weakened bone              (e.g. dislocation) (coxa vara ) 

 Angulation  of  knees  ( ‘ knock-knees ’ )      G            Blount ’ s  disease 

 ciency

 Shortening with gross deformity         G          Various childhood illnesses and Trauma and growth stunting 

 Fractures (e.g. tight swaddling –         G          Osteogenesis imperfecta (Chapter ribs, distal radius, ulna, fi bula or                    9) ,  Variant forms of rickets, Congenital weight-bearing)                                syphilis, Scurvy 

Thickening – healed rickets or            D             Scurvy,  Congenital  syphilis,  Non-specifi c 

variant form (especially with                        infection, Trauma bending) 

 Periosteal porosity concave of           G

bending compensatory remodeling 

Notes : The features listed demonstrate the skeletal changes useful for pathological identifi cation. Diagnosis can be determined on the strength of each feature: S strongly diagnostic feature, S features 

are normally required for a diagnosis. D diagnostic feature, the presence of multiple D features are required for a diagnosis. G general changes can occur in many of the metabolic bone diseases, as well as in other conditions. G features can aid a diagnosis together with S or D features but cannot be used alone to suggest a diagnosis. Commonly occurring conditions that display these pathological features are listed to aid differential diagnosis, although this list is not exhaustive. TPBD denotes traumatic plastic bending  deformity.   * Changes may appear in a healthy infant as a manifestation of normal development at young age (  3 months). For differential conditions to bending deformities see also  Table  5.10.   
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TABLE 5.6  Radiological Features of Vitamin D Defi ciency Rickets 

 Differential 

Bones affected       Features                                                     Code    diagnosis  Sources 

 Cranium                  Generalised  osteopenia.                                              G                            Hess  (1930) 

Healing: increased periosteal apposition on ectocranium,            D          Scurvy irregular trabecular spurs   

THE BIOARCHAEOLOGY OF MET

 Dentition                  – 

 Vertebrae                 Possible  osteopenia                                                      G

 Ribs and sternum       Loss of integrity of the growth plate at costochondral junction        D           Scurvy             Hess  (1930),  Silverman 

(1985)

 Pelvis and sacrum        Possible osteopenia                                                   G

 Long  bones              Active changes : 

 Porosity of bone along growth margin                                 D          Scurvy             Hess  (1930),  Silverman 

 Fraying of growth plate; brush-like, fringed bone projections                                      (1985), Reynolds & D                 ABOLIC BONE DISEASE Karo (1972), Pettifor &  Osteopenia of trabeculae along growth plate and in metaphyses     D

Daniels (1997), Berry 

 Coarsening remaining trabeculae                                    D                          et al. (2002)  Osteopenia of cortex, loss of clear distinction in margins              D The epiphyses may be ill-defi ned and osteopenic                   D
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Healing changes:

 New trabecular structure regained along metaphysis                             Scurvy D                                               Vitamin D Defi Some continuation of disorganised trabecular orientation with        D mineralisation of previously formed cartilage defects 

 Vertical trabeculae may be coarsened with mineralisation, in         D distal metaphyses (e.g. femur)   ciency

 Margin growth plate regains defi nition (solid white line), lack         D fraying or porosity 

 Cortical outline sharpened                                            D Cortex may be thickening with mineralisation of periosteal           D apposition

 Morphological changes (bowing, fl aring of metaphysis) will           D remain if severe 

 Other                     Fractures and Looser ’ s zones (pseudofractures) may be              D                            Hess  (1930) 

evident in severe cases 

Notes : – denotes no signifi cant features at this location. See  Table 5.5  for defi nition of codes used in diagn osis.  
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TABLE 5.7  Histological Features of Vitamin D Defi ciency Rickets 

 Tissue                                                            Differential type  Features Code diagnosis  Sources 

 Cortical           If active, loss of new bone            G           Scurvy,              Mankin 

bone       formation                              Osteopenia,    (1974),

 May be increased number of                Genetic         Pitt G sites of resorption                              forms of          (1988)

rickets

 Increased cortical porosity,          G

Defects as in 

large Haversian channels 

osteomalacia

Irregular Haversian systems 

 Bone formed will be poorly         D mineralised

 Mineralisation defects may be      G adjacent to cement lines 

 Osteocyte lacunae may be          G enlarged

 Trabecular      Resorption may be increased. If     G          Scurvy,             Mankin 

bone       severe may show perforation               Osteopenia     (1974),

of trabeculae                                 Defects as in     Pitt Separation of recently formed                 osteomalacia    (1988), D bone from more mature sections                              Mays

et al. 

 With  secondary                        D

(2007)

hyperparathyroidism   ‘ bite-

like ’  defects and tunnelling 

resorption

 If mineralisation continues, new     D bone will be poorly formed 

 Defects may be localised           D adjacent to cement lines 

 Remodelling in healed cases       G may show increased resorption 

at metaphyses to remove 

cupping deformities 

Note : See  Table 5.5  for defi nition of codes used in diagnosis.  

 

America, including Maryland, Virginia and the Carolinas, endured defi cien-cies of calcium and vitamin C in the diet. Residual rickets were identifi ed in 50% of females and 75% of males examined by Kelley and Angel (1987:206). A multi-factorial cause including skin pigmentation and decreased vitamin D synthesis, poor nutritional quality, and high rates of parasitic infestations may have adversely affected intestinal calcium metabolism and contributed to the onset of vitamin D defi ciency (Kelley and Angel, 1987). 
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FIGURE 5.15  BSE-SEM image of a section of juvenile bone with pathological changes of 

vitamin D defi ciency rickets. Incomplete layers of bone formation and defective mineralisation of bone adjacent to cement lines are arrowed. Post-Medieval sample of juvenile bone from St. Martin ’ s  Churchyard,  Birmingham.    

 

 In a contrasting pattern to that above, urban slaves in New Orleans dis-

played no evidence of dietary insuffi ciency (Owsley et al., 1987), and disease presence may vary depending on the environmental as well as socio-economic status of the relevant individuals examined (Kelley and Angel, 1987; Rathbun, 1987). Martin et al. (1987) successfully demonstrated that poor health and diet had signifi cant impacts on bone quality in adults and juveniles in the Cedar Grove, Arkansas African-American sample, which dated 1890–1927, by com-bining macroscopic and histological analyses. Table A2 details the paleopatho-logical evidence for residual rickets in bioarchaeological analyses. On-going recording of a large skeletal collection from London has confi rmed  5/1393 Medieval cases of residual rickets and 13/406 post-Medieval cases (Centre for Human Bioarchaeology, Museum of London).  

 

  DIAGNOSIS OF RESIDUAL RICKETS IN ARCHAEOLOGICAL BONE

  Macroscopic Features of Residual Rickets 

Table 5.8  outlines the macroscopic changes in adult skeleton indicative of residual rickets in childhood.  
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TABLE 5.8  Macroscopic Changes in Adult Skeletons Indicative of Residual Rickets in Childhood 

 Bones  affected       Features                                  Code      Differential  diagnosis                         Sources 

 Cranium              Residual frontal or parietal bossing        G           Congenital/developmental, Normal             Hess (1930), Ortner & 

variant, Prematurity                             Mays (1998), Mays et 

 Formation of large, square-shaped        G          Normal variant, Cultural (e.g.                   al. (2006a)                          THE BIOARCHAEOLOGY OF MET head                                     swaddling/binding)

Age-related changes in cranial shape 

Mandibular ramus may show medial       G          Infl uence of sex 

angulation

 Dentition                Enamel  hypoplastic  defects                 G            Various  childhood  illness,  Generalised           Hillson  (1996) 

nutritional quality 

 Dental  caries                                     G

 Vertebrae              Kyphosis or scoliosis (generally T9-L3)     D           Congenital/developmental      Osteomalacia         Ortner  (2003) 

Vertebral  body  collapse                       G            Osteoporosis,  Buckling  in  osteomalacia 

 Ribs and sternum     Alteration in rib neck angle                D           Osteomalacia                                     Pettifor  (2003),  Pettifor              ABOLIC BONE DISEASE

 Lateral straightening of shaft (thorax                                                                      & Daniels (1997), D

narrowing)                                                                                     Brickley et al. (2005)  Protrusion of sternum together with        D

rib  angulation  ( ‘ pigeon-chested ’ ) 
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 Pelvis  and                Lateral narrowing of pelvis                   D            Osteomalacia                                        Hess (1930), Ortner & sacrum                                                                                                 Mays (1998), Ortner  Bulging at pubic symphysis 

(2003), Brickley et al. 

 Ventral projection of sacrum               D            Osteomalacia 

(2005)

 Narrowed pelvic inlet                      D           Osteomalacia                                                                       V

itamin D Defi

 Acetabulae pushed dorsally into          D

pelvic cavity anteriorly ( protrusio

acetabulae ) 

 Curvature/abnormal shape of ilia (see     D           Osteomalacia Ortner and Mays, 1998 for expression  ciency

in childhood) 

 Anterior angulation/bending of sacrum    D          Osteomalacia 

 Long  bones             Residual bending ( genu varum ),             D           See   Table  5.10 .  Prolonged  habitual               Hess (1930), Pettifor & 

typically of legs rather than arms                      posture, TPBD, Mechanical adaptation,        Daniels (1997), Ortner 

Osteomalacia,  Paget ’ s  disease                    (2003), Brickley et al. 

 Heightened angulation of femoral         D                                                      (2005) neck ( coxa vara ) 

 Angulation  of  knees  ( ‘ knock-knees ’ )          G            Blount ’ s  disease 

Childhood  stress,  Trauma 

Infection,  Paget ’ s  disease 

Shortening                                               G

 Thickening, especially fi lling in             D

concavities of bends 

 Medio-lateral widening of proximal        D          Osteomalacia femora (sub-trochanteric) 

Notes : For differential conditions to bending deformities, see also  Table 5.10 . TPBD denotes traumatic plastic bending deformity. See  Table 5.5  for defi nition of codes used in diagnosis.  
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TABLE 5.9  Radiological Changes in Adult Skeletons Indicative of Rickets in Childhood  

 Bones                                           Differential affected  Features Code diagnosis   Sources 

 Cranium        – 

 Dentition        – 

 Vertebrae       – 

 Ribs  and         – 

sternum

 – 

 Pelvis  and 

sacrum

 Long           Prominent  thickening      D          Paget ’ s  disease,              Hess bones       of cortical bone                   Healed osteomalacia,     (1930),

on concave of                      Prolonged habitual        Mankin bending deformities,               posture, TPBD,           (1974) as mechanical                     Mechanical remodelling (see                  adaptation Figure 5.16) 

 Long-standing 

recovery from active 

childhood condition 

is likely to have 

restored cortical and 

trabecular structure 

to near normal 

Notes : For differential conditions to bending deformities, see also  Table 5.10 . TPBD, traumatic plastic bending 

deformity; –, no signifi cant features at this location. See  Table 5.5  for defi nition of codes used in diagnosis.  

 

  Radiological Features of Residual Rickets 

 Radiological features of residual rickets are presented in  Table 5.9.     Figure  5.16 shows a medial radiograph of an adult femur with residual bending deformities due to childhood vitamin D defi ciency rickets. 

 

  Histological Features of Rickets 

 Adequate recovery of vitamin D defi ciency suffered in childhood, will result in the attainment of normal bone tissue structure at the histological level (see Chapter 3 for features). It is extremely unlikely that histological evaluation will be able to detect evidence of healed childhood rickets. 
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FIGURE 5.16  Medial radiograph of an adult femur with residual bending deformities due to 

childhood vitamin D defi ciency rickets. Marked anterior bending of the proximal shaft, with anter-ior and posterior cortical thickening into the midshaft. Post-Medieval archaeological example from St.  Martin ’ s  Churchyard,  Birmingham.    

 

  CO-MORBIDITIES 

 Rickets can be associated with an increased risk of both respiratory and gastro-intestinal infections, which can increase the risk of mortality (Hess, 1930:235– 236). Rickets has been linked to the onset of anaemia and malnutrition and risk of dying (Pettifor, 2003:550). Iron defi ciency in particular can impair intestinal absorption of minerals, potentially limiting vitamin D and calcium availabil-ity. Malnutrition may result in a number of co-occurring conditions, including anaemia, rickets and scurvy (see Stuart-Macadam, 1989). 

 As discussed in Chapter 4, there are close links between rickets and the 

co-occurrence of vitamin C defi ciency. A defi ciency of vitamin C will prevent osteoid from being secreted and may prevent the typical skeletal manifestations 114 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

of rickets from developing. Several of the skeletal changes in each condition may appear similar, including swelling at the rib costochondral junctions and metaphyseal cupping (see  Table 5.5 ; Chapter 4 and Figure 4.12). The range of skeletal changes apparent in each condition will need to be considered to enable differentiation of macroscopic lesions. 

 Vitamin D has a complex role in aiding immune function (Holick, 2003). 

Continued research is likely to clarify the extent to which vitamin D may be interlinked with the prevention of many illnesses, including cancers and tumour conditions (Pettifor and Daniels, 1997:667; Mensforth, 2002 and pers.com; Holick, 2002b, 2004). Vitamin D may enable improved immune response to tuberculosis (TB) infection (see McMurray et al., 1990; Strachan et al., 1995; Ustianowski et al., 2005). Research has questioned whether a genetic defect in the vitamin D receptor can be linked with cases of TB (Lewis et al., 2005), although extrapolating the independent effects of lifestyle or diet on vitamin D status may be diffi cult. Increases in serum vitamin D have been observed in hypercalcaemia in some cases of TB and synthesis of this hormone may also be undertaken by granlomas, potentially complicating changes in vitamin D status (Cadranel et al., 1994; Bell, 1998).  

 

  DIFFERENTIAL DIAGNOSIS 

 Bending deformities may often be the most obvious evidence of vitamin D defi ciency, particularly in skeletal remains, and can occur in rickets, as evi-dence of residual rickets in adults and also in osteomalacia. However, there are a number of other conditions that can result in long bone bending deformities, and these conditions are summarised in  Table 5.10   . 

 Determining the presence or absence of bending deformities tends to 

be subjective. Quantitative analyses of variation in bending morphology have been attempted (e.g. Ivanhoe, 1994; Shackelford and Trinkaus, 2002). However, such indices can be affected by differences in habitual patterns of mobility and weight-bearing, the physical environment, morphological dif-ferences in robusticity between the sexes, across age and between different population groups (Ruff et al., 2006; Wescott, 2006). These factors necessitate modifi cations within quantitative analyses (e.g. Ivanhoe, 1994) and may fur-ther complicate what is deemed  ‘ normal ’  and what constitutes a  ‘ pathological ’  change especially across different population groups.  

 

  VITAMIN D DEFICIENCY OSTEOMALACIA 

 Vitamin D defi ciency osteomalacia occurs where insuffi cient vitamin D pre-vents mineralisation of osteoid. The range of macroscopic deformities observ-able in the skeleton are listed in Table 5.11. In the adult the effects of vitamin D defi ciency can be quite non-specifi c. Generalised or local muscle pains and weakness may exist, and in prolonged cases muscle and bone deformity in 
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TABLE 5.10  Summary of the Most Frequently Occurring Differential Conditions with Long Bone Bending Deformities 

 Condition                 Features                                                                  Sources 

 Normal long bone         Normal exaggeration of bone shape                                       Silverman (1985:515, 813, 814)                         V

itamin D Defi

bowing; bow-leg and 

knock knee 

 Pre-natal bowing of        Faulty fetal positioning, congenital malformations, congenital                Silverman  (1985:515–518) long bones               dislocations                                                                                                                  ciency

 Tibia or femur anterior bowing 

 Rarely affects arms; humerus may show bending and thickening 

 Unilateral or bilateral 

 Typically corrects by 2 years. If severe can remain visible in adults 

 Birth defects/trauma        Varus deformity long bones, e.g. tibia, femur, humerus                       Silverman (1985:515–518), Molto (2000) 

 May be unilateral or bilateral 

 Trauma:  Incomplete        Varus deformities various upper and lower limbs. Usually unilateral.        Borden (1975), Crowe & Swischuck (1977), acute plastic bowing      May be associated with fracture in paired bones, e.g. forearm or           Cail et al. (1978), Komara et al. (1986), Martin fractures, greenstick       lower leg. Typically apparent in children as result of falls. Can remain       & Roddervold (1979), Cook & Bjelland fractures. Entrapment     evident in adults                                                           (1979), Orenstein et al. (1985), Churchill & neuropathy, muscle                                                                             Formicola (1997), Stuart-Macadam trauma, joint                                                                                             et al. (1998), Glencross & Stuart-Macadam instability                                                                                                   (2000)

 Osteogenesis             Severe bending of long bones                                             Silverman (1985), Milgram (1990), Whyte imperfecta                                                                                   (1999), Lewis (2007); Chapter 9  Increased brittleness of bones 

 Multiple  fractures 
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 Joint laxity may increase bowing/angulation deformities 

Continued
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TABLE 5.10    (Continued)

 Condition                 Features                                                                  Sources 

 Changes in mobility        Marked antero-lateral bending distal femora with increased mobility       Shackelford & Trinkaus (2002), Holt (2003), patterns                 and temporal changes in long bone robusticity                            Ruff et al. (2006), Wescott (2006) 

 Blount ’ s disease             Localised growth disturbance medial proximal tibial epiphysis               Silverman (1985:515–518), Apley &                      THE BIOARCHAEOLOGY OF MET

 Depressed angle to medial joint surface in adults                           Solomon (1994:199)  Unilateral or bilateral 

 Bone spurs medial aspect epiphysis and metaphysic 

Tibia vara ; medial bending of proximal tibia, or swelling of medial cortex at proximal shaft 

 Oblique meeting of femoral condyles with tibia joint surface 

 Metaphyseal               Congenital, inherited disorder                                               Silverman  (1985:573–580) chondrodysplasia         Delayed  mineralisation 

 Cupping of metaphyses, metaphyseal widening, long bones, ribs 

ABOLIC BONE DISEASE

 Long bone bowing 

 Proximal femur particularly affected 

Coxa vara  of femoral necks 

 Cortical bone erosions, sub-periosteal bone formation 

 Irregularly  calcifi ed bone fi lling metaphyses 
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 Infantile  cortical  itamin D Defi  Cause  unknown V

 Silverman  (1985:841) 

hyperostosis              Average age of onset nine months 

(Caffey ’ s  disease) 

 Swelling of soft tissues 

 Diffuse  infl ammatory reaction within periosteum, periosteal new bone   ciency

formation

 Cortical thickening of long bones, typically clavicles, ulnae and affects 

mandibular ramus 

 Fusion of adjacent bones, e.g. ribs 

 May present expansion of medullary cavity and some endosteal 

resorption may occur in remodelling phase 

 Complications include bowing deformities of lower limbs 

 Treponemal diseases      Bowing deformities may be associated with bending, particularly of         Webb  (1995) 

tibia

 Deformity can be true bend or pseudo-bend created by irregular bone 

formation (e.g. saber shin) 
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the pelvis and hip may lead to diffi culties in walking and a  ‘ waddling  gait ’  (Mankin, 1974; Chapuy and Meunier, 1997; Güllü et al., 1998; Lips, 2001; Reginato and Coquia, 2003). 

 Recent investigations aimed at improving the identifi cation of this disease 

in bioarcheaology have been undertaken utilising historical pathological col-lections (Mensforth, 2002; Schamall et al., 2003b; Brickley et al., 2005) and studies of archaeological remains (Schamall et al, 2003a; Brickley et al., 2007). Further investigation of the range of skeletal manifestations of this disease is continuing (Mensforth, 2002, pers. com.). Recent research by Brickley et al. (2007) determined that severe manifestations of osteomalacia frequently iden-tifi ed in pathology museum collections, were rarely observed in the archaeo-logical cases. Whilst this may have occurred for a number of reasons inherent to the nature of each museum collection (as discussed in Chapter 2), the defec-tive mineralisation that occurs in osteomalacia may have a signifi cant role in increasing the fragility and post-mortem damage of skeletal remains, and hin-dering recognition of the disease from archaeological contexts (Brickley et al., 2007).

 Consistent manifestations of osteomalacia have been identifi ed in recent 

investigations of skeletal remains from archaeological contexts and cor-related with clinical observations, both macroscopically and histologically using scanning electron microscopy (see Schamall et al., 2003a; Brickley et al., 2007).

 

  Pseudofractures 

The macroscopic manifestations of vitamin D defi ciency osteomalacia are summarised in Table 5.11, and have been discussed by Schamall et al. (2003a), Ortner, (2003), Brickley et al. (2005, 2007) and Ives (2005). Skeletal features of osteomalacia include pseudofractures ( ‘ Looser ’ s  zones ’ ),  accumulations of unmineralised osteoid or poorly mineralised bone, which occur at spe-cifi c locations throughout the skeleton (Steinbach et al., 1954; Mankin, 1974; Brickley et al., 2005, 2007). Stresses exerted on such defectively mineralised bone result in small, linear fractures (Chalmers, 1970 in Parfi tt,  1986a:268; Mankin, 1974). 

 Clinical literature suggests two causative mechanisms for these lesions; 

one concerning the pressure or pulsations of arteries on weakened bone tissue (Le May and Blunt, 1949; Steinbach et al., 1954; Mankin, 1974), and the second invoking a fracture response in weakened bone to muscle and soft tissue forces during normal movement (Mankin, 1974; Adams, 1997:625; Francis and Selby, 1997; Berry et al., 2002). It will remain diffi cult to be certain of the origin of these lesions. Whilst the latter cause may seem more plausible, the pattern and location of some of the lesions, for example affecting the scapulae and ilia bodies do appear to suggest a response to arterial pressure (see Le May and Blunt, 1949; Steinbach et al., 1954; Ives, 2005). 
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 The linear cortical bone features are infractions and so a repair mecha-

nism is initiated. However, the fracture callus formed is disorganised during an active defi ciency owing to impairment of the mineralisation process by the lack of vitamin D (Looser, 1920 discussed by Steinbach et al., 1954:388; Le May and Blunt, 1949; Sevitt, 1981:61). With recovery and vitamin D attain-ment, callus ossifi cation will progress but may remain irregular, especially if excess osteoid has accumulated at the fracture site resulting in irregular and spiculated bone formation around the fractures margins (see Brickley et al., 2007).

 Recent investigations have demonstrated the consistent occurrence of pseu-

dofractures, particularly at the base of the scapula spinous process (see Figure 5.17   ), throughout the ribs ( Figure 5.18   ), and also affecting the forearms, pelvis (see  Figure 5.5 ) and femora (Mensforth, 2002; Schamall et al., 2003a; Ives, 2005; Brickley et al., 2007). The consistent location of these features is likely to play an important role in increasing the identifi cation of future cases of osteomalacia. Prolonged osteomalacia may result in extremely severe skeletal deformities, particularly of the spine and pelvis (see Ortner, 2003; Brickley et al., 2005) and where there is no evidence of recent or healing bone changes bone deformities can be diffi cult to extrapolate from those of severe residual rickets ( Table 5.8 ).

 

  ADULT VITAMIN D DEFICIENCY IN THE MODERN PERSPECTIVE 

Recent clinical investigations have highlighted the diverse range of condi-tions that will cause osteomalacia, including calcium–phosphorus imbalance, intestinal malabsorption states, renal disorders and failure, hereditary defects in aspects of vitamin D synthesis, as well as various heavy metals (including fl uoride, see Chapter 9) and modern treatments such as bisphosphonate (see Holick and Adams, 1998; Reginato and Coquia, 2003). It is clear that careful distinctions need to be made in comparisons of the onset and manifestations of some of these conditions to osteomalacia that occurred in past populations from different causes (see also Mays et al., 2006a). 

There is currently increasing awareness of vitamin D insuffi ciency  in 

many areas of the world. There is particular concern for many elderly indi-viduals in the developed countries, who may develop vitamin D defi ciency and if prolonged skeletal evidence of osteomalacia from imbalances in renal function and synthesis of vitamin D with age, together with prob-able lowered dietary intakes and sunlight exposure (Halloran and Portale, 1997; Bilezikian and Silverberg, 2001; Lips, 2001). Elderly individ-uals who are institutionalised through illness or provision of care may be unable to go outside, increasing the reliance on dietary sources of vitamin D (Chapuy and Meunier, 1997:681; Lips, 2001; Plehwe, 2003; Mosekilde, 2005). 120 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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(b)

FIGURE 5.17  Linear fractures (pseudofractures) affecting cortical bone surface at the base of 

the scapula spinous process in adult vitamin D defi ciency osteomalacia. (a) Bone callus (black arrows) surrounding the fracture margins (white arrow), (b) large build-up of irregular bone reac-tion (black arrows) almost covering the fracture (white arrow). Post-Medieval examples, (a) St. Martin ’ s Churchyard, Birmingham, reproduced with permission of Wiley from Brickley et al. (2007), Figure 2g. (b) Chelsea Old Church (OCU615). Photograph by Rachel Ives, courtesy of the Museum  of  London.    

 

In many modern contexts, elderly individuals tend to increasingly cover the skin when outdoors, limiting dermal conversion of vitamin D   from sunlight. 3 In some instances, sunlight exposure may be deliberately denied under regimes of cruelty or neglect with an effect on health (see Box Feature 5.2).
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(b)

FIGURE 5.18   Rib fragments showing  linear ridges of bone spicules indicating underlying pseu-dofracture in adult vitamin D defi ciency osteomalacia. Black arrows demonstrate areas of post-mortem damage in contrast to the pathological changes. Post-Medieval examples from St. Martin ’ s Churchyard,  Birmingham.    

 

Research has further considered the extent to which environmental pol-lutants and toxic metals have detrimental effects on health. The exposure of cadmium to water sources by zinc mining in the Jinzu River basin in Japan, as well as in Norway, Belgium and China, together with pollutant discharges from nickel–cadmium battery production in Southeast Sweden, have been linked with the skeletal effects of osteomalacia (see Låg, 1987; Mensforth, 122 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

 Box Feature 5.2. Physical and Non-Violent Manifestations of Abuse    

 

The physical manifestations and consequences of child abuse are becoming increasingly evident in modern research (Walker et al., 1997). Investigations of abuse in the past are also increasing with consideration of the physical evidence (Blondiaux et al., 2002; Lewis, 2007:175–183), as well as into theoretical percep-tions of cruelty and conceptual changes throughout time (e.g. Baraz, 2003). Accuracy in determination is vital in modern contexts and is important in iden-tifying and determining the social context of abuse in the past. Recent examples demonstrate the similarity in bone expression between child abuse (multiple frac-tures and new bone formation from haemorrhaging) and a range of pathological conditions, including vitamin K defi ciency following birth (Brousseau et al., 2005), spontaneous fractures in disuse osteopenia, vitamin D defi ciency,  osteogenesis imperfecta, as well as scurvy and congenital syphilis (see Kerley, 1978; Kaplan, 1986; Walker et al., 1997; Torwalt et al., 2002; Rosen et al., 2003). 

 However, manifestations of abuse may not only take a violent or physical form. 

Neglect of illnesses or the withholding of food resources can be detrimental to health (see Jelliffe, 1955:93) and where deliberate can be considered as abusive (see Palmer and Weston, 1976; Meade and Brissie, 1985; Kellogg and Lukefahr, 2005; Cundiff and Harris, 2006; Piercecchi-Marti et al., 2006). Dietary deprivation is a signifi cant concern in cases of child abuse, whether occurring as an independ-ent action (neglect) or as an underlying factor secondary to violence (e.g. Anon. 1890:460–461, 1906:1088). Forcible imprisonment with lack of sunlight, together with dietary deprivation may result in vitamin D defi ciency. 

 Physical and non-violent abuse is not restricted towards children. There is 

growing evidence of neglect and maltreatment towards the elderly in a variety of contexts particularly in the developed world (see review Shields et al., 2004). Failure in adequate provision of care can be as simple as not enabling elderly indi-viduals to go outside, especially where physical deformities may limit individual mobility and may increase the dependence on others. Deliberate dietary depriva-tion is currently a signifi cant factor in elder abuse (Shields et al., 2004), particu-larly as elderly individuals require increased dietary intakes of various nutrients (calcium, vitamin D, vitamin C, dietary fi bre and magnesium) to maintain skeletal health (Berner et al., 2002; Volkert et al., 2004). Whilst likely complex to extrapo-late, multidisciplinary anthropological research into the treatment and health of children and the elderly, could provide valuable social and cultural insights into the various contexts in which abuse may have occurred in the past.  

 

2002; Järup and Alfvén, 2004; Jin et al., 2004; Vahter et al., 2004). Cadmium toxicity is associated with decreased concentrations of vitamin D, potentially via associated kidney damage or via a direct effect on osteoclast differenti-ation and action (Davies, 1994; Järup, 2003; Vahter et al., 2004:62; Järup and Alfvén, 2004). The skeletal consequences include secondary hyperparathy-roidism and manifestations of osteomalacia and osteopenia. 

 As with many of the metabolic bone diseases, the spectrum of bone defects 

in rickets and osteomalacia can have equivalent expression in zoological species 




Chapter | 5 Vitamin D Defi ciency 123

 

(see Zongping, 2005). Historical records attest to osteomalacic bone fractures occurring in cattle from Southern Norway in the seventeenth century, at the time linked to consumption of the plant  Narthecium ossifragum .  Subsequent analysis demonstrated that defi ciencies of phosphorus in bedrock, soil and plants were the underlying cause of the condition (Låg, 1987:63) although the northerly latitude may have been an additional causative factor. 

Both rickets and osteomalacia attributable to phosphorus defi ciency  in 

grazing land exacerbated by calcium defi ciency currently exist in Bactrian camels in the Badanjiling and Tengeli deserts in China (Zongping, 2005). Skeletal deformities and subsequent lameness have severe impacts on the feeding ability of these animals, which typically need to graze large areas to achieve a general nutritional adequacy. Prolonged conditions resulted in death of animals following exhaustion and starvation (Zongping, 2005). The human implication of these pathological changes is loss of herd members, particularly important if affecting reproductive females, as well as loss of supplies of meat and an important economic and transport provision (see Zongping, 2005). Animals may suffer from vitamin D defi ciency if a mother ’ s milk is withdrawn and unsupplemented cow ’ s milk is substituted. For example, a marked case of rickets with bowed leg bones has been documented in a six-month old elephant calf reared on cow ’ s milk (Hochberg, 2003:3).  

 

  ANTHROPOLOGICAL PERSPECTIVES: OSTEOMALACIA 

  Paleopathological Cases of Osteomalacia 

World-wide archaeological evidence for vitamin D defi ciency  osteomalacia in adults is infrequent although few studies to date represent systematic large-scale population-based investigations of this condition (Schamall et al., 2003a; Brickley et al., 2007). A summary of the currently known cases is shown in Table A3. 

 The various studies that have investigated the presence of adult vitamin D 

defi ciency in many communities have provided valuable insights into the cir-cumstances of in which this disease occurs. For example, vitamin D defi ciency can be a notable concern when individuals are institutionalised for a range of underlying causes, unless dietary sources make up for the defi cit of sunlight exposure. It is unclear at present to what extent sunlight exposure was limited for individuals who were affected by a range of mobility problems (see Chapter 7). If unable to walk and when lacking additional support, it is likely that individuals may not have been able to venture outside. This situation is often noted in the elderly in many developed countries (e.g. Plehwe, 2003), but it would be useful to explore the additional contexts under which such cir-cumstances may have arisen, particularly in the past. Schamall et al. (2003a) have discussed a case of osteomalacia in a middle adult female from a Roman military hospital in Austria. It is plausible that injury may have resulted in immobilisation and subsequent osteomalacia, although the assessment of 124 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

dietary adequacy also needs consideration (e.g. Sledzik and Sandberg, 2002). Additional causes in such circumstances could include the age and sex of the individual affected (hormonal status and age-related renal function decline). 

 Evidence of vitamin D defi ciency in bioarchaeological samples may be 

complex to interpret, owing to the possible range of causative factors that can result in skeletal changes. However, continued investigations will provide the potential to examine the relationship between clothing customs or cultural dietary practices on health in the past. Clothing fashions can be inextricably linked with the individual ’ s position in society and can also be largely inter-preted as refl ecting a cultural impact on lifestyle and stage in the life course. Informative analyses will need to provoke inter-disciplinary research in draw-ing on a wide spectrum of anthropological and historical evidence to identify specifi c social conventions relevant to each period. For example, in Victorian England, dresses that permitted glimpses of a lady ’ s ankle were associated with prostitutes (Picard, 2005:172). It was held as popular fashionable prac-tice for females to remain pale-skinned, limiting sunlight exposure and aided by the use of arsenic in soap products to whiten the skin (see Freeman, 1989; Howe, 1997), although these values principally refl ect those held by the mid-dle and upper classes. It would also be of value to consider if clothing customs altered with age and to what extent this varied between social classes and what effects these may have had on health. 

 Food availability in many present and past populations is no guarantee 

of food quality, and practices of food adulteration are documented through-out periods in history (see a perspective on this issue across British history in Roberts and Cox, 2003:311–312, 360). During the post-Medieval period, adulteration practices affected foodstuffs containing both calcium (milk and cheeses) as well as vitamin D (fi sh), particularly in enabling the sale of stale products (Freeman, 1989). Further variation in dietary consumption may exist between the classes or sexes, or across different stages of childhood, and may result in health effects that could demonstrate such cultural patterning. Investigations could be combined with paleodietary analyses for a more inte-grated understanding of past diets and health impacts. 

 Dietary practices may have been limited according to social or religious cus-

toms both in the present (e.g. Jelliffe, 1955, above) as well as in the past, and normal dietary customs may have altered in times of ill-health. For example, some religious houses and monasteries in late Medieval England, particularly Cistercians, were not allowed to eat fi sh except when ill, whereas Benedictine monks were allowed to eat fi sh but not meat (see Roberts and Cox, 2003:244). Dietary restrictions would emphasise the requirements on sunlight exposure to obtain suffi cient vitamin D status. Dietary reconstruction through isotope anal-ysis can aid the reconstruction of consumption of marine protein compared to terrestrial protein, which could be correlated with investigations of health (e.g. Mays, 1997). Geographical location and transportation means will affect the availability of food resources and could potentially be correlated with health effects (see Mays, 1997). Evidence of vitamin D defi ciency in Britain as 
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recently surveyed by Roberts and Cox (2003) highlights increased occurrence in Roman Britain, with decreases through the Medieval period. Increased prev-alences are evident in the post-Medieval period, attributable to urban living and industrial pollution and poor diet and research is continuing to document the occurrence of this condition across the social classes (Mays et al., 2006a; Brickley et al., 2007; Ives, in preparation). 

 Comparisons of geographical and regional differences in the prevalence of 

this condition could enable better insight into paleoclimatic interpretations and would facilitate comparisons with known geographic prevalence of this condi-tion in the modern world. Cases of adult osteomalacia from the post-Medieval period in England have been linked with increasing air pollution deriving from coal smoke and factory smog, which together with climatic variability served to fi lter out available sunlight (see Brickley et al., 2007; Brimblecombe, 1987:109; Luckin, 2003). Continued investigation of skeletal samples during periods of industrialisation and increasing urbanisation may be able to shed light on how widespread the effects of such atmospheric pollution may have been during this period. 

 

  DIAGNOSIS OF OSTEOMALACIA IN ARCHAEOLOGICAL BONE 

  Macroscopic Features of Osteomalacia 

 Recently occurring osteomalacia will be manifest through pseudofractures, small, linear fractures, within the external bone cortex. These features are fre-quently bilateral and tend to show irregular fracture callus surrounding the fi ssure. In severe cases pseudofractures can develop into complete fractures. Healed evidence of osteomalacia may comprise severe deformities in the axial skeleton caused by bone softening (see Schamall et al., 2003b; Brickley et al., 2005) (see  Figure 5.19   ). 

 Pseudofractures can occur in a number of conditions, including osteogen-

esis imperfecta, Paget ’ s disease, congenital syphilis and osteopetrosis (Mankin, 1974; Brickley et al., 2007). However, the pattern of skeletal occurrence and trend towards bilateral locations affected, particularly in the scapulae can be correlated with defective mineralisation indicative of vitamin D defi ciency (Steinbach et al., 1954; Steinbach and Noetzli, 1964; Boyde et al., 1986; Brickley et al., 2007), and Mankin (1974:119) has further argued that those pseudofractures occurring in other conditions are more likely to progress to complete fractures to a greater extent than those in osteomalacia ( Table 5.11   ).

 

  Radiological Features of Osteomalacia 

 Radiologically, pseudofractures may appear as small, linear bands of decrea-sed density occurring perpendicular to bone margin. Pseudofractures may demonstrate a sclerotic margin if prolonged and an irregular fracture callus can be formed ( Table 5.12   ).

126 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

[image: ]

 

FIGURE 5.19  Section through vertebrae of an adult individual with osteomalacia curated in the 

Galler Collection, Basel. Note biconcave compression of superior and inferior surfaces in all three vertebrae (e.g. arrowed), unlike osteoporosis which tends to manifest in a single compressed ver-tebra. Also note the coarsening of vertical trabeculae and loss of horizontal trabeculae. Photograph by the authors courtesy of the Natural History Museum in Basel, Switzerland.    

 

  Histological Features of Osteomalacia 

Pathological defects in bone mineralisation can be identifi ed  histologically using BSE-SEM. In particular, defects in bone mineralisation adjacent to the cement line, together with poor quality of newly formed bone and irregularly sized osteocyte lacunae are bone features indicative of osteomalacia (see fur-ther, Boyde et al., 1986; Schamall et al., 2003a; Brickley et al., 2007) and  Table  5.13     and   Figure  5.20   . 

 Histological changes of osteomalacia can be identifi ed in trabecular and 

cortical bone tissue. Pathological changes can be quite distinctive but should be demonstrated as consistently occurring throughout a sample for defi nite diagnosis. It is necessary to consider the potential for various diagenetic and taphonomic alterations to have affected bone quality and structure as distinct from pathological alterations. 
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TABLE 5.11  Macroscopic Features of Vitamin D Defi ciency Osteomalacia 

 Bones  affected      Features                                           Code      Differential  diagnosis               Sources 

 

 Cranium              Fine pitting/diffuse porosity of cortical              G           Paget ’ s  disease,  Rickets                Mankin  (1974),  Ortner                  V surface, cardboard-like consistency of itamin D Defi  (2003:398, 400) 

bones, low weight 

 Basilar invagination if severe 

 Dentition               AMTL                                                    G           Dental  disease,  Age,                    Hess  (1930)                               ciency

Metabolic, Infectious 

 Vertebrae             Buckling, folding of body                             D           Osteoporosis  (usually                  Jaffe (1972), Mankin (1974), 

compression not buckling)          Pitt (1988), Barnes (1994), 

 Loss of body height and irregularity of endplates     D                                               Francis & Selby (1997),  Multiple sites of biconcave compression                                                            Ortner (2003), Schamall D Osteoporosis,  usually superior and inferior surfaces of vertebral bodies                                                     et al. (2003b), Brickley single site 

et al. (2005), Brickley 

 Kyphosis and scoliosis; if lumbar affected may      G           Congenital  and  developmental 

et  al.  (2007)       

protrude anteriorly to obstruct pelvic inlet                     or Trauma, Metabolic, Infection 

 Ribs  and               Multiple pseudofractures as linear ridges of         S            Infection,  but  usually                  Albright et al. (1946), sternum           irregular, spiculated bone formation                          not linear, Trauma                   Mankin (1974), Pitt (1988), 

 Multiple complete fractures, numerous                                                           Adams (1997), Berry D fractures may appear adjacent                                                                  et al. (2002), Ortner (2003), 

Brickley et al. (2005), 

 Irregularly formed trabecular bone spicules         D

Brickley  et  al.  (2007)     

occur at fracture margins 

 Lateral straightening of rib shafts where             D           Residual  rickets extreme may show medial indentations 

 Acute rib neck angle                                 D           Residual  rickets                                                              127 Bending sternum, severe cases                     D

Continued
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TABLE 5.11    (Continued)

 Bones  affected      Features                                            Code      Differential  diagnosis              Sources 

 Pelvis  and               Pseudofractures superior/inferior pubic              S            Trauma                                  Mankin (1974), Adams sacrum            rami. True fractures or buckling deformities                                                      (1997), Ortner (2003), 

 Pubic rami lie adjacent rather than opposing,                                                       Brickley et al. (2005), S dislocation of the pubic symphysis. Obstruction                                                  Ives (2005), Brickley of pelvic inlet                                                                                               et al. (2007) 

THE BIOARCHAEOLOGY OF MET

 Pseudofractures in medial aspect ilium             S adjacent to greater sciatic notch 

 Protrusion of ilia into pelvic inlet                      D Narrowing of pelvis and curvature of ilia             D           Residual  rickets  Anterior facing of acetabulae and protrusion         D          Residual  rickets into pelvic inlet 

 Thinning of the ilia, collapse and buckling/          D           Osteopenia,  Paget ’ s  disease folding (anterior) and fracture of the iliac crest 

 Sacrum extreme ventral angulation, typically        G           Residual rickets, Trauma, at S3, potentially with fracture. Contributes to                  Extremes of sexual dimorphism obstruction of pelvic inlet  ABOLIC BONE DISEASE

 Long bones          Pseudofractures affecting medial femoral neck      D          Osteoporosis,  Paget ’ s  disease         Hess (1930), Dent & 

or medial shaft adjacent to lesser trochanter                                                        Hodson (1954), Mankin  Antero-lateral bending of femoral shafts                                                             (1974), Schamall et al. D Residual  rickets,  CDF 

(2003a), Brickley 

et al. (2005), Ives (2005), 

Brickley et al. (2007)   
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Coxa vara  of femoral necks                             D           Residual  rickets,  CDF Genu valgum ( ‘ knock-knees ’ )  angulation                D           Blount ’ s  disease  Pseudofractures may affect proximal               D          Trauma,  Activity  related ulna shaft beneath proximal joint surface as                   development                                                          V well as distal third of shaft  itamin D Defi

 Irregularity of poorly mineralised bone              D accumulation at the site of muscle

attachments, e.g. proximal ulna 

 Pseudofractures may affect shaft of radius.   ciency  G  Osteopenia 

Colles ’  fractures indicative of osteoporosis

can co-occur in osteomalacia 

 Pseudofractures clavicles, humeri, tibiae and        D          Stress  fractures fi bulae, less frequently than other bones 

 Other:  Scapulae       Pseudofractures  (Looser ’ s  zones)  affecting            S                                                     Dent & Hodson (1954), 

lateral border and inferior lateral margin of                                                           Steinbach et al. (1954), spinous process                                                                               Mankin (1974), Schamall  Increased posterior curvature of scapula blade                                                     et al. (2003a), Brickley D Residual  rickets 

et al. (2005), Ives (2005), 

 Buckling/collapse of superior border                D

Brickley  et  al.  (2007)     

 

 Other:  Hands         Pseudofractures can affect metacarpals and         D          Stress fractures, Trauma              Dent & Hodson (1954), and feet             metatarsals                                                                                     Mankin (1974), Schamall 

et al. (2003a) 

Notes : See  Table 5.5  for defi nition of codes used in diagnosis. CDF, congenital dislocation of the femur (Mitchell and Redfern, 2008); AMTL, ante-mortem tooth loss. 
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TABLE 5.12  Radiological Features of Vitamin D Defi ciency Osteomalacia 

 Bones  affected        Description  of  changes                     Code       Differential   diagnosis             Sources 

 Cranial                   Osteopenia, although can be                  G           Various  metabolic,                    Swann (1954), Dent & Hodson 

inconsistent                                           Infl ammatory, Haematogenous,    (1954), Mankin (1974) 

Malignant conditions 

 Dentition                 AMTL                                              G           Various 

 Vertebrae  THE BIOARCHAEOLOGY OF MET  Osteopenia of cortical margin and  D  Osteopenia,  Paget ’ s  disease,   Dent & Hodson (1954), 

trabeculae                                          Malignancy and Infection          Reynolds & Karo (1972), Mankin 

(1974), Berry et al. (2002), 

Reginato & Coquia (2003), 

Schamall et al. (2003b) 

 Ribs and sternum      Multiple pseudofractures                     D          Trauma                             Dent  &  Hodson  (1954), 

Reynolds & Karo (1972), Mankin 

(1974), Parfi tt (1986a), Berry 

et al. (2002), Reginato & 

Coquia (2003) 

 Pelvis and sacrum      Pseudofractures at pubic rami                D          Trauma                              Dent & Hodson (1954), 

 Osteopenia at iliac crest and ilia                                                                Reynolds & Karo (1972), Mankin            ABOLIC BONE DISEASE G      Various  conditions 

(Chapter 7)                         (1974), Parfi tt (1986a), Berry 

et al. (2002)   

 Long bones            Pseudofractures medial femoral neck and    S          Paget ’ s  disease                      Dent  and  Hodson  (1954), 

medial sub-trochanteric level                                                             Reynolds & Karo (1972), 

Mankin (1974), Parfi tt (1986a), 

Berry et al. (2002) 
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 Pseudofractures radius, ulna and clavicle     D Long bone curvature. May result in           D           Residual  rickets,  Paget ’ s differential thinning and thickening of                   disease, CDF affected cortices  V

itamin D Defi

 Other: Scapulae        Pseudofractures in lateral border and        S                                              Dent & Hodson (1954), 

inferior margin spinous process                                                           Steinbach et al. (1954), 

Reynolds & Karo (1972), 

Mankin (1974), Parfi tt (1986a), 

 ciency

Adams (1997), Berry et al. 

(2002), Schamall et al. (2003a) 

 Other:  Hands           Periarticular osteopenia and sub-             G           Secondary                           Dent & Hodson (1954), and feet               chondral erosions, cortical bone                         hyperparathyroidism,             Reynolds & Karo (1972), 

striations or intra-cortical porosity (fi ne                   Osteoporosis, Rheumatoid         Mankin (1974) detail required)                                         arthritis Pseudofractures in metacarpals and 

metatarsals

 Other:  General           Generalised  osteopenia                        G           Various  metabolic.                    Hess (1930), Milkman (1930, 

 Loss of defi nition of cortical margins                      Osteopenia; outlines tend to       1934), Albright et al. (1946), Dent 

remain fairly distinct                & Hodson (1954), Steinbach 

 Thinning trabeculae and coarsening and 

et al. (1954), Steinbach et al. 

 ‘ fuzzy ’   outline  to  remainder 

(1959), Steinbach & Noetzli 

 There may be no detectable radiological                                                  (1964), Mankin (1974), Francis & changes in early stages                                                                     Selby (1997) 

Notes : See  Table 5.5  for defi nition of codes used in diagnosis. AMTL denotes ante-mortem tooth loss.   CDF, Congenital dislocation of the femur
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TABLE 5.13  Histological Manifestations of Vitamin D Defi ciency Osteomalacia in Skeletal Remains 

 Tissue  type       Features                                              Code      Differential  diagnosis            Sources 

 Cortical bone      Increased resorption bays in early stages of          G           Secondary                           Garner & Ball (1966), Sato 

conditions                                                  hyperparathyroidism,            & Byers (1981), Boyde et al. 

Osteopenia, Fibrous dysplasia    (1986), Mankin (1974), Francis 

 Poor mineralised bone quality                                                                  & Selby (1997), Parfi tt (1998), S Fibrous  dysplasia 

Corsi et al. (2003), Schamall 

 Defectively mineralised bone adjacent to            S                                                                                   THE BIOARCHAEOLOGY OF MET

et al. (2003a), Ives (2005), 

osteon cement lines 

Brickley et al. (2007) 

 Incomplete mineralisation of layers of bone          S Separation of mature bone from newly formed      S bone by post-mortem disappearance of osteoid 

 Enlarged osteocyte lacunae                          D          Different  to  abnormal  bone 

mineralisation in fi brous 

dysplasia

 Mineralisation proceeds normally with              D obtainment of vitamin D, may be excess bone if 

osteoid accumulation is rapid 

ABOLIC BONE DISEASE

 Trabecular        As above. Changes may be more widespread        S                                         Garner & Ball (1966), Sato & bone          throughout trabecular structure                                                             Byers (1981), Mankin (1974), 

 May be increased trabecular thinning and                                                       Boyde et al. (1986), Parfi tt G Secondary perforation with and increased resorption                                                       (1997:652), Francis & Selby hyperparathyroidism,

Osteopenia                   (1997), Schamall et al. (2003a), 

Brickley et al. (2007)   

Notes : See  Table 5.5  for defi nition of codes used in diagnosis. 
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(a)

[image: ]

 

(b)

FIGURE 5.20  BSE-SEM images of pathological mineralisation defects in adult vitamin D defi -

ciency osteomalacia. (a) Incomplete layers of new bone formation separated from existing bone by defective mineralisation adjacent to cement lines. (b) Poorly mineralised new bone surrounded by defects adjacent to the cement lines in a clinical sample. Copyright Alan Boyde QMUL. 

 

  CONCLUSIONS 

 The manifestations of vitamin D defi ciency have recently received increasing attention and as a result, this condition is becoming more widely recognised from a range of contexts in both present and past communities. The causative factors of vitamin D defi ciency can be widespread and recognition of these con-ditions may facilitate greater interpretation of health particularly in past com-munities. Factors resulting in a vitamin D defi ciency can stem from illnesses that limit mobility and therefore sunlight exposure, as well as underlying epi-sodes of malnutrition or calcium defi ciency, or social or cultural practices. These latter causes indicate that this disease may be evident in situations where food supplies are limited, including after natural disasters or bouts of warfare, or where food is deliberately withheld at an individual level of abuse. 

  APPENDIX: SUMMARY OF PUBLISHED ARCHAEOLOGICAL EVIDENCE FOR VITAMIN D  134

DEFICIENCY 

 

TABLE A1  Summary of Published Archaeological Evidence for Vitamin D Defi ciency Rickets in Juvenile Remains 

 Total            Age/Sex,  bones 

 Locations              Date                  burials      affected                Methods       Attributed  cause        Sources 

 Russia                     24,000  BP  MUP          2                  2  children.  Long:           Mac. Rad.       ? rickets. Clothing,         Formicola & Buzhilova 

(LUP)                           bending                           lifestyle suited          (2004); Buzhilova (2005)            THE BIOARCHAEOLOGY OF MET

to cold weather 

and cave shelter, 

possible limitations 

of vitamin D 

 Bellanbandi             ca.  125,000–            NS              NS.  Femora  and           Mac.              Poor-quality                 Kennedy in Cohen & Palassa,              30,000 (P) ?                         Tibiae: Moderate                      nutrition?                Armelagos (1984:182) Sri Lanka                                                  bending

 Mahadaha,             ca.  125,000–            NS              NS.  Femora  and           Mac.             Poor-quality                Kennedy in Cohen & Gangetic Plain,        30,000 (P) ?                         Tibiae: Moderate                      nutrition?                Armelagos (1984:182) South Asia                                              bending

ABOLIC BONE DISEASE

 Chandoli                 Farming                 NS              NS.  Femora  and           Mac.              Agricultural                  Kennedy in Cohen & and Nevasa          communities (ca.                 Tibiae: Moderate                    economy, population    Armelagos (1984:182) Maharashtrian       12,000 BC+?)                     bending                            pressure, lower-communities,                                                                        quality nutrition South Asia 

 Yugoslavia               ca.  6300–5300  BC        NS               Common  in                NS.               Incipient  cultivation;       Y ’ Edynak  (1987)  cited  in 

(ME)                          children. BNS                      restrictive dietary       Cohen (1989:214) 

practices children 

and females 




 Balkans                   9000  BC                  NS               J.  young  children.          Mac.              Settlement  within           Zivanovic  (1982)                        Chapter | 5

craniotabes, thick                      deep river gorge,         cited in Aufderheide legs, characteristic                      dense forest              & Rodríguez-Martín rib cage lesions *                       covering prominent      (1998:310); Barnes 

shadows and           (2005:327)* prevention of  V

* itamin D Defi

sunlight exposure 

 Denmark               ca.  5000–1800           NS              6.  NS.                       Mac.             NS                            Nielsen  (1911)  cited  in 

BC (N)                                                                                           Wells (1975) 

 South  Africa   ciency  4910–4730  BP  (N)   4   1.  J.  3.5–5   Mac.  Rad.   Possible  inborn   Pfeiffer & Crowder 

months. Bone                       error of metabolism,     (2004) shaft thickening,                         renal malfunction? metaphyseal                        Unlikely dietary swelling, cranial                          defi ciency, tight and orbital porosity,                     swaddling suggested growth plate                           for some features porosity, thickened 

but porous cortex, 

angulation distal 

tibiae, rachitic rosary 

 Denmark               3000  BC–AD  1000       NS             3.  NS                       Mac.             NS                           Nielsen  (1911) 

(R/(IA))                                                                                                       cited in Wells (1975) 

 Adittanalur,  South       1100–0  BC  (IA)           16                5.  J.  Crania                    Mac.               Agricultural                   Kennedy in Cohen & Asia                                                                                      economy, population    Armelagos (1984:182) 

pressure, lower-

quality nutrition 

Continued
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Total        Age/Sex, bones 

Locations         Date              burials     affected             Methods    Attributed cause     Sources

 Mahujhari,  South        1100–0 BC (IA)          NS             J. Long: Diaphyseal       Mac.             Agricultural                 Kennedy in Cohen & Asia                                                  bending and fl aring                   economy, population    Armelagos (1984:182) 

pressure, lower-

quality nutrition 

 

 Bahrain,  Arabian        300 BC–AD 250         1280            4 J. 2    0–6 months,       Mac.             Combination  of             Littleton  (1998b)                      THE BIOARCHAEOLOGY OF MET Gulf (IA) individs 1   2–3 years, causes: Frequent 

over         1   6–12 months.                     infections, diarrhoeal burial        Vert. Long: Cupping                    disease and period      and fl aring of tubular                   inadequate sunlight 

appearance of long                    exposure bone metaphyses, 

concave depressions 

in vertebral 

endplates 

 Bahrain,  Arabian        300 BC–AD 250         1280            10. Long bone            Mac.             Cultural  practices          Littleton  (1998b) Gulf                 (IA)                  individs      changes                             avoiding sunlight 

over ABOLIC BONE DISEASE

burial

period

 Italy                              ca.  750  BC–AD             139  (total        1.  Healed  rickets            Mac.                NS                                 Bisel  (1991) 

550 (R)                adults and 

children)
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 England                 Late  fi rst century       11               1. NS. Long: Slight        Mac.              NS                            Wakely  &  Carter  (1996) 

AD (R)                             bowing long, severe 

EH

 Fazekasboda,           NS  Roman              NS              2.  NS                       Mac.             NS                           Regöly-Mérei  (1962)                  V

itamin D Defi

Hungary                                                                                             cited in Wells (1975) 

 England                 AD  410–1050  (AS)       ca.  130          3/64  children               Mac.              NS                            Stirland  (1985) 

under 11 years, 

1/6 adolescents   ciency

(12–17 years). 

Lower long: Antero-

posterior bending, 

sub-periosteal

apposition of new 

bone

 England                AD 410–1050 (AS)      NS             1. ca. 6 years. Leg        Mac.             NS                          Ortner  &  Putschar 

bones. Anterior                                                (1981); Ortner (2003) bowing

 England                 AD  410–1550  (M)        NS              1  infant.  Widening                         NS                            Manchester  pers.

epiphyses, bowing                                         com. cited in Stuart-long bones                                                  Macadam (1989:212) 

 Scandinavia             AD  410–1550  (M)        NS              NS                          Mac.              NS                            Morel  &  Demetz  (1961) (Burgundian tribe)                                                                                                       cited in Wells (1975) 

 Ireland                     ca.  AD  800–1100         66                1. ca. 3 years old.          Mac.               NS                             Power  (1994) 

(M)                            NS

Continued 137
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TABLE A1 (Continued)

Total        Age/Sex, bones 

Locations         Date              burials     affected             Methods    Attributed cause     Sources

 England                 AD  850–110  (EM)        142              1.  0.6–2.5  years.            Mac.              Diet?                         Lewis  (2002) 

Rib and skull: 

Frayed rib, porotic 

hyperostosis

THE BIOARCHAEOLOGY OF MET

 England                 AD  950–1550  (M)        200              1.  2.6–6.5  years.            Mac.              Diet?  Urban                 Lewis (2002); Dawes 

Lower long: Bowing                   conditions?             (1980) and frayed distal 

surfaces. Dawes 

(1980:59) refers to 

2 classic cases and 

between 30 and 40 

instances of greater 

than normal femur 

or tibia bowing 

 England                 AD  950–1550  (M)        303              6:  3     New born-0.5      Mac.              Illness,  sunshine            Lewis  (2002) 

years; 1 0.6–2.5                      defi ciency                                                   ABOLIC BONE DISEASE years; 1 0.6–6.5 years; 1 age? Various: Long 

bones, ribs and 

cranial; fraying, 

bending, porosity, 

beading of ribs 




Chapter | 5

 England                AD 950–1550 (M)       687            8 J. 3–18 months.         Mac.            Ill from other causes       Ortner & Mays (1998) 

Flared and porous                   and kept inside out ribs ends, deformed                  of sunlight long bones, porous 

and irregular  V

itamin D Defi

subchondral bone, 

porous woven 

bone deposits 

cranial, deformed 

mandibular condyle   ciency

 Mixed  sites,               10–13th  centuries       NS               Increase  in  number        Mac.              NS                             Nemeskéri  &  Harsányi Hungary            (M)                           of cases from 0.7%                                        (1959) cited 

to 2.5%. NS                                                      in Wells (1975) 

 Västerhus,                ca. AD 1100–1300      364             3  suspected,  only          Mac.             NS                            Gejvall  (1960)  cited  in Sweden           (M)                        1 defi nite by Wells ’                                        Wells (1975) 

view. NS 

 England                  ca.  AD  1100–1550       6J/35A          1 J (?) angulation          Mac.             NS.  Small,  rural             Chundun & Roberts 

(M)                            proximal tibia,                       hospital                (1995);

bowing R tibia, 

femora, ML 

fl attened fi bulae 

 England  (Jewish         ca. AD 1170–1280      154             1 J, less 1 year.            Mac.             NS                            Brothwell  &  Browne burial ground)         (M)                  (under 20     Bowing deformity                                             (1994)

years)       forearm. 3 skulls 

under 1 year. (Fine 

pitted bone may be 

indicative of early  139

rickets)

Continued
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TABLE A1 (Continued)

Total        Age/Sex, bones 

Locations         Date              burials     affected             Methods    Attributed cause     Sources

 Aebelholt                ca. AD 1250–1550       800             9.  NS                        Mac.             NS                            M ø ller-Christensen Monastery,           (M)                                                                                         (1958) cited by Wells Denmark                                                                                     (1975)

 Lajmer  and              NS  Medieval            NS              2.  NS                        Mac.              NS                            Regöly-Mérei  (1962) Sellye, Hungary  THE BIOARCHAEOLOGY OF MET  cited in Wells, (1975) 

 England                 AD  1550–1900           2/65             1     7–8 years;             NS               N/A                           Start  &  Kirk  (1998) 

(PM)                          1   11–12 years 

 Broadgate,              AD                       58              7 J. 6 healed rickets       Mac.             Infant  feeding               Pinhasi et al. (2006) London, UK         1550–1900(PM)                  I neonate. No                    practices, low socio-

correlation with                        economic status delayed growth 

 England                 AD                       ca. 50           12. Femora, tibiae:        Mac.             NS                            Wells  (1967) 

1550–1900(PM)                 Severe bowing, 

buttressing and 

splayed epiphyses  ABOLIC BONE DISEASE

 England                 1650  (PM)                1                 1.  Daughter  of  King        Mac.              Sickly  constitution,          Burland  (1918) 

Charles I. Cranial                        potential retained changes, scoliosis,                      indoors arm and leg 

deformities
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 England                 AD                       28/186          6   new born–0.5          Mac.             Sunshine  defi ciency,       Lewis (2002); Molleson 

1729–1859(PM)                 years; 19 0.6–2.5                   nutritional practices;     & Cox (1993)* 

years; 1 2.6–6.5                      climate at birth                                               Vitamin D Defi years; 1 6.6–10.5 years; 1   age? (20 J)* . Long, ribs and cranial

 First  African                1823–1841  (PM)          10                2  J.  1                                                                                                                            ciency  8 years, 1   Mac.                                                Angel  et  al.  (1987) 

Baptist Church,                                           NS. Femora and tibia Philadelphia, US                                        severe bending. 

 Cedar  Grove,            AD  1890–               NS             J. 1/4 of all children       Mac.              Low  protein  and            Martin et al. (1987); & Arkansas, US          1927(PM/Mo)                    dying aged 3–20                     calcium diets; socio-     Rose (1985) cited in 

months affected.                      cultural status: Free      Cohen (1989:222) Cranial rachitic                          black slaves lesions

 Denmark               NS                      NS             NS                         Mac.             NS                          Fürst  (1920)  cited  in 

Wells (1975) 

 Norway                  NS                       NS              NS                          Mac.             NS                            Fürst  (1920)  cited  in 

Wells (1975) 

 Sudan  and  Nubia       NS                        NS              NS.  Deformed             Mac.             NS                            Ruffer  (1914)  cited  in 

sacrum                                                Wells (1975) 

 Peru                         NS                           NS                NS                              Mac.               NS                                MacCurdy  (1923)  cited 

in Wells (1975) 

Continued 141
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TABLE A1 (Continued)

Total        Age/Sex, bones 

Locations          Date              burials     affected             Methods    Attributed cause     Sources

 South  America          Early  period             NS               NS                           Mac.              NS                            Lehmann-Nitsche (Patagonia)                                                                                                          (1903) cited in Wells 

(1975)

 England  THE BIOARCHAEOLOGY OF MET  Late  R   NS   2  infants  (b–9   Mac.   NS   Farwell  &  Molleson 

months). NS                                               (1993)

Notes : Several cases reported by Wells (1975) excluded on basis of Wells ’  subsequent observations. Dates given are approximate and supplied to provide an approximate time line. Date ranges may 

be subject to regional variations. Time periods given by original authors are indicated in brackets: LUP, late upper palaeolithic; P, pre-historic; ME, Mesolithic; N, Neolithic; IA, Iron Age; ER, Early Roman; R, Roman; A-S, Anglo Saxon; M, Medieval; PM, post-Medieval; Mo, modern; J, juveniles; A, Adults; NS, not specifi ed; BNS, bones not specifi ed; Mac., macroscopic examination; Rad., radiological examination; Mic., histological examination. At the time of writing there are a number of cases from various sites not yet been published. *Data denoted with asterix are reported in asterixed source.

 

ABOLIC BONE DISEASE




Chapter | 5

TABLE A2 Summary of Published Archaeological Evidence for Adult Cases of Healed Juvenile Vitamin D Defi ciency Rickets 

 Total              Age/Sex,  bones 

 Locations         Date                burials       affected                       Methods         Attributed  cause          Sources 

V

 Russia              24,000 BP (UP)       1 adult           1 Mature male. Bending         Mac. Rad.          ? rickets, ?                    Formicola  &                    itamin D Defi

forearm, femora, fi bulae                         physiological bowing       Buzhilova (2004); 

Buzhilova (2005) 

 Russia                26,640+/ 110        3                  1 YA. Femoral shortening,       Mac.                 Congenital?                   Formicola et al. 

BP (UP)                           coxa vara , humerus, radius,                       Physiological? Rickets      (2001)                        ciency

ulna bending                                 not preferred diagnosis  

 Yugoslavia          ca.  6300–5300         NS.               Common in women. NS         NS.                 Incipient  cultivation;         Y ’ Edynak  (1987) 

BC (Me)                                                                     restrictive dietary          cited in Cohen 

practices children and      (1989:214) females

 US                   3250–300 BP (P)      251              133 M, 118 F. Cranium,           Mac.                Potential  implications        Ivanhoe & Chu 

femur, tibiae measured*       Quantitative     of dietary changes         (1996)

assessment     through time 

 US                   ca. 3000 BC (P)       NS               1. Adult. Femur bowing,         Mac.                 NS                              Means  (1925) 

coxa vara                                                                             cited by Wells 

(1975)

 US                       3000  BC–AD           359                 Cranial  vault,  cranial               Mac.                   Dietary  calcium                 Ivanhoe  (1995) 

1850 (15 series)                     base, femora and tibiae        Quantitative     defi ciency, (P+)                                      * measured                   assessment      physiological stress 

in females, male 

nutritional advantages 

Continued 143
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TABLE A2 (Continued)

Total         Age/Sex, bones 

Locations      Date            burials      affected                  Methods      Attributed cause       Sources

 

 United  Arab         3000–2000  BC         47                1. A ? Femur bowing             Mac.                Vitamin D defi ciency?        Blau (2001) Emirates        (P)

 Egypt                1500–100  BC          NS                Adult.  NS.  Long                    Mac.                 Unlikely  lack  of                 Nerlich et al. 

(NK) THE BIOARCHAEOLOGY OF MET  sunlight; may be  (2000)

related to ill-health 

 England            AD 43–410 (R)       40               1 ?M 18–23 single femur.        Mac.  Rad.                                       Harman  et  al. 

Marked bowing                                                     (1981)

 England             AD  410–1050          107              5. Adults. NS. Various            Mac.                 NS                              Anderson  (1993) 

(AS)                             tibiae, femora, bending? 

normal variation 

 England            ca. AD 500 (AS)      NS              NS. Aged 20–55 years,          Mac.                Sunshine  and                 Ivanhoe  (1994) 

10 M, 10 F recorded.           Quantitative     calcium defi cits and Cranial, femora and tibiae     assessment      physiological stress in measured *                               females                                        ABOLIC BONE DISEASE

 England            AD 43–410 (R)       NS              1 YA F. Bowed femora and      Mac.                NS                            Farwell  & 

tibiae                                                                      Molleson (1993) 

 England            AD 43–410 (R)       92               2 A M. Healed rickets,           Mac.                Possible  dietary  or           Roberts & Cox 

bowing tibiae                                  physiological factors        (2003:143);

for general lack of           Boylston & vitamin D                  Roberts (2004) 
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 Switzerland         AD  410–1550          NS                1.  Male  50+.  Tibiae.               Mac.                 NS                               Ortner  & 

(M)                                                                                            Putschar (1981); 

Ortner, 2003 

 Ireland                ca.  AD  800–           200                4. A M. Mainly lower limbs;      Mac.                  NS                                Power  (1994) 

1100 (M)                          1                                                                                                    V  case humeri bowing  itamin D Defi

 US                       AD  100  (MW)           NS                  1  Ad.  M.  Possible  case             Mac.                   NS                                  Neiburger  (1989) 

cited in Ortner 

(2003:404)

 ciency

 England            ca. AD 1100 (M)      29 (adults       1. NS. Lower long.                                                              Chundun  & 

only)          Bowing tibia and femora,                                                 Roberts (1995) 

angulation tibia, fl attening 

fi bulae 

 England             AD  1485–1603        NS               2 bowed femora, 12             Mac.                Poor  childhood               Stirland  (2000) 

(M)                           bowed tibiae                               nutrition

 England             AD  1170–1280        316               2:  1    A F femora bend,         Mac.                 NS                              Brothwell  & 

(M)                           1  A F, tibiae bend                                                    Browne (1994) 

 US                       AD  1790–1820         16 adults         A 50% F 75% M affected.         Mac.                 Working  conditions            Kelley  &  Angel, 

(PM)                         Tibiae marked bowing                                              1987

 US                   1823–1841 (PM)      NS               30% of A affected. Adults                           Socio-economic  and          Angel et al. 

3 F, 7 M. Tibiae bowing                          nutritional conditions       (1987)

 Ireland                AD  1800+  (PM)        17                  2.  1     YA M severe                Mac.                  Air  pollution  and               Power  (1994) 

bending deformities legs.                      lowered sunlight 1   A F legs and arms                         exposure or conditions affected                                       affecting calcium and 

phosphate metabolism  145
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TABLE A2 (Continued)

Total         Age/Sex, bones 

Locations      Date            burials      affected                  Methods      Attributed cause       Sources

 England             AD  1718–1845         250               37. A (20–60 years) 18 M,        Mac.                 Sunshine and calcium       Ivanhoe  (1994) 

(PM)             recorded     19 F. Cranial, femora and      Quantitative     defi cits 

tibiae measured *             assessment

 England             AD  1550–1900         NS               1  A  M.  Lower  legs                 Mac.                 NS                               Manchester 

(PM) THE BIOARCHAEOLOGY OF MET  (1983) cited in 

Stuart-Macadam

(1989:212);

Ortner (2003) 

 England             AD  1550–1900         968               15  adults.  NS.                      Mac.                 Likely  dietary  and             Molleson & Cox 

(PM)                                                                 sunshine defi ciency,       (1993)

industrialisation

 Egypt                NS                       NS                 1.  M  Adult.  NS                      Rad.                  NS                                 Moodie  (1931) 

cited by Wells 

(1975)

 Australia              NS                        NS                 1  Adult.  Lower  long.                Mac.                   NS                                  Ortner  (2003:404)                ABOLIC BONE DISEASE

Notes : Several cases reported by Wells (1975) excluded on basis of Wells ’  subsequent observations. Dates given are approximate and supplied to provide an approximate time line. Date ranges may 

be subject to regional variations. Time periods given by original authors are indicated in brackets: P, Prehistoric; UP, upper palaeolithic; Me = Mesolithic; MW, Middle Woodland; NK, New Kingdom; R, Roman; A-S, Anglo Saxon; M, Medieval; PM, post-Medieval; J, juveniles; A, Adults; NS, not specifi ed; BNS, bones not specifi ed; Mac., macroscopic examination; Mic., histological examination; SSEM, surface SEM; Rad., radiological examination.  

*No specifi c cases RR referred to.




Chapter | 5

TABLE A3  Summary of Archaeological Cases of Adult Vitamin D Defi ciency Osteomalacia 

 Total          Age/Sex,  bones 

 Locations            Date                   burials     affected                     Methods       Attributed  cause         Sources 

V

 Nubia  (BMNH        ca. 3800–2500 BC       NS           1. A. M Bending arms,         Mac.             Sunshine  defi ciency       Rowling  (1967:275–             itamin D Defi 178A)              (PD)                           legs, deformity pelvis                      in adulthood            278); Ortner 

and sacrum, fracture                                                                 * resulting from (2003:403–404) right femur. Hypertrophic                               * paraplegia? bone of femora 

 ciency

Paraplegia with possible 

complication of rickets 

 Upper  Egypt          1991–1802  BC            NS            A. F. Isolated sacrum,          Mac.              NS                           Ortner  (2003:402) 

(Twelfth Dynasty)                 small and lightweight, 

acute  90 °   angulation 

 Austria                 1600 BP (R)              38             1. F. 35–45 years                 Mac.               Roman  military              Schamall et al. 

Fractures: R scapula          Rad. Mic.       hospital                  (2003a) ribs, ulnae, pubic ramus,     (BSE-SEM) metatarsal

 Additional  disturbed 

mineralisation lumbar 

vertebrae

 England              AD 43–410 (R)          NS           2 A. Flattened femora          Mac.             NS                          Farwell  &  Molleson 

and pelves                                                        (1993)

 England               AD 43–410 (R)           92            1. YA/MA F. Axial skeleton      Mac.              Possible  dietary  or         Roberts & Cox (Kempston)                                   atrophy, Possible OM,                    physiological factors     (2003:143); Boylston 

Poor preservation                                                  & Roberts (2004)               147
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TABLE A3  (Continued)

 Total          Age/Sex,  bones 

 Locations            Date                   burials     affected                     Methods       Attributed  cause        Sources 

 England              AD 1485–1603 (M)      NS           2 A. angled sacrums and       Mac.             NS                         Stirland  (2000) 

1 curved sternum 

 England               AD  1550–1900           143           7 A. 1 MA M, 2 OA F, 1          Mac.              Effects  of                    Brickley et al. 

(PM)                         OA ?, 2 Ad M, 1 Ad F         Rad. Mic.      industrialisation: air      (2007)

Fractures scapulae ribs       (BSE-SEM)    pollution, dietary                                        THE BIOARCHAEOLOGY OF MET clavicles, bone formation                    defi ciency, socio-ulnae and ribs                               economic status and 

cultural practices 

 Additional  disturbed 

mineralisation

ribs/femora

 England               (AD  1550–1900)          831           17 A. Fractures scapulae       Mac.  Mic.         Industrialisation:  air        Ives (2005); Ives (in (3 sites)               (PM)                                 ribs, clavicles, bone           (BSE-SEM)     pollution, dietary         preparation)

formation ulnae, ribs,                         defi ciency, socio-femur sub-trochanteric                      economic status and pseudofracture                           cultural practices 

ABOLIC BONE DISEASE

 Additional  disturbed 

mineralisation

ribs/femora

 England               AD  1550–1900           388            2  Adults,  NS                      Mac.              NS                            White  (1985); 

(PM)                                                                                   Roberts & Cox 

(2003:309)
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 Italy                        1865 (PM)                 NS             1.A M. Skull porosity and       Mac.               NS                             Ortner  (2003:398) 

thinned or low weight of 

bones and multiple post-

cranial fractures 

V

* itamin D Defi

 Strasbourg             1896 (PM)               NS            1. 18-year old M. Pelvic        Mac.              NS                           Ortner  (2003:400) 

deformities, angulation 

lumbar vertebrae, pitted 

cortical bone skull 

 ciency

 Hamann-Todd        post-1900  (Mo)          1122          Axial  psueofractures,           Mac. Rad.       Vitamin D defi ciency,      Mensforth,  (2002) Collection, US *                             black       frequent co-occurrence                      ancestry, age 

and       osteopenia with                          and sex-related white      osteomalacia. Different                     differences males      prevalence age, sex, and       racial groups females

 Switzerland *          post-1900  (Mo)          NS             13  A.  Incomplete  adults.       Mac.              NS                            Brickley  et  al. 

Axial, appendicular                                                   (2005) fractures, femoral 

bending. Signifi cant rib 

and pelvic deformities 

 Austria *                 post-1900 (Mo)          NS            15 A. Incomplete adults.       Mac.                                          Schamall  et  al. 

Axial, appendicular                                                   (2003b); Brickley fractures, femoral                                                       et al. (2005) bending. Signifi cant rib 

and pelvic deformities 

Continued
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TABLE A3  (Continued)

 Total          Age/Sex,  bones 

 Locations            Date                   burials     affected                     Methods       Attributed  cause         Sources 

 Prague *                NS                          NS             NS.  Fracture  proximal           Mac.                                             Ortner  (2003:399) 

femur, with severe 

posterior angulation, 

osteopenia

THE BIOARCHAEOLOGY OF MET

 England *              NS                        NS             1.  A  F.  Axial  deformities.         Mac.               NS                              Ortner  (2003:400) 

 England                NS                        NS             NS.  A.  Marked  pelvic            Mac.              NS                             Brailsford  (1929) 

deformities                                                       cited by Wells 

(1975)

Notes : Dates given are approximate and supplied to provide an approximate time line. Date ranges may be subject to regional variations. Time periods given by original authors are indicated in 

brackets: PD, Predynastic; R, Roman; A-S, Anglo Saxon; M, Medieval; PM, post-Medieval; Mo, Modern; J, juveniles, A, adults; M, male; F, female ? Undetermined. NS, not specifi ed; BNS, bones not specifi ed; Mac., macroscopic examination; Rad., radiological examination; Mic., histological examination; BSE-SEM, Back-scattered SEM detection. * Location of curated remains, see individual source.   * bones affected, asterix denotes additional data provided by asterixed source.
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 Chapter  6 

 

Age-Related  Bone  Loss  and 

 

Osteoporosis 

 

 Osteoporosis is a disease characterized by a decrease in bone amount with con-sequent increases in skeletal fragility and heightened risk of fractures, which occur with minimal trauma (Riggs et al., 1998, 2001; Rodan et al., 2002; Melton et al., 2003). The decrease in bone tissue can suffi ciently alter the micro-structural architecture of bone, facilitating increasingly ineffi cient buffering of load-bearing. These changes contribute to bone fatigue and further increase the risk of fracture (Frost, 2001; Rodan et al., 2002; Frost, 2003; Chapter 3). 

 

  DEFINITIONS OF OSTEOPOROSIS 

 Osteoporosis and its precursor osteopenia (decrease in bone tissue without risk of fracture) can occur in a wide range of circumstances and as such have received designations such as  ‘ primary ’ ,   ‘ secondary ’   and   ‘ post-menopausal ’  in order to highlight the relevant causative variables. This chapter focuses on the occurrence of age-related osteoporosis in females and males, and post-menopausal osteoporosis in females. Secondary osteoporosis that occurs fol-lowing trauma, pathology or dietary imbalance is discussed in Chapter 7. 

 As highlighted in Chapter 3 (and Box Feature 3.1), bone is not a static tissue, 

but is consistently being maintained through the process of remodelling. With age remodelling becomes unbalanced with too much bone resorption or too lit-tle bone formation causing net bone loss (Compston, 1999; Parfi tt, 2003:11–15). This imbalance is accepted as a consequence of the normal process of aging and the resulting bone loss itself is not indicative of osteoporosis (Riggs et al., 1998; Parfi tt, 2003). The bone that remains following age-related loss is largely struc-turally normal, in contrast to the defectively mineralised and pathological bone present in other metabolic conditions (e.g. vitamin D defi ciency as discussed in Chapter 5, Paget ’ s disease as discussed in Chapter 8). 

 Clinical osteoporosis is only evident when the reduction in bone amount 

and consequent structural changes increase the susceptibility to fracture (Riggs and Melton, 1988; Kanis, 1994; Jergas and Genant, 2001; Melton et al., 2003). Prior to the onset of fracture, there are no external indications of osteopenia or osteoporosis. In the developed world, large-scale non-invasive screening of the quantity of bone tissue is routinely undertaken in order to identify older and post-menopausal individuals who have bone amounts with the greatest 
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risk of fracture. Examination of cortical bone thickness, or bone mineral con-tent and density have been utilised to determine bone quantity (see Genant, 1988; Kanis, 2002; and Brickley and Agarwal, 2003 for review of techniques). However, it is diffi cult to determine at what amount or quality of bone a patho-logical fracture will occur, and there is considerable variation in fracture preva-lence between different population groups, between the sexes and across age groups. Without such screening programmes, it is impossible to know what the true prevalence of age-related osteoporosis really is. 

 Alterations in bone quality can also occur in osteoporosis, such as localised 

defects in bone mineralisation (as distinct from systemic vitamin D defi ciency, see Chapter 5), or damage (e.g. cortical cracking) at a microscopic level, both of which can increase mechanical weakening and risk of fracture (Hayes and Ruff, 1986; Burr et al., 1997; Grynpas et al., 2000; Marcus and Majumder, 2001; Grynpas, 2003). These skeletal changes increase with age and may be further modulated by lifestyle infl uences. 

 Bioarchaeological investigations of age-related osteoporosis can provide 

an important insight into the evolution of what is considered by many to be a modern disease. There are signifi cant challenges inherent in the examination of bioarchaeological evidence for this condition, and these are discussed later in the chapter (also Box Feature 6.3). What remains a substantial problem evi-dent in many studies of health is the adoption of non-standardised terminology (see Chapter 2). Any detectable bone loss that appears greater than normal in bioarchaeological studies should be considered to be osteopenia. The presence of osteoporosis may be better defi ned where an osteoporosis-related fracture is evident within the physical remains.  

 

  CAUSES OF AGE-RELATED OSTEOPOROSIS 

Age-related osteoporosis is a complex condition with a multi-factorial aeti-ology (Raisz and Seeman, 2001:1949). This metabolic bone disease has been the focus of intense clinical study over many years (e.g. Riggs and Melton, 1988; Kanis, 1994; Marcus et al., 2001). Whilst the broad factors underlying its devel-opment are well recognised, many of the specifi c mechanisms through which it becomes manifest are still incompletely understood. The pace of research into this condition is largely driven by the means for effective treatment for those sig-nifi cantly affected, such as post-menopausal women (Cummings and Melton, 2002). Whilst necessary, this does create a bias in current research focused on this particular demographic group (further discussed in the Anthropological Perspectives Section later). The following section will briefl y review the princi-pal factors currently thought likely to contribute to the onset of this condition. 

 

  Menopause 

 Oestrogen can restrain bone turnover and limit the resorptive capability of mature osteoclasts (Riggs et al., 1998; Lindsay and Cosman, 1999; Reid, 1999; 
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Pacifi ci, 2001). With loss of oestrogen during the menopause in females, bone remodelling increases (Pacifi ci, 2001; Raisz and Seeman, 2001). Bone resorp-tion increases by 90% when compared to 45% increase in bone formation and this imbalance results in a 20–30% loss of trabecular bone and a 5–10% loss of cortical bone (Riggs et al., 1998). Bone loss can occur following decreases in ovarian function within the decade prior to the fi nal cessation of menses (e.g. perimenopause phase) (Riggs et al., 1998; Reid, 1999:55). Oestrogen loss may further remove cell sensitivity to strains from physical activity, potentially fur-ther contributing to bone loss (see below; Lindsay and Cosman, 1999; Frost, 2001; Lanyon and Skerry, 2001; Raisz and Seeman, 2001; Riggs et al., 2001; Frost et al., 2004). 

 The greater prevalence of osteoporosis-related fractures in post-menopausal

females compared to age-matched males demonstrates the importance of the menopause in impacting on skeletal health (Parfi tt, 1986b; Kanis, 1994; Riggs et al., 2001; Pacifi ci, 2001). Whilst all women are liable to undergo the meno-pause, not all experience bone loss at a level suffi cient to result in osteoporo-sis or related fractures. Riggs et al. (1998, 2001) have recently reiterated their hypothesis that it is the onset of the menopause coupled with an additional as yet unspecifi ed factor but potentially including poor nutrition or genetic back-ground, which will increase the rate of bone lost and fracture risk. There may be considerable variation within present and past populations in the potential for additional factors to exacerbate the onset of post-menopausal bone loss resulting in osteoporosis. Signifi cant age-related cortical bone loss has been demonstrated in a post-Medieval British population sample, but with a lack of evidence for osteoporosis-related fractures (Mays, 2000) (see later in Section Consequences of Age-Related Osteoporosis: Fractures). Mays (2000) posited whether cultural factors may have mediated the impact of age-related oste-oporosis from becoming manifest, highlighting that social and cultural factors inherent across lifestyles in both present and past communities may have the potential to affect the expression of various metabolic bone diseases.  

 

  Increased Age 

 Increased age results in an imbalance in bone remodelling and bone loss (Riggs et al., 1998; Mundy, 1999; Rosen and Kiel, 1999:57; Frost, 2001, 2003). The extent of bone loss with age is actually similar between males and females with estimates of 20–30% losses of both trabecular and cortical bone occurring (Riggs et al., 1998). It is the contribution of post-menopausal bone loss to this age-related bone loss that causes females to become typically more susceptible to risk of osteoporosis-related fracture compared to males. 

 Increases in osteoclastic resorption depths can perforate trabecular elements

contributing to structural weakness and removing the bone surface necessary for bone formation, preventing the means of improving skeletal structural support, as shown in  Figure 6.1    (Riggs et al., 2006). A recent study by Banse et al. (2003) has demonstrated that some bone formation does occur to act in 154 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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(a)                                        (b)
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FIGURE 6.1  Light microscopy examination of age-related changes in trabecular bone structure. 

(a) A  ‘ free-end ’  or trabecula that has been perforated due to bone resorption. (b) A rounded micro-callus indicating a micro-fracture in a trab-ecula. Archaeological adult human samples.    

 

bridging perforated trabecular struts. While, this has implications in suggest-ing some potential for structural recovery or adaptation, it is not yet clear how frequently this may occur throughout the skeleton. 

 Comparatively little is known of the effect of age on bone cell function. 

Aging may adversely affect osteoprogenitor cells via reducing the number of existing cells as well as limiting the capacity to differentiate new bone cells (see Chapter 3; Pearson and Lieberman, 2004). Aging may also hinder the detection and response to accumulating fatigue damage, adding to the increas-ing fragility in the skeleton (Schaffl er et al., 1995; Burr et al., 1997; Chapter 3). It is not yet clear whether individuals with osteoporosis have a limited function to repair micro-damage, which would also exacerbate the risk of bone weak-ness and failure (Melton et al., 1988:120; Burr et al., 1997). 

 Aspects of mineral homeostasis alter with age. Importantly, dietary cal-

cium intake tends to decline with age in many elderly individuals in the developed world (Heaney, 1999:24), as does effi ciency of intestinal absorp-tion (Heaney, 1999). Vitamin D concentrations also fall with age (see further Chapter 5). Together these changes can stimulate PTH production increasing bone resorption in order to release calcium from renal metabolism (Chapter 3) and bone into the blood serum (see Chapters 5, 7, 9). A defi ciency of calcium is not the cause of age-related and post-menopausal osteoporosis, however alterations in calcium availability have an important role to play in exacerbat-ing adverse aging effects on skeletal health (see Heaney, 1999:25; Chapter 7).  
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  Peak Bone Mass 

 Peak bone mass refers to the bone tissue that has accumulated by the end of the adolescent growth spurt and prior to the onset of age-related bone loss. This growth phase tends to be achieved between the ages of 18 and 35 years (Orwoll et al., 2001; Bonjour et al., 2003), although some studies have sug-gested it is achieved between the range of 15 and 20 years (Raisz and Seeman, 2001). The development of peak bone mass is a complex process regulated by environmental factors such as health during childhood growth, nutritional quality, degree of physical activity and physiological factors including concen-tration of sex steroids, as well as genetic determination (Lindsay and Cosman, 1999; Lloyd and Cardamone Cusatis, 1999; van Der Meulen and Carter, 1999; Orwoll et al., 2001; Recker and Barger-Lux, 2001; Van der Sluis and de Muinck Keizer-Schrama, 2001; Bonjour et al., 2003). 

 Failure to attain adequate peak bone mass means that with the onset of normal

remodelling balances with age, a quantity of bone will be reached at which fractures may occur at an earlier age compared to individuals who have attained greater amounts of bone during growth (Recker and Barger-Lux, 2001). The later completion of puberty in males compared to females enables larger bones and muscles to be developed. Males therefore tend to have greater bone mass from larger bone size and stronger bones, which are more resistant to fracture than females (Ruff et al., 1994; Ruff, 2000; Orwoll and Klein, 2001; Bonjour et al., 2003; Parfi tt, 2004). This is an additional contributing factor to increased female prevalence of age-related osteoporosis-related fractures compared to males (Orwoll and Klein, 2001). The potential to attain adequate peak bone mass may be an important variable in the risk of osteoporosis determinable in past populations (see later in this chapter).  

 

  Mechanical Loading 

 Physical activity is important in building bone strength, and is a signifi cant com-ponent in mediating the risk of osteoporosis-related fractures (Friedlander et al., 1995; Nikander et al., 2005; Riggs et al., 2006). Limited mechanical loading or disuse increases bone resorption and is a signifi cant consequence of paralysis and of zero-gravity situations such as space fl ights (see further Chapter 7; and Bickle et al., 1997; Vico et al., 2000; Giangregorio and Blimkie, 2002). It is pos-sible that the infl uence of age-related changes in bone strength on osteoporosis-risk has been underestimated (Nikander et al., 2005). In particular, assessments of bone mineral density may not be able to accurately detect age-related changes in bone structure and quality (Huuskonen et al., 2001; Riggs et al., 2006; see also discussion in Ruff et al., 2006:487). Increased sedentism in the developed world, potentially stemming from the onset of agriculture with reduced physical activity may be related to increased levels of osteopenia (Ruff, 2000), although interaction with changes in dietary quality, reproductive stresses and pathology 156 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

also need careful determination (see Section Anthropological Perspectives later in this chapter, as well as Bridges, 1989; Larsen, 2003). 

 There are age- and sex-related trends in the effi ciency of skeletal tissue 

response to loading. In adolescence and young adulthood, bone is particu-larly adaptive to mechanical stimuli, frequently mediated by osteoprogenitor cells within the periosteal membrane (Ruff et al., 1994; Larsen, 1997; van Der Meulen and Carter, 1999; Lloyd and Cardamone Cusatis, 1999; Ruff, 2000; Parfi tt, 2004; Pearson and Lieberman, 2004; Ruff et al., 2006). Intense load-ing during growth increases sub-periosteal bone expansion in males, widening the cross-sectional shape of long bones, increasing bone strength and reducing fracture risk. Bone periosteal expansion can occur in females, but bone tends to be deposited more on the endosteal surface, which is not as effi cient in load-ing as sub-periosteal apposition (Ruff et al., 1994; Petit et al., 2004; Nikander et al., 2005; Riggs et al., 2006). 

Individuals undertaking increased physical activity may reduce the rate 

of endosteal resorption and bone loss in weight-bearing bones (Pearson and Lieberman, 2004:76; Peck and Stout, 2007). Activity during later adulthood may result in small gains of bone at the periosteal margin (Eisman et al., 1991; Ruff et al., 2006), but these take longer to accumulate and may require a greater intensity of activity in order to become manifest. Ruff et al. (2006) have argued that many short-term or cross-sectional investigations could have limited potential in detecting the consequences of loading-related remodelling in adults. This may be an important factor in bioarchaeological reconstruc-tions of the causes of osteoporosis-risk in past populations that are inherently cross-sectional.

 Osteoblasts appear increasingly unable to respond to mechanical stimuli 

with age (Lanyon and Skerry, 2001; Pearson and Lieberman, 2004:74, 79), although modern populations tend to demonstrate decreasing physical activity with age, complicating interpretations of purely age-related changes. It is also important to highlight that strength is not a lone factor affecting bone health. Decreases in muscle strength with age may exacerbate the risk of falling and fractures (Nguyen et al., 2000; Szulc et al., 2005).  

 

  Extremes of Exercise 

 Extreme exercise can result in hypothalamic suppression and hypo-oestrogenism causing amenorrhoea (cessation of menstruation). Athletes who combine intense physical activity with low dietary calorie intakes (e.g. gymnasts, ballet danc-ers, endurance runners, fi gure skaters) may experience amenorrhoea (New, 2001; Cobb et al., 2003; Rome and Ammerman, 2003:422; Castelo-Branco et al., 2006). This physiological state increases bone resorption resulting in lowered bone density, which is signifi cant for the attainment of peak bone mass and risk of osteopenia and fractures (Kanis, 1994:166; Cobb et al., 2003; Rome and Ammerman, 2003:422; Goodman and Warren, 2005; Punpilai et al., 2005). 
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Amenorrhoea can be further exacerbated by starvation and eating disorders, with risk for the onset of osteopenia (Chapter 7 and Box Feature 9.2). 

 

  Continuing Sub-Periosteal Apposition 

 During adult life continuing sub-periosteal bone apposition partially offsets endosteal resorption strengthening the load-bearing axis particularly of long bones and providing a means of greater resistance to compressive and tensile strains (Lazenby, 1990; Garn et al., 1992; Ruff, 2000; Orwoll and Klein, 2001; Pearson and Lieberman, 2004). The rate of age-related endosteal and trabecu-lar bone loss in males and females in the vertebrae and iliac crest is similar (see Duan et al., 2001a). However, females are affected to a greater extent by age-related bone fragility partly due to oestrogen defi ciency, but also because they frequently fail to gain as much sub-periosteal bone as males appear to (Garn et al., 1992; Duan et al., 2001a; Seeman, 2001). Changes in bone tissue with age are not a single simplistic process. The variability of alterations in rates of bone loss and gain between the sexes over age, and also across differ-ent skeletal locations, require continued investigation (Duan et al., 2001a) and careful interpretation regarding possible mechanisms of age-related osteopor-osis in bioarchaeological research.  

 

  Genetics and Population Groups 

 To date, no single, straightforward genetic contribution to age-related osteo-porosis has been identifi ed (Livshits et al., 1998; Rosen et al., 2002; Seeman, 1999a; Stewart and Ralston, 2000). Stewart and Ralston (2000) and Eisman (1999) have reviewed how genetic defects in the various principle regulators of bone metabolism may infl uence age-related osteoporosis risk. These fac-tors include the vitamin D receptor, the oestrogen receptor, genes responsible for the Type I collagen protein, as well as TGF-, osteocalcin, PTH gene and interleukin-6 (IL-6) (see also Zmuda et al., 1999). These data indicate that the genetic infl uence on age-related bone loss may stem from actions on specifi c cells involved in bone remodelling (see Chapter 3). 

Importantly in modern contexts, age-related osteoporosis may have an 

inherited component. For example, mothers with osteoporosis-related fractures appear to have daughters with relevant skeletal sites exhibiting low bone density suggesting inherited defects in bone mass (Eisman, 1999:790), although it is diffi cult to rule out diet, lifestyle and physiological similarities which may be expected within familial units (see further Cooper, 2005:36). The genetic infl u-ence on age-related osteoporosis-risk is unlikely to be static throughout the life course. Genes may act variably on bone metabolism, including development of bone morphology, the attainment of peak bone mass and with infl uence during phases of the menopause (e.g. early or late), with resulting implications for bone 158 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

health during life (e.g. Slemenda et al., 1996; Eisman, 1999; Brown et al., 2004; Huang and Wai Chee Kung, 2006; Demissie et al., 2007). 

 Bone remodelling rates may differ between groups of different ancestry. For 

example, young adult African-Americans have higher concentrations of para-thyroid hormone and circulating vitamin D, and can utilise and conserve dietary calcium more effi ciently than white Americans (Slemenda et al., 1997; Heaney, 1999:23; Bilezikian and Silverberg, 2001). These changes may derive from a secondary hyperparathyroidism caused by variation in vitamin D synthesis in response to increased skin pigmentation (see Chapters 5 and 9). Increases in active vitamin D decrease the urinary excretion of calcium and may aid increases in bone mass, although the mechanisms and manifestations of population dif-ferences with age require further documentation (Heaney, 1999; Bilezikian and Silverberg, 2001). Consideration of differences in bone mass, patterns of bone loss with age and risk of age-related osteoporosis-related fractures between population groups is expanding in both clinical and anthropological research (Solomon, 1986; Riggs et al., 1998; Heaney, 1999; Riggs et al., 2001; Cho and Stout, 2003; Robling and Stout, 2003; Pearson and Lieberman, 2004; Pfeiffer et al., 2006; Peck and Stout, 2007). 

 

  Nutrition and Lifestyle 

 A range of dietary factors may limit the potential development of peak bone mass and/or exacerbate age-related bone loss (e.g. Martin et al., 1985), and this rela-tionship is considered in detail in Chapter 7. Lifestyles typical of the developed world also include high caffeine and alcohol intake and cigarette smoking (van der Voort et al., 2001). Whilst these variables have been linked to reduced bone mineral density in cross-sectional studies, the long-term effects on skeletal health have been less well investigated (Jergas and Genant, 2001:421). 

 

  SKELETAL FEATURES OF AGE-RELATED OSTEOPOROSIS 

 The macroscopic, radiological and histological features of age-related osteo-porosis are presented later in this chapter. However,  Table  6.1     outlines  the bone changes observed in this condition and changes in trabecular bone are illustrated in  Figure 6.1  and in cortical bone in  Figure 6.2   .  There  are  sex-specifi c differences in the degree of bone loss and structural responses to the risk of fracture. These changes are further manifest in the differences in preva-lence of age-related osteoporosis-related fractures in the developed world.  

 

  CONSEQUENCES OF AGE-RELATED OSTEOPOROSIS: FRACTURES 

 Reduction of bone quantity and quality from age-related remodelling imbal-ance increases bone fragility and consequently require only minimal trauma 
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TABLE 6.1  Bone Structural Changes in Age-Related Osteoporosis and 

Implications for Fracture Risk  

 Bone tissue type   Bone cell actions   Skeletal changes       Sources 

 Trabecular  bone        Increased                Perforation                  Melton et al. 

osteoclastic           trabeculae              (1988), Roberts resorption depth       Trabecular  thinning       & Wakely (1992),  Osteoblastic  failure     Trabecular                  Brickley & Howell to re-fi ll resorption    micro-fractures           (1999), Compston cavities                 Increasing  trabecular      (1999:259),

strut length               Marcus &  Reduced  trabecular  Majumder (2001), 

connectivity             Orwoll & Klein  Removal of bone         (2001), Banse surface for reducing  et al. (2003), Frost 

future remodelling       et al. (2004) Compensatory

thickening of 

remaining

trabeculae

 Cortical  bone            Increased                 Increased  intra-cortical     Parfi tt (1986b), 

osteoclastic           porosity                 Kanis (1994), resorption depth       Thinned  cortical          Parfi tt (1994),  Osteoblastic  failure    bone                      Compston (1999), to re-fi ll resorption     Increased  endosteal      Recker & cavities                resorption and bone     Barger-Lux (2001), 

loss Frost et al. (2004),  

 Coalescence  of  Cho et al. (2006) 

resorption cavities 

 Increased  formation 

of trabecular structure 

 Increased 

accumulation of 

fatigue damage 

 Increased  medullary 

space

 

in order to result in fracture (Parfi tt, 1988:77; Kanis, 1994:3). Fractures do however, derive from many inter-related factors, including the risk of falls (e.g. environmental surround, neurological capability), the energy released by the impact of the injury or fall, as well as the ability of soft tissues and muscles to dissipate such energy (see Harkess et al., 1984; Melton et al., 1988:125; Parfi tt, 1988:76; Cummings and Melton, 2002). 

 Three sites in the skeleton are predilected to osteoporosis-related fracture: 

the distal radius, vertebral fractures and fractures of the femoral neck (Melton 160 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 6.2  Thinning of cortical bone and loss of trabeculae in the adult second metacarpal 

with increased age. Macroscopic observations of bone loss are improved with quantifi cation, for example using metacarpal radiogrammetry to determine age-related changes in cortical thickness (see text). Post-Medieval archaeological adult human samples from St. Bride ’ s Lower Churchyard, London. From left to right: FAO2073 young adult female with percentage cortical thickness (CI index) as 58.61%, FAO2122 middle adult female CI 48.3% and FAO1350 old adult female with CI 34.94%. Radiograph by Rachel Ives, courtesy of the Museum of London.    

 

et al., 1997; Arden et al., 1999; Melton et al., 2003). However, age-related osteoporosis can increase the susceptibility to fracture throughout the skeleton (Cummings and Melton, 2002:1761). Post-menopausal females who have suf-fered one osteoporosis-related fracture are at greater risk of sustaining further fractures (Riggs et al., 1998; Cummings and Melton, 2002; Briançon et al., 2004; Melton and Kallmes, 2006). 

 

  Distal Radius Fractures (Colles ’  Fractures) 

 The distal radius is largely composed of cortical bone, although the proportion of trabecular bone increases towards the epiphysis in order to protect the joint surface by dissipating loading through the networked structure (Melton et al., 1988). Age-related cortical thinning, intra-cortical porosity and trabecular bone loss have signifi cant implications for the strength of the distal radius. Limited, if any, periosteal apposition appears to occur at the distal radius (see Melton et al., 1988:118; Lazenby, 1990) potentially due to lack of weight-bearing mechanical stimuli. Therefore, age-related bone loss does not appear to be com-pensated for, further limiting the resistance to loading during fracture impacts. 
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TABLE 6.2  Summary of the Features and Complications of Distal 

Radius Colles ’   Fractures  

 Features  of 

Colles ’   fracture        Pathological  changes                        Sources 

 Fracture                 Metaphyseal fracture distal radius            Melton et al. (1988), 

 Dorsal displacement of distal fragment      Gartland & Werley  Trabecular  compression  (1951), Mays (2006b) 

Healed: fracture line on anterior surface 

 Impaction of posterior cortex 

 Shortening of shaft 

 Loss of slight medial curvature, 

increased posterior angulation 

 Additional  bone        Intra-articular fracture of distal radius         Melton et al. (1988), 

involvement        joint surface                               Gartland & Werley 

 Lack of ulna involvement                    (1951), Dai & Jiang  Avulsion or subluxation of fi bro-cartilage  (2004), Mays (2006b) 

at the distal radio-ulnar joint 

 Ulnocarpal abutment (abnormal contact) 

 Injury to scapholunate interosseous 

ligament

 Complications         Severe fractures: reduced function           Melton et al. (1988), 

of wrist                                           Gartland & Werley  Secondary osteopenia, impaired local       (1951), Dai & Jiang blood supply, necrosis of bone, bone  (2004), Mays (2006b; 

resorption                                Chapter 7)  Refl ex sympathetic dystrophy (Sudeck ’ s 

dystrophy): local pain, tenderness, 

swelling, instability, loss of joint motion 

 stiff  fi ngers, reduced grip strength, 

limited supination and pronation, 

osteoarthritis in wrist 

 

Colles ’  fractures typically derive from falls onto an outstretched hand, 

resulting in posterior displacement of the distal part of the radial shaft. The manifestations of a Colles ’  fracture together with potential complications are summarised in  Table 6.2    and illustrated in  Figures  6.3  and  6.4     .  The  appear-ance and severity of deformity of Colles ’  fractures can vary, as discussed by Gartland and Werley (1951) as well as in detail recently by Mays (2006b). However, the consistent posterior angulation of the distal fracture segment is a vital component in enabling differentiation from other traumatic episodes that can affect the radius (e.g. Smith ’ s  fractures). 

 In the developed world there is an increased prevalence of Colles ’  fractures 

in post-menopausal females, occurring between 50 and 60 years. The loss of 162 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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(a)                                 (b)
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FIGURE 6.3  Colles ’  fractures of the distal radius. (a) The anterior surface of the radius shows 

the line of the fracture (arrow) and irregularities in the surface below linked to the posterior dis-placement of the fractured part. Post-Medieval example from St. Bride ’ s Lower Churchyard, London, old adult female (FAO1547). (b) A medial view of a normal distal radius is compared to a Colles ’  fracture, with arrows highlighting the posterior displacement marked on the anterior aspect, impaction of the shaft on the posterior and change in direction of the joint surface. Post-medieval example from St. Bride ’ s Lower Churchyard, London, middle adult female (FAO2383). Photographs by Rachel Ives, courtesy of the Museum of London.      

 

bone with the menopause in females together with differences in bone size, mean that fractures can occur at this location more readily following a fall in females as smaller forces are required compared to those in males (Melton et al., 1988; Cummings and Melton, 2002). Colles ’  fractures present in post-menopausal females are considered as an indicator of age-related osteoporosis and a predictor of future osteoporosis-related fractures. This type of fracture tends to become less frequent in the elderly, even though the risk of falling increases with age due to deterioration in cognitive function and balance, as well as muscle atrophy (Cummings and Melton, 2002). 

 Colles ’  fractures can result from falls without any underlying bone loss, and 

may refl ect the nature of the surrounding physical environment. For example, in the developed world, Colles ’  fractures can also occur in young adult males, resulting from falls and various accidents. Evidence of osteopenia may help dif-ferentiate those fractures that are purely traumatic from those that are patho-logical in origin. Clinical investigations demonstrate a consistent pattern of low bone amount in individuals affected by Colles ’  fracture (Dai and Jiang, 2004). Treatment of a Colles ’  fracture may however induce bone loss through immobi-lisation, often resulting in time-limited and localised muscle and bone atrophy
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(a)                                         (b)
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FIGURE 6.4  (a) Archaeological example of a Colles ’  fracture with arrows illustrating posterior 

angulation of fractured segment and related fracture of the intra-articular surface. Post-Medieval example from Chelsea Old Church, old adult female (OCU587). Photograph by Rachel Ives, courtesy of the Museum of London. (b) A medial radiograph of a healed Colles ’  fracture with pos-terior displacement and marked change in the direction of the distal joint surface. Post-Medieval example  from  St.  Martin ’ s  Churchyard,  Birmingham.      

 

(Dai and Jiang, 2004). These factors can complicate the identifi cation  of osteoporosis-related Colles ’  fracture particularly in bioarchaeological research.  

 

  Vertebral Fractures 

 Vertebral fractures are an important manifestation of osteoporosis in both post-menopausal females and aging men (Jergas and Genant, 2001; Melton and Kallmes, 2006). Trabeculae in the vertebral body provide most of the bone strength. Decreased bone mass and structural changes signifi cantly reduce bone strength (see  Table 6.3   ). A variety of daily activities can cause compressive forces needed to keep the spine upright and to carry the forces of the weight of each vertebra (Melton et al., 1988:119). Activities such as lift-ing, coughing, laughing and jumping can increase vertebral compressive loads and in osteoporotic individuals can result in vertebral fractures, as can falling (Melton et al., 1988:119; Cummings and Melton, 2002; Melton and Kallmes, 2006). Load bearing may vary according to body position. 

 Both sexes lose signifi cant amounts of bone with age (see Duan et al., 

2001a, 2001b; Seeman et al., 2001; Melton and Kallmes, 2006). Endosteal 164 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

TABLE 6.3  Summary of Age-Related Changes in the Vertebrae and Implications for Fracture Risk  

 Age-related  vertebral 

changes                Consequences            Sources 

 Trabecular  resorption          Reduced bone strength        Kneissel et al. (1997), and perforation              particularly in women        Brickley & Howell (1999), 

 Smaller loads required for  Duan et al. (2001a, 2001b)   

vertebral body collapse 

 Loss of horizontal              Ineffi cient dissemination      Melton et al. (1988), Resch trabeculae                 of stresses                   et al. (1995), Kneissel  Increasing length of                                          et al. (1997), Brickley &  Increased  susceptibility vertical trabeculae                                         Howell  (1999)   to fracture 

 Loss of vertical trabeculae  Ineffi cient buffering   Melton et al. (1988), Resch 

of loads                       et al. (1995), Kneissel 

 Compensatory  thickening                                  et al. (1997), Brickley &  Increased  compressive of remaining trabeculae                                  Howell (1999) loads on remaining 

trabeculae

 Thickening may increase      Exacerbated  development    Melton et al. (1988), Duan bone brittleness             of micro-fractures             et al. (2001a, 2001b), Orwoll  Thinning of cortical bone                                    & Klein (2001), Seeman  Increased risk of collapse walls                                                      et al. (2001), Melton 

& Kallmes (2006) 

 Age-related  degeneration     Reduced  elasticity              Melton et al. (1988), Resch intervertebral disc            Reduced cushioning of       et al. (1995), Melton & 

compression               Kallmes (2006)  Increased risk of fracture 

 Age-related  periosteal         Increased bone cross-         Duan et al. (2001a), apposition                 sectional area                Seeman et al. (2001), 

 Increased buffering of         Melton & Kallmes (2006) compressive loads 

 Reduced fracture risk 

 Greater in males than 

females

 

resorption is an important cause of bone loss, but reduced rates of periosteal apposition in individuals with age-related osteoporosis may also be a signifi -cant contributory factor in reducing bone strength (Duan et al., 2001a). Clinical research indicates that both males and females with osteoporosis-related verte-bral fractures tend to have smaller vertebrae with lower bone densities and cor-tical thicknesses than those unaffected (Ritzel et al., 1997; Duan et al., 2001a; Orwoll and Klein, 2001; Seeman et al., 2001). Whether the size differences result from age-related changes or from ineffi cient bone development needs further investigation. 
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 Vertebral fractures in osteoporosis are classifi ed into three broad types: 

wedge, compression (crush) and concave (codfi sh)  fractures  ( Table  6.4   ). However, there is signifi cant inconsistency in identifying a fracture. It is likely that only severe compression fractures are identifi ed in bioarchaeological con-texts. Wedge fractures may be underestimated or not considered in relation to potential underlying osteoporosis. The range of vertebral deformity as illus-trated in  Figure 6.5    together with grades for assessing the extent of compres-sion or change, would provide useful data if routinely applied and reported on in archaeological analyses. Examples of vertebral fracture from archaeological contexts are also shown in  Figure 6.5 . 

 

TABLE 6.4 Summary of Osteoporosis-Related Vertebral Fractures Types 

 Type of vertebral 

fracture                 Features

 Wedge                    Anterior collapse, maintained posterior height 

 Lateral collapse, maintained body height on opposing aspect

 Frequent in the lower thoracic and lumbar 

 Mid-thoracic vertebrae may show slight anterior wedge as normal

 May result in increased curvature in remainder of spine (kyphosis)

 Creates additional compression on surrounding vertebrae 

 Compression  (collapse/    Reduction in all aspects of body height 

crush) fracture               Quite severe compression of entire body 

 Typically affects single vertebra 

 Concave  ballooning          Collapse/compression of central portion of the superior, 

( ‘ codfi sh  shape ’ )                inferior, or both surfaces 

 Relative maintenance of anterior and posterior body heights  May occur in multiple vertebrae with bone softening (mineralisation defects) in vitamin D defi ciency (Chapter 5) 

Source :  Melton  et  al.  (1988:119). 

 

 Observational changes in body deformity and measures of the range of 

decrease in vertebral body height in fracture cases compared to normal, have been suggested as potentially useful means to help determine fracture present in clinical investigations (Genant et al., 1988; Cummings and Melton, 2002; Melton and Kallmes, 2006). There is potential for such a method to be applied to osteological remains. This type of recording may help in distinguishing fractures, if suitable standard deviations and normal ranges are routinely util-ised alongside measures of the affected vertebra. 

 Recognition of the extent of normal variation in vertebral morphology 

in bioarchaeological examinations is vital (Ericksen, 1978a, 1978b; Kneissel 

Normal

(grade 0)
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FIGURE 6.5  (a) The range of vertebral deformities possible in age-related osteoporosis together 

with grades for assessing the severity of change. Reproduced with permission from Genant et al. (1993). Vertebral fracture assessment using a semi-quantitative technique. (b-d) Range of vertebral fractures identifi ed in archaeological bone including (b) lateral wedge fracture in a post-Medieval example from St. Bride’s Lower churchyard, London, old adult male (FAO1408); (c) compres-sion of the body particularly marked towards the anterior aspect, post-Medieval example from St. Martin’s churchyard, Birmingham, old adult male (SMB785); (d) compression with whole body loss of height, post-Medieval example from the Cross Bones burial ground, London. Photographs (b) and (d) by Rachel Ives, courtesy of the Museum of London..          
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et al., 1997; Rühli et al., 2005), as is understanding the range of pathological conditions that can manifest in osteopenia and vertebral collapse, including for example myeloma and tuberculosis (Melton and Kallmes, 2006; Chapter 7). Maat and Mastwijk (2000) have discussed the range of pathological changes that can be identifi ed in skeletal vertebral remains. Age-related osteopor-osis fractures of vertebrae occur frequently from age 50 years and onwards (Cummings and Melton, 2002), but trauma and vertebral fracture can be quite common in young adult males in the developed world (Melton and Kallmes, 2006). Trauma and occupational injuries of the spine may have affected males and females to a greater extent in the past than is seen today and need careful differentiation from pathological fractures. Analysis of bone quantity and qual-ity may be required to help achieve this in bioarchaeological research. 

 Consequences of vertebral fracture vary depending on severity and the 

number of vertebral bodies affected, but can include reduction in stature and kyphosis, which can lead to respiratory complications (Melton and Kallmes, 2006). Severe fractures may impair urinary function and lead to neural cord compression (Orwoll and Klein, 2001; Watts, 2001).  

 

  Femoral Fractures 

 Osteoporosis-related femoral neck fractures have serious consequences with increased mortality following blood loss, shock and generalised declines in overall health reported (Kanis, 1994:10; Cummings and Melton, 2002). Clini-cal estimates suggest that 90% of these fractures occur from moderate trauma in falls from standing height and frequently in backwards or sideways motion onto the hip (Kanis, 1994:10; Cummings and Melton, 2002; Mayhew et al., 2005). Fractures of the femur occur in two locations affecting both cortical and trabecular bone: intra-capsular fractures affecting the femoral neck and extra-capsular fractures affecting the trochanteric region (Sevitt, 1981; Melton et al., 1988). Age-related changes in cortical and trabecular bone as outlined in  Table 6.1  and progressive loss of bone tissue result in failure to support loads applied to bone in the femoral neck in falls, causing fractures. 

 The manifestations of femoral neck fractures and subsequent complications 

will vary depending on the severity of injury, attributable largely to the extent of associated soft tissue and blood supply damage (Phemister, 1934; Sevitt, 1981: Chapter 13). For example, severe fractures of the femoral neck have been associated with the loss of between 1 and 2.5       litres  of  blood  (Harkess et al., 1984:26). 

 The range of fractures that can occur at the femoral neck have been pre-

viously discussed (see Phemister, 1934; Sevitt, 1981; Mayhew et al., 2005; Damany and Parker, 2005). Fractures may result in the impaction of bone in the neck causing shortening, and angulation of the femoral head. These fractures tend to heal relatively well (Sevitt, 1981) and are likely to be recognisable in 168 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

bioarchaeological remains (see  Figure  6.6b   ).  Small  fi ssure fractures within the cortex can result from fracture compression, where fracture energy is not effi ciently disseminated, such as where trabecular connectivity is reduced (see Kanis, 1994:10; Mayhew et al., 2005; Damany and Parker, 2005). This partial fracture has signifi cant effects on reducing bone resistance to bend-ing. Tensile stresses are increased in the area unaffected by the fracture and if the remaining bone is not strong enough to facilitate the redistribution of such stress, it may also succumb to further fracturing (Mayhew et al., 2005). A recent archaeological example of an incomplete fracture at the femoral neck is discussed by Mays (2006a). Fissure or incomplete fractures at the femoral neck can also occur in vitamin D defi ciency (see Chapter 5) and Paget ’ s dis-ease (Chapter 8). However, it is likely that other pathological changes across the skeleton would enable these conditions to be identifi ed. 

 Femoral neck fractures can be subject to malunion with angulation of the 

neck and head, or non-union and avascular necrosis (Sevitt, 1981; Kanis, 1994; Center et al., 1999; Cummings and Melton, 2002). It is likely that some individ-uals affected by severe femoral neck fracture in the past may not have survived for long following the injury, and these cases would show little defi nite  evi-dence of ante-mortem bone changes. However, physical evidence for survival after more severe femoral neck fracture in older individuals does exist from past communities (e.g. Dequeker et al., 1997; Sheldrick, 2007; see  Figure 6.6a ),
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(a)                                        (b)
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FIGURE 6.6  Femoral neck fractures in archaeological human bone. (a) An inter-trochanteric 

fracture with signifi cant ossifi cation of soft tissue (anterior view). These fractures can occur with age-related osteoporosis but may be diffi cult to differentiate from traumatic rather than pathologi-cal causes. Post-Medieval example from St. Bride ’ s Lower Churchyard, London, old adult male (FAO1853). (b) Fracture of the femoral neck with impaction and consequent shortening of the neck (posterior view). Example from post-Medieval St. Bride ’ s Lower Churchyard, London, mid-dle adult male (FAO1881). Photographs by Rachel Ives, courtesy of the Museum of London.      
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demonstrating that there is potential for the effects of this condition to be recog-nised in the past. These perspectives are discussed further in the chapter. 

 Changes in trabecular bone structure with age in the femoral head and neck 

have been well documented (e.g. Melton et al., 1988; Genant et al., 1988). Based largely on the work undertaken by Singh and co-workers (1970), an age-progressive resorption of load-bearing trabeculae is known to occur, which impairs the means of withstanding loading and buffering of forces contributing to fracture risk (see  Figure 6.7   ;   Table  6.5   ). 

 Signifi cant changes also occur in cortical bone at the femoral neck with 

implications for age-related osteoporosis fracture risk. Cortical bone thinning occurs by endosteal resorption with age, together with increased intra-cortical porosity. These changes diminish the elasticity of bone, reducing bone strength and increasing fragility. It is signifi cant that cortical thinning occurs at differ-ent rates throughout the femoral neck (Ruff et al., 1991:404; Bell et al., 1999a; Bell et al., 1999b; Crabtree et al., 2001; Allen et al., 2004:1008; Loveridge et al., 2004; Mayhew et al., 2005). Recent studies have demonstrated that whilst continued loading with mobility can have benefi cial effects on cortical bone in the inferior cortex at the femoral neck, maximum compression tends to occur in the superolateral aspect during a fall (Bell et al., 1999a; Mayhew et al., 2005). It is not yet clear to how uniform cortical bone loss at the fem-oral neck is between the sexes, or how it responds under a variety of load-ing situations. Continued development of this understanding has implications for determining how physical activity can benefi t bone structure and diminish osteoporosis-related fracture risk. 
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FIGURE 6.7  Schematic line drawing illustrating changes in trabecular structure with age and 

osteoporosis in the femoral head and neck. (a) Outline of the principal structural components of the femur prior to age-related change. (b) Loss of trabeculae with age and in osteoporosis occurs in a progressive fashion as documented by Singh et al. (1970; see Table 6.5) and leads to consider-able loss of support in the femoral neck and resistance to fracture in the event of a fall. Trabeculae that remain are thinned and there is additional thinning of cortical bone in the femoral neck.    
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TABLE 6.5  Age-Related and Osteoporotic Trabecular Bone Changes in 

the Femoral Neck  

 Cause of structural     Features of changes in 

change            trabecular structure            Sources 

 Age-related              Resorption of trabeculae in        Singh et al. (1970), Genant 

Ward ’ s  triangle                          et al. (1988:194), Melton  Thinning and resorption of the    et al. (1988: Chapter 4) greater trochanter trabeculae 

 Resorption of the secondary 

tensile group 

 Resorption of the secondary 

compressive group 

 Osteoporosis            Initial resorption of the             Singh et al. (1970), Genant 

principal tensile group            et al. (1988:194), Melton towards the greater               et al. (1988: Chapter 4) trochanter

 Complete resorption of the 

principal tensile group 

 Resorption of the principal 

compressive group 

 

 The potential impairment of bone formation may also have a role in 

increasing bone fragility in individuals with age-related osteoporosis (Power et al., 2003). In particular, cortical bone in fracture samples appears less well mineralised than in healthy age-matched comparisons, indicating a decrease in bone stiffness and resistance to fracture (Allen et al., 2004; Allen and Burr, 2005). There may be further co-existing effects from vitamin D defi ciency or collagen defects in individuals with age-related osteoporosis-related fractures that require further investigation (Loveridge et al., 2004; see also Chapter 5). 

 Anatomical investigations by authors early in the twentieth century deter-

mined that there was a lack of osteogenic periosteum at the femoral neck (Phemister, 1934; Sevitt, 1981:206). More recent evidence has demonstrated periosteal membrane covering at least 20% of the femoral neck, capable of producing osteoblasts although likely at a reduced capacity when compared to that at the femoral diaphysis (see Allen et al., 2004; Allen and Burr, 2005). These fi ndings suggest that periosteal apposition can occur at the femoral neck, although how apposition may vary with age, between the sexes and in response to mechanical stimuli at this location are incompletely understood at present. 

 

  OSTEOPOROSIS IN THE MODERN PERSPECTIVE 

Age-related osteoporosis is currently of signifi cant concern in the modern world, given the projected increase in the aging population and the health 
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TABLE 6.6  Estimates of the Number of Age-Related Osteoporosis-Related Fractures Occurring Annually in the United States  

 Estimated 

Fracture type                          occurrence

 Hip                                                         300,000 

 Vertebrae                                       700,000 

 Wrist                                                        250,000 

 Other                                                300,000 

 Total  annually                                     Over  1.5 

million

Source :  National  Osteoporosis  Foundation  (2007). 

 

impacts that this will bring. Recent estimates of the number of fractures result-ing from age-related fractures in the United States are shown in  Table 6.6   . The economic cost related to treatment of these fractures was estimated to be 18 billion U.S. dollars in 2002 (National Osteoporosis Foundation; Malabanan and Holick, 2003). Estimates of the potential future occurrence of osteoporosis-related hip fracture predict an expansion from 1.7 million experienced worldwide in 1990 to 6.3 million expected in 2050 (Cummings and Melton, 2002:1762).

 

ANTHROPOLOGICAL PERSPECTIVES 

The investigation of the experience of aging in the past is developing consid-erably, generating possibilities of correlating the physical evidence of health with additional evidence of cultural and social experiences from past lives (see Box Feature 6.1).

 Age-related osteoporosis has been the focus of previous investigations into 

past health despite some varied conceptions of survival with age in the past (see Box Feature 6.1 and reviews by Martin et al., 1985; Stini, 1990; Agarwal and Grynpas, 1996; Mays, 1999; Agarwal and Stout, 2003). However, evi-dence of age-related osteoporosis can derive from a broader range of contexts than that typically exist in the developed world. As with many of the metabolic bone diseases, humans are not exclusively affected by age-related osteoporo-sis. As discussed in Box Feature 6.2 below, many non-human primates also exhibit skeletal changes in line with this condition. 
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 Box Feature 6.1. Historical and Anthropological Perspectives of Aging    

 

 The generally widespread belief that it was rare to grow old in the past stems from 

erroneous interpretations of life expectancy when estimated from birth as evidence 

of lifelong survival, as recently argued by Thane (2005). In many cultures, the critical 

years of infancy and childhood are those which pose the most serious threat to sur-

vival. Once overcome, many individuals in the past had a reasonable chance of liv-

ing into old age (Thane, 2000). Evidence of aged individuals in the past does exist. 

Examination of prehistoric remains has demonstrated the presence of old adults 

as classifi ed in the 50+ osteological age category (e.g. Rogers, 1990). A recent 

study has determined that prolonged life is an evolved trait of Homo sapiens and 

has not derived from factors infl uencing mortality such as the transition to agri-

culture or industry (Blurton Jones et al., 2002; see also Alvarez, 2000; Peccei, 2001). 

Elderly individuals are also present within contemporary hunter–gatherer groups 

(see Cohen, 1989:200; Shanley and Kirkwood, 2001). 

 Recent developments in historical research are showing a growing interest in 

the experiences of old age in the past (e.g. Kertzer and Laslett, 1995; Thane, 2005). 

Analysis of historical evidence has identifi ed the presence of aged individuals in the 

past. Estimates of historical and demographic records suggest that at least 10% of 

the populations in England, France and Spain during the eighteenth century were 

aged over 60 years (Thane, 2005:9; Troyansky, 2005:175). Examination of burial reg-

isters and aspects of funerary regalia such as coffi n plates also demonstrate the 

presence of elderly individuals in historical groups, particularly in post-Medieval 

cemeteries such as St. Martin ’ s, Birmingham (Brickley and Buteux, 2006), Christ 

Church, Spitalfi elds, London (Molleson and Cox, 1993) and St. Thomas ’  Anglican 

Church, Belleville (Saunders et al., 2002:132). 

 Anthropological and historical evidence may be selective in the representation 

of certain demographic groups leading to distortion in the reconstructions of the 

lives of aged individuals. For example, increased marginalisation of the elderly 

was evident in ancient Rome, with a loss of empowerment and public authority, 

increasing dependence and vulnerability notably experienced by aging males. 

Even more apparent is that limited evidence attesting to the experiences of eld-

erly Roman females to compare with those of males (see discussion in Harlow and 

Laurence, 2002:118–131). Investigation of the physical evidence in combination 

with historical and anthropological perspectives may provide a valuable means of 

investigating health at different stages of the life course for many societies.  

 

Age-Related Osteoporosis in Men

 Recent investigations have demonstrated that almost 20% of males aged over 50 years have osteoporosis in either the spine, hip or wrist (Melton, 2001:179; see also Duan et al., 2001b; Orwoll and Klein, 2001). Despite protection by continuing periosteal apposition, the rate of male cortical bone loss at 5– 10% per decade is considerably faster than previously estimated from cross-sectional studies (see Orwoll and Klein, 2001:108–109; Seeman, 2001). The female pattern of age-related increase in osteoporosis-related fractures is also evident in men (Orwoll and Klein, 2001). 
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 The  specifi c causes of age-related bone loss in males are not yet clear. Age-

related declines in androgens such as testosterone may stimulate remodelling, as may decreases in vitamin D, potentially involving secondary hyperparathy-roidism (Boonen et al., 1997). Declines in oestrogen in males may also have more signifi cant implications on bone health than previously realised (Riggs et al., 1998; Bilezikian, 2006). In the developed world, males appear to suf-fer greater mortality associated with age-related osteoporosis-related fractures (Orwoll and Klein, 2001). It would be of interest to determine if this trend is also apparent in developing countries as well as in past contexts. 

 The extent of relative bone fragility and age-related osteoporosis risk of 

males in past populations has received little study in comparison to females, but osteological evidence has demonstrated that males were also affected (see Sambrook et al., 1987; Roberts and Wakely, 1992; Mays, 2001; Brickley, 2002). Whilst age may play a signifi cant role in such skeletal changes, differences between the sexes regarding the impact of challenges in early environments on 

 

  Box Feature 6.2. Animal Studies in Osteoporosis I: Age-Related Bone Loss     

 

 Recent research has investigated the nature of age-related osteopenia occurring 

in animal species other than humans and has demonstrated degenerative changes 

in a range of non-human primates, including macaques, baboons, gorillas, 

Gombe chimpanzees, cynomolgus monkeys, rhesus monkeys and Cayo Santiago 

macaques. For recent reviews of the relevant literature see Cerroni et al. (2000) 

and Grynpas et al. (2000) as well as studies by Sumner et al. (1989), Colman et al. 

(1999a, 1999b), Black et al. (2001) and Havill et al. (2003). 

 In particular, combined analysis of age-related bone loss (bone mineral dens-

ity) and osteoporosis-related vertebral fractures have been recognised in free-

ranging non-human primate colonies, such as those from Cayo Santiago studied 

by Cerroni et al. (2000:405) ( Figure 6.8   ). Reviews of investigations of fracture preva-

lence in various non-human primates have demonstrated marked increases of frac-

tures in older primates (see review in Lovejoy and Heiple, 1981). However, these 

trends are likely to be attributable to the cumulative nature of fractures acquired 

throughout the individual lifespan. Future investigations utilising the methodo-

logy adopted by Cerroni et al. (2000) may yield more specifi c evidence for patho-

logical fractures and osteoporosis presence affecting non-human primates. 

 Some non-human primate species also undergo a natural menopause. For exam-

ple, data from captive rhesus macaques indicates that reductions in bone mass and 

higher bone turnover appear similar to those changes observed in post-menopau-

sal humans (Colman et al., 1999a:4147; see also Walker, 1995a; Havill et al., 2003). 

Grynpas et al. (2000) have importantly argued that the timing of menopause may not 

be consistent within and between species, and may occur much later than in equiv-

alent human models. Therefore, detectable patterns of bone loss could be exacer-

bated by age as well as hormonal status. What is perhaps less well understood in 

non-human primate investigations are the potential effects of variations in dietary 

intake, as well as physical activity, to alter bone amount and trends of age-related 

bone loss in ways that may differ to those observed in humans. 
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FIGURE 6.8  (a) Osteoporotic female rhesus monkey from Cayo Santiago, Puerto Rico. 

Radiograph of left humerus and left femur of no. 841 (15.1 years old; on the right) with 

age/sex-matched control specimens on the left (b) elderly female rhesus monkey from the 

colony on the island of Cayo Santiago, Puerto Rico, showing dorsal kyphosis of the spine 

(Dowager ’ s  hump).  Courtesy  of  Dr.  A.M.  Cerroni,  University  of  Toronto    .      

 

health and bone development are of interest (Stinson, 1985; Seeman, 1999b; Seeman, 2001). Such sex-specifi c differences may result in loss of sexual dimorphism and have potential effects on the adequate attainment of peak bone mass and osteoporosis-risk. 

In order for patterns of age-related bone loss to be meaningfully interpreted 

in bioarchaeological studies, the age and sex of the individuals under study need 
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to be accurately assessed. As discussed in Chapter 2, the analysis of archaeologi-cal skeletons is fraught with many complicating factors. The inherent challenges in identifi cation of age and sex are highlighted in Box Feature 6.3. Further dif-fi culties in the identifi cation of age-related osteoporosis are discussed below.

 

Box Feature 6.3. Problems in the Determination of Age-Related Bone 

Changes in Biological Anthropology     

 

  Osteological determination of age and sex  

 At present, osteological analyses cannot consistently and accurately identify indi-

viduals into narrow age bands once over approximately 50 years. This creates sub-

stantial problems for investigations of many age-related diseases (Mays, 2006a). 

Methods are being developed to improve the accuracy of osteological aging (e.g. 

Buckberry and Chamberlain, 2002; Mulhern and Jones, 2005; Falys et al., 2006; 

Storey, 2007). However, the large osteological grouping of 50+ years means that 

it is diffi cult to extrapolate females affected by menopause-related bone loss from 

those affected by age-related bone loss. The age structure of a sample may further 

confound evidence of age-related bone loss (Mensforth and Latimer, 1989; Mays 

et al., 2006b; see Chapter 2). 

 Furthermore, sex determination is problematic (e.g. Walrath et al., 2004), and 

confounded by morphological developments inherent with age. Walker has high-

lighted the increasingly masculine development of the supraorbital ridge in older 

females (Walker, 1995b:36), as well as alterations in greater sciatic notch morph-

ology with increased age and between different population groups (Walker, 2005), 

complicating the means of determining sex. Continued investigation into the 

range of skeletal development throughout the life course and between the sexes 

needs to be undertaken together with research into the nature of age-related 

pathologies in past populations. 

Pathology and sex determination

 Pathological changes may further infl uence the various skeletal regions relied 

upon for age and sex determination. For example, Walker ’ s (2005:390) analysis of 

individuals affected by vitamin D defi ciency (see Chapter 5) demonstrated signifi -

cantly altered pelvic morphology including the greater sciatic notch required for 

sex determination. Gross cranial changes in Paget ’ s disease (Chapter 8) can distort 

many of the skeletal traits necessary for sex determination. Pathological changes 

may place increasing emphasis on unaffected skeletal areas for determination with 

potential bias in the accuracy of aging and sexing methods used. 

 As discussed in Chapter 2, bone preservation may be infl uenced by aspects 

of the burial environment or by pathological conditions. Bone loss with age can 

increase skeletal fragility, potentially resulting in greater fragmentation of affected 

bones following burial. This may infl uence the recognition of this condition in past 

populations. The composition of human burials are culturally construed, and there 

is an inherent assumption in the investigation of this condition in the past, that all 

demographic groups of a society are treated in a similar manner or are potentially 

recognisable within a burial group.  
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  PALAEOPATHOLOGICAL CASES OF AGE-RELATED OSTEOPOROSIS 

 Palaeopathological analyses require radiological or histological quantifi cation in order to demonstrate age-related and post-menopausal loss of bone (e.g. Carlson et al., 1976; Ericksen, 1976; Martin and Armelagos, 1979; Martin et al., 1985; Pfeiffer and Lazenby, 1994; Mays, 1996b, 1999, 2006a; Lynnerup and Von Wowern, 1997; Drusini et al., 2000; Holck, 2006). It is diffi cult  to differentiate on the basis of bone quantity normal reductions indicative of aging, from pathological changes indicative of heightened risk of osteopor-osis and related fracture. In contrast to clinical studies, there are no standards designated for this purpose in paleopathology and inherent variation within populations may make the adoption of such applications diffi cult (see Melton, 2001). Comparative rather than single-site analyses are likely to provide the best means for improving the interpretation of normal and abnormal patterns of age-related bone loss in past populations (e.g. Cook, 1984; Rewekant, 2001; Mays, 2006a; Mays et al., 2006b). 

Interpretations of comparative analyses are currently hampered by the 

use of a wide variety of techniques in order to assess age-related bone loss (Agarwal and Grynpas, 1996; Mays, 1999; Brickley and Agarwal, 2003). More fundamental may be the differences in remodelling rates apparent throughout the skeleton and the implications these have for reconstructing nor-mal or abnormal age-related bone loss (e.g. Lees et al., 1993; Ekenman et al., 1995; Mulhern and Van Gerven, 1997; Mays, 2000; Robling and Stout, 2003; Pearson and Lieberman, 2004; Pfeiffer et al., 2006; Peck and Stout, 2007). This lack of consistency presents signifi cant diffi culties in attempts to gain a perspective on patterns of age-related osteoporosis risk from across past popu-lations beyond descriptions of normal age-related bone loss. 

 The only direct evidence that can indicate the health impact of age-related 

osteoporosis is fracture, particularly at the distal radius (Colles ’  fracture), ver-tebrae and femoral neck (Brickley, 2002; Mays, 1999, 2006b). Fundamental problems currently exist in the reporting of potential cases of age-related oste-oporosis-related fractures. Often in pathology reports, age and sex are not attri-buted to a specifi c description of pathological change, preventing interpretation of fracture prevalence in relation to potential underlying disease. We recognise that there are inherent challenges in determining at what age an individual sustained a fracture, unless evidence of healing and recent bone remodelling is evident. Even though osteoporosis-related fractures tend to occur in an age-progressive pattern in modern populations, evidence of a well-healed Colles ’ fracture in an old adult female may not necessarily or causatively equate with evidence of age-related osteoporosis (see Roberts and Manchester, 2005; Mays, 2006a). However, without data attempting to defi ne trauma by affected age and sex groups (and by bone elements to enable accurate prevalence rates to be determined), there remains a signifi cant barrier to meaningful interpreta-tion of this condition from trauma analyses. 
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 Specifi c descriptions of fractures (and pathology in general) need to be con-

sistently adopted in paleopathology (e.g. Ortner, 2003; Roberts and Manchester, 2005). Vague descriptions of  ‘ fracture of the proximal femur ’  cannot be meaning-fully interpreted as to whether this fracture is of the femoral neck, trochanteric, or sub-trochanteric/proximal third of the shaft. Equally, the state of the fracture, healed, healing, unhealed, its extent (e.g. complete or fi ssure), affecting which aspects and additional complications (e.g. angulation, impaction, necrosis, ossi-fi cation of soft tissue, dislocation) would provide the necessary data in order to better interpret this aspect of past health. Age-related osteoporosis is not a mod-ern disease, and there is clear evidence of the condition in past populations (see in particular Lovejoy and Heiple, 1981; Sambrook et al., 1987; Mensforth and Latimer, 1989; Mays, 1996b; Dequeker et al., 1997; Mays, 2000; Mays, 2006a, 2006b; Sheldrick, 2007). In order for us to understand the extent of this condition in the past, improvements in the manner of disease recording are needed. 

 A small number of studies have correlated measures of bone loss individ-

uals with age-related osteoporosis-related fractures (Foldes et al., 1995; Frigo and Lang, 1995; Kilgore et al., 1997; Mays, 2000; Strouhal et al., 2003; Mays, 2006a, Mays et al., 2006b; Domett and Tayles, 2006). Individuals with frac-tures typical of age-related osteoporosis tend to exhibit low bone amounts compared to others within the population sample. Whilst this is strongly sug-gestive of evidence for osteoporosis, there is potential for bone loss to have occurred during treatment of the fracture or subsequently from it. Despite the range of diffi culties in accurate identifi cation, these insights do demonstrate plausible evidence for age-related osteoporosis in the past. 

 Despite the challenges outlined above and in Box Feature 6.3, paleopatho-

logical evidence of osteopenia can prove insightful regarding the effi ciency of subsistence strategies in past populations (see Pfeiffer and King, 1983; Cook, 1984; Martin et al., 1984; Bridges, 1989; Larsen, 2003). The mechanisms of dietary composition in contributing to osteopenia are discussed in detail in Chapter 7. 

 Reproductive stress may impact on skeletal health in a number of ways 

(see Chapter 5). In particular, pregnancy necessitates large amounts of calcium for the growing foetus, which can derive from increased intestinal absorp-tion of calcium rather than from the maternal skeleton (Eisman, 1998; Laskey et al., 1998; Ritchie et al., 1998; Prentice, 2003). A recent anthropological study has stated that it would be evolutionary maladaptive for pregnancy to result in detrimental maternal health, given the essential role that it plays in these terms (Agarwal and Stuart-Macadam, 2003). However, little is highlighted clinically regarding the potential skeletal effects if dietary calcium supply is poor. This situation could result in imbalance in serum calcium levels with consequent sec-ondary hyperparathyroidism and bone resorption if marked and prolonged. 

 Metabolic impacts are likely to have been signifi cant where socio-cultural 

practices further infl uenced the availability of dietary resources. For example, differential diets between the sexes, where males acquire more animal protein 178 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

and females more cereals, may affect health in a number of ways (Larsen, 1997:72–76). The latter diet may inhibit calcium availability through phytate binding and vitamin D metabolism (see Chapter 5), which when combined with the calcium requirements in pregnancy could manifest in osteopenia. Similar trends could be apparent if subsistence strategies are infl uenced by sta-tus rather than by sex (see Box Feature 7.3; Larsen, 1997:76). 

 Signifi cant losses of maternal bone tissue have been demonstrated between 

three and six months of lactation even where dietary calcium is high (Laskey et al., 1998; Ritchie et al., 1998) although there is some inconsistency (e.g. Sowers et al., 1991), as recently reviewed by Agarwal and Stuart-Macadam (2003) and Karlsson et al. (2005). Increased bone turnover has been reported during preg-nancy and lactation in some studies, with loses of 5–7% bone mineral density in the vertebrae and hip (Eisman, 1998; Karlsson et al., 2005). In contrast to preg-nancy, high calcium demands in lactation do not derive from the maternal diet but from skeletal stores. Decreases in oestrogen following parturition may remove the inhibitory mechanisms of resorption, although the causes are still incompletely understood (Eisman, 1998; Laskey et al., 1998; Karlsson et al., 2005). 

 The  identifi cation of certain reproductive stresses such as premature osteo-

penia may be variable depending on social position within a society or cultural practices within the population under study. For example, many high status post-medieval British females during the seventeenth and early eighteenth centuries favoured wet-nursing rather than breastfeeding (Fildes, 1986). This may suggest a means of protection against lactation-related osteopenia for the mothers, but with greater challenges for skeletal health on those employed as wet-nurses. 

 Whilst skeletal losses during pregnancy and lactation are usually recov-

erable and would rarely impact on lifetime risk of age-related osteoporosis, additional poor health and dietary change may affect the skeleton during reproduction in different manner to that typically experienced in the developed world. Evidence of detrimental impacts on maternal health and early onset of osteopenia have been identifi ed in females from various past contexts (e.g. Ericksen, 1976; Martin and Armelagos, 1979; Martin et al., 1984; White and Armelagos, 1997; Agarwal, 2001; Poulsen et al., 2001; Turner-Walker et al., 2001; Cho and Stout, 2003; Mays et al., 2006b). The role in which differences in remodelling rates between population groups may further contribute towards premature osteopenia need further investigation (see above in this chapter). 

Differences in bone amount between population groups may refl ect  on 

challenges to health and development sustained during earlier periods of life (see Box Feature 3.1). For example, in modern populations, dietary defi cien-cies during childhood can contribute to reduced peak bone mass and increased risk of age-related osteoporosis and fractures (see also Box Feature 9.2 ) . Similar processes may have impacted on health risks in the past. However, there may be inherent diffi culties in such reconstructions from osteological analyses, as selective mortality and the demographic composition of many archaeological samples may pose signifi cant biases preventing recognition 
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of such factors. The risk of age-related osteopenia as manifest in old adults from a sample may not be refl ective of the health experience as indicated by the young adults, who represent peak bone mass attainment. These interpreta-tive challenges should not discourage future investigations into this metabolic condition, but as argued in Chapter 2, should instead promote cautionary and meaningfully constructed bioarchaeological analyses.  

 

  CO-MORBIDITIES 

 There is often co-existence between osteoporosis and adult vitamin D defi -ciency particularly in older adults (see Chapter 5), although this group tends to show an increased number of independent conditions that may co-occur with bone loss simply as a function of age. Osteopenia can be a signifi cant factor in many pathologies or following trauma and immobilisation (Chapter 7) as well as in dietary conditions including vitamin C defi ciency (scurvy) (Chapter 4) amongst other nutritional disorders (Chapters 5 and 9).  

 

  DIAGNOSIS OF AGE-RELATED BONE LOSS AND OSTEOPOROSIS IN ARCHAEOLOGICAL BONE 

  Macroscopic Features of Osteoporosis 

 Bone structural changes that occur in age-related osteoporosis will not be vis-ible macroscopically until they result in fracture ( Table 6.7   ). Generalised skeletal changes may occur, for example light-weight bones, but there is potential for post-mortem damage or pathological conditions to have exacerbated bone loss and give an erroneous impression of osteoporosis. Osteoporosis can occur in a range of pathologies and dietary conditions (discussed further in Chapter 7). 

 

  Radiological Features of Osteoporosis 

 Radiological osteopenia may be generalised or localised particularly affect-ing the regions most susceptible to related fractures ( Table  6.8   ).  Simple  visual observations of bone radiographs are unlikely to be sensitive to clear evidence of bone loss until a signifi cant amount of bone has been resorbed. Clinical research has suggested that between 20% and 40% of bone mass is lost before clear radiological changes will become apparent (Jergas and Genant, 2001:414). However, quantitative recording of bone tissue amount may prove useful in identifying broad trends of age-related bone loss and osteoporosis risk. Measures of age-related bone loss have been applied to archaeological bone, in particular using the second metacarpal (metacarpal radiogrammetry), which tends to survive the burial environment well (see Mays, 1996b, 2000, 2001, 2006a; Ives and Brickley, 2004, 2005). Analyses of bone mineral density 

TABLE 6.7  The Macroscopic Features of Osteopenia  

 Differential 

 Bone  affected   Features              Code   diagnosis                 Sources

 Cranium           Fine  pitting/          G         Paget ’ s  disease,              Ortner  (2003) 

diffuse porosity              Vitamin D defi ciency of ectocranium 

 Signifi cant            G        Anaemia,  Aging thinning and 

depression of 

parietal bone 

 Usually  bilateral 

 Dentition  and     AMTL                 G         Dental  disease,  Age,        August & Kaban 

mandible       Resorption  of              Infection, Various         (1999), Jeffcoat 

alveolar ridges              metabolic                et al. (2001)   

 Vertebrae         Fracture:  wedge,      D         Vitamin  D  defi ciency,      Melton 

compression,              Infection (e.g.            et al. (1988), biconcave                tuberculosis),           Brickley (2002), deformities                Neoplastic (e.g.          Ortner (2003),  Usually single site            myeloma)                Melton &  Upper  thoracics  Kallmes (2006) 

or lumbar 

 Kyphosis  if             G         Congenital, severe                    Developmental (e.g. 

Scheuermann ’ s 

disease), Trauma, 

Vitamin D defi ciency 

 Ribs  and            Potential                G         Osteopenia,  Trauma,        Ortner  (2003), 

sternum       thinning of rib              Vitamin D defi ciency     Brickley (2006) 

cortex

 Rib  fractures           G

 Pelvis  and          Cortical  thinning/    G         Osteopenia,  Vitamin  D      Ortner  (2003) 

sacrum        translucency ilia            defi ciency, Trauma 

 Insuffi ciency          G fracture

pubic rami 

 Long  bones       Fracture  distal        D         Trauma,  Vitamin  D          Gartland  & 

radius  (Colles ’                    defi ciency,  Paget ’ s           Werley (1951), fracture)                     disease (see Chapter 8) Melton Fracture  of  et al. (1988),  D

femoral neck  Brickley (2002), 

(complete or  Ortner (2003), 

fi ssure) or                                                 Dai & Jiang fracture through  (2004), Mays 

trochanter                                          (2006b)

Note : The features listed demonstrate the skeletal changes useful for pathological identifi cation. Diagnosis can be 

determined on the strength of each feature: S – strongly diagnostic feature, S features are normally required for a 

diagnosis. D – diagnostic feature, the presence of multiple D features are required for a diagnosis. G – general changes, 

can occur in many of the metabolic bone diseases, as well as in other conditions. G features can aid a diagnosis together 

with S or D features but cannot be used alone to suggest a diagnosis. Commonly occurring conditions that display 

these pathological features are listed to aid differential diagnosis, although this list is not exhaustive. AMTL, ante-

mortem tooth loss. See additional discussions of pathology in Chapter 7.  

TABLE 6.8  The Radiological Features of Osteopenia  

 Bone                                                 Differential 

affected  Features    Code diagnosis          Sources

 Cranium             Thinning  of  cortical        G           Paget ’ s  disease,                  Ortner  (2003) 

bone, particularly                  Vitamin D defi ciency, parietal ectocranium              Anaemia, Aging 

 Dentition  and       Generalised               G           Dental  disease,  Age,           August  &

mandible       osteopenia                    Infection, General           Kaban (1999), 

 Cortical  and                             metabolic                      Jeffcoat et al. trabecular bone                                              (2001) loss in mandible 

 May be diffi cult to 

differentiate from 

normal

 Vertebrae           Generalised              D          Vitamin  D  defi ciency,          Genant 

osteopenia                    Paget ’ s  disease               et al. (1988),  Thinning of cortical  Melton et al. 

bone (1988), Jergas & 

 Residual  cortical                                                         Genant outline maybe  1999, 2001), 

enhanced ‘ picture- Brickley (2002; 

frame effect ’ Chapter 7) 

 Loss of trabeculae 

(primarily vertical) 

Coarsening of 

remaining trabeculae, 

striated appearance

 Ribs  and              Potential thinning of      G           Secondary  osteopenia          Chapter  7 

sternum         rib cortex – may be 

diffi cult to discern 

 Pelvis  and            Cortical  thinning/         G            Age,  may  be  inconsistent       Ortner  (2003), 

sacrum         translucency ilia                  throughout skeleton,         Brickley et al. 

other metabolic e.g.          (2005) Vitamin D defi ciency 

 Long bones        Thinning of cortical       D          Vitamin  D  defi ciency,          Singh et al. 

bone *                           Paget ’ s  disease,               (1970), Increasing width of                 Hyperparathyroidism,       Genant et al. medullary cavity                  Renal dysfunction, Joint      (1988), Melton  Striated cortex if                     diseases                       et al. (1988), severe intra-cortical                                               Jergas & porosity Genant (1999, 

 Loss of trabecular                                                  2001), bone Brickley (2002), 

 Coarsening  of  Ortner (2003; 

remaining trabecular  Chapter 7) 

bone

 Loss of trabeculae in 

femoral neck: e.g. 

Singh ’ s  index. 

 Juxta-articular 

osteopenia

Note : See  Table 6.7  for defi nition of codes used in diagnosis.  

  *  Quantitative measures recommended (e.g. metacarpal radiogrammetry), see text.  
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and content have also been undertaken using archaeological human bone (see Lees et al., 1993; Mays et al., 1998), but there are signifi cant problems with the application of this technique, including the potential for diagenetic altera-tion to distort bone density estimates, as recently reviewed by Brickley and Agarwal (2003). 

 

  Histological Changes of Osteoporosis 

 Bone structural changes are signifi cant in underlying osteoporosis-related frac-tures ( Table 6.1 ). Microscopic analyses can aid the recognition of age-related bone loss and osteopenia, and have been applied to bioarchaeological samples (Roberts and Wakely, 1992; Brickley and Howell, 1999; Agarwal et al., 2004) (see Table 6.9   ). However, these analyses require destructive sampling and rely on good bone preservation. Comparisons with healthy individuals and across age and sex groups are necessary for meaningful interpretations. Age-related osteopenia needs to be determined from pathological causes, as discussed throughout in Chapter 7. 

 

TABLE 6.9  The Histological Features of Osteopenia  

 Differential

 Bone  affected     Features                Code   diagnosis  Sources 

 Cortical bone       Increased number of     D         Many  metabolic      Martin  & 

resorption sites                     conditions  (see       Armelagos Incomplete  fi lling of      D          Chapters  5,  7          (1979), osteons                       and 9),   especially    Thompson &  Increased  resorption    D        vitamin D            Gunness-Hey depths                         defi ciency          (1981), Burr  Coalescence  of            D                              et al. (1997), resorbing spaces  Peck & Stout 

 Potential  increase         G                               (2007) in micro-cracks/

fatigue  damage *  

 May be localised         G mineralisation

defects

 Trabecular           Trabecular  resorption     D         Various                  Roberts  & 

bone            Loss of connectivity     D         metabolic           Wakely (1992), 

 Increased  trabecular      D          conditions            Kneissel perforation                      (see    Chapter  7)             et al. (1997),  Micro-fractures            D                              Brickley & 

Howell (1999), 

Agarwal et al. 

(2004)

Note : See  Table 6.7  for defi nition of codes used in diagnosis.  

  *  Micro-damage in cortical bone may be diffi cult to determine from post-mortem damage in archaeological samples.  
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  CONCLUSIONS 

 Remodelling imbalances derived from the menopause and increased age are vital factors in the pathogenesis of osteoporosis and related fractures. Broader examination of bioarchaeological evidence may demonstrate that this condition is not simplistically related only to the domain of the post-menopausal female. While males may be less affected by this disease than females, the range of potential factors that could impact on both sexes particularly in past commu-nities should not be overlooked. In particular, factors that may infl uence  the development of peak bone mass prior to the onset of age-related bone loss may be signifi cant in many past contexts. The inter-relationship between the diverse factors that may mediate behaviour, cultural practices, reproduction, dietary quality and health at various stages across the life course is of particular con-cern when investigating osteoporosis. Past perspectives on this condition may illustrate a different experience of this condition, which is extensively preva-lent in the developed world. 
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 Chapter  7 

 

Secondary  Osteopenia  and 

 

Osteoporosis 

 

 Secondary osteopenia and osteoporosis can be underlying complications of a large range of diseases. As discussed in Chapter 6, abnormal loss of bone can have severe consequences for increasing bone fragility. The recognition and implications of secondary pathological changes are frequently overlooked in relation to identifying the primary changes in bioarchaeological analyses. However, the presence of conditions such as osteopenia can enable a mean-ingful interpretation of the impact or consequences of disease or injury on an individual ’ s life. As future research develops to investigate further the various co-morbidities potentially identifi able, there is increasing scope for recognis-ing the factors that can contribute to secondary osteopenia in both present and past populations. 

 

  CAUSES OF SECONDARY OSTEOPENIA AND OSTEOPOROSIS 

 There are three broad mechanisms that can result in the skeletal manifestations of secondary osteopenia. Injury or pathological change may affect a specifi c limb or the spinal cord, subsequently limiting mobility and leading to disuse atrophy. Osteopenia may occur as a specifi c mechanism of a disease. Finally, dietary inadequacy can disrupt mineral metabolism with skeletal effects includ-ing osteopenia. This range of factors relating to secondary bone loss will be reviewed in this chapter.  

 

  OSTEOPENIA AND MOBILITY 

 Injury affecting a limb or the spinal cord can result in limited movement or paralysis, and osteopenia. Relatively little attention is awarded to the inter-pretation of consequences of injuries and pathology in bioarchaeology (see Roberts, 2000:340–341, 350; Box Feature 7.2). Enhanced recognition of potential complications of a range of causes may improve the understanding of how individuals or communities coped with various challenges, and may be valuable in comparisons of past and present communities. 
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  Effects of Immobilisation 

 The mechanisms of immobilisation that cause increased bone loss are incom-pletely understood. Immobilisation can result in increased calcium excretion, which stimulates the PTH to initiate remodelling and osteoclastic resorption to release skeletal calcium (Kiratli, 2001; Epstein et al., 2003). The increase in the number of active remodelling sites can result in a temporary bone loss as resorption occurs faster than bone mineralisation. The removal of load-bearing forces such as muscle pulls during immobilisation, are signifi cant  factors 

[image: ]

 

FIGURE 7.1  Medial radiograph of bilateral Colles ’  fractures in distal adult radii from an archaeo-

logical example. Variation in severity of fracture is evident with slight posterior angulation on right of image and marked changes on left. Modern treatment of severe fractures can include immobili-sation with risk of temporary osteopenia. Bilateral fractures may also reduce normal wrist function prior to recovery (see chapter text and also Chapter 6). Post-Medieval archaeological adult from St. Martin ’ s Churchyard, Birmingham. Radiograph courtesy of M. Brickley.     
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contributing to muscle and skeletal atrophy (Epstein et al., 2003; Frost, 2003; Rittweger et al., 2005; see also Chapters 3 and 6). This mechanism is currently of particular concern in situations of micro-gravity, with osteopenia frequently recognised in astronauts (Bickle et al., 1997; Vico et al., 2000; Giangregorio and Blimkie, 2002). 

 The occurrence of osteopenia following immobilisation can be rapid, with 

clinical studies demonstrating rapid and signifi cant loss of bone before even-tually reaching a plateau (Lazo et al., 2001; Epstein et al., 2003). Depending on the precise cause of the immobilisation, manifestations of secondary osteopenia may be localised or generalised. The treatment of an injury may paradoxically require immobilisation and contribute to temporary periods of osteopenia. Such changes have been observed in the modern treatment of long bone fractures such as Colles ’  fractures (see Dai and Jiang, 2004). It is of inter-est to determine whether this practice was likely to have affected individuals in the past, or whether different lifestyles cannot support such periods of immo-bility or use different treatments ( see Figure 7.1     ). Of further interest is to what extent the skeletal effects of disuse are similar between humans and animals (see Box Feature 7.1).

 

Box Feature 7.1. Animal Studies in Osteoporosis II: Immobilisation-

Related Osteopenia     

 

 Animal species may be at risk of osteopenia from secondary mechanisms in a simi-

lar manner to humans, although the potential of this to occur has been much less 

studied than age-related osteopenia. Immobility is a signifi cant cause of second-

ary osteopenia in humans. Some animal models have also demonstrated disuse 

osteopenia occurring, although the mechanisms behind these alterations are not 

yet completely understood (Donahue et al., 2003). Animals that undertake sea-

sonal hibernation provide a good resource for attempting to better understand 

the mechanisms of disuse osteopenia. The long periods of immobility adopted by 

these animals frequently occur with periods of reduced food intake or fasting. 

 Various species of hibernating animals including squirrels, hamsters and bats 

have been shown to experience disuse osteopenia, although variation exists 

between species in the degree of bone loss or location of defects (Jee and Ma, 

1999). There is also variation in the extent of bone loss experienced with increased 

age (Perrien et al., 2007). Theoretical models have predicted various implications 

of such bone changes. For example, Donahue et al. (1999:1481) have postulated 

the skeletal consequences of hibernation on black bears. These bears undertake 

hibernation for prolonged periods of up to fi ve or six months. In consequence, 

once awake the animals should not have suffi cient time in which to replenish 

the bone that is lost during immobility, unless there are signifi cant differences in 

rates of bone loss and other potential physiological adaptations under conditions 

of hibernation between species (see Donahue et al., 1999:1481; Donahue et al., 

2003). In contrast, research shows age-related increases in bone strength, bone 
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mineral content and decreases in cortical porosity in black bears suggesting that 

bone formation is not decreased during immobilisation in black bears (Donahue 

et al., 1999:1484). It is probable that hormone levels may help to regulate bone 

turnover in the absence of calcium excretion during hibernation (see Donahue et 

al., 1999:1485). Adaptable mechanisms utilised by different species to overcome 

potential challenges to skeletal health may provide additional insights into the 

mechanisms of human skeletal remodelling. Importantly, such research may help 

determine methods of treatment or management of related pathological condi-

tions in humans in the future.  

 

  Trauma and Causes of Immobility 

 The sequelae of trauma may include complicating factors such as infection, which may prevent the use of an injured limb, as outlined in  Table  7.1     (Sevitt, 1981:177–178; Salter, 1999:473). Bioarchaeological evidence indicates that trauma is not always successfully managed. In particular, fracture non-unions in archaeological skeletal remains provide an insight into the extent to which limited function may occur following such trauma (e.g. Nystrom et al., 2005).  Figures 7.2 and 7.3      illustrate various archaeological examples of trauma in which normal limb function may have been impaired during recovery. 

Various injuries may require removal of bone and affected soft tissue, 

including modern industrial accidents (e.g. Stanbury et al., 2003 in the United States and Liang et al., 2004 in Taiwan, see Ponce et al., 2005 for past per-spective), transport accidents even in the relatively recent past (see Rundle, 1886; see also Treves, 1887a) or in relation to various vascular pathologies, malignant diseases or infections (see Mitchell, 1999; Weaver et al., 2000) (see  Figure 7.4   ). Intentional violence can lead to limb removal, but may occur at varying stages prior to death. Cases of foot removal undertaken by the Moche of ancient Peru discussed by Verano et al. (2000), were of suffi cient  long-standing to enable successful adaptation preventing atrophy. Integrated anal-yses based on historical evidence and skeletal observations may provide an insight into the various mechanisms which existed for coping with such trauma in the past (see Mitchell, 1999).  

 

  Non-Long Bone Trauma and Additional Causes of Disuse Osteoporosis 

 The majority of bioarchaeological evidence of trauma concerns healed long bone fractures. Determining additional causes of injury potentially through ethno-historical research may broaden the understanding of factors capable of limiting mobility or function. For example, injuries among the Shiwiar forager-horticulturalists of Ecuadorian Amazonia (Sugiyama, 2004:382) that caused prolonged disability included: knee injury, tooth abscesses with subsequent 
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TABLE 7.1     Summary of Factors that can Lead to Immobility and Possible Secondary Osteopenia 

 Trauma                         Features                                Skeletal  effects                       Sources 

Trauma / fracture complications :          Damage: nerve vessels, blood              Time  limited                               Sevitt (1981: Chapter 8),                       Secondary Osteopenia and Osteoporosis soft  tissue  damage                       supply, muscles, periosteal and            Severe blood vessel damage may     Stirland (1985:56), Lovell 

endosteal membranes (see             cause bone necrosis                 (1997a), Salter (1999: Chapter Chapter  3)                                                    Pathology during growth may            15,  473),  Ortner  (2003:128–136)     

result in atrophy/osteopenia 

 Fracture  healing                                 Extensive  callus  formation  may  span        Time  limited                                   Churchill & Formicola (1997:37), 

joint surfaces                                                                       Kilgore et al. (1997), Lovell  Malunion of fracture and residual                                                (1997a),  Schultz  (2003:177)        Recovery of normal function deformity of bone shape and 

function

 Infl uence of treatment practices           Continued deformity – may  Subsequent  re-injury/dislocation          result in immobility and localised risks further damage                     osteopenia

Sequalae of trauma: infection                Open  fractures  and  exposure  of             May be time limited                       Sevitt (1981:177–178), Lovell 

blood vessels to bacterial infection                                              (1997a), Salter (1999:473),  Pain and tissue swelling                   May result in localised osteopenia    Özbek  (2005)        Prevent  mobility                             If severe may result in bone  Severe infections (e.g. osteomyelitis)     destruction and immobility   may exacerbate avascular necrosis 

 Fracture  non-unions                   Fibro-cartilaginous  bridging  of               May result in signifi cant limb            Sevitt (1981: Chapter 11), 

fracture                                   disfunction                            Nystrom et al. (2005)    Development of a false joint               If prolonged disuse, localised 

(pseudo-arthrosis)                      osteopenia                                                                   189
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TABLE 7.1  (Continued)

 Trauma                         Features                                Skeletal  effects                       Sources 

 Amputation                    Soft tissue and bone removal             May occur at varying stages prior       Kuhns & Wilson (1928), Wingate 

to death                               Todd & Barber (1934), Brothwell 

THE BIOARCHAEOLOGY OF MET

 Range of causative injuries/               Disuse atrophy and marked           & Møller-Christensen (1963a, intentional violence, various vascular    osteopenia if long-standing loss of    1963b), Ladegaard Jakobsen pathologies, malignant diseases or       mechanical force                      (1978), Sevitt (1981: Chapter infections                                                                       12), Lazenby & Pfeiffer (1993), 

Mays (1996a), Mitchell (1999), 

Weaver et al. (2000), Ponce 

et al. (2005)   

Non-long bone trauma :  location       May hinder joint movement, e.g.           Localised osteopenia or                Schutkowski et al. (1996), of fracture                          fractures of scapula or dislocations        generalised  osteopenia                   Wakely (1996), Charlton

 Secondary soft tissue pathology may                                          et al. (2003)   affect function, e.g. trauma to spinal 

cord and subsequent paralysis  ABOLIC BONE DISEASE

Additional causes of disuse              Infection, tumours, pain from soft          May result in localised osteopenia      Milgram (1990) 

tissue affl ictions 
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FIGURE 7.2  Antero-posterior radiograph of a distal tibia fracture with severe medial displace-

ment of fractured end in an archaeological example. Temporary osteopenia is likely to occur during healing due to limited weight-bearing. Pain and soft tissue damage may further exacer-bate temporary immobility, although there is no skeletal evidence for any complicating second-ary infection in this example. Post-Medieval archaeological adult from St. Martin ’ s Churchyard, Birmingham. Radiograph courtesy of M. Brickley.    

 

systemic infection, stroke, malaria, whooping cough, postpartum infection, respiratory illnesses and severe foot fungus. In particular, an untreated case of snakebite in one young adult male caused severe infection and permanent dis-ability and disuse of the foot (Sugiyama, 2004:382–383). 

 Pain from soft tissue injury or nerve damage can be a signifi cant cause of 

secondary osteopenia (see  Figure 7.5   ), as can haemarthrosis due to pathol-ogy or trauma, with subsequent prolonged limb immobility (Joffe, 1961; see also Chapter 4). Paleopathological examples of long bone atrophy and poorly developed muscle attachment sites indicating limited limb use have been iden-tifi ed in adolescents affected by conditions such as syphilis (Erdal, 2006) and Langerhans cell histocytosis (Barnes and Ortner, 1997; see also Churchill and 192 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 7.3  Antero-posterior radiograph of a fracture in a proximal tibia with impaction of the 

shaft and resulting angulation of the proximal joint surface. In severe cases, loss of continuity of the joint surfaces could limit normal limb function or lead to alterations in the manner of gait. Post-Medieval archaeological adult from St.Martin ’ s Churchyard, Birmingham.     Radiograph cour-tesy of M. Brickley.

Formicola, 1997). Prevention of pain or general illness associated with these conditions may have limited individual mobility, although potential complicat-ing factors such as dietary quality or affects on the spinal cord need considera-tion (see later in this chapter). In paleopathology, long-standing conditions are those most recognisable (see  Figure  7.6   ).  Potential  identifi cation of localised bone loss surrounding pathologies may be possible in such cases, together with more systemic expressions of osteopenia.  

 

  Bone Loss in Infectious Diseases 

 Secondary osteopenia can be a consequence of infectious conditions. Trauma may be complicated by infection signifi cantly causing immobility in a man-ner similar that discussed above. Whilst many non-specifi c infections result in bone apposition, in severe cases affected limbs are likely to be painful and 
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FIGURE 7.4  Radiograph of distal humeri from a mature adult female who experienced an ampu-

tation of the left forearm, which was well healed prior to death. The distal humeri show a reduction in cortical thickness and marked asymmetry in bone size resulting from reduced arm function com-pared to the normal right arm. Post-Medieval archaeological example from St. Peter ’ s Churchyard, Wolverhampton, courtesy of BARC, Archaeological Sciences, University of Bradford. 

 

swollen, potentially limiting function (see  Figure 7.7   ). The consequences of long-standing changes may have an effect on skeletal tissues. Specifi c infec-tions, such as syphilis and leprosy, can result in neurotrophic arthropathies with implications for normal mobility (see Illarvamendi et al., 2002:46). Loss of motor and autonomic nerve systems can result in loss of limb function and may prevent the detection of trauma. Repeated trauma may cause signifi cant bone and joint destruction, and subsequent ankylosis, resulting in a charcot joint and functional complications (see Aufderheide and Rodríguez-Martín, 1998; Salter, 1999:287; Nawaz Khan et al., 2003). A recent review by Buckley and Tayles (2003) has considered further the impact on mobility and function of joint and bone destruction particularly in treponemal infections. 
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FIGURE 7.5  Fracture resulting in impaction of an adult proximal humerus. Fractures can vary 

in severity at this location. Whilst there may be minimal bone disruption to normal joint func-tion, as in this example, the extent of possible pain and soft tissue injury leading to nerve damage, impinagement or disruption of the rotator cuff may be signifi cant limiting limb use. Post-Medieval archaeological example from Chelsea Old Church, London, old adult male (OCU948). Photograph by Rachel Ives, courtesy of the Museum of London.    

Severe bone destruction in the spine with vertebral body collapse and 

kyphosis (Pott ’ s disease) are well-recognised manifestations of tuberculosis (e.g. El-Najjar, 1979; Powell, 1988:155–157, 2000:19–28; Ortner, 2003:255– 261). The sequelae of these pathological changes has been relatively over-looked to date, yet secondary osteopenia can develop via several mechanisms. 

 Abscess formation with bone necrosis can cause bone debris to protrude 

into the spinal canal, risking compression and paraplegia (Luk, 1999:339). Subsequent vertebral collapse and kyphosis increases the risk of compression of the spinal cord (Duggeli and Trendezenberg, 1961:14), as can irregular bone formation aimed at stabilising collapsed vertebrae (Luk, 1999:339). A recent 
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(a)
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(b)

 

FIGURE 7.6 Pathological changes affecting two pelves from archaeological examples. The acetabulum shown in (a) displays a partially eburnated bone surface, indicative of osteo-arthritis and some degree of joint function (black arrow), yet together with a portion of sclerotic bone (white arrow), indicating a lack of the full range of normal movement in the hip joint. The acetabulum in (b) shows a fractured portion of the joint together with a sclerotic reaction over the entire joint surface following trauma. This change indicates no normal function or movement of the hip was occurring prior to the time of death. (a) Post-Medieval archaeological example from St. Bride ’ s Lower Churchyard, London (FAO1549). (b) Figure from Medieval Bermondsey Abbey, London, (BA843274). Photographs by Rachel Ives, courtesy of the Museum of London.      

 

clinical study estimated that 41% of cases of spinal tuberculosis subsequently developed paraplegia (Luk, 1999:343; see also Duggeli and Trendezenberg, 1961). Severe Pott ’ s disease together with infection of the sacrum and pelvis occurred with marked atrophy of the legs in a young adult female from seventh to eighth century Hungary (Marcsik et al., 1999:336; see also Knick, 1981; 196 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

[image: ]

 

FIGURE 7.7 Healed,  non-specifi c infection of the femoral midshaft from an archaeologi-cal example. Pain and soft-tissue infl ammation and swelling following infection, or as a second-ary consequence of trauma, may result in temporary disuse of a limb. The identifi cation of any resulting osteopenia may however be complicated by skeletal response to the infection. Medieval archaeological example from East Smithfi eld Black Death cemetery, London (MIN11480). Photograph by Rachel Ives, courtesy of the Museum of London.    

 

Mann et al., 1991). These changes indicate immobility due to paraplegia sec-ondary to tuberculosis. 

 Tuberculosis of a joint may result in severe bone destruction and soft tis-

sue alterations that can limit normal function (Treves, 1887b:18–19; Kelley and El-Najjar, 1980; Cook, 1984; Ortner, 2003:262). Localised osteopenia sur-rounding the joint and the limbs affected by limited mobility may develop (e.g. Sissons, 1952). These secondary characteristics are not frequently reported on (see also Roberts and Buikstra, 2003:97, 108). 
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 Specifi c aspects of the tuberculous condition may result in localised osteo-

penia distinct from that caused by immobility. Tuberculous arthritis can cause juxta-articular osteopenia (Panuel et al., 1999:233). Transient osteopenia has also been reported in the vertebral bodies prior to any destructive foci, suggest-ing an additional cause of underlying bone loss (Duggeli and Trendezenberg, 1961:15). Greater consideration of the range of pathological expressions and consequences of tuberculosis may enhance reconstructions of disease impact on individual health.  

 

  Immobility in Viral Conditions 

 Paralysis and osteopenia can result from viruses that target the central nervous system, such as poliomyelitis (Aufderheide and Rodríguez-Martín, 1998). Recent estimates suggest that only a small number of susceptible individu-als will develop paralysis (0.5%) (Duintjer Tebbens et al., 2005), but increas-ing outbreaks of new cases are reported in endemically affected countries (Lahariya and Pradhan, 2007:61) despite world-wide programmes attempting to eradicate this disease. Poliomyelitis is evident in past communities, ran-ging from late Saxon England through to ancient Egypt, although accurate diagnosis of this condition can be problematic (Ortner, 2003; Roberts and Manchester, 2005:181).

 

  Congenital and Developmental Conditions 

 Various congenital or developmental skeletal alterations may affect mobil-ity leading to secondary pathology. Disturbances of epiphyseal development may particularly affect limb function (see further Salter, 1999:33). Dislocation following congenital hip dysplasia can affect normal motion with consequent effects on the surrounding bone structure. Gracile long bone shafts with limited muscle markings and lack of secondary joint degeneration may indicate that normal movement or gait was dysfunctional. Whilst this condition is not wide-spread in the past, secondary pathological defects may be apparent in commu-nities that have limited access to medical treatments to correct developmental defects (see Murphy, 2000:63–72; Mitchell and Redfern, 2008). 

 

  Osteopenia in Spinal Cord or Neuromuscular System Affl ictions 

 Trauma or pathology of the spinal cord can have serious consequences and contribute to the expression of secondary osteopenia. Birth trauma may damage the spinal cord resulting in disuse atrophy in post-paralytic skeletal deformities (Boylston and Roberts, 2004:343). The severe condition spina bif-ida cystica causes the meninges and nerve roots to protrude through unfused vertebral arches leading to compression and paralysis (Aufderheide and Rodríguez-Martín, 1998; Torwalt et al., 2002; Roberts and Manchester, 2005). 198 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

Few cases of this condition have been described from past communities, prob-ably owing to its serious consequences. However, one reported case is an ado-lescent from an Early Archaic site in Florida with severe disuse atrophy of the legs (Dickel and Doran, 1989). Defective skeletal development can impact on skeletal function, such as severe congenital scoliosis which may be asso-ciated with partial paraplegia and secondary osteopenia (see Murphy, 2000). Neuromuscular conditions can inhibit movement and Stirland (1997) has dis-cussed a neuromuscular or dystrophic condition with severe effect on an adult male from Medieval England, with marked atrophy and severe generalised osteopenia likely attributable to long-standing disuse. The inherited condition osteogenesis imperfecta can also result in generalised osteopenia with extreme bone fragility and the onset of multiple fractures (see Chapter 9). 

 Spinal trauma is a signifi cant cause for concern in many modern contexts, 

particularly for instance in severe car accidents. The relationship between spinal cord injury and paralysis resulting in secondary osteopenia has been established in clinical studies (e.g. De Bruin et al., 1999; Lazo et al., 2001). Bone loss can occur rapidly following disuse and there can be increased risk of spontaneous osteoporotic fracture, despite the risk of fracture from falls being reduced (De Bruin et al., 1999). Inadequacy of the diet in disabled persons can further exacerbate osteopenia (Bertoli et al., 2006; dietary effects on osteope-nia are discussed below). Prolonged survival of many individuals affected by limited mobility may have a bearing on the interpretation of social aspects of individual care (see Box Feature 7.2).

 

Box Feature 7.2. Implications of Immobility and Inferences of Disability     

 

 Mobility is likely to be a crucial factor in many communities. Seasonal migrations 

between temporary settlements, hunting and foraging subsistence strategies and 

maintenance of herding animals, are all factors that require levels of mobility and are 

likely to have been important components of life in the past. Modern analyses are 

investigating methods to reconstruct patterns of mobility in relation to subsistence 

and settlement in past societies (e.g. Holt, 2003). In the present, individuals within 

many communities are required to be mobile in order to obtain water supplies from 

neighbouring community wells, or to obtain medical or educational resources. 

 Mobility can be limited due to a diverse range of pathological causes as well 

as from increased age (Chapter 6). The implication of identifying an individual 

that has been affected by immobility conjures a range of responses but primarily 

it is inferred that there is an evident disability with the requirement of needing 

care. In some cases it remains diffi cult not to envisage some means of care and 

provision required those struck by near complete paralysis (e.g. Goodman et al., 

1988:178; Hawkey, 1998). Roberts (2000) has recently discussed the nature of these 

connotations with regard to the reconstruction of life and health in the past. There 

is potential for ethno-historical research to contribute to the understanding of 

mobility in social groups (e.g. Blurton Jones et al., 2002). 

Continued
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 Research has also discussed the nature of disability as evident in various histor-

ical sources (e.g. Haffter, 1968). Recent investigations into the study of disability 

have demonstrated how cultural concepts and interpretations of disability have 

tremendous diversity (Barnes et al., 1999:14). It is important to recognise that such 

variation may also have been implicit in past communities with inherent implica-

tions for anthropological reconstructions of health and life. Barnes et al. (1999) have 

argued that much more research is required in order to develop our understanding 

how and why attitudes and practices towards disability have varied throughout his-

tory. It may be possible to signifi cantly improve knowledge of disability in the past, 

from both its causes and consequences, through combined investigation and inter-

pretation of archaeological, anthropological and historical evidence. 

 

  OSTEOPENIA IN PATHOLOGICAL CONDITIONS 

  Joint Disease 

 In many joint diseases osteopenia can occur via immobilisation and as part of the pathological process (Rogers and Waldron, 1995). Bone loss and degenerative joint changes both accumulate with age leading to diffi culties in differentiat-ing between age-related and secondary osteopenia. However, the expression of skeletal changes related to the specifi c joint conditions may help in extrapo-lating the cause of any bone loss. Methods for identifying osteopenia are dis-cussed both in Chapter 6 and later in this chapter. 

 Progressive bone fusion affecting the sacroiliac joint, vertebrae and ribs in 

ankylosing spondylitis can lead to immobility-related secondary osteopenia if severe (see striking case discussed by Hawkey, 1998). Studies have however demonstrated vertebral osteopenia at early stages of the disease, indicating that limited mobility is not the only cause of bone loss in this condition (Will et al., 1989; El Maghraoui, 2004; see also Aufderheide and Rodríguez-Martín, 1998). The mechanism of osteoclastic reaction to infl ammatory stimuli under many conditions needs better understanding (Will et al., 1989; El Maghraoui, 2004). There is a widespread range of geographic evidence of this condition in past populations (see Aufderheide and Rodríguez-Martín, 1998; Rogers, 2000; Ortner, 2003; Powers, 2005; Roberts and Manchester, 2005). Further consid-eration of the extent of secondary pathological changes may enhance the inter-pretation of the impact on functionality of this disease. 

 In rheumatoid arthritis (RA), a systemic infl ammatory disorder, infl amed 

synovial fl uid  ( ‘ pannus ’ ) can destroy articular cartilage and bone following increased osteoclastic resorption (Harper and Weber, 1998; Goldring, 2001). The specifi c cause of the condition is unknown, but may involve both envir-onmental and genetic components (Rogers and Waldron, 1995; Goldring, 2001). Both periarticular and generalised osteopenia are consistent features of this condition. Limited joint movement due to pain may contribute to local-ised osteopenia, but does not explain the occurrence of generalised osteopenia, 200 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

which has been associated with increased risk of osteoporosis-related fracture (Harper and Weber, 1998; Zak et al., 1999; Goldring, 2001). A number of stud-ies have identifi ed RA in various past populations (e.g. Ortner and Utermohle, 1981; Rogers et al., 1981; Thould and Thould, 1983; Blondiaux et al., 1997; Hacking et al., 1994; Waldron et al., 1994; Inoue et al., 1999). The radio-graphic identifi cation of osteopenia has been incorporated into the diagnostic criteria of RA in paleopathology and is a consistently recognised feature (see Blondiaux et al., 1997).  

 

  Haematopoietic Conditions 

 Various haematopoietic conditions that alter blood marrow productivity (hae-mopoiesis) can result in a secondary loss of bone tissue via expansion of mar-row forming sites such as the medullary cavity of long bones and diploic space of the cranium (Tyler et al., 2006). Abnormal rates of osteoclastic resorp-tion have been documented in specifi c types of inherited anaemic conditions such as thalassaemia and sickle cell anaemia (Voskaridou et al., 2001; Eren and Yilmaz, 2005). Osteopenic skeletal changes have been demonstrated in both children and adults under these conditions (see Hershkovitz et al., 1997; Faerman et al., 2000; Kosaryan et al., 2004; Miller et al., 2006; Tyler et al., 2006; Lagia et al., 2007). Marrow expansion can affect the vertebral bod-ies causing an expansion in body height together with trabecular thinning. Continued weight-bearing may suffi ciently weaken pathologically altered ver-tebrae resulting in collapse and fracture at multiple sites throughout the spine (Faerman et al., 2000; Tyler et al., 2006). To date, there is limited skeletal evi-dence of osteopenia in investigations of these inherited anaemias in past popu-lations (see reviews by Tayles, 1996; Lovell, 1997b).  

 

  Neoplastic and Malignant Conditions 

 Various neoplastic conditions have been associated with secondary osteope-nia, although the specifi c causative mechanisms in many cases are unknown (see Mundy, 1999:32). Several mechanisms of immune defence can trigger increases in reactionary osteoclastic resorption to abnormal accumulations of plasma cells, as well as activated T- and B-cells, and immune reactions and bone cell responses are also stimulated where there is suffi cient vitamin D (Holick, 2003; Ortner, 2003; Clowes et al., 2005). The implications of oste-openia may vary across conditions, with slow, localised or generalised bone loss having little skeletal impact. Rapid bone loss can result in suffi cient risk of pathological fracture, including vertebral compression fractures as occur in multiple myeloma.  Table 7.2    highlights several of the conditions that have been linked with secondary osteopenia and that may be recognisable in past populations. For detailed reviews see Resnick (1988) and Ortner (2003). 
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TABLE 7.2  Factors Within Various Neoplastic Conditions With Risks for the Development of Secondary Osteopenia 

 Condition            Features                                                                   Sources 

 Multiple                 Vascular spaces between trabeculae aid spread of metatastic disease        Joyce & Keats (1986), Genant et al. (1988a), myeloma           Increased bone resorption. Increased risk of vertebral fracture              Resnick (1988), Coleman (2001), Atoyebi                 Secondary Osteopenia and Osteoporosis

 Modern treatments can increase secondary bone loss                      et al. (2002), Ortner (2003), Uetani et al. 

(2004), Melton et al. (2005)     

 Leukaemia                            Malignant  white  blood  cells  infi ltrate soft tissues                                      Resnick (1988), Rothschild et al. (1997), 

 Replacement of normal bone marrow with tumour cells.                    Aufderheide & Rodríguez-Martín (1998), Resorption of trabeculae                                                   van der Sluis et al. (2002), Ortner (2003),  Increased endosteal and intra-cortical bone resorption                      Goldbloom et al. (2005), Roberts &  Defective bone formation may exist                                         Manchester  (2005)          Generalised bone loss in vertebral bodies causing fracture 

 Neuro-                Hereditary  condition                                                            Swann (1954), Knüsel & Bowman (1996), fi bromatosis                          Affects the central and peripheral nervous system with numerous             Aufderheide & Rodríguez-Martín (1998:421), 

tumours that develop following nerve pathways                            Illés  et  al.  (2001),  Kuorilehto  et  al.  (2005)          Destruction of cortical bone adjacent to soft tissue tumour masses 

 Tumours in spinal canal compress the cord causing paralysis and 

osteopenia

 Impaired  remodelling 

 Meningioma                            Benign  growths    causing  tissue  pressure  (spinal  cord,  brain  stem)                 Jónsdóttir  et  al.  (2003),  Ortner  (2003:513–514)           

 Damage blood vessels and nerves in cranial base 

 Early stages lytic focus 

 Destruction of sella turcica, pathological disruption of the pituitary 

gland

 Osteopenia: paralysis by compression of skull base; excess amounts 

of corticosteroid hormones secreted from pituitary gland (relation to 

osteopenia poorly understood)  201

 For example adult male, Alaska, destruction of sella turcica, post-crania 

unusually light, suggestive of ante-mortem bone loss 
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  THE INFLUENCE OF DIET ON OSTEOPOROSIS RISK 

 A delicate balance is required between multiple components of the diet in order to maintain an adequate mineral homoeostasis (see Chapter 3). Where a nutri-tional balance is not achieved, bone turnover may be altered. Prolonged nutri-tional inadequacy can result in various metabolic bone diseases (see Chapters 4, 5 and 9). Osteopenia in particular can occur following dietary insuffi ciency (see in particular Box Feature 9.2) (New, 2003; Putnam et al., 2007). It is likely that dietary quality constituted a signifi cant risk for osteopenia in many past communities (see Martin et al., 1985; Ortner et al., 2006, 2007). 

 

  Dietary Acid Load and Proposed Mechanisms of Bone Loss 

 All foods are determined to have either a net acidifying or alkalizing effect on the extracellular fl uid (ECF) pH balance (see Cordain et al., 2000; Putnam et al., 2007; Cordain, 2007). The ECF is typically maintained between pH 7.35 and 7.45 (Putnam et al., 2007) and a reduction in the pH level (increased acidity) can stimulate osteoclast activity and bone resorption releasing calcium from the skeleton to rebalance the ECF (Anderson, 1999; Arnett, 2003; New, 2003). Fish, meat, poultry, eggs, shellfi sh, cheese, milk and cereal grains are acid pro-ducing foods, while fruit, vegetables, tubers, roots and nuts are alkaline based (Cordain et al., 2000:349–350; Cordain, 2007:375). A balanced diet could the-oretically negate detrimental effects of acid foodstuffs by the consumption of foods with high alkaline content. 

 Diets with continual acid intake (metabolic acidosis) may suffer skeletal 

effects (Eaton, 2007:389) and have been postulated as one of the potential con-tributory causes for increased levels of disease, including osteoporosis (see Cordain et al., 2000:350; Sebastian et al., 2002; Cordain, 2007:375). This risk may be exacerbated in old age, where kidney (renal) function becomes less effi cient in excreting acid (Arnett, 2003; Putnam et al., 2007). Knowledge sur-rounding these skeletal consequences is incomplete (New, 2003:892), with implications for reconstructions of health based on ancient hominid diets (see Section Anthropological Perspectives later). 

 

  Calcium 

 Calcium forms 99% of the mineral in the skeleton and is also present in the ECF (Heaney, 1997a; Broadus, 1999). The importance of calcium in the body is reviewed in Chapter 3 (Civitelli et al., 1998; Heaney, 2002). The calcium contents of naturally occurring foodstuffs are shown in  Table  7.3   .  Adequate dietary calcium intake needs to be balanced by good intestinal calcium absorption as well as between renal (kidney) and faecal excretion and renal re-absorption of calcium (Hoenderop et al., 2000; Houillier et al., 2003). Calcium homoeostasis is controlled by the PTH and by mechanisms of vitamin D
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TABLE 7.3  Calcium Content of Various Food Sources.  

 Raw  calcium 

 Raw  calcium                                   content per content  per  100      g                                     100        g  (solids), (solids),  100    ml                                       100 ml 

 Food  source           (liquids)               Food source         (liquids) 

 Apple  with  skin            6                                Mustard  greens           103 

 Apple  without  skin       5                               Mustard  seed,            521 

yellow

 Avocado                  12                           Nuts,  acorn               41 

 Banana                   5                             Nuts,  almond             248 

 Blackberries              29                            Nuts,  brazil                160 

 Broccoli                     47  (cooked  40)              Nuts,  cashew              37 

 Brussel sprouts          42 (cooked 26)            Nuts, chestnuts         27 

(European)

 Cabbage               40 (cooked 48)           Nuts, coconut fl esh     14 

 Carrots                       33  (cooked  30)              Nuts,  hazel                 114 

 Corn  bran  crude          42                             Nuts,  macadamia         85 

 Corn  white                 7                                Nuts,  pecan                70 

 Corn  yellow  (maize)      7                               Nuts,  pistachio            107 

 Cranberries               8                              Nuts,  walnuts             98 

(English)

 Egg                             53  (fried  59)                   Onions                       23 

 Figs                               35                                    Onions,  spring              72 

 Fish, cod                  7 (cooked 9)               Orange, juice            11 

natural

 Fish, wild salmon        12 (cooked 45)            Orange, whole          40 

 Fish,  mackerel            12  (cooked  29)              Oysters                    ( N  = 12) 230 

 Honey                    6                            Parsley                    138 

 Green  beans             37                           Parsnip                    36  (boiled  37) 

 Liver, beef                5 (cooked 6)               Peas, green              25 (cooked 27) 

 Liver, lamb               7 (cooked 9)               Peppers, sweet         10 

green
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TABLE 7.3  (Continued)

 Raw  calcium 

 Raw  calcium                                   content per content  per  100         g                                       100         g  (solids), (solids),  100         ml                                             100         ml 

 Food  source           (liquids)               Food source         (liquids) 

 Meat,  beef                 3  (broiled  4)                  Potatoes                    9  (baked  with 

skin 5) 

 (boiled, 

peeled 8) 

 Meat, half lamb          9 (roasted 10)             Pumpkin                21 (cooked 15) 

shank

 Meat, chicken, light      11  (cooked  13)             Raspberries              25 

meat

 Meat, caribou hind      5                            Rhubarb                 86 (cooked with 

quarter                                                           sugar 145) 

 Meat,  seal                  4                                 Scallops                     (  N = 6) 120 

 Milk, cow, calcium       204                          Spinach                   99  (cooked  136) 

fortifi ed 

 Milk, cow, whole         113                         Strawberries              16 

milk

 Milk, cow, non-fat        123                          Tomatoes                 10  (cooked  11) 

milk

 Milk,  goat                    134                              Tomatoes,                  110 

sun-dried

 Milk,  sheep                193                            Turnips                     30 

 Milk,  human              32                            Turnips,  greens           190 

 Milk,  canned,              284                            Watercress                 120 

condensed,

sweetened

Sources : USDA National Nutrient Database for Standard Reference, 2006 (Release 19) and see also Prince 

(1999:483).

 

production which balance skeletal and ECF reserves of calcium (see Chapter 3; and Heaney, 1997a:487; Heaney, 1999). Calcium functions as a threshold or plateau nutrient with excess mineral excreted and further losses can occur during sweating and shedding skin, nails and hair as highlighted by Heaney (1997a:487).

Table 7.4  lists the recommended daily amounts of calcium for various 

demographic groups (see Civitelli et al., 1998:167). Recommended amounts 
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TABLE 7.4  Recommended Daily Amounts of Dietary Calcium Intake 

Based on Survey of US Whites  

 Optimum  calcium 

Age group                                          intake (mg/day) 

 Infant                                 Birth to 6 months                 400 

 6 months to 1 year              600 

 Children                          1–5  years                         800 

 6–10  years                           800–1200 

 Adolescents/young  adults         11–24  years                       1200–1500 

 Adult  men                                 25–65  years                           1000 

 65+  years                            1500 

 Adult women                   Pregnant and nursing           1200–1500 

 25–50  years                         1000  50+  years                            1500 

Sources : National Institutes of Health Consensus Conference, US, 1994 (Civitelli et al., 1998:167).

Note : Recommendations can vary between population groups as well as through the life course, see chapter text.  

 

will vary depending on age, ancestry and the range and quantities of other components in the diet (see further New, 2001:269). A good intake of cal-cium during adolescence and young adulthood can help optimise the peak bone mass and is recommended for adult health throughout later life (Miller et al., 2001:179s). Decreased calcium intake or reduced intestinal absorption of calcium will result in bone resorption via secondary hyperparathyroidism (see Chapters 3 and 9; and Heaney, 1997a:487). 

 A range of foodstuffs can interfere with the bioavailability of calcium, as 

well as other minerals such as magnesium, zinc and iron, and it is important to consider such dietary interactions in reconstructing dietary adequacy (Miller et al., 2001:176s). Phytates contained in cereals, seeds and nuts and oxalates in spinach, rhubarb, sweet potatoes and walnuts can prevent the binding and util-isation of calcium once consumed (Miller et al., 2001:176s). Phytates can also affect the utility of vitamin D, with implications for the effi ciency of calcium absorption (Chapter 5; Anderson, 1999).  

 

  Protein 

 Dietary protein intake can be attained from a variety of foodstuffs, including animals, fi sh and plants. Prior to the agricultural revolution, protein would have been obtained from animal and fi sh sources and potentially some seeds and beans (Peters, 2007:238). Following the adoption of agriculture, cereals are likely to have provided varying sources of protein as summarised in  Table 7.5   . 
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TABLE 7.5  Components of Various Cereal Sources of Dietary Protein  

 Cereal                Geographic region                     Protein content                     Complicating for nutritional utility 

 Wheat                 Europe, North America, Australia,          High                                    Milling to produce white fl our reduces 

New Zealand, parts of Russia, high                                              protein contained in outer layers altitude regions of North India                                                          Milling reduces vitamin B1 (thiamin) by 80%           THE BIOARCHAEOLOGY OF MET

 Maize                 Central and South America, Mexico,        Less protein than wheat.               Yellow maize contains vitamin A 

South  Africa                                                  Contains more carbohydrate             Vitamin B complex (nicotinic acid) is 

than  wheat                                            contained in maize but in an unavailable 

(bound) form. The amino acid tryptophan 

required to synthesise nictotinic acid is also 

limited

 Treatment with an alkali such as limes can 

convert bound nicotinic acid to usable form 

(see Chapter 9) 

 Rice                      Eastern and Southern Asia                  Less protein than wheat and            Hand-husked rice contains vitamin B1 

maize                           (thiamin). Machine-refi ned and polished             ABOLIC BONE DISEASE More carbohydrate than wheat        rice contains little vitamin B1 

 Millet                     Africa, Asia and South America              Low protein                              See Chapter 9 

Less carbohydrate than rice 

Source : Widdowson (1991).  
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 Current understanding of the potential implications of protein consump-

tion on bone health are summarised in  Table 7.6 (see reviews Kerstetter et al., 2003a; Rizzoli and Bonjour, 2004). The high acid-load base of animal protein has been postulated to negatively affect the skeletal reservoir (e.g. New, 2003:892). Increased oxidation of sulfur-containing amino acids from protein may increase acid production and renal excretion, which is balanced with uri-nary calcium excretion. This may result in increased bone resorption to restore the calcium balance (Anderson, 1999:229; Rizzoli and Bonjour, 2004:527). However, Kerstetter et al. (2007) have suggested that the excess calcium excreted in high protein diets may derive from saturation of calcium absorption threshold levels rather than derives from skeletal reserves (see also Anderson, 1999:229; Wengreen et al., 2004:543). A recent clinical review indicates the largely consistent benefi cial effect of increased protein intake on the skeleton (see Rizzoli and Bonjour, 2004:527). 

 Low dietary protein intake is currently of greater concern as a risk factor for 

osteoporosis (Ammann et al., 2000; Hannan et al., 2000 Rizzoli and Bonjour, 2004; Kerstetter et al., 2003b). Low protein intakes decrease intestinal calcium absorption and increased bone remodelling via secondary hyperparathyroidism to balance serum calcium (see Rizzoli and Bonjour, 2004:527 and Chapter 3). Low dietary protein may relate to poor physical fi tness, muscle weakness, impaired co-ordination and increased risk of falls (Ammann et al., 2000:683). 

 Protein-calorie malnutrition can have a severe effect on health, particularly 

children who have been weaned onto inappropriate adult foodstuffs leading to stunted growth, osteopenia, severe malnourishment (Adams and Berridge, 1969; Garn et al., 1969; Widdowson, 1991:293). The relationship between dietary protein intake and skeletal health may be modifi ed by additional com-ponents in the diet, particularly calcium, and further research is needed to investigate such inter-relationships (see Massey, 2003:864s).  

 

  Fatty Acids 

 Recent research has questioned the role that fats and in particular fatty acids have in skeletal health (see  Table 7.6 ). Whilst excess fats appear harmful for calcium metabolism (Corwin, 2003; Corwin et al., 2006), defi ciencies can reduce intesti-nal calcium absorption. Recent studies indicate that the consumption of polyun-saturated fatty acids (omega-3) found in lean meat, wild plants, eggs, fi sh, nuts and berries can enhance calcium absorption and reduce calcium excretion. They may have benefi cial effects on bone mineral density (BMD), although more research is required in this area (Moyad, 2005:42; Simopoulos, 2006:503). 

 

  Fruit and Vegetables 

 A positive association may exist between the quantity of fruit and vegetables consumed and skeletal health (New, 2001; New, 2003:892; Putnam et al., 
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TABLE 7.6  Summary of the Proposed Impacts of Protein and Fatty Acids on Skeletal Health 

 Dietary 

component       Quantity            Skeletal  effects                                                  Sources 

 Protein                 High  intake                                   Dietary  acid  may  stimulate  bone  resorption                                                  Anderson (1999), Hannan et al. (2000), 

 Potential suppression of osteoblast function                                    Kerstetter et al. (2003a), New (2003),  High intake associated with increased urinary calcium excretion                Rizzoli & Bonjour (2004), Putnam (hypercalciuria)                                                                et al. (2007)  Unclear whether resorption contributes to hypercalciuria 

 High intake may increase intestinal calcium absorption THE BIOARCHAEOLOGY OF MET

 Excess calcium excretion may result from increased calcium absorption 

 Long-term effects on BMD are unproven. 

 Clinical consensus no detrimental skeletal effects. Implications of high 

protein with low calcium and vitamin D are unclear.

 Low  intake                                  Impairs  intestinal  calcium  absorption                                                              Hannan et al. (2000), Ammann et al. (2000), 

 Development of secondary hyperparathyroidism                            Kerstetter et al. (2003b), Rizzoli & Bonjour  Increased bone loss                                                            (2004) Suggestive of signifi cant risk for osteopenia 

 Effects with increased or decreased levels of dietary calcium unclear 

 Phytate,  e.g.                 Binds with calcium                                                                        Miller et al. (2001),  Sandberg (2002) cereals, legumes        Calcium becomes insoluble and is excreted and some seeds        Inhibits iron and zinc absorption                                                                                                   ABOLIC BONE DISEASE and nuts                Enzyme activity can limit detrimental effects 

 Fatty acids              High fat                       Rich saturated fatty acids decrease BMD                                            Corwin  (2003) 

 Increase risk of fracture 

 May exacerbate the uncoupling remodelling. 

 May inhibit formation of mature osteoblasts. 

 May increase loss of urinary and faecal calcium. 

 Low  fat                         Defi ciency dietary fats decrease intestinal absorption of calcium and             Corwin  (2003) 

increase renal excretion. 

Note : Explanations of the various bone cells and actions are provided in Chapter 3. BMD, bone mineral density.  
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2007; Zalloua et al., 2007).  Table 7.7    summarises the potential role that vari-ous fruits and vegetables may have in infl uencing bone health at the cellular level. Increased consumption of fruit and vegetables may result in a general-ised lowering of the acid-load base of the diet, potentially limiting levels of bone resorption (New, 2003:894). It is possible that such actions could poten-tially complicate specifi c effects of individual dietary components. 

 

  ANTHROPOLOGICAL PERSPECTIVES 

 The composition and health implications of the human diet is an exception-ally complex area of anthropological research (Nestle, 2000; Lee-Thorp and Sponheimer, 2006; Ungar, 2007). For example, a recent synthesis of reconstruc-tion of ancient hominin diets has demonstrated the vast range of resources and methodologies available (see Ungar, 2007). However, it may not be feasible to make specifi c inferences regarding the implications for modern health that dietary evolution may have yielded (see Box Feature 7.3). Subsistence regimes may vary throughout a given region if environmental conditions and climate differ considerably. Dietary reconstructions, particularly of past populations, need awareness of the diversity that inter-site variation may demonstrate (see e.g. Ubelaker and Newson, 2002:347).

 

  Calcium in the Evolutionary Perspective 

 The consumption of calcium is likely to have varied throughout the evolution of past diets. Ancestral hominids and primates may have obtained calcium from leafy greens, fruits and nuts as well as small vertebrates, as suggested by Eaton and Nelson (1991), Eaton et al. (1997), Heaney (1997b), and see also Peters (2007). Comparative investigations of traditional hunter–forager diets together with estimates of ancient dietary composition have enabled some researchers to suggest that pre-historic diets would have been substantially in excess of the average calcium dietary intakes in the developed world (e.g. Eaton and Nelson, 1991; Heaney, 1997b). However, this does not necessar-ily mean that the calcium requirements have changed over time (see Heaney, 1997b). The utility of calcium obtained in early diets was likely enhanced by plentiful sunlight exposure and vitamin D synthesis, the consumption of lots of fruits (vitamin C) and probable high levels of physical activity. 

However, there are signifi cant  diffi culties in attempts to determine the 

quantity of components of past diets (Eaton et al., 1997; Nestle, 2000). We face great challenges in attempting to determine any subsequent health impli-cations, which include determining how patterns of selective eating, or effects of climate seasonality or variability in habitat productivity and changing popu-lation pressure may have altered the composition of the diet (see Cook, 1979; Lambert, 2007; Reed and Rector, 2007). We also know little regarding what interactions existed between dietary variables within ancient diets, which may 210 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

TABLE 7.7  Summary of the Interaction Between Various Fruits and 

Vegetables and Bone Cell Actions  

 Food  source                                         Skeletal  effects 

 Fruits   containing           Citrus fruits                           May inhibit bone resorption 

fl avonoids ,   phenols                                                      May affect osteoclast numbers 

 High content of vitamin C 

essential for bone collagen and 

osteoid formation (Chapter 4) 

 Prunes   containing boron             May inhibit bone resorption 

 May help restore BMD and 

improve trabecular bone 

micro-architecture

 Apples   May prevent bone loss only in 

infl ammatory conditions 

 Grape seeds in a high           May increase BMD trabecular calcium diet                    and cortical bone 

 May inhibit proteolytic enzyme 

role in bone resorption 

 Pomegranate  extract   Benefi cial effects on BMD and 

trabecular bone formation 

 Olives                                  Potential  protective  effect 

on bone mass only in 

infl ammatory conditions 

 General consumption fruits   High quantity during childhood 

and vegetables               may increase femoral neck 

BMD and whole body and 

radial bone area 

 Vegetables              Mushrooms   containing            Promote mobilisation of 

polysaccharides                     haematopoietic stem cells 

 Act on bone marrow cells 

to enhance growth and 

differentiation

 May reduce bone resorption 

 May increase osteoblast 

activity

 May slow decreases in BMD 

 Garlic, garlic supplements,      May slow decreases in BMD onions and leeks containing      May slow urinary excretion sulfur compounds                  of calcium and phosphate. 

Promote intestinal transfer of 

calcium

 May aid osteoprogenitor 

differentiation to osteoblasts 

Continued
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TABLE 7.7  (Continued)

 Food  source                                          Skeletal  effects 

  Vegetables               Fennel, celeriac, French         May inhibit bone resorption 

(continued)               beans, arugula, broccoli,         Stimulates  osteoblast 

cabbage, lettuce, tomatoes    proliferation Wild  yam                                  Inhibits osteoclast formation 

 May slow reductions of BMD 

 Vegetables with   -              Contains vitamin A, essential carotene: carrots, sweet        for bone growth potatoes, oranges,              Required in bone cell cantaloupes, squashes,  differentiation and remodelling 

tomatoes and green leafy 

vegetables (spinach, 

lettuce)

 Green leafy vegetables:         Contain vitamin K for protein spinach, lettuce, cabbage,      production, including kale                          osteocalcin in bone matrix 

formation

 Herbs                   Sage,  rosemary,  thyme,           May inhibit bone resorption 

dill, parsley 

Sources : Anderson (1999) and Putnam et al. (2007). Note : Many studies have been conducted on animal models, 

particularly of rats and mice and data is not currently available to determine if human effects will be similar. BMD, 

bone mineral density. Bone cell actions described in detail in Chapter 3.  

 

have interfered with calcium bioavailability. Ulijaszek (1991) has also argued that modelling of the adequacy of components of past diets requires considera-tions of body size and mass as well as the likely levels of energy expenditure and physical activity undertaken. We do not yet fully understand how increased levels of activity would benefi t or exacerbate any skeletal changes caused by any dietary imbalances.  

 

  The Effect of Meat Eating on Calcium Adequacy 

 The role of meat in the human diet has been discussed in various studies (Aiello and Wheeler, 1995; Wrangham et al., 1999; Bunn, 2007) and Cordain (2007:366) has cautiously estimated that it was likely that over 50% of the average daily energy intake for most Paleolithic hominin species was obtained from animal foods. 

According to the acid base theory outlined above, the displacement of 

fruits, vegetables, lean meats and seafood by milks and grains would have det-rimental effects on health (Cordain, 2007:374). Cordain (2007) has suggested 212 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

Box Feature 7.3. The Health of Adaptive and Transitional Diets: 

Integrated Approaches?     

 

 Dietary composition and subsistence strategies may have helped shape the adap-

tation and evolution of the human species. It is possible that settlement and 

social organisation developed with subsistence changes, such as meat-eating and 

cooking strategies (Cachel, 1997; Wrangham et al., 1999; Sealy, 2006; Ungar, 2007). 

Researchers have also investigated how diets may adapt during times of seasonal 

subsistence stress (e.g. Lambert, 2007; Reed and Rector, 2007) and how adapta-

tions may have infl uenced population expansion (see Cachel, 1997). Complex and 

confl icting dietary reconstructions frequently develop to explain the same evi-

dence, particularly concerning meat-eating (see Bunn, 2007). 

Archaeological evidence has been used to determine dietary components 

through stable isotope analysis (Richards et al., 2003; Lee-Thorp and Sponheimer, 

2006; Sealy, 2006), and fl oral and faunal composition of excavated sites (e.g. 

Reinhard et al., 2007). However, there remains little utility of the assessment of 

health in contributing towards interpretations of the quality of past diets. As dis-

cussed in Chapter 2, it is possible that there may be problems linked to skeletal 

fragmentation, or small sample numbers from archaeological sites of considerable 

antiquity in the assessment of diet and health in the past (see also Katzenberg and 

Lovell, 1999). However, anthropological resources from periods spanning dietary 

transitions do now exist. These include the Natufi an culture in the Levant (Eshed 

et al., 2004), Mesolithic and Neolithic sites in Western Europe (Meiklejohn et al., 

1984), and coastal and inland Late Holocene hunter–gatherer sites in South Africa 

(Sealy, 2006). Comparative analyses in these areas could yield important insights 

into past diets and health. 

Dietary composition may be infl uenced by the nature of the demographic 

samples analysed. Variation in dietary quality according to age or sex is evident 

in many contemporary cultures, for example in sex-biased breastfeeding practices 

in Caribbean communities (see Quinlan et al., 2005). Age, sex and status-related 

dietary variation are likely to be evident in past communities, as has been dem-

onstrated recently in ancient Rome by Prowse et al. (2005) as well as Cohen and 

Armelagos (1984:599), Larsen (1997:72–76) and Walker and Thornton (2002:513). 

Dietary analyses could potentially provide a means of insights into social 

organisation within a community. Combining multiple anthropological perspec-

tives (nutritional, biological and physical) in attempts to determine the manner 

and effects of dietary composition and quality on health is a necessary goal of 

future research into both modern and past diets.  

 

that an ancestral diet high in meat intake may have been relatively benefi cial by including lean tissue and muscle as a good sources of protein. However, Cordain (2007:375) has also determined that  ‘ virtually all pre-agricultural diets were net-base yielding because of the absence of cereals and energy-dense nutrient-poor foods ’  (see also Sebastian et al., 2002). Fish and meat have been 
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recently listed as the dietary factors creating the highest net acid load, followed by egg, shellfi sh, cheese and milk and with cereals as the lowest acid produ-cers (Cordain, 2007:375). These data would imply that habitual or relatively persistent consumption of meat, may have resulted in diets relatively high in acid load (acidosis), which is suggested to be one of the harmful effects within the modern diet (Arnett, 2003; New, 2003:891; Eaton, 2007:389) and which could result in increased bone resorption. 

 High protein consumption appears better for skeletal health than low con-

sumption (see  Table 7.6  above), only where there is good calcium supply (Mazess et al., 1985:145; Massey, 2003:864s). Various researchers have sug-gested that as meat eating became increasingly adopted in ancestral diets, there may have been parallel decline of the consumption of plant matter, fruits, nuts and seeds (Ulijaszek, 1991:276; Wrangham et al., 1999). If so, this may have resulted in a limited availability of some sources of calcium within the diet, altering the benefi cial effects of protein consumption. 

 Anthropological research has questioned the relationship between pro-

tein and calcium intakes as responsible for marked bone loss represented by reduced bone formation, evident in Inuit Alaskan Native American sam-ples when compared to Arikara Plains Native Americans and Pueblo Native American from Southwest United States (see Richman et al., 1979; also Lazenby, 1997; New, 2003:892). However, continuing histological research has questioned the role of physiological stresses caused by pregnancy (Iwaniec, 1997 in Cho and Stout, 2003:214; see also Martin et al., 1984:211 for discus-sion of evidence from Nubia), as well as physical activity on bone remodelling parameters (Mulhern and Van Gerven, 1997; Cho and Stout, 2003; Pfeiffer et al., 2006). Furthermore, the effects of variation in remodelling with age, between the sexes and between groups of different ancestry are also at present not well understood. 

 At present it is diffi cult to extrapolate the effects of diet on bone health 

from histological analysis. It is also diffi cult to determine disease etiologies from specifi c dietary origins. It is likely to become increasingly necessary to conduct large-scale investigations with due consideration of the dietary base, range of across-skeletal effects of physical activity together with age and sex for multi-period comparisons in order to gain a better understanding of how osteopenia may have been modifi ed by diet and additional factors in past communities (see discussions in Bridges, 1989; Pfeiffer and Lazenby, 1994). Keesing and Strathern (1998:111–123) provide further insight into the poten-tial pitfalls of inter-linking dietary inadequacy with anthropological determi-nants of behavioural reconstructions.  

 

  Calcium Availability with the Onset of Domestication 

 The transition to the domestication of plants and animals is likely to have had a range of impacts on dietary quality (see Box Feature 4.2), including dietary 214 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

calcium availability. The domestication of animals is thought likely to have occurred at approximately 10,000 BC although varying throughout world (see discussion in Zeder, 2006; and in relation to health Roberts and Manchester, 2005:184–185). The herding of cows in particular increases supplies of cal-cium through the production of milk, cheese and butter (see Keesing and Strathern, 1998:94–103), although consumption may remain limited for some social groups who instead rely on income generated from dairy produc-tion (Jelliffe, 1955:29). The consumption of raw milk (pasteurisation was not accepted as safe treatment until 1925; Bell and Palmer, 1983:592), which is untreated for various pathogens and bacteria, can result in severe intestinal infections (Pratt, 1984; Jones, 2004). If infections or diarrhoeal diseases were frequent and/or prolonged, then this source of calcium would be limited under malabsorption conditions and may well further restrict the intestinal absorp-tion of other dietary micronutrients (see also Barnes, 2005). Furthermore, milk availability is by no means a measure of milk quality. In the more recent past, historical evidence clearly indicates the extent to which supplies were adulter-ated deliberately (Picard, 2000:65; see also Roberts and Cox, 2003:310) and accidentally (see Higgins et al., 2002:167). 

Ill-health and disease vectors affecting animals may further limit milk 

production. The tuberculosis bacteria in cattle ( Mycobacterium tuberculosis bovis ) is an important means of human transmission of this disease (see further Roberts and Manchester, 2005:184–185), but can be associated with decreased milk supply (Hernandez and Baca, 1998; Johnson et al., 2001) limiting calcium availability. Parasitic infections can also be associated with decreased milk production in cattle (Vercruysse and Claerebout, 2001) and are likely to have been severe in communities without access to modern treatments. For example, the tropical bont tick ( Amblyomma variegatum ) is currently of signifi cant con-cern affecting the West Indies requiring persistent treatment of cattle, sheep and goats (Pegram et al., 2004). The effect of this tick on cattle is to cause severe skin infections and prevent milk production (Food and Agricultural Organisation, 2004). We do not yet have adequate knowledge regarding the health of animals in the past, nor the manner in which disease-vectors may have been spread (see Box Feature 8.1). 

 Research suggests that there is an increasing tendency for osteope-

nia to have become more apparent after the onset of agriculture (Cohen and Armelagos, 1984:587; Cohen, 1989:119, 124) in several regions including the United States, Mediterranean and Near East and Africa (Perzigian, 1973; O ’ Connor, 1977 cited in Cook, 1984; Martin et al., 1984; see reviews Bridges, 1989; Ulijaszek, 1991; particularly Pfeiffer and Lazenby, 1994; Larsen, 2003). Cereals contain no vitamin C (see Box Feature 4.2), vitamin A (except yellow maize), or vitamin D, and are poor sources of calcium, sodium, B complex vitamins ( Table 7.5 ) and iron (Widdowson, 1991). 

 Increased consumption of cereals containing phytates, which interfere with 

calcium absorption, as occurred during Neolithic times, may have contributed to 
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ineffi cient absorption of calcium (Ulijaszek, 1991). The range of causative fac-tors may also include secondary hyperparathyroidism caused by dietary imbal-ances of calcium and phosphorus exacerbated by diets high in maize (Stout, 1978 reviewed by Cook, 1984:244) or millet (Martin et al., 1984:208). Protein-calorie 

 

TABLE 7.8  Summary of Potential Identifying Features for Secondary 

Osteopenia from Skeletal Remains  

 Macroscopic  features                       Complicating  factors 

 Bilateral asymmetry bone size, under-         Diffi cult to differentiate from other 

development of muscle attachments         pathologies

 Osteoporosis-related fractures, e.g.            Over-compensation of limb use 

vertebrae, distal radius, femoral neck         may exaggerate atrophy and muscle 

attachment development between 

limbs

 Spontaneous fractures wide range of   Atrophy may not be severe to result in 

bones, e.g. tibiae and fi bulae                           osteopenia

 Immobility may reduce risk of falls and 

resulting fractures 

 Age, sex, ancestry, nutritional 

health of affected individuals need 

consideration

 The pattern of changes throughout the 

skeleton may enable differentiation 

from age-related changes 

  Radiological  features                           Complicating  factors 

 Thinning cortical bone                          Osteopenia may be localised or 

 Increased intra-cortical porosity               generalised

 Thinning/removal of trabeculae                Compensatory biomechanical use 

 Compensatory thickening with  may alter bone structure complicating 

maintained load-bearing                    radiographic comparisons between 

 When immobilized, all trabeculae may       limbs

be thinned                                  Osteopenia may be part of 

 Sub-periosteal bone loss if                    pathological conditions 

immobilisation preventing apposition         More apparent in juxta-articular 

 Periarticular osteopenia, small, spotty or      locations in various joint pathologies     

speckled areas of bone loss 

  Histological  features                        Complicating factors

 Increased bone resorption                     Normal number of active remodelling 

 Enlargement of Haversian canals             sites or  ‘ normal ’  size of Haversian 

 Increased coalescence resorption spaces     canals may not be identifi able 

 Multiple  sites  Howship ’ s  lacunae                 Complicated by age, sex, ancestry, 

 Greater osteon size                           health, physical activity 

 Limited bone formation                       Primary pathology may affect 

histological  manifestations       

Note : See also description of skeletal changes in age-related osteoporosis in Chapter 6.  
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malnutrition, low dietary calcium, high iron intake and high disease loads, could also be responsible for differences in bone remodelling rates and risk of osteope-nia in various skeletal samples (see reviews above). Reconstructions of the skel-etal consequences dietary alterations are however complicated by the potential effects of additional factors, probably including decreased physical activity (see Larsen, 2003), although the nature of this effect being site specifi c within the skeleton needs further consideration (see Bridges, 1989; Chapter 6). 

Continued analyses of skeletal collections using better techniques for 

assessing bone amount and loss with age (Chapter 6 and Box Feature 6.3), together with increased analysis of past diets using techniques such as stable isotope analysis would signifi cantly develop our knowledge of the impact of diet on health particularly across transitional periods (Box Feature 7.3). Such research may clarify the infl uence of additional life-style-related factors in con-tributing to skeletal changes as well as dietary change, and the demographic nature of those previously analysed also need consideration in reconstructions of the impact of health. 

 

  DIAGNOSIS OF SECONDARY OSTEOPENIA IN ARCHAEOLOGICAL BONE 

 Many of the identifying features of secondary osteopenia will match those described for age-related bone loss (Chapter 6) and these changes are summa-rised in  Table 7.8   . However, the typical pattern of skeletal regions affected will vary according to the location and nature of the primary pathologies in causing secondary bone loss.  

 

  CONCLUSIONS 

 Signifi cant understanding of the impact of disease on life could be made through consideration of secondary pathologies and adaptations to illness. In addition, a well-balanced and nutritional diet is important in preventing osteo-penia, but unfortunately there are many circumstances in which this balance is not maintained. Determining the composition of past diets is becoming increasingly viable through utilising a wide array of techniques and approaches and will remain an important focus of future bioarchaeological research into metabolic bone disease. 




 Chapter  8 

 

Paget ’ s  Disease  of  Bone 

 

Unlike many of the conditions covered by this book, the exact causes of Paget ’ s disease of bone (PDB) are still unknown. This position is both frustrat-ing and exciting. The lack of an agreed aetiology for the condition makes inter-preting cases of the disease in past populations, and using information on PDB in wider anthropological debates, diffi cult. However, as is discussed below, the symptoms experienced by individuals with the condition are known, so diagno-sis of PDB in past populations will provide additional perspectives on experi-ences of individuals with the condition. The lack of a known aetiology means that this is one condition where diagnosis of cases from archaeological skeletal assemblages really does have the potential to provide signifi cant new evidence that can help with understanding its present distribution. 

 PDB is a chronic disease that results in disruption of bone remodelling in 

affected bones characterised by gross deformity and enlargement of parts of the skeleton. It is named after Sir James Paget, who made a key description of the condition in 1876 in a lecture given to the Royal Medical and Chirurgical Society of London. However, cases that were almost certainly Paget ’ s disease were described by Wilkes in 1869 (Dalinka et al., 1983) and in 1873 by Czerny (Haibach et al., 1985). James Paget originally believed that the disease was an infl ammatory condition of bone and so termed it osteitis deformans (Paget, 1882). Although this is now known to be inaccurate, PDB is still occasionally referred to as osteitis deformans (see discussion by Rhodes and Jawad, 2005). 

 

  POSSIBLE CAUSES OF PAGET ’ S DISEASE 

 The causes of Paget ’ s disease have long been debated, and there is currently no consensus. As discussed previously in this book, the link between infec-tious diseases and a number of metabolic diseases have been investigated recently (e.g. Chapter 4). Possible links to infectious diseases have also been investigated for PDB including bacterial infection, particularly of oral bac-teria (Dickinson, 2000). A number of viral conditions have also been linked to Paget ’ s disease, and Rousière et al. (2003) provide a review of recent evidence for viral causes of PBD. These researchers suggest that increased vaccin-ation against measles in humans and canine distemper in dogs may have had a role in infl uencing the occurrence of PDB in humans (Rousière et al., 2003). 
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FIGURE 8.1  Lateral radiograph of a dog skull showing a markedly thickened calvaria. Courtesy 

of Dr Yamada (Yamada et al., 1999:1056), reproduced with permission from the Japanese Society of  Veterinary  Science.    

 

Osteoclasts from pagetic bone have been shown to have viral inclusions linked to measles and canine distemper and it has been suggested that these may be a causative factor in the onset of the disease (Roodman, 1994, 1999). Paget ’ s disease has been linked to dog ownership, as well as ownership of birds, cats and cattle (Hadjipavlou et al., 2002). Zoonoses, infectious conditions of ani-mals that can be passed to humans, have the potential to provide important information on a range of social and cultural practices in both past and present societies. Yamada et al. (1999) reported a case of a dog with a number of path-ological conditions, including thickening of the skull (as shown in  Figure 8.1   ) that resemble PDB. Cases of this condition in animals could be more wide-spread, but without the use of radiography or MRI they may be undetected. Dog skeletons are frequently reported from archaeological sites (e.g. Brickley and Thomas, 2004), and this is one area that zooarchaeologists might fruitfully investigate (see Box Feature 8.1). 

  Familial occurrence of PDB has indicated that genetic defects could play an 

important part in its development. Daroszewska and Ralston (2005) have iden-tifi ed four possible causal genes, but there is still much that is not understood. Roodman (1999) in particular has questioned the existence of genetic links in familial occurrence of the condition. 

Epidemiological similarities between patterns of PDB and childhood 

vitamin D defi ciency (discussed in Chapter 5) have been noted (Barker and Gardner, 1974). However, no conclusive results on a link have been produced, and it seems unlikely that childhood vitamin D defi ciency will prove to be a 
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Box Feature 8.1. Animal Paleopathology     

 

 Animal pathology has the potential to contribute signifi cant information to those 

engaged in the study of past societies. As the examples included in this chapter 

and Chapters 4, 5 and 7 illustrate, many of the metabolic bone diseases affect 

both animals and humans. In addition to providing information on the history and 

development of diseases, such conditions can also contribute to an understanding 

of past husbandry practices and economic activities. 

 The  fi rst signifi cant publication on animal paleopathology was  Animal Diseases in 

Archaeology  (Baker and Brothwell, 1980), but over the next 20 years little work was 

done on the subject. Recently, there has been a renewal of interest in this fi eld of 

enquiry with the publication of Davies et al. (2005b) and Miklíková and Thomas (in 

press). Although there are many veterinary texts that cover metabolic bone disease 

in animals (e.g. Vrzgula, 1991), to date investigation by zooarchaeologists there 

has been limited. Studies by zooarchaeologists have mainly dealt with arthropa-

thies and pathological change thought to be due to infection (Thomas personal 

communication).

 One of the problems faced by zooarchaeologists is that many of the animal 

skeletons that they deal with are disarticulated, and this can make suggesting a 

differential diagnosis diffi cult, as the pattern of pathological change across the 

skeleton cannot be viewed. However, future research such as that being under-

taken by Thomas, and the greater development of histological and aDNA investi-

gation will undoubtedly facilitate valuable insights into past animal health.  

 

causative factor in the development of PDB. A number of toxic substances that could trigger the occurrence of PDB have also been considered, and with clear geographical differences in the occurrence of the condition, links to toxins that occur in certain regions, or are used in particular industries are an obvious area of investigation (e.g. Spencer et al., 1992). 

 From considering the available evidence it seems unlikely that PDB has a 

single cause. Investigations have been extensive, but have yet to produce evi-dence of a clear link between PDB and any of the factors considered to date.  

 

  CONSEQUENCES OF PAGET ’ S DISEASE 

 One unusual feature of PDB is that the condition is often only active for a fi nite period of time (Milgram, 1990:869). In cases of PDB only selected portions of the skeleton are affected by the changes, and additional bones may become involved at any stage of the process (Mirra et al., 1995a). As a result the condition does not fi t with the defi nition of metabolic bone diseases used by Albright and Reifenstein (1948) (see Chapter 1). However, a number of authors include the condition as a metabolic bone disorder (e.g. Cooper et al., 1999) and as affected bones do exhibit changes due to disruption of remodelling it is included here. Cases involving a single bone are termed  ‘ monostotic ’ ,  and 220 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

involving between two and four bones are described as  ‘ oligostotic ’ . Where at least fi ve bones are involved, the condition has been described as  ‘ polyos-totic ’  (Renier et al., 1996). Monostotic lesions have been found more often in females than males (Renier et al., 1996). Any bone can be affected, but the most commonly involved bones are those of the pelvis, lower spine, cranium, and long bones of the legs (Walsh, 2004). 

 Three phases have commonly been identifi ed in PDB, but there is some 

variation in the clinical terminology used to describe each phase. In the fi rst phase, bony changes are characterised by an increase in resorption caused by a massive increase in osteoclastic activity (Mirra et al., 1995a). As a result hypervascularisation is apparent histologically due to increased resorption (Gruber et al., 1981). This stage has been referred to as the  ‘ osteolytic phase ’  (Roodman and Windle, 2005). 

 The second phase of the condition is characterised by marked bone forma-

tion and this has been referred to as the mixed (Gruber et al., 1981) or inter-mediate phase. During this phase, a very characteristic pattern of cement lines develops within bone tissue, often referred to as a  ‘ mosaic  appearance ’   (see  Figure  8.2   ). Repeated episodes of resorption, which create scalloped borders of resorption typical of Howship ’ s lacunae, are in-fi lled with newly formed bone, creating a series of cement lines around irregular areas of newly formed woven bone (Milgram, 1990). Unless there is further disruption of the remod-elling process, due to a fracture or prolonged immobilisation, bone formation
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Lamellar bone

 

Cement lines

 

Woven bone

 

FIGURE 8.2  Diagram illustrating some of the histological features seen from the end of the fi rst 

phase of the condition when the  ‘ mosaic ’  pattern starts to develop. Repeated episodes of resorp-tion followed by new bone formation result in a series of cement lines separating small and irregu-lar areas of bone tissue.    




Chapter | 8 Paget’s Disease of Bone 221

 

and resorption will be relatively balanced but proceed at a faster rate than nor-mal (Moore et al., 1994). Bone turnover during the second phase has been measured to be up to fi ve times the rate expected in normal bone (Krane and Simon, 1987) (the different bone types are discussed more fully in Chapter 3). However, due to the disorganised way in which new bone is produced, the bone is of poor quality, and much weaker than normally formed bone (Roodman, 1999; Roodman and Windle, 2005). Pagetic bone is predominantly lamellar bone, although woven bone can be present in some areas (Krane and Simon, 1987). The disturbance in remodelling seen in PDB is primarily caused by osteoclasts, and in individuals with the condition osteoclasts are increased in size and number (Roodman, 1994, 1999). Towards the end of the mixed phase, bone formation can proceed at a faster rate than bone resorption, result-ing in thickening of bone structures (Mirra et al., 1995a). 

 The third phase of PDB is marked by the development of sclerotic bone 

and a decrease in vascularity (Gruber et al., 1981), and so has been referred to as the late or sclerotic phase (Wittenberg, 2001) or inactive phase (Milgram, 1990:871). At the very last stage of the disease process there is often an almost complete cessation of osteoclastic activity and only minimal osteoblastic activ-ity (Mirra et al., 1995a). Jaffe (1972) referred to this as the burned out phase. The reasons why changes apparent in each of the phases of the disease occur are still poorly understood. 

 

  Pelvic Changes 

 The pelvis is an early skeletal site for the development of pagetic lesions (Renier et al., 1996), with initial development of lesions occurring most fre-quently in the ilium, close to the sacroiliac joint. Severe involvement of the pelvis can lead to protrusio acetabuli , and possibly  coxa vara  (Mirra et al., 1995a). Involvement of the pelvis is not bilateral, and the right side is more frequently involved than the left (Dalinka et al., 1983).  

 

  Cranial Changes 

 Any bone of the skull can be involved, but the areas most commonly affected are the cranial vault and bones of the skull base. However, no site in the skull has emerged as a preferential location of lesion development (Renier et al., 1996). Basilar invagination can occur in the third phase of PDB due to softening of the bone (Greenfi eld, 1990:117). Changes in the skull can affect hearing (Milgram, 1990:869), possibly leading to deafness where the petrous temporal bone is involved (Walsh, 2004). Involvement of the maxilla is about six times more common than the mandible, but when both are involved leonine features can develop (these can be confused with leontiasis ossea, a rare condition involv-ing excessive bone formation in the skull, Ortner, 2003:416). Mirra et al. (1995a) suggest that such changes could also be confused with fi brous dysplasia. 
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  Long Bone Changes 

 Deformities of the long bones follow characteristic patterns; in the femur bow-ing occurs laterally and in the tibia it occurs anteriorly (Mirra et al., 1995b). Bowing of the lower extremities can lead to shortening of the limbs, and where shortening is uneven will result in the development of a limp or other gait disturbance (Milgram, 1990:869; Fumio et al., 2004). Once pagetic bone has accounted for two-thirds or more of a bone it is diffi cult to identify the initial site of the lesion, and this is almost impossible in bones that were completely altered (Renier et al., 1996). Wedged or V-shaped areas (or V-shaped cutting cone, Mirra et al., 1995a) of radiolucency can appear in long bones affected by PDB, as shown in  Figure 8.3   . These features, which appear early in the course 
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FIGURE 8.3  Lateral view of distal femur with a V-shaped area of radiolucency indicated by 

arrows. This feature has been referred to as the blade of grass or fl ame sign. The bone above this region is slightly expanded and has a coarsened trabecular pattern. Courtesy of Wittenberg 2001.  Radiology    221:199–200. The Radiology Society of North America.   
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of the disease, have also been referred to as the blade of grass or fl ame sign (Wittenberg, 2001). This lytic process can spread at a rate of about 1       cm  a  year (Mirra et al., 1995a), but there may be variation in the rate at which normal bone is converted to pagetic bone (Resnick, 1988).  

 

  Other Bones that Can be Affected 

 Although the skeletal areas listed above are the most common sites of pagetic changes, the condition can affect most parts of the skeleton. For example, the spine can be involved and changes are recorded in 50% of patients with poly-ostotic PDB (Saifuddin and Hassan, 2003). The lumbar and sacral areas the most frequently involved regions of the spine (Mirra et al., 1995b), with the thoracic the next most frequently affected, and the cervical is least commonly affected (Saifuddin and Hassan, 2003). Changes include enlargement of the vertebral bodies, with coarsening of trabeculae (Mirra et al., 1995b). When the spine or cranial areas are affected nerve compression can occur (Wittenberg, 2001). Dalinka et al. (1983) provide a review of possible consequences of spinal involvement. A  ‘ picture frame ’  appearance in vertebrae (seen in  Figure  8.4   ),
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FIGURE 8.4  Vertebrae of one of the individuals from Norton Priory, these bones have char-

acteristic  ‘ picture frame ’  appearance. Courtesy of Anthea Boylston, Alan Ogden and BARC, Archaeological Sciences, University of Bradford.    
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where there is coarsening of the trabecular bone, surrounded by more sclerotic bone can develop (Wittenberg, 2001). This feature is caused by increased sclero-sis of the vertebral margins, in particular the superior and inferior margins (Mirra et al., 1995b). Sclerotic changes across vertebrae can result in an increase in dens-ity that has been referred to as ‘ ivory vertebra ’  due to the radiological appear-ance (Saifuddin and Hassan, 2003). At a macroscopic level such vertebrae may be enlarged compared to neighbouring bones (Dalinka et al., 1983). 

 Pagetic lesions can also affect the scapula, and in a study of 200 patients 

with PDB undertaken by Renier et al. (1996), 9.8% were found to have lesions. The glenoid fossa was the site at which lesions developed most frequently. The bones of the hands and feet are occasionally involved, and an accentu-ated trabecular pattern can develop in tubular bones in these areas (Mirra et al., 1995b). Gruber et al. (1981) report that in some cases the clavicles and ribs can also be affected.   

 

  CO-MORBIDITIES 

 Paget ’ s disease can co-exist with a wide range of conditions, and in older individuals there are many degenerative diseases that can co-exist with PDB (Milgram, 1990:870). Features of PDB such as gait disturbance will contribute to the development of conditions such as osteoarthritis. Osteoarthritic changes are particularly common around the hips and may be secondary to the replace-ment of cartilage with pagetic bone (Dalinka et al., 1983). 

 Paget ’ s disease in vertebral end plates can resemble changes caused by 

infections (Moore et al., 1994). However, as Moore et al. point out the exact sequence of events in such cases is complex, and it is possible that PDB may co-exist with infectious conditions. Another factor that should be considered is that the distribution of infectious diseases caused by blood borne infection, like osteitis and osteomyelitis, is similar to the distribution of pagetic lesions in the limbs (Renier et al., 1996). The similarity in distribution between these con-ditions may be due to the carrying of pagetic osteoclasts by the bloodstream (Renier et al., 1996). Care should therefore be taken that these conditions are not confused. 

Neoplasms have often been reported to arise in individuals with PDB 

(Haibach et al., 1985). Up to 10% of individuals with PDB will develop asso-ciated malignant changes (Mirra et al., 1995b), but reported incidence of such changes varies considerably. However, Moore et al. (1994) found that it was not possible to state whether metastases occurred more frequently in pagetic than normal bone. The combination of PDB and neoplastic conditions can make it diffi cult to identify blastic or lytic changes due to neoplastic conditions (Moore et al., 1994). 

 In particular osteosarcomas have been widely reported as a relatively 

common complication, and between 5.5% and 14% of cases reported in the 
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modern population are associated with PDB (Cheng et al., 2002). Individuals with both conditions have a poorer survival rate than those that only have an osteosarcoma. Mortality rates from osteosarcomas associated with Paget ’ s dis-ease are reported to be 86.6% within three years of diagnosis (Cheng et al., 2002). Possible suggestions about why this might happen include factors such as an increased blood fl ow in Pagetic bone facilitating more aggressive growth of tumours (Haibach et al., 1985). However, individuals who develop oste-osarcomas do tend to be older, and it is possible that increased age in these individuals may play a role. Fibrosarcomas are also reported to be quite com-mon in individuals with PDB as are cases of giant cell tumour (Dalinka et al., 1983). Other sarcomas are occasionally reported (Hadjipavlou et al., 2002). In the current population, even where there is access to good levels of health care, the prognosis for individuals that develop malignant conditions in addition to PDB is not good. 

 In many individuals PDB is asymptomatic, certainly in the fi rst phase of 

the disease, but in approximately 30% of cases there may be morbidity such as pain and deafness. Bone deformity can also contribute to the development of osteoarthritis (Daroszewska and Ralston, 2005).  

 

  PAGET ’ S DISEASE IN THE MODERN PERSPECTIVE 

  Age and Sex 

 The condition can appear in individuals as young as 30–35 years, but in the early stages it can often be asymptomatic and so those affected at such ages will be unaware that they have it (Milgram, 1990:869–870). 

 In North America, PDB is diagnosed during autopsy in approximately 3% 

of individuals over the age of 40 years (Milgram, 1990). The prevalence of PDB is strongly age-related and after the age of 50 the prevalence doubles every decade (Rousière et al., 2003). Men are affected twice as often as women (Greenfi eld, 1990:115) and a recent review of individuals in the UK suggests that PDB could affect 2.5% of men and 1.6% of women (Daroszewska and Ralston, 2005). The mortality rates of individuals classifi ed as dying from Paget ’ s disease in Britain have declined in successive cohorts of individuals who have been studied (Barker and Gardner, 1974). Many people actually die from associated tumours, but prior to the availability of recent medical treat-ments levels of such deaths would have been higher. 

 Bakwin and Eiger fi rst described a rare condition referred to as Juvenile 

Paget ’ s Disease (JPD) in 1956. It is characterised by rapidly remodelling woven bone, osteopenia, fractures and progressive skeletal deformity (Whyte et al., 2002) and is linked to a number of inherited genetic mutations (Janssens et al., 2005). This condition has also been referred to as idiopathic hyperphos-phatasia (Daroszewska and Ralston, 2005), and familial hyperphosphatasia 226 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

(Taneja et al., 1990). There is considerable uncertainty regarding the nature and causes of this condition, as the range of names utilised refl ects. It is not certain that JPD is a juvenile version of the adult condition of PDB. Whilst manifestations of this condition appear similar to PDB, several cases have involved the skeletal changes of rickets and Taneja et al. (1990) suggest this may be a rare variant of resistant rickets caused by abnormal serum alkaline levels. Further research is required to better understand the nature of this con-dition, and caution is necessary before diagnosing potential cases of what appear to be Paget ’ s disease in juvenile skeletal remains.  

 

  Geographic Variation 

 Considerable geographical variations have been reported in the prevalence of PDB (Milgram, 1990:869; Cooper et al., 1999). The condition is rare in Scandinavia, Japan (Cooper et al., 1999) as well as Africa and Asia (Fumio et al., 2004). However, Dahniya (1987) reported that there may be geographical variation in the prevalence of the condition between different African commu-nities, and it may not be rare in some areas. The UK, particularly the north-west of England, has some of the highest prevalence rates in the world (Doyle et al., 2002). The prevalence has been particularly high in some northern British towns, but recent research into the prevalence of the condition indicates that the overall prevalence has declined (Cooper et al., 1999; Doyle et al., 2002). 

 

  ANTHROPOLOGICAL PERSPECTIVES 

 As the causes of PDB are still unclear, interpretation of the condition using a biocultural approach is not possible at present. However, there is a lot of information available on the effects of Paget ’ s disease on individuals. Through a thorough examination of the type and extent of lesions present in the skel-eton of affected individuals from archaeological sites, it is possible to gain some idea of the likely impact of the condition on the individual. However, care should be taken with such interpretations as, as stated by Milgram (1990) drawing on experience within clinical practice, the impact and possible conse-quences of PDB need to be considered on an individual basis.  

 

  PALEOPATHOLOGICAL CASES OF PAGET ’ S DISEASE 

 The  fi rst case of PDB in archaeological bone was reported by Pales (1929), and consisted of a disarticulated right femur of Neolithic date from Lozère, France. Cases currently documented in the published literature are summarised in  Table 8.1   . The available evidence demonstrates that PDB appears to have considerable antiquity. 
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TABLE 8.1  Reported Cases of PDB in Paleopathology  

.                                                                                                         Age/sex,  bones  Location            Date                  Total  burials        affected                  CS  or  PS        Methods             Sources                            Paget’

 England               AD  1700–1900            148                      1 OAM. Skull, femur          CS                Mac.                    Brickley et al. (1999) 

s Disease of Bone

(PM)

 England               AD  1700–1900            968                      9 M, 8 F, all OA where        CS                Mac. Rad.               Molleson & Cox (1993) 

(PM)                                  age known

Various 

 England               AD  900–850  (M)         611                       11 M, 3 F, 4 unsexed          15 CS, 3 PS       Mac. Rad.               Rogers et al. (2002), 

Various                                                          Waldron (2004) 

 England               AD  750–1550  (M)        476                       1 OAF. Long                   CS                 Mac. Rad.               Lilley et al. (1994) 

 England               AD  750–1550  (M)        436 (MN1)              2 M-OAM. Radius,           1 CS, 1 PS        Mac. Rad. Mic .         Bell & Jones (1991), 

scapula, humerus,                                             Stirland (1991) fi bula, hand and foot 

bones

 England               AD  750–1550  (M)        NS                        2  M-OAM.  Sacrum,            1 CS, 1 PS         Mac. Rad. Mic.          Aaron et al. (1992) 

femur, calcaneus 

 England               AD  1200–1400  (M)       130                       6 OAM. Various               CS                Mac. Rad.               Boylston & Ogden (2005) 

 England               AD  410–1550  (A-S       NS                       8 long and 2 skulls           PS                 Mac. Rad.               Price (1975) 

and M) 

 England               AD  410–1050            NS                      1 OAM. Skull, spine,         CS                 Mac.  Rad.                Wells  &  Woodhouse 

(A-S)                                        long                                                             (1975), Anderson 

et al. (2006)  227

 France                AD 1000 (M)            20                       1 OAM. Skull, femur         CS                Mac. Rad. Mic. CT      Roches et al. (2002) 

Continued
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.                                                                                                         Age/sex,  bones  Location            Date                   Total  burials        affected                  CS  or  PS        Methods             Sources 

 France                  AD  750–1550  (M)         NS                         NS.  Long                        CS                   Mac.                       Heuertz  (1957) 

 France                AD 750–1550 (M)       NS                      1 OAM. Tibiae               CS                Mac. Rad.              Morel & Demetz (1961) 

 Denmark             AD  750–1550  (M)        NS                       Femora                       CS?                Mac.  Rad.               Møller-Christensen 

(1958)  *

 Russia                   AD  750–1550  (M)         NS                         NS                                CS                   Mac.                       Rokhlin  (1965)  *   

THE BIOARCHAEOLOGY OF MET

 Canada              AD 800–1200 (M)       6 (MNI)                NS. 1 Skull                  CS                Mac. Rad. Mic.         Gardner et al. (2005) 

 US                      Pre AD 1300 (PE)       NS                      NS. Tibiae                    2 PS, 3 CS         Mac.                    Fisher (1935) 

 US                      Pre AD 1300 (PE)       5 from 3 sites           Where specifi ed OAM.       1 PS, 4 CS         Mac. Rad.              Denninger (1933) 

Long

 France                  AD  330–340  (R)           1100                       1  OAF.  Skull                     CS                   Mac.  Rad.  Mic.          Roches et al. (2002) 

CT

 Belgium              650 BC to AD 43        NS                      Skull,  pelvis                   PS                 Mac.                     Jannsens  (1963,  1970)  *   

(IA)

 France                  3500–2000  BC  (N)        NS                         NS.  Femora                    PS                  Mac.  Rad.                Pales  (1929) 

ABOLIC BONE DISEASE

 France                  3500–2000  BC  (N)        NS                         NS.  Long,  innominates       PS                  Mac.                      Baudouin  (1914)  *   

 Italy                            3500–2000  BC  (N)         NS                             NS.  Long                           PS                     Mac.  Rad.                  Milanesi  (1962) 

 Egypt                   NS                          NS                         NS.  Skull  (only  bone          PS                   Mac.                       Hutchinson  (1889) 

collected)

Note : Dates given are only approximate to provide a time line. Time periods given by original authors are indicated in brackets: N, Neolithic; R, Roman; A-S, Anglo Saxon; PE, Pre-European; PM, 

Post Medieval; M, Medieval; MNI, minimum number of individuals; J, juveniles; A, adults; M, male; F, female; MAM, Middle adult male; OA, old adult; OAM, old adult male; OAF, old adult female; NS, not specifi ed; Mac., macroscopic examination; Mic., histological examination; SEM, surface SEM; Rad., radiological examination; BiT, Biochemical test; CS, complete skeleton; PS, partial skeleton or disarticulated bone. Many cases where age and sex were not specifi ed involved isolated bones.   Unpublished cases have been omitted  *  Indicates cases for which the information reported is derived from Cook (1979). 
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 A substantial number of the possible cases of PDB have come from iso-

lated bones rather than complete articulated skeletons. Human skeletal remains are frequently disarticulated due to a range of cultural and taphonomic factors as discussed in Chapter 2. In the two cases reported by Aaron et al. (1992) many of the bones in the articulated individual were completely normal in appearance, and only certain bones showed radiological evidence of a patho-logical condition being present. The appearance of individual bones affected by this condition can be very distinctive, and certainly at a histological level once affected bones reach the mixed phase, diagnosis is possible from a small piece of a single bone. Following the careful review of cases under-taken by Cook (1980), in which a number of the early diagnoses of PDB were rejected, many of the more recent reports of PDB have used histological analysis to help confi rm a diagnosis. Research currently being undertaken on the WORD project by the Centre for Human Bioarchaeology, Museum of London has identifi ed a number of additional cases of PDB. This work is ongoing, but currently six possible cases have been identifi ed from 1367 individuals examined from medieval sites and seven possible cases from 808 individuals examined from post-Medieval sites. Most of these cases were in older adults, with males being more commonly affected than females (WORD). 

 One of the most recent reports of PDB in archaeological skeletal mater-

ial is from Norton Priory, England. A diagnosis of Paget ’ s disease was sug-gested for six old adult males from this site dating from the mid-thirteenth to fi fteenth century (Boylston and Ogden, 2005). One of the individuals from Norton Priory was also reported to have an associated osteosarcoma (Boylston and Ogden, 2005). Just as in clinical cases the possibility of the co-existence of other pathological conditions should be considered when examining human remains from archaeological sites. 

Pusch and Czarnetzki (2005) have recently reported the results from a 

study of more than 8500 archaeological skeletons from central Europe. They found a prevalence of just 0.03%, with no cases before AD 1400, and sug-gest that the low prevalence is due to lower life expectancy in past populations. These suggestions are discussed by Waldron (2005), who advises PDB can be overlooked in archaeological bone unless all bones are radiographed. 

 Most of the cases reported from archaeological skeletons are in males, 

although sex of many of the individuals represented by disarticulated bone is not known, so it is impossible to be certain if the sex distribution of cases has changed. One case has been reported in a female buried at the site of Lisieux-Michelet in Northern France (Roches et al., 2002), dated between AD 330 and 340. The patterns observed in archaeological skeletons appear to refl ect  the general sex pattern observed in the modern population. 

 Today, as in the past, some of the highest prevalences are reported from 

England, with high rates from areas of continental Europe (Resnick, 1988). High levels reported today amongst those in North America and Australia are 230 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

mainly in individuals with European descent. This makes an early reported case from North America of considerable interest. The case from Ontario in Canada, (AD 800–1200) (Gardner et al., 2005), which has been confi rmed through histological analysis is probably the fi rst confi rmed case of PDB from North America. Although some of the earlier reported cases of PDB from pre-historic skeletal material were probably inaccurate, it is clear that the assertion made by Ross (1982) that PDB was a disease of people of what could be termed ‘ Anglo-Saxon origin ’  is not correct, as there are pre-historic cases reported in individuals from the Americas. Relatively few modern cases have been reported from Japan and China (Resnick, 1988), but to date relatively little paleopathological work has been done in these regions. In the future it would be valuable if paleopathological investigations in areas such as China and Japan where such work is currently limited, were expanded allowing fuller comparisons with modern data.  

 

  DIAGNOSIS OF PAGET ’ S DISEASE IN ARCHAEOLOGICAL BONE 

 The review of cases of PDB in archaeological skeletons by Cook (1980) found that quite a number of cases were probably not PDB, but may have been treponemal infections, and the advice given regarding exercising caution in making a diagnosis should be heeded (Cook, 1980). Evidence for PDB in archaeological skeletal material can be inconclusive with-out histological evidence for the condition (Aaron et al., 1992). Histology is rarely required to make a diagnosis in clinical cases, where diagnosis is almost always established radiolographically (Milgram, 1990), but this is not the case in archaeological bone. Due to often incomplete preservation illustrated in the cases presented in  Table 8.1  and a variety of taphonomic factors operating on bone, histology is often a valuable aid to diagnosis, see  Figures 8.5 and 8.6     . Criteria that should be considered when suggesting a diagnosis of PDB are listed in  Tables  8.2–8.4       .  These  tables  set  out  the  key diagnostic criteria at a macroscopic, radiological and histological level in each of the three phases. It should be remembered that individuals could die at any stage of the condition and not all bones may exhibit the same phase of pathological changes. It may be diffi cult to fully assess the number of bones involved, as the skeletons of individuals with PDB are frequently poorly preserved and incomplete. This has important implications for the type of sampling and recording strategies that are adopted by those involved in archae-ological investigations, a factor recently illustrated by Brickley and Buteux (2006:91–94).

 

  Macroscopic Features of Paget ’s Disease 

 Key macroscopic features of Paget ’ s disease seen in archaeological human bone are listed in  Table 8.2 . Although cases from the fi rst phase may be missed 
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FIGURE 8.5  BSE-SEM image of a sagittal section of occipital bone from an archaeological 

individual from Sandwell Priory. Increased vascularity with irregularly defi ned vascular canals evident amongst poorly organised and mineralised bone (less well mineralised bone is darker in tone than relatively more highly mineralised bone) (fi eld  width  2625      l    m). Reproduced with per-mission from Bell and Jones (1991).  ©  John Wiley and Sons Limited.    

 

or not linked to PDB, many of the changes occurring in the second and third phase of the condition are useful for suggesting a diagnosis. Many of the cases listed in  Table 8.1  were initially identifi ed by morphological features (although in some cases subsequent radiological analysis revealed additional bones that were affected). For example Stirland (1991) recorded widespread thick-ening of bones and  ‘ coral like ’  new bone formation on the external surface of affected bones equating to the type of changes listed in  Table 8.2  as being characteristic of the third phase.  

 

  Radiological Features of Paget ’s Disease 

 The use of radiology in assisting with the diagnosis of PDB has a long history, and was fi rst used in 1896, just one year after the discovery of X-rays (Moore et al., 1994). Key radiological features for the diagnosis of PDB in archaeo-logical human bone are given in  Table 8.3 . Radiological features of PDB are well known and have been described by a number of authors (e.g. Mirra et al., 232 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 8.6  BSE-SEM image of a specimen from Sandwell Priory. Centre fi eld shows irregular 

and enlarged osteocyte lacunae with poorly organized collagen (fi eld  with  440          m).  Reproduced with permission from Bell and Jones (1991).  ©  John Wiley and Sons Limited.    

 

1995a, 1995b). Some of these features are observable in archaeological bone simply through visual examination. However, features of internal bone struc-ture include: lack of uniformity in areas of increased bone density, cortical thickening – which can encroach on the medullary cavity, very developed pat-tern of trabecular bone (due to coarsened and accentuated trabecular bone) and a disorganisation of architecture (Doyle et al., 2002). During the fi rst  phase when few features are visible macroscopically, radiological analysis will be particularly important for identifying bones affected by PDB. 

 Although the radiological appearance of PDB generally follows a standard 

appearance, it is possible in some cases of the condition that the changes to the bones will progress in a different way, and lead to non-standard radiological features. Moore et al. (1994) and Mirra et al. (1995b) provide a review of some less frequent features of the condition. For example, they describe cases where the focus of the change starts in the middle of the shaft of a long bone, rather than at one end. The possibility of variation from the radiological appearance described in  Table 8.3  should be considered when obtaining radiographs of archaeological bone from suspected pagetic individuals. 
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TABLE 8.2  Macroscopic Features of PDB Observable in Archaeological Human Bone  

 Bones                                                     Differential affected        Features               Phase      Code     diagnosis           Sources 

 Cranium                 Platybasia  and              End  1st       G             Osteomalacia          Milgram 

basilar impression                                              (1990) Thickened vault –       2nd          D                                 Mirra increased et al. (1995a, 

dimensions                                             1995b) particularly frontal 

 See Figure 8.7 

 Dentition         Hypercementosis        2nd          G             Age-related           Mirra et al. 

 Ankylosis                                         change, Trauma,     (1995a)

Infl ammation   

 Vertebrae        Vertebral  fractures        2nd           G             Osteopenia  and       Mirra et al. 

and compression                         Osteoporosis      (1995a) due to resorption – 

kyphosis

 Enlargement  and        3rd           D            Infections              Hadjipavlou thickening and  et al. (2002) 

changes to end 

plates

 Ribs                 – 

 Pelvis               Deformities  –  e.g.         2nd            G             Osteomalacia          Mirra  et  al. 

protrusio acetabuli                                                             (1995a)

 Long-bones                   Bowing and                   2nd            D               Syphilis                  Mirra et al. 

widening –                                  Osteomalacia       (1995a) particularly lower 

limbs, e.g. sabre 

shin

 Pathological               2nd          D             Osteomalacia/ fractures                                      Rickets, Coxa vara                 2nd          G           Congenital

conditions

Bones have a           3rd          D          Osteitis, pumice-stone-like                         Osteomyelitis quality to surface 

(affects range of 

skeletal areas) 

Note : Phase, phase of the condition from which features commonly fi rst occur, most such changes will become more marked 

in later phases. S denotes strongly diagnostic feature, S features are normally required for a diagnosis. D denotes diagnostic 

feature, the presence of multiple D features are required for a diagnosis. G denotes general changes, can occur in many of 

the metabolic bone diseases as well as in other conditions. G features can aid a diagnosis with S or D features but cannot be 

used alone to suggest a diagnosis.  
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(a)
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(b)

FIGURE 8.7  (a) View of ectocranium with thickened and expanded diploë in an archaeological 

cranium from Chelsea Old Church (OCU615). (b) Close up of coral-like ‘cotton-wool’ appearance of the diploë of the cranium. Photographs by Rachel Ives, courtesy of the Museum of London.      

 

 Dense and thickened trabecular structures were noted in one of the archaeo-

logical calcanei analysed by Aaron et al. (1992), typical of the accentuated trabecular pattern seen in the second phase of PDB. ‘ V ’ -shaped areas of radi-olucency were noted by Stirland (1991) on radiographs of long bones of the individuals studied. A  ‘ V ’ -shaped osteolytic focus was also noted on radio-graphs of one of the femurs analysed by Roches et al. (2002). Another clas-sic radiological feature, ‘ picture-frame vertebrae ’  were identifi ed in cases described by Roches et al. (2002) and Boylston and Ogden (2005).  Figures 8.8 and 8.9      illustrate some of the radiological features seen in cranial bones of archaeological individuals.  
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TABLE 8.3  Radiological Features of PDB Observable in Archaeological 

Human Bone  

 Bones                                                      Differential

affected  Features Stage Code diagnosis  Sources

 Cranium        Demarcated  resorptive        1st           D                               Greenfi eld 

changes (affecting                                                    (1990), outer table)  Mirra et al. 

 Cotton  wool                      2nd           D                                 (1995a, appearance – very                                              1995b) variable density 

 Expansion of skull              3rd           D with coarse sclerotic 

bone present – 

particularly inner table 

 Dentition       – 

 Vertebrae      Widespread  resorptive         1st           G              Other                Mirra et al. 

changes – radiolucency                           conditions       (1995a, or decreased density                             leading to        1995b) Increased sclerosis of                                 osteopenia vertebral margins                                  see Chapter 7 

 D                   Osteoporosis 

 Ribs              – 

 Pelvis            Thickening  of                      1st             D                                     Mirra 

iliopectineal                  1st                                         et al. line   ‘ pelvic  brim  sign ’                                                                                   (1995a, Bone  resorption                 2nd          G                                1995b) Marked sclerotic changes                 D and accentuated 

trabecular pattern. 

Changes less clearly 

demarcated than in 

other skeletal areas. 

 Long          Sharply  demarcated            1st           D             Osteomalacia      Milgram 

bones      resorptive changes                                               (1990),

V-shaped  Mirra et al. 

cutting cone                                                         (1995a, Development of coarse       2nd         D                             1995b), or sclerotic bone  Roodman

behind cutting cone                                               & Bones wider and              3rd          G                            Windle thicker than expected                                              (2005) Cutting cone no                3rd longer visible 

 Fatigue  fractures                 3rd            G

Note : See  Table 8.2  for defi nition of codes used in diagnosis.  
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FIGURE 8.8  Skull of the individual from grave 21 at Norton Priory, the skull is dense and scle-

rotic with some areas of  ‘ cotton-wool ’  appearance. Courtesy of Anthea Boylston, Alan Ogden and BARC, Archaeological Sciences, University of Bradford.    
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FIGURE 8.9  Radiograph of the skull of an old adult male from Chelsea Old Church (OCU615), 

London. Sclerotic areas of bone give the characteristic  ‘ cotton-wool ’  appearance. Radiograph by Rachel Ives, courtesy of the Museum of London.    
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  Histological Features of Paget ’s Disease 

 The study by Bell and Jones (1991) was the fi rst to apply histology to the diag-nosis of PDB in archaeological bone. Key histological features used in the diagnosis of PDB in archaeological human bone are listed in  Table 8.4 . Aaron et al. (1992) were subsequently able to identify the presence of ‘ mosaic ’  pat-tern bone (as shown in  Figure 8.2 ) that enabled them to suggest a diagnosis of PDB using plain and polarised light microscopy. The fragility of pagetic bone can make obtaining a sample for histological analysis diffi cult  (Aaron et al., 1992). Although, as reported by Bell and Jones (1991), poor preserva-tion does not always result in poorly preserved microstructure of bones, and they state that this should not deter histological investigation. Due to the nature 

 

TABLE 8.4  Histological Features of PDB Observable in Archaeological 

Human Bone  

 Bone                                                         Differential

affected        Features                Stage       Code     diagnosis  Sources 

 Cortical            Increased                   1st             G              Hyperpara-        Gruber 

osteoclastic                                  thyroidism,     et al. resorption –                                  Osteopenia     (1981), hypervascularity Milgram 

Mosaic  pattern,            End 1st      S             Metastatic       (1990)) 

due to scalloping                               carcinomas      and Mirra caused by                                                et al. resorption followed                                          (1995a) by formation 

Increased  amounts       2nd           G 

lamellar bone 

 Sclerotic  bone,            3rd            D with decreased 

vascularity

 Trabecular       Increased                  1st            G              Hyperpara-       Gruber

osteoclastic                                  thyroidism,     et al. resorption                                 Osteopenia     (1981),

Focally  thinned           1st            G                                 Mirra 

trabeculae                                                et al. 

(1995a)

 Thickened                2nd           S                              and trabeculae at ends                                            Milgram of long bones –                                                (1990) showing mosaic 

pattern

Note : It should be noted that the histological appearance of PDB is very variable, even within a single histological 

section. See  Table 8.2  for defi nition of codes used in diagnosis.  
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of PDB only affected bones will show characteristic histological changes, and it may not be permissible to remove samples from the bones with pathological changes. It has been stated that the sensitivity of histology is far greater than that provided by radiology and that changes linked to PDB can be identifi ed in bone in which no radiological features of the condition were visible (Gruber et al., 1981). 

 

  DIFFERENTIAL DIAGNOSIS 

 During the fi rst phase of Paget ’ s disease there are marked similarities with the hypervascularity seen in hyperparathyroidism (Nagant de Deuxchaisnes and Krane, 1964; Mirra et al., 1995a). Confusion can also occur due to the overlap in radiological appearance of primary pagetic lesions and malignant conditions (Hadjipavlou et al., 2002). 

 There are some rare types of bone metastasis that have been referred to 

as ‘ pagetoid ’ , these conditions produce changes in bone that can be confused with PDB and should be considered when making a diagnosis (Roches et al., 2002). It has been suggested that small early lesions of PDB can resemble a tumour (Milgram, 1990:870). In each case the pattern of pathological changes across the skeleton will need to be considered in order to differentiate between the pathological conditions that may have caused the changes seen (see Box Feature 8.2).

 

Box Feature 8.2. The Contribution of Paleopathology to Modern

Medicine     

 

 Issues on the current research agenda for those investigating PDB in the modern 

population include gathering of more data to determine if the prevalence of the 

condition really is declining. Through greater awareness of skeletal changes with 

PDB, and gathering of additional data from archaeological skeletal material of 

different ages, it may be possible for data from paleopathological studies to con-

tribute to this research. Samples of past populations are available from a massive 

spatial and temporal range, and the data that can be provided by the thorough 

study of these individuals is enormous. 

 A recent example of the value of paleopathological investigations is provided 

in the work of Boylston and Ogden (2005). These researchers were able to state 

that the recently discovered cases from Norton Priory, England mean that there 

cannot be a link between arsenic poisoning and PDB, as suggested by Lever 

(2002). These cases pre-dated the arrival of the cotton industry in the northwest of 

England.
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  CONCLUSIONS 

 There are a number of exiting areas of further research for those involved in the study of PDB to engage with, but wider consideration of all possible types of evidence available including information derived from the study of path-ology in animal bone, should assist with the formulation of ideas relating to this fascinating condition. Information derived from paleopathological cases of PDB already provide interesting confi rmation of the number of the trends seen in the condition within the modern population. However, as more data are accumulated it will become possible for those engaged in bioarchaeological research to make important contributions to the on-going debate on the aeti-ology of this condition. 
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 Chapter  9 

 

Miscellaneous  Conditions 

 

In the following chapter a number of metabolic bone diseases that have received relatively little attention from bioarchaeologists are discussed. As the information contained within this chapter demonstrates many of these conditions have considerable potential to contribute to a wide range of inves-tigations. Limited work on the conditions to date means that coverage of the conditions here is more restricted and paleopathological cases have not been tabulated as in previous chapters. 

 

  FLUOROSIS 

 Reports of environmental pollution and natural disasters affecting the livelihoods of people around the world are increasingly commonplace. However, such disas-ters will also have occurred in the past (as discussed in Chapter 4), and investiga-tions of fl uorosis in archaeological human bone may assist exploration of such events. The benefi cial effects of fl uoride have been widely reported in relation to improvements in dental health (Hausen, 2004; Jones et al., 2005), but ingestion or inhalation of high levels of fl uoride can have serious health consequences. For example, osteosclerosis can develop (Whyte, 1998). With this condition bones increase in density yet they become prone to fractures due to structural prob-lems. From a review of current literature it is clear that investigations of fl uorosis have a potentially important contribution to make to a wide range of bioarchaeo-logical investigations involving environmental and health issues. 

 Levels of fl uoride of   2        ppm  can  cause  tooth  enamel  to  become  mottled 

during tooth formation, levels of 3.15       ppm have been shown to lead to low IQ levels in children, higher levels will be toxic, and at 250–450       ppm can lead to death (Shomar et al., 2004). However, the exact levels at which fl uoride becomes toxic vary according to a wide range of factors and there is no global fi xed level (Littleton, 1999).  

 

  CONSEQUENCES OF FLUOROSIS 

  Dental Fluorosis 

 Dental  fl uorosis will be one of the fi rst indicators of fl uorosis. In clinical work one of the most widely used methods of classifying and recording dental fl uorosis 

 

241

242 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

is the dental fl uorosis index (DFI) formulated by Dean (1942). This system allows the amount of enamel alteration on each tooth to be classifi ed. The fi rst evidence of dental fl uorosis is a loss of sheen, followed by the development of white patches that later discolour and may be accompanied by pitting (Reddy and Prasad, 2003). The pitting that occurs with fl uorosis is a hypoplastic defect (Hillson, 1996:171).  

 

  Skeletal Fluorosis 

 The effects of excessive fl uoride on physiology and bone have been fully out-lined by Littleton (1999). Toxic levels of fl uoride can have an impact on the processes of bone formation and resorption. Resorption can be disrupted either because osteoclasts are affected, or bone mineral is less easily resorbed due to high fl uoride concentrations (Greenfi eld, 1990). Abnormal bone is formed in individuals with fl uorosis, which has an increased density (Littleton, 1999). The increase in density tends to be diffuse and could complicate the diagnosis of a number of the other pathological conditions. Recently, there has been par-ticular attention paid to the effects of fl uorosis on detecting age-related bone loss in post-menopausal women (Yildiz and Oral, 2003). BMD levels were higher in the women with fl uorosis than in the age-matched controls (Yildiz and Oral, 2003). However, bone formed during skeletal fl uorosis will not be of such good quality as that formed in healthy conditions, and so individuals with fl uorosis may still be at risk of fractures linked to age-related bone loss of the type discussed in Chapter 6. 

 In cases of skeletal fl uorosis there can also be ossifi cation of soft tissues 

associated with the skeleton. For example, two cases of ossifi cation of the ligamentum fl avum, which led to the development of myelopathy, have been reported in recent clinical cases (Muthukumar, 2004). In one individual there were also ossifi cations of the interosseous membrane. Marked osteophytosis at areas of soft tissue attachment are relatively common features of fl uorosis (Greenfi eld, 1990; see  Figure 9.1   ). 

 The entire skeleton will be affected by changes linked to the disruption of 

bone formation and resorption (Littleton, 1999). One important point made in the study by Savas et al. (2001) is that the radiological features of skeletal fl uorosis have been found to vary in different parts of the world. 

 The various skeletal changes attributable to fl uorosis often lead to general 

bone pain, reduction in mobility of joints and stiffness.  Figure 9.2    illustrates the new bone formation that can occur around joints of the spine in cases of fl uorosis, along with higher levels of bone density. Whyte (1998) provides a fuller list of clinical presentations. It is suggested in the study by Littleton (1999) that skeletal fl uorosis may be more marked in individuals undertaking heavy manual labour, and these and other interpretations of the social and eco-nomic consequences of the condition are discussed in her paper.   
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(a)                                         (b)
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FIGURE 9.1  (a) Severe osteophytosis of lumbar vertebra (L1–L5). Breaks between L1–L2, and 

L3–L4 post-mortem. Note ankylosis of vertebral arch between L1–L3. Courtesy of Judith Littleton and Wiley-Liss. (b) Posterior view of the same section of spine. Marked new bone formation can be seen at sites of tissue attachment on the spinous processes and transverse processes. Courtesy of  Judith  Littleton.      

 

  CO-MORBIDITIES 

 A number of conditions can develop alongside fl uorosis, particularly where fl uorosis has been present since infancy. It is reported by Greenfi eld (1990:438) that fl uorosis affecting children whilst still in the womb can cause features such as bowed legs to develop once they start walking. Co-morbidity with a range of diseases such as osteomalacia and osteoporosis results in a spectrum of bone changes (Greenfi eld, 1990). It has also been reported that radiological changes can resemble rickets (as discussed in Chapter 5) and hyperparathyroidism, particularly where dietary calcium is inadequate (Littleton, 1999:466).  

 

  FLUOROSIS IN THE MODERN PERSPECTIVE 

 There are a number of regions of the world in which levels of fl uorides in water, soil and plants that are consumed will reach levels that can cause fl uorosis. Tea in particular has been noted to contain high levels of fl uorides 244 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE
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FIGURE 9.2  X-ray of the spine of an individual affected by fl uorosis (right) compared to a nor-

mal spine (left). Increased density and ossifi cation of sites of soft tissue attachment can be seen on the right. Courtesy of Judith Littleton and Wiley-Liss.    

 

(Yam et al., 1999; Shomar et al., 2004). In affected areas fi sh can also contain high levels of fl uorides (Shomar et al., 2004). The development of fl uorosis is a complex area, and a number of factors have been reported to contribute to the development of the condition. For example, altitude may have an effect on the development of fl uorosis, with individuals living at higher altitude having a greater prevalence (Martínez-Mier et al., 2004). Although there are many factors that can increase the risk of fl uorosis there are also some that can decrease the amount of fl uoride absorbed by the body. For example, a study by Khandare et al. (2002) found that ingestion of tamarind ( Tamarindus indicus ) resulted in signifi cantly higher levels of excretion of fl uoride. Eating tamarind 
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regularly would probably help delay the effects of fl uorosis. It is likely that other foods will also alter the absorption of fl uoride. 

 In areas of Indonesia, the Gaza Strip (Shomar, et al. 2004), parts of India 

(e.g. Reddy and Prasad, 2003; Bhargavi et al., 2004), many countries in East Africa (Wondwossen et al., 2003), Senegal and other areas of West Africa (Sy et al., 2000), areas of Mexico (Martínez-Mier et al., 2004), southern Turkey (Yildiz and Oral, 2003), Saudi Arabia, some Arab states (Almas et al., 1999) and China have also been reported to have problems with fl uorosis. In these regions fl uorides probably come from minerals in the bedrock. As a result of levels of fl uorides in bedrock certain geographic areas of the world will be more prone to the development of fl uorosis within the population. The fi eld of medi-cal geology, in which these types of health issues linked to the environment, is a developing area of research (e.g. Davies et al., 2005a). However, fl uorides do not just enter the food chain from the bedrock, and there are reports of fl uoro-sis developing as a result of natural pollution (Löhr et al., 2005). The report by Löhr and co-workers provided a review of the potential effects of volcanic activity on water supply, which include the contamination of water supplies with metals and acidity of water sources. Pollution in East Java caused levels of fl uoride in water from wells to exceed recommended levels, and the use of contaminated water for irrigation increased levels of fl uoride in crops (Löhr et al., 2005). It is clear that volcanic activity can have very serious conse-quences for communities in the surrounding region. Such pollution is likely to result in adverse effects on a wide range of plants and animals also living in the affected areas. 

 Fluorosis can also develop in animals (Patra et al., 2000), leading to a range 

of pathologies and mortality. It is more likely to occur in domesticated ani-mals, as stored water that has undergone evaporation is liable to contain higher levels of fl uoride (Littleton, personal communication). Dependence on stored water sources for drinking and irrigation purposes is a frequent occurrence for individuals in many parts of the world.  

 

  ANTHROPOLOGICAL PERSPECTIVES: FLUOROSIS 

 A number of recent reports have discussed fl uorosis in terms of the social and psychological consequences of dental fl uorosis (e.g. Wondwossen et al., 2003). It is diffi cult to evaluate the extent that such changes may have caused similar problems amongst past societies. The fact that individuals in the past would not have had information provided by international media sources would have meant that those in areas with endemic fl uorosis might not have been aware to quite the same extent as people today about the lack of normality of their dental defects. Also cosmetic dentistry that would alter the appearance of affected teeth would have been completely unknown. However, it is clear that amongst recent populations in areas affected by fl uorosis there is consider-able dissatisfaction with the appearance of their dentition among many young 246 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

individuals, and this has caused signifi cant social problems (Wondwossen et al., 2003). Greater mobility amongst pre-agricultural societies would have meant that problems associated with fl uorosis would have been far less com-mon than those seen amongst settled societies.  

 

TABLE 9.1  Macroscopic Features of Fluorosis in Adults  

 Bones                                                    Differential affected  Features Code diagnosis      Sources 

 Cranium        Becomes thick and heavy –       D          Paget ’ s               Littleton 

gradual obliteration of diploe                               (1999) Irregular margins – foramen       D magnum

 Dentition        Development  of  white              G           Staining            Dean  (1942),  

patches that may discolour,                 Other              Reddy & possible associated pitting                   hypoplastic      Prasad

defects         (2003)

 Vertebrae        Ossifi cation of ligamentum        D           DISH,  AS           Littleton 

fl avum and other spinal                                    (1999) ligaments

 Marked osteophyte formation     G          Paget ’ s at areas of soft tissue 

attachment 

 Fusion of vertebrae                G  Enlarged  vertebrae                 G 

 Ribs              Larger bones than normal         G           DISH               Greenfi eld 

 Rough bone surfaces                                      (1990), G 

 Littleton 

 Bony projections into              D 

(1999)

intercostal muscles 

 Ankylosis costovertebral and      D costosternal joints 

 Pelvis              Ossifi cation of insertions            G                                Avioli  and 

around iliac spine  Krane (1998) 

 Long bones     Bones become heavy and        D                         Littleton 

irregular – development of                                (1999) enthesophytes at muscle 

and tendon insertions 

Note : AS, ankylosing spondylitis; DISH, diffuse idiopathic skeletal hyperostosis. Note all sites of tendon and 

ligament insertion can be affected and only some areas are dealt with in this table. The features listed demonstrate the skeletal changes useful for pathological identifi cation. Diagnosis can be determined on the strength of each feature: S denotes strongly diagnostic feature, S features are normally required for a diagnosis. D denotes diagnostic feature, the presence of multiple D features are required for a diagnosis. G denotes general changes, can occur in many of the metabolic bone diseases, as well as in other conditions. G features can aid a diagnosis together with S or D features but cannot be used alone to suggest a diagnosis. Commonly occurring conditions that display these pathological features are listed to aid differential diagnosis, although this list is not exhaustive.  
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  PALEOPATHOLOGICAL CASES OF FLUOROSIS 

 Few studies of fl uorosis have been undertaken on archaeological human bone (and to the authors knowledge, none have been undertaken on animal bone). One of the few studies undertaken was that by Judith Littleton (1999) from the island of Bahrain in the Arabian Gulf. As Littleton (1999) points out, in areas with high levels of fl uorides, fl uorosis needs to be considered in the differen-tial diagnosis of pathological conditions. Due to the interest of Littleton and her co-workers there have been a number of published cases of fl uorosis from the Arabian Gulf (Littleton and Frolich, 1989; Frolich et al., 1989; Littleton, 1999). Key features of fl uorosis at the macroscopic, radiological and histological level in adult individuals from archaeological sites are presented in  Tables 9.1–9.3       . 

 Dental  fl uorosis will be far more common than skeletal fl uorosis,  which 

occurs where levels are   5        ppm  (Reddy  and  Prasad,  2003).  The  diffi culty with archaeological dental material is that staining can occur post-mortem and dental plaque, which researchers would be reluctant to remove from teeth, could obscure markers linked to fl uorosis. Hillson (1996) suggests that 

 

TABLE 9.2  Radiological Features of Fluorosis in Adults  

 Bones                                             Differential

affected  Features     Code diagnosis       Sources 

 Cranium           Sclerosis of skull base     D                             Greenfi eld (1990),  

and posterior clinoids                                    Littleton  (1999) 

 Dentition           – 

 Vertebrae          Narrowing  of                D           Osteomalacia       Greenfi eld (1990), 

intervertebral disk                                    Avioli & Krane space between fused                            (1998), vertebrae                                        Littleton  (1999)  Thickening  of                D trabeculae followed 

by uniform sclerosis   

 Ribs                    Thickening  of                 D                                   Greenfi eld (1990),  

trabeculae followed                                 Littleton  (1999) by uniform sclerosis   

 Pelvis                 Thickening  of                 D                                   Greenfi eld (1990),  

trabeculae followed                                 Choubisa et al. by uniform sclerosis                                      (2001)

 Long bones       Osteopenia at ends       G          See  Chapter  7      Greenfi eld (1990),  

of long bones – early               Scurvy              Littleton  (1999) sign particularly in 

younger  individuals   

  Note that with fl uorosis there is marked radiodensity of many bones. See  Table 9.1  for defi nition of codes used in diagnosis. 
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TABLE 9.3  Histological Features of Fluorosis in Adults  

 Differential 

 Tissue  type           Features                Code       diagnosis          Source 

 Cortical  bone            Poorly  mineralised       G              Osteomalacia        Frolich  et  al. 

osteons                                         (1989)

 Trabecular  bone        Thickening  of              G 

trabeculae

Note : See  Table 9.1  for defi nition of codes used in diagnosis.  
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FIGURE 9.3  Ridges of hypoplastic defects in the enamel (indicated with white arrows) of the 

teeth of an individual from Bahrain (250 BC to AD 250). Staining on the incisors (indicated with black arrows) is probably linked to fl uorosis. Courtesy of Judith Littleton.    

 

it would be diffi cult to diagnose fl uorosis based entirely on the presence of enamel defects in archaeological teeth. However, in a number of cases changes consistent with fl uorosis have been reported from archaeological sites (Lukacs et al., 1985; Littleton and Frolich, 1989; Littleton, 1999). Littleton (1999) took care to exclude the possibility of post-mortem staining when analysing archae-ological material, and provides full information on procedures used to inves-tigate dental fl uorosis in archaeological skeletal material (see  Figures 9.3 and 9.4     ).  If  skeletal  fl uorosis can be identifi ed in archaeological human bone then it is almost certain that dental fl uorosis will also be present. 

 One reason why there have been so few reports of cases of fl uorosis in past 

populations is that to date relatively little paleopathological work has been undertaken in areas of the world where high levels of fl uoride are a problem. 
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(a)
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(b)

FIGURE 9.4  (a) Bands of discolouration on the molars of an individual from an archaeological 

site in Bahrain (250 BC to 250 AD). (b) Hypoplastic defects in the form of pitting on molars of an individual from the site in Bahrain. Courtesy of Judith Littleton.       

 

However, as the brief review presented here demonstrates diagnosis of this condition has the potential to contribute considerable amounts of information on a number of important aspects of past societies. 

 

  Other Conditions Linked to Intoxication 

 There are quite a wide range of substances that, like fl uoride, can cause intoxi-cation, and coverage of a range of conditions including lead, mercury, arsenic 250 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

poisoning and mycotoxicosis are provided by Aufderheide and Rodríguez-Martín (1998). 

 

  HYPERPARATHYROIDISM 

 Hyperparathyroidism can occur when the amount of PTH in the body is no longer adequately regulated by the thyroid glands. As discussed in Chapter 3, PTH plays an important role in the regulation of calcium, so a disruption in these processes will have important consequences for the skeleton. In hyperparathyroidism intestinal absorption of calcium is reduced and there are elevated PTH levels circulating in the body (see further, Civitelli et al., 1998).  

 

  CAUSES OF HYPERPARATHYROIDISM 

 Various factors can cause hyperparathyroidism, and the condition is usually described as being primary, secondary or tertiary depending upon the causa-tive factors. However, some forms of hyperparathyroidism are only relevant to studies involving contemporary groups, as they are a side affect of modern medical treatments (e.g. taking thyroid hormone supplements). A full discus-sion of the range of such conditions is provided by Ross (1998). 

 

  Primary Hyperparathyroidism 

 Primary hyperparathyroidism is caused by excess production of PTH, by one or more of the parathyroid glands, but most cases are caused by a single adenoma (Milgram, 1990; Bilezikian, 1999). Although the condition is usually asymp-tomatic in its early stages, with time a number of symptoms may develop. In advanced cases of primary hyperparathyroidism the skeleton will be affected, as excess levels of PTH will lead to an increase in osteoclastic activity and bone resorption (Milgram, 1990). 

 

  Secondary Hyperparathyroidism 

There are a number of possible causes of secondary hyperparathyroidism including renal problems. In the modern population renal insuffi ciency is the most common cause of secondary hyperparathyroidism (Kahn, 2005), but with-out medical treatments it is not clear how many of these individuals would have lived long enough to develop the condition in past communities. Secondary hyperparathyroidism can also occur with vitamin D defi ciency (Kahn, 2005) as is illustrated in a case reported by Mays et al. (2007). As discussed in Chapter 5, there are a number of past communities in which vitamin D defi ciency could have been a problem and secondary hyperparathyroidism should certainly be considered when examining evidence of vitamin D defi ciency in archaeological 
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skeletal material. Tertiary hyperparathyroidism occurs in cases of secondary hyperparathyroidism where PTH secretion continues even after the underlying cause has been eliminated (Klein, 2006). 

 

  CONSEQUENCES OF HYPERPARATHYROIDISM 

 As discussed by Mays et al. (2001) the effects of hyperparathyroidism are quite variable. Some individuals will experience limited symptoms, but oth-ers will suffer from symptomatic bone disease, and may also develop related problems, such as kidney damage (Milgram, 1990). A wide variety of neu-romuscular and neuropsychiatric symptoms have been linked to primary hyperparathyroidism (Freitas, 2002). Bone pain that can progress to a point where the patient is bedridden has been reported in secondary hyperparathy-roidism (Khan, 2005).  

 

  ANTHROPOLOGICAL PERSPECTIVES: HYPERPARATHYROIDISM 

 The potential contribution of diet to causing secondary hyperparathyroidism is complex and incompletely understood, and requires further investigation in the future (Gannage-Yared et al., 2005; Mehrotra et al., 2006). A recent clinical study has linked obesity and vitamin D defi ciency in black individuals to an asso-ciated increased risk of developing secondary hyperparathyroidism (Yanoff et al., 2006). 

 Following a number of recent studies, the characteristic features of hyper-

parathyroidism (both primary and secondary) in archaeological human bone are now far better understood. This will undoubtedly make identifi cation of cases in the future easier. What bioarchaeologists now need to do is give further consid-eration to possible interpretations of fi nding cases of hyperparathyroidism from different social and cultural contexts. To date there has been little interpretive work, but as more cases are reported it should become easier to expand on this area of research. There are a number of biological, social and cultural factors that will impact on the expression of these conditions, all of which could be of inter-est to those in a number of fi elds of anthropology. The study by Gannage-Yared et al. (2005) found a link between urban living, gender, diet and risk of hyper-parathyroidism. In particular the link between secondary hyperparathyroidism and vitamin D defi ciency has a number of implications for interpretations of social and cultural aspects of past societies, and there are important issues relating to co-morbidities suffered by those who have primary hyperparathy-roidism. However, non-human animals can also be affected by hyperparathy-roidism (Feldman et al., 2005; Mehrotra et al., 2006) and to date little work has been undertaken considering this condition in studies of animal bone. 
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  PALEOPATHOLOGICAL CASES OF HYPERPARATHYROIDISM 

 There has been a growing awareness amongst researchers of the skeletal changes that could result from the various types of hyperparathyroidism and a number of cases have now been reported in the literature (e.g. Mays et al., 2001; Mays et al., 2007). The small numbers of reported cases are likely to be linked to the subtle nature of many of the skeletal changes associated with hyperparathyroidism, particularly during the earlier stages of the condition. 

 A case of possible primary hyperparathyroidism was reported in an adult 

individual from an Egyptian site in the Dakhleh Oasis by Cook et al. (1988), and Zink et al. (2005) have now reported on a Neolithic case from Germany. The fi rst possible case of secondary hyperparathyroidism was described in a spontaneously mummifi ed body from South America (Blackman et al., 1991). More recently Mays et al. (2007) have reported on a possible case of second-ary hyperparathyroidism linked to vitamin D defi ciency in a juvenile individ-ual from a site in England. 

Hyperparathyroidism was considered as part of the differential diagnosis 

in the case of a woman from a sixth century burial context in the Negev Desert (Foldes et al., 1995). It is probable that the skeletal changes represent hyperpar-athyroidism secondary to vitamin D defi ciency, potentially caused by a number of social and cultural practices (Foldes et al., 1995). Foods with high phytate con-tent, combined with types of clothing worn and activities of women outside the home could have contributed to vitamin D defi ciency (see Chapter 5 for details). 

 

  DIAGNOSIS OF HYPERPARATHYROIDISM IN ARCHAEOLOGICAL BONE 

 Key features of hyperparathyroidism at a macroscopic, radiological and histo-logical level are provided in  Tables  9.4–9.6       .  Hyperparathyroidism  is  likely  to result in bone loss and an overall deterioration in the quality of bone present (Ross, 1998). As discussed previously in relation to osteomalacia, this could contribute to poor preservation of archaeological skeletons of individuals who suffered from these conditions. In the skeleton with possible hyperparathy-roidism reported on by Mays et al. (2001), the bones present were friable and poorly preserved. 

 The subtle nature of hyperparathyroidism means that radiological investi-

gation and histological examination are likely to be required in order to sug-gest a diagnosis (Mays et al., 2001). Zink et al. (2005) and Mays et al. (2007) confi rmed that histology was a useful means of identifying the patterns of oste-oclastic resorption diagnostic of hyperparathyroidism. 

 

  PELLAGRA 

 Pellagra is a nutritional defi ciency disease caused by a niacin defi ciency and has recently received renewed attention, in part due to its appearance in refugees and 
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TABLE 9.4  Macroscopic  Features  of  Hyperparathyroidism 

 Bones                                                Differential

affected  Features Code diagnosis       Sources 

 Cranium              – 

 Dentition             – 

 Vertebrae             Wedging  and              G            Osteoporosis,         Jaffe  (1972),

biconcavity                       osteomalacia         Milgram  (1990)

 Ribs                       Sub-periosteal             G             Osteomalacia         Greenfi eld 

bone resorption –                                  (1990) ribs (upper border) 

 Pelvis                    Sub-periosteal             G              Osteomalacia             Greenfi eld 

bone resorption –                                 (1990), Mays ischial tuberosity,                                       et al. (2001) pubic symphysis 

 Sclerosis  of 

subchondral bone, 

erosive changes 

sacroiliac joint 

 Triradiate  deformity 

 Long  bones          Sub-periosteal            G            Osteomalacia        Greenfi eld 

bone resorption –                                  (1990), Mays femur, tibia and                                       et al. (2001) humerus (proximal 

medial aspects) 

 Sclerosis  of                  G subchondral bone 

 Metacarpals,         Sub-periosteal            D                                 Greenfi eld 

phalages and      bone resorption –                                  (1990),

clavicles            middle phalanges                                  Potts (1998)

of 2nd and 3rd 

fi nger particularly 

affected

Note : See  Table 9.1  for defi nition of codes used in diagnosis.  

 

displaced peoples (Mason, 2002 see discussion in Box Feature 9.1). However, there are a number of reports of pellagra from historical contexts. Sub-clinical pel-lagra has been suggested to have been widespread in Ireland following the use of Indian meal (a type of cornmeal) distributed as relief rations during the famine of 1845–1848 (Crawford, 1988). As was discussed in Chapter 4, on scurvy, micronu-trient defi ciency diseases are relatively common in certain situations. Pellagra and scurvy are suggested to have co-occurred in African-Americans in the Southwest of America in the twentieth century (Davidson et al., 2002). These conditions 254 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

TABLE 9.5  Radiological  Features  of  Hyperparathyroidism 

 Bones                                                   Differential affected  Features      Code diagnosis      Source 

 Cranium              ‘ Salt  and  pepper ’                 D                                Greenfi eld 

appearance of skull  (1990), Potts 

 Both tables loose sharp                                 (1998), G  Osteoporosis outline                                                 Bilezikian 

(1999)

 Vertebrae           Generalised  osteopenia       G            Chapters          Greenfi eld 

with relatively dense                  6 & 7             (1990) appearance of endplates  Aufderheide

 Increased volume of  & Rodríguez-  G 

trabecular bone  Martín (1998)  

 Ribs                     – 

 Pelvis                  Increased  volume  of            G           Osteomalacia         Potts  (1998)

trabecular bone 

 Long bones        Tunnelling resorption in       D          Osteomalacia      Jaffe  (1972), 

cortical bone                                            Resnick &  Osteopenia                                              Niwayama G 

(1988),

 Reduced  cortical                G                              Greenfi eld thickness – increased 

(1990), Mays 

volume trabecular bone 

et al. (2001) 

 Loss of cortical defi nition      G  Fractures                         G  Brown tumours may be       D visible (well-defi ned 

radiolucencies)

 Metacarpals        Subperiosteal  bone            D                             Greenfi eld and phalanges    resorption                                          (1990)

  Note: Brown tumours may be present at a variety of locations. See  Table 9.1  for defi nition of codes used in diagnosis. Specifi c radiological feaures are rarely noted clinically, certainly in the early stages.  

 

frequently lead to high mortality rates and nutritional defi ciency diseases often go unrecognised even today. It is stated by Mason (2002) that the quantity of micro-nutrients in diets provided to refugees and displaced people is still not considered when thinking about provision of food for refugees. This is despite the now sub-stantial information on the importance of this aspect of diet, and conditions that result from a defi ciency of such nutrients. In the past such defi ciency  diseases would almost certainly have been present when populations suffered adverse con-ditions or were displaced.

  In a brief history of pellagra by Rajakumar (2003), it is reported that the 

Spanish physician Don Gasper Casal, fi rst described the condition in 1735 in 
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TABLE 9.6  Histological Features of Adult Hyperparathyroidism  

 Bones                                                Differential affected  Features Code diagnosis  Sources 

 Cortical  bone         Resorption  of                  D              Acromegaly,             Bogumill  & 

Haversian canals                   Hyperthyroidism    Schwamm Numerous  reversal                                        (1984), G lines                                                       Resnick  & 

Niwayama

 Eroded  perimeters,         D                                 (1995), bite-like areas of 

 Mays et al. 

resorption –  ‘ cookie-

(2007)

bite ’   defects 

 Trabecular          Removal of central         D                                  Bogumill  & 

bone          portions of trabecular                                 Schwamm

elements                                        (1984), Numerous  reversal                                        Resnick &  G lines                                                      Niwayama

(1995), Mays 

et al. (2007)   

Note : See  Table 9.1  for defi nition of codes used in diagnosis.  

 

poor peasants who consumed signifi cant amounts of maize. Pellagra was fi rst recognised in the U.S. in 1902, where it was seen amongst poorer sections of the community who would have eaten maize as a staple part of their diet (Rajakumar, 2003). To date very little attention has been paid to pellagra in the paleopatholog-ical literature, but the available evidence, particularly relating to the transition to maize-based diets, has been reviewed by Paine and Brenton (2006a). 

 Paine and Brenton (2006b) noted that pellagra has an important impact on 

bone remodelling. They observed very few fragmentary or secondary osteons in older individuals with these conditions ( Figure 9.5   ). As will be apparent from Chapter 3, the pattern seen in individuals with pellagra is very unusual. Paine and Brenton (2006b) demonstrated that histological aging techniques underestimated the age at death of individuals with pellagra, and to a lesser extent those with general malnutrition. 

 This work raises a number of important points for those engaged in the 

study of paleopathology and past human health. It is clear that a number of the metabolic bone diseases and dietary defi ciencies can cause a variation in bone turnover rates (producing either higher or lower turnover than would otherwise be expected). This has important implications for the application of histologi-cal age determination techniques to archaeological human remains, or those from forensic contexts (e.g. Maat and Bond, 2007). Such remains have a high chance of including individuals who may have had a defi cient diet. 

 Pellagra is not a condition that is covered by any of the standard texts on 

paleopathology, probably because the macroscopic skeletal changes produced by this condition are not specifi c, and suggesting a diagnosis in human remains 256 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

Box Feature 9.1. Anthropological Investigations of Displaced Peoples     

 

 There are a number of metabolic bone diseases that are frequently observed in dis-

placed peoples. Pellagra and starvation covered in this chapter have been reported 

in various recent studies, but conditions such as scurvy covered in Chapter 4 are 

also a problem in such groups (e.g. WHO, 1999b). 

 Reports of displaced peoples are now quite common in the media, both 

those that are displaced within a country and those who are forced by a range of 

circumstances to leave their home countries. Many of the issues involved with 

such communities have been investigated by social, cultural and medical anthro-

pologists (e.g. Johnston et al., 1985; Cameron, 1991). However, it is likely that nat-

ural disasters and confl icts in past communities would also have led to situations 

in which there were signifi cant numbers of displaced peoples. Such individuals 

often have to live in poor quality housing and have poor access to adequate nutri-

tion. In addition to these health issues, where wars and confl icts were the reason 

for their displacement people may also face psychosocial problems. 

 From looking at a recent reports of displaced peoples (e.g. Charnley, 1997; Kett, 

2005) it can be seen that such individuals face a complex set of problems that will 

have a signifi cant impact on their long-term health and well being. Occurrence 

of high levels of osteopenia and co-occurrence of conditions such as scurvy in 

archaeological collections could be an indication that the individuals involved 

may have experienced some form of socio-cultural disruption. There have been 

a number of reports that have used paleopathological evidence to suggest the

possible occurrence of some kind of natural disaster or event. However, to date 

such reports have not fully integrated the range of possible information available 

on modern displaced peoples, or considered the wider socio-cultural factors that 

large numbers of displaced people bring. This is a potentially valuable area of 

research, which deserves further consideration in the future.  
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(a)

FIGURE 9.5  (a) Rib microanatomy, intact secondary osteons seen in a 70-year-old female who 

died from pellagra. Note that there are very few fragmentary osteons seen in this photo. A grey fi lter was used to take this photo (Paine and Brenton, 2006a: Figure 1).      
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(b)

FIGURE 9.5 (Continued) (b) Rib microanatomy, a low density of secondary osteons seen in a 45-year-old female who died from pellagra. Blue and grey fi lters were used to create this photo (Paine and Brenton, 2006a: Figure 2). Courtesy of Robert Paine and Barrett Brenton.      

 

would be diffi cult, even with histological analysis. However, the condition has important consequences for human health and it should be considered in inves-tigations of the health of people from regions where it is common. There have been numerous past communities that will have been affected by poverty and poor nutrition; factors such as alcoholism, malabsorptive states and food fads can also have an impact on the appearance of pellagra (Rajakumar, 2003). There are few reports of pellagra from areas of Central American and Mexico despite a heavy reliance on maize in the diets of individuals from these areas and poverty within these regions. It is suggested (Rajakumar, 2003) that this might be related to a tradition of pre-soaking maize in limejuice, which makes more niacin avail-able. As in any study involving archaeological human remains, it is clear that it is also important to consider a wide range of social and cultural factors that may impact on health. For example agricultural practices, technologies available for food preparation and traditions pertaining to food combinations or avoidance, and other cultural and social factors relating to the activities of individuals within a society and the risks and activities that they would be exposed to. 

 

  STARVATION 

 Quite a lot of space is devoted to the effects of starvation upon bone by Ortner (2003), and it is likely that such dietary factors were important in the health of past populations. Defi ciencies are unlikely to occur singularly and people defi cient in one aspect of their diet are likely to also be defi cient in other areas. 258 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

Box Feature 9.2. Malnutrition, Starvation and Osteoporosis     

 

 Malnutrition, disordered eating and/or starvation can cause osteopenia. Starvation 

can result in amenorrhoea, or premature cessation of menstruation removing the 

inhibition of bone resorption (Riggs et al., 1998; Pacifi ci, 2001; see Chapter 6). 

Under-nutrition also triggers a decline in osteoblast function and therefore bone 

formation (see Shires et al., 1980; Grinspoon et al., 1995; Orden et al., 2002). 

 Extremes of food availability are well documented in recent times. One out of 

every fi ve people in the developing world is currently chronically undernourished, 

with an estimated 777 million individuals affected (FAO, 2004). The risk of amenor-

rhoea and osteopenia may be exacerbated by lack of energy and decreased phys-

ical activity. Many eating disorders have also been linked with amenorrhoea, for 

example anorexia nervosa. Where such conditions have a peak occurrence during 

puberty, there may be detrimental impacts on the attainment of peak bone mass 

(LaBan et al., 1995; Rome and Ammerman, 2003:422; Stone et al., 2006:835). 

Skeletal evidence of osteoporosis has been causatively linked with dietary 

defi ciencies or malnutrition in past populations (see Martin et al., 1985; Ortner 

et al., 2006:100, 2007:192). Periods of malnutrition may be cyclical, refl ecting the 

seasonal infl uences of climatic or environmental changes on subsistence prac-

tices (Cohen, 1989:97; deMenocal, 2001; Ubelaker and Newson, 2002:351; Fagan, 

2005; Allen, 2006). Severe environmental damage (e.g. natural disasters) may have 

long-lasting disruptions to food supplies (see also Chapter 4). For example, exten-

sive sea-water fl ooding by the Asian tsunami in 2004 destroyed over 61,000 ha of 

agricultural land in Indonesia, affecting 92,000 farms and small enterprises (FAO, 

2005:2). In the Maldives, over 73% of agricultural land became unusable owing to 

salted mud, and nearly 12,000 people were displaced to other islands (FAO, 2005:2; 

see further Box Feature 9.1). Severe effects on health, including osteopenia, may 

result in individuals affected by such disastrous events. Evidence for natural disas-

ters in affecting past populations does exist (e.g. Ubelaker and Newson, 2002:349; 

Fagan, 2005) and without the modern aid intervention, the consequences would 

have been very severe for many past communities.  

 

The ranges of possible effects of starvation are discussed in more detail in Box Feature 9.2.

 

  RARE METABOLIC BONE DISEASES 

 The following conditions are very rare and are unlikely to be reported very fre-quently in anthropological investigations of either past or present communities. However, a range of such conditions will be briefl y listed here, as they may occasionally be encountered. 

 

  Hyperostosis 

 The term  ‘ hyperostosis ’  is used to describe conditions in which there is enlarge-ment of the outer portion of bones. However, a range of conditions in which 
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there is thickening of the endosteal surface can also occur. Endosteal hyperosto-sis has various causes and these are reviewed by Whyte (1998), but these are rare conditions. Various types of localised hyperostosis have been recognised includ-ing internal frontal hyperostosis, leontiasis ossea and infantile cortical hyperosto-sis (Caffey ’ s disease). Information on all these conditions is provided by Ortner (2003), but apart from internal frontal hyperostosis and Caffey ’ s disease (e.g. Roberts and Cox, 2003:127; Rogers and Waldron, 1988) none of these condi-tions have been identifi ed in archaeological human bone. 

 In a review of the literature undertaken by Aufderheide and Rodríguez-

Martín (1998) only one case of generalised hyperostosis with pachydermia was identifi ed, that was reported by Allison et al. (1976) from a Peruvian skel-eton dating to approximately AD 1000. No additional cases of hyperostosis were identifi ed when the authors undertook a review of recently published literature.

 

  Hypophosphatasia 

 Hypophosphatasia is a rare, genetically determined metabolic bone disease. In this condition the mineralisation of newly formed bone is abnormal, and gener-ally defi cient. The condition can become apparent during childhood, although occasionally may not be discernable until later in life (Grech et al., 1985). The clinical presentation of hypophosphatasia varies widely, but is linked to the age of onset (Anadiotis, 2003). All patients with the condition are affected by premature loss of the dentition, and also frequently suffer from bone pain asso-ciated with stress fractures. Such complications often lead to gait diffi culties for affected individuals (Anadiotis, 2003). 

 Due to failure of osteoid to be properly mineralised, some of the skeletal 

changes associated with the condition can resemble those produced in rickets. Less severe forms of the condition may be mistaken for rickets, but charac-teristic  ‘ punched-out ’  defects in the metaphyses should be detectable radio-graphically in hypophosphatasia (Grech et al., 1985). Aufderheide and Rodríguez-Martín (1998:64) provide additional information on characteristics of the condition. To date the authors have only found one published report in which hypophosphatasia was considered in the differential diagnosis for an archaeological skeleton with pathological changes. The case reported was that of a middle-aged adult male from an Italian site dating to the twelfth millen-nium BC (Formicola, 1995). Hypophosphatasia is rare and so few cases would be expected from past communities, but consideration should be given to the possibility of misdiagnosis of the condition as rickets or osteomalacia when studying archaeological skeletal material. In individuals who have the condi-tion it is likely that there will be a range of other pathological changes present in the skeleton, that are uncharacteristic of changes caused by vitamin D defi -ciency (covered in Chapter 5). These additional pathological changes should assist in making a differential diagnosis.  
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  Osteogenesis Imperfecta 

 Osteogenesis imperfecta is a rare heritable disease of the connective tissues and has been referred to as ‘ brittle bone disease ’  in the past (Whyte, 1999). Whyte provides a clear review of classifi cation of the severity of osteogenesis imper-fecta and the clinical presentations of the condition (Whyte, 1999). There are in fact a variety of conditions that are grouped under this heading and a clear description of each of these conditions is provided by Ortner (2003). There are a couple of examples of the condition that have been identifi ed in archaeological human bone (e.g. Wells, 1965; Gray, 1970), and Ortner (2003) provides infor-mation on further possible archaeological examples of osteogenesis imperfecta. The levels of morbidity and mortality associated with this group of conditions depends on the exact form of the condition and ranges from forms that may result in still birth, to those in which the condition is almost asymptomatic (Ramachandran, 2006). 

 

  Osteopetrosis 

 Osteopetrosis is a genetic condition in which osteoclasts do not resorb bone normally, and as a result bone formation and remodelling are impaired (Bharagava and Blank, 2006). The abnormal structure of bone that develops in this condition result in the occurrence of pathological fractures (Ortner, 2003). There are at least four types of osteopetrosis and these have been described by Ortner (2003). The exact frequency of these conditions in the modern popu-lation is unknown, but they are not common. Individuals who have infantile osteopetrosis rarely survive to adulthood, but individuals who develop the condition later in life generally have a good life expectancy (Bharagava and Blank, 2006). To date few cases have been identifi ed in archaeological human remains, but Aufderheide and Rodríguez-Martín (1998:363) discuss the couple of cases that have been reported. 

 

  CONCLUSIONS 

 The various chapters within this book clearly illustrate that far more research has been undertaken on the bioarchaeology of some of the metabolic bone diseases than others. However, in the future as more diagnostic case reports and clearly undertaken studies are carried out, it is likely that interpretive studies will be car-ried out on a wider range of metabolic bone diseases. Some of those discussed within this chapter may well receive additional interest and study, although the coverage is not exhaustive and some conditions not covered may also receive increased attention. Some of the rarer conditions will only provide limited infor-mation that helps the understanding of wider anthropological issues. However, identifi cation of cases of these conditions will assist in piecing together the his-tory and development of a number of pathological conditions in humans. 




Chapter 10

 

 

Overview and Directions for 

 

Future Research 

 

 The research presented throughout this book has illustrated how the investi-gation of the metabolic bone diseases can contribute to an enormous range of fundamental and challenging debates within bioarchaeology. Analysis of these conditions has expanded considerably over the last ten years, most notably within paleopathology. Although signifi cant advances have been made within this fi eld, it is evident that future research can achieve much more in developing meaningful interpretations in the study of health and disease across past populations. The current research particularly demonstrates how an integrated understanding of many of these conditions within modern con-texts can broaden the interpretative frameworks that are considered within bioarchaeology. 

 The metabolic bone diseases comprise conditions that are affected by com-

plex interactions between many causative variables, including the diet, envi-ronment, climate, living conditions, status, cultural practices and heritability. Manifestations of these conditions can be further modifi ed depending on an individual ’ s age, sex and ancestry, or through co-existence with many diverse pathological conditions. Whilst complex, analyses of the metabolic bone dis-eases can provide an intriguing and signifi cant insight into health and the qual-ity of life across many past and present contexts. This chapter reviews the key developments highlighted from the various metabolic conditions investigated, and discusses directions for future research into the diseases. 

 

  BONE BIOLOGY 

 Metabolic bone diseases are characterised by defects in the processes of bone resorption, formation and mineralisation. As such, accurate interpretations of skeletal pathological changes are enhanced by detailed realisation of the proc-esses evident at the underlying bone cell level. Chapter 3 presented a brief review of the processes inherent in bone growth (modelling) and maintenance (remodelling), as well as the functions of individual cells and the systemic and local factors that can infl uence cell behaviour. The introduction to min-eral metabolism highlighted the complex inter-relationship of calcium metabo-lism not only with other mineral elements in the skeleton, but also with various organs and hormonal factors. 
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 This chapter aimed to establish a useful resource of recent literature that 

can substantially enhance the understanding of bone biology for consideration within many fi elds of bioarchaeology. Interactions between the many factors that can act on bone are complex and, despite substantial advances in recent knowledge, are still incompletely understood. Future research in bone biology will probably better determine how bone cells respond to mechanical loading for example, and will continue to document the extensive infl uence that hor-mones, such as oestrogen and vitamin D, have in bone cell regulation.  

 

  VITAMIN C DEFICIENCY, SCURVY 

 Only ten years ago the study of scurvy in both past and present populations was limited. It was widely, but probably mistakenly believed not to be present in modern populations, and diagnostic criteria for archaeological bone were poorly developed. However, as discussed in Chapter 4, there has been a huge development in the diagnosis of scurvy in archaeological human remains. Information on scurvy amongst archaeological juveniles is starting to reach a point where prevalence rates can provide valuable evidence regarding a range of aspects of past societies. Research into the development of diagnostic cri-teria for scurvy in adults is being undertaken by a number of researchers and this along with greater awareness of the condition by paleopathologists should improve its recognition in past communities. 

 Alongside the advances in the paleopathology of scurvy there have also 

been signifi cant developments in appreciating the extent to which scurvy is affecting modern populations from around the world. Recent reports by organ-isations such as the World Health Organization demonstrate that scurvy occurs in a broad range of situations, but is particularly common amongst refugees and displaced people (WHO, 1999b). Scurvy can be a substantial factor under-lying many other conditions, and future investigations need to consider the potential for such co-morbidities to exist. These disease interactions will pro-vide an important means in enabling the social and cultural causes and aspects of this disease in both modern and past contexts to be better understood. It is increasingly apparent that scurvy should be recognised as a prominent health factor in a broad spectrum of social and cultural situations.  

 

  VITAMIN D DEFICIENCY, RICKETS AND OSTEOMALACIA 

 The manifestations of vitamin D defi ciency have recently received increas-ing attention and as a result this condition is becoming more widely rec-ognised from a range of contexts in both present and past communities. Bioarchaeological investigations have demonstrated that it is inherently inter-linked to the development of industrialisation, with causative variables including air pollution, architecture associated with urban centres, as well as 
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increasing levels of food adulteration. Vitamin D defi ciency can stem from ill-nesses that limit mobility and therefore sunlight exposure, as well as underly-ing episodes of malnutrition or calcium defi ciency. These latter causes indicate that this disease may be evident in situations where food supplies are limited, including after natural disasters or bouts of warfare, or where food is deliber-ately withheld at an individual level of abuse (as debated within Box Features 5.1 and 5.2). 

 The impact of the geographical habitat and the ancestry of groups affected 

by vitamin D defi ciency are signifi cant considerations, which together with analysis of social conditions may enable a greater interpretation of health in both past and present communities. For example, dark skin pigmentation in individuals residing at high latitudes and experiencing conditions of limited food stuffs, are factors which likely explain the prevalence of vitamin D defi -ciency in certain demographic groups in the modern world. These factors are also likely to have been underlying variables that impacted on the health and lives of those affected by slavery in the relatively recent past. 

 Investigation into the presence of vitamin D defi ciency can offer a particu-

larly valuable insight into the manner in which cultural practices may infl uence health. Such factors are evident in the occurrence of vitamin D defi ciency in infants living in countries with virtually year-round sunlight exposure. Better understanding of cultural precedents which manifest in clothing styles or nutritional quality are an important mechanism through which more meaning-ful interpretations of disease presence can be made. The occurrence of this dis-ease in elderly females may exacerbate bone fatigue and failure occurring in osteoporosis. Determining the extent to which this disease may co-exist with other conditions represents an important future challenge for research into vitamin D defi ciency.  

 

  AGE-RELATED OSTEOPOROSIS 

 Aging has a signifi cant impact on skeletal tissue. Whilst the outcome of degenerative changes can be manifest in osteoporosis-related fracture, the mechanisms underlying bone failure still require further investigation. Paleopathological study of these changes can contribute substantially to knowledge in this fi eld. However, improvements in the reporting of evidence are essential as are large-scale analyses drawing on considerations of sex- and ancestry-specifi c bone variation in response to age. The potentially protective effects that mechanical loading through heightened physical activity may have in the accumulation of bone needs further investigation. Intra-skeletal variabil-ity of bone has been investigated recently, and needs to be a prominent consid-eration in future investigations. Continued analysis of variation evident in bone remodelling at the micro-structural level, possibly combined with the determi-nation of alterations in long bone morphology and strength are also likely to play a signifi cant role in developing understanding of bone response to age. 
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 Age-related imbalances in hormonal levels, particularly oestrogen, are a 

vital factor in the pathogenesis of osteoporosis and related fractures. Broader examination of bioarchaeological evidence may demonstrate that this condition is not simplistically related only to the domain of the post-menopausal female. While prevalence rates of males affected by this disease are likely to remain less than those of females, the range of potential factors that could impact on both sexes particularly in past communities should not be overlooked. In partic-ular, factors that may infl uence the development of peak bone mass prior to the onset of age-related bone loss may be signifi cant in highlighting population-level osteoporosis-risk and deserve careful consideration in assessments of this disease. Past perspectives on this condition may illustrate a different experi-ence of this condition than is evident in modern communities. 

 The inter-relationship between the diverse factors that may mediate behav-

iour, cultural practices, reproduction, dietary quality and health at various stages across the life course is of particular concern when investigating oste-oporosis. Examination of such interacting variables may be more suited to multi-faceted investigations involving macroscopic and microscopic evalua-tion of bone structure together with stable isotope analysis, as has been dem-onstrated in research on past populations from Nubia (such as White and Armelagos, 1997). 

Bioarchaeological evidence exists for this condition, but estimating its 

occurrence in terms of fracture prevalence is diffi cult to ascertain from the literature at present. Age- and sex-specifi c data, which would facilitate inter-pretations, is also not always presented. Signifi cantly, analyses of trauma in past populations less frequently consider vertebral fracture in relation to cra-nial and long bone trauma. Consistent and accurate reporting of locations affected and bone element prevalence are required for meaningful future anal-yses. Future data could signifi cantly enhance our current knowledge of this disease in the past and will contribute to our understanding of the condition in the modern population.  

 

  SECONDARY OSTEOPENIA AND OSTEOPOROSIS 

 Signifi cant advances in the interpretation of disease impact on life in both present and past communities could be made through consideration of sec-ondary pathologies and adaptations to illness. Chapter 7 demonstrated that the investigation of secondary osteopenia could play an important role in further-ing such understanding. Osteopenia can develop as a secondary feature to a diverse range of conditions, including immobility due to injury as well as dis-ease and trauma. The consequences of injury, trauma and pathology on subse-quent health are often overlooked in relation to the diagnosis and quantifi cation of the primary insult. 

 A well-balanced diet is important in preventing osteopenia, but unfortunately 

there are many circumstances in which this balance cannot be maintained. The 
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range of nutritional factors in modern and past diets that can lead to dietary-related osteopenia are documented in Chapter 7, although the complex interac-tion between age, sex, ancestry and lifestyle, including physical activity habits, can make interpretations diffi cult. Determining the composition of past diets is becoming increasingly viable through utilising a wide array of techniques and approaches and the association between diet and health remains a fundamental aspect of bioarchaeological and anthropological investigation. 

 

  PAGET ’ S DISEASE OF BONE 

 Discussion within Chapter 8 illustrates the many aspects of PDB that currently remain poorly understood; in particular, there is presently insuffi cient knowl-edge regarding the specifi c details of the disease process itself. Continued doc-umentation of cases from archaeological contexts would substantially enhance the understanding of the variety of processes and manifestations inherent within this enigmatic condition. As with osteoporosis, determination of PDB can be synergistically enhanced by the continued improvements in accuracy of aging techniques within physical anthropology. Radiological and histological evaluation (where permissible) in future studies will signifi cantly improve the diagnosis of this condition. 

 Anthropological investigations presently raise more questions concerning 

the origins and causes of this disease than current clinical and archaeological evidence can answer. As discussed in Box Feature 8.2, this is one condition where paleopathological investigations may provide important information on the causative factors of this disease. For example, modern trends of the geo-graphical occurrence of the disease can be compared with bioarchaeological evidence, potentially illuminating evolutionary trends of this disease.  

 

  MISCELLANEOUS METABOLIC BONE DISEASES 

 The less frequently investigated conditions covered towards the end of this book, illustrate the broad series of conditions that come under the heading of metabolic bone diseases. At present many of the diseases covered in this chapter are not well known. However, over the next ten years some of these conditions are likely to receive more investigation. As illustrated by the Box Feature 9.1, on displaced peoples, several of these disorders have the potential to develop our knowledge of how both past and present populations cope with environmental disruption.  

 

  CONCLUSIONS 

 This book aimed to develop an enriched understanding of past human health through an explicit examination of the factors that can mediate the expression of the metabolic bone diseases. The variability in causes and consequences of 266 THE BIOARCHAEOLOGY OF METABOLIC BONE DISEASE

 

this disease group are signifi cant elements that can enable greater insights into health across many communities. Future investigations will yield fundamental opportunities to better determine the interaction between genetic factoring and environmental infl uence on disease etiologies. Moreover, variation in human health at different stages of the life course can be augmented in both past and present contexts through the medium of this disease group. The many issues and questions addressed within the Box Features throughout this book high-light the diverse range of directions that exist for future research. Reviews of the archaeological evidence for many of these conditions provide a salient per-spective on the past experience of these diseases, although collating this data remains an on-going challenge. We hope that the study of the metabolic bone diseases over the next ten years will establish many exciting new avenues of enhanced understanding within the continued development of bioarchaeology. 
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95,  152  ,        185,  260,  261,  262  ,    264,  266              Bone  turnover  ,    2  ,    3  ,    23  ,    24–28  ,    29–30  ,    39  , 

 Birmingham,  UK  ,    12  ,    13  ,    15  (Fig.  2.5)  ,    17                             76  ,    152–153  ,    173,  178,  202,  210–211 

(Fig.  2.7)  ,    54,  61–62  ,    97  (Fig.  5.9)  ,    98                      (Table 7.7), 221, 255   (Fig.  5.10)  ,    99  (Fig.  5.11)  ,    102  (Fig.              Bowing  deformities  5.14)  ,    109  (Fig.  5.15)  ,    113  (Fig.  5.16),                osteomalacia  ,   see   Vitamin  D  defi ciency   120  (Fig.  5.17)  ,    121  (Fig.  5.18)  ,    163                   PDB  ,    222   (Fig. 6.4)  ,   166 (Fig. 6.5), 172, 186 (Fig.           residual  rickets  ,   see   Vitamin  D  defi ciency   7.1)  ,    191  (Fig.  7.2)  ,    192  (Fig.  7.3)                          rickets  ,   see   Vitamin  D  defi ciency    

 Black  crowberry  ,    42  (Table  4.1)                               Brazil  ,    92  ,    203  (Table  7.3)  Blackberry  ,    42  (Table  4.1)  ,    203  (Table  7.3)                 Bread  fruit  ,    42  (Table  4.1)  Blood  pressure  ,    2                                                         Breastfeeding  ,    9  ,    45  (Box  4.1),  48  ,    72  (Table  Blount’s disease  ,   105 (Table 5.5), 111 (Table                A1), 81, 84–86, 93, 178, 212 (Box 7.3)   

5.8), 116 (Table 5.10), 129 (Table 5.11)        Broadgate,  London  ,    140  (Table  A1)   

 Bone                                              Broccoli  ,    203  (Table  7.3)  ,    211  (Table  7.7)   

 lining cells  ,   25–26 (Table 3.1), 29, 33, 36           Brown  tumours  ,    254  (Table  9.5)  micro-damage  ,    33  ,    154  ,    182  (Table  6.9)                Brussel  sprout  ,    203  (Table  7.3)  necrosis  ,        25  (Table  3.1),  161  (Table  6.2),            Brussels  ,    80  (Table  5.2) 

168, 177, 189 (Table 7.1), 194                  Bucharest  ,    80  (Table  5.2)   

 sclerotic  ,    195  (Fig.  7.6)  ,    221  ,    224  ,    235                 Budapest  ,    80  (Table  5.2) 

(Table 8.3), 236 (Fig. 8.8, 8.9), 237           Buenos  Aires  ,    80  (Table  5.2)   (Table  8.4)                                                  Burial  practices  ,    13–14  ,    15  (Fig.  2.5)  ,    16 

 trabecular  ,    13,  21–22  ,    23  ,    29,  30  ,    31  (Fig.                       (Fig.  2.6)  ,    17  (Fig.  2.7),  175       

3.5)  ,    35  (Table  3.2),  39,  63,  66  ,    68                 Butter  ,    83  (Table  5.3),  214    (Table 4.6)  ,   70 (Table 4.7), 106 (Table 

5.6), 107 (Table 5.6), 108 (Table 5.7), 

112 (Table 5.9), 126  ,   132 (Table 5.13)  ,           C 153,  154  (Fig.  6.1)  ,    157  ,    158,  159                 Cabbage  ,    203  (Table  7.3)  ,    211  (Table  7.7)   (Table 6.1)  ,   160, 161 (Table 6.2), 164         Caffeine  ,    158   (Table 6.3), 167, 169 (Fig. 6.7)  ,   170           Caffey’s  disease  ,    117  (Table  5.10),  259   (Table  6.5)  ,    181  (Table  6.8),  182                       Cairo  ,    80  (Table  5.2) (Table 6.9)  ,   200, 210 (Table 7.7), 222         Calcium  ,    32,  36–37,  38  (Fig.  3.6),  39  ,    75–76 (Fig. 8.3), 224, 232, 234, 237 (Table  (Fig. 5.2), 80, 82, 84–86, 87  ,   90, 93, 

8.4)  ,    248  (Table  9.3)  ,    255  (Table  9.6)                      108, 113, 122, 145 (Table A2), 154, 

 woven  ,    22–24  ,    28  ,    34,  35  (Table  3.2),  59  ,                       158, 177–178, 186, 202–205  ,   207, 208 

  139,  220,  235                                                              (Table 7.6), 209–216, 243, 250, 261   

 Bone  formation  ,    22–26  (Table  3.1)  ,            28  ,    30  ,                     Calcium  defi ciency  ,    36,  37  ,    123  ,    133  ,    154,  263   

31 (Fig. 3.4, 3.5), 34, 35 (Table 3.2), 39,       Camel,  Bactrian  ,    123   
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 Canada  ,    45  (Box  4.1)  ,    51  ,    80  (Table  5.2)  ,    228            Clothing  ,    8  ,    20  ,    77  ,    81,  86  ,    92  ,    124,  134  (Table 

(Table 8.1), 230                                            A1), 252, 263   

 Cancer  ,    81  ,    114                                                                     Cloudberry  ,    42  (Table  4.1)  Cantaloupe  ,    211  (Table  7.7)                                 Cod  ,    42  (Table  4.1)  ,    203  (Table  7.3)  Caribbean  ,    102  ,    212                                                       Cod-liver  oil  ,    83  (Table  5.3),  92    Carolina,  US  ,    108                                                      Collagen  ,    21  ,    22–23  ,    25  (Table  3.1),  27,  29,  Carrot  ,    203  (Table  7.3)  ,    211  (Table  7.7)                                30, 31, 32, 36  ,   47, 48, 157, 170, 210  Cartier,  J.  ,    51                                                                                       (Table  7.7)    Cartilage  ,    25–26  (Table  3.1),  28  ,    34,  35  (Table         Cologne  ,    12  (Fig.  2.3)   

3.2), 65 (Table 4.4), 68 (Table 4.6), 69   Co-morbidities  ,    11,  19,  46  (Fig.  4.2),  113–114  , 

(Fig. 4.11), 70 (Fig. 4.12)  ,   90 (Fig. 5.6),                179  ,    224–225  ,    243,  251,  262   97, 107 (Table 5.6), 199, 224                    Confl ict  ,    50  ,    53  ,    96  (Box  5.1)  

 Cattle  ,    123  ,    214  ,    218                                                                    see also   Warfare  Cedar  Grove,  Arkansas  ,    109  ,    141  (Table  A1)             Congenital  hip  dysplasia  ,    197    Celeriac  ,    211  (Table  7.7)                                           Congo  ,    93    Cement  line  ,    23  ,    29,  30  (Fig.  3.3)  ,    31  (Fig.  3.4,         Continuing  periosteal  apposition  ,    157  ,    172   

3.5), 108 (Table 5.7), 109 (Fig. 5.15),         Convulsions  ,    92   126, 132 (Table 5.13), 133 (Fig. 5.20),       Corn  ,    42  (Table  4.1)  ,    203  (Table  7.3),  253  220                                    see also Maize   

 Central  America  ,    257                                              Corner  sign  of  Park  ,    62  ,    63    Cereals  ,    42  (Table  4.1),  52  (Box  4.2)  ,    84  ,        93,             Cortical  bone  ,    21  ,    22  (Fig.  3.1)  ,    23  ,    29  ,    31 

178, 205  ,   208 (Table 7.6), 212, 213,                  (Fig. 3.4), 68 (Table 4.6)  ,   70 (Table 214 4.7), 108 (Table 5.7)  ,   120 (Fig. 5.17)  , 

 Chandoli  ,    134  (Table  A1)                                                   132  (Table  5.13)  ,    152,  153,  159  (Table  Charcot  joint  ,    193                                                                  6.1)  ,    160  (Fig.  6.2)  ,    169  ,    170,  172,  182  Cheadle,  W.  ,    46                                                                       (Table  6.9)  ,    237  (Table  8.4)  ,    248  (Table  Cheese  ,    43  (Table  4.1),  83  (Table  5.3),  84  ,    124,                  9.3), 255 (Table 9.6)   

202  ,    213  ,    214                                                             Cortical  bone  intra-cortical  porosity  ,    131 

 Chelsea  Old  Church,  London  ,    120  (Fig.  5.17)  ,                 (Table 5.12), 159 (Table 6.1), 160  ,   169, 

  163  (Fig.  6.4)  ,    194  (Fig.  7.5)  ,    234                            181 (Table 6.8)   (Fig.  8.7)  ,    236  (Fig.  8.9)                                  Cortical thickening  ,   113 (Fig. 5.16), 117 (Table 

 Chicago,  US  ,    80  (Table  5.2)                                          5.10)  ,        232    Child  abuse  ,    8  ,    71  ,    122  (Box  5.2)                                  Cortical  thinning  ,    160  ,    169    Childhood  ,    7  ,    8  ,    23  ,    33  (Box  3.1),  85  ,    91,  95  ,                Costocartilage  ,    90  ,    100  (Fig.  5.12)   

  102  ,    103  (Table 5.5), 109, 110–111            Coxa vara ,    97  (Fig.  5.9)  ,    102  (Fig.  5.14),  105 (Table  5.8)  ,    112  (Table  5.9)  ,    113  (Fig.                       (Table 5.5), 111 (Table 5.8), 116 (Table 5.16), 124, 145 (Table A2), 155, 172,  5.10), 129 (Table 5.11), 143 (Table 

178,  210  (Table  7.7),  218,  259                                                                                                                      A2), 221, 233 (Table 8.2)   

 Chimpanzee  Cranberries  ,    42  (Table  4.1)  ,    203  (Table  7.3)   

 Gombe  ,    173                                                               Craniosynostosis  ,    89  (Table  5.4) 

 China  ,    80  (Table  5.2),  92  ,    94  ,    121  ,    123  ,    230  ,              Craniotabes  ,    103  (Table  5.5),  135  (Table  A1)   

  245                                                       Cranium  ,    10  (Fig.  2.2)  ,    57  (Table  4.2)  ,    61 

 Cholesterol  ,    2                                                                             (Table  4.3)  ,    97,  103  (Table  5.5)  ,    106  Chondrocytes  ,    26  (Table  3.1),  32                                      (Table  5.6)  ,    110  (Table  5.8)  ,    127  Christ Church Spitalfi elds,  London  ,    12,  172                   (Table  5.11)  ,    180  (Table  6.7)  ,    181 

(Box  6.1)                                                            (Table 6.8)  ,   200, 220, 233 (Table 8.2)  , 

 Cigarette  smoking  ,    158                                                      234 (Fig. 8.7), 235 (Table 8.3)  ,   246  Cistercians  ,    124                                                                      (Table  9.1)  ,    247  (Table  9.2)  ,    254  Clavicle  ,    28  ,    117  (Table  5.10),  129  (Table                         (Table  9.5)   

5.11), 131 (Table 5.12), 148 (Table           Cremation  ,    14–15  ,    16  (Fig.  2.6)   A3), 224, 253 (Table 9.4)                        Cribra  orbitalia  ,    3   

 Climate  ,    81  ,    94  ,    141  (Table  A1),  209,  261                   Crimean  War  ,    53    Clinical  data                                                       Cross Bones Burial Ground, London  ,   100 

 use  of  ,    3                                                                                                                 (Fig.  5.12)  ,    166  (Fig.  6.5)   
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 Cultural  practices  ,    17  (Fig.  2.7)  ,    18  ,    81  ,    86  ,    93  ,          Dried

  94  (Fig.  5.8)    food  ,   42–44 (Table 4.1), 54, 83 (Table 5.3), 

see also Clothing                                                204  (Table  7.3)     

 Czerny,  V.  ,    217    

 E

 D                                     Early  Archaic  period  ,    198   

 East  Java  ,    245   

 Dakhleh  Oasis,  Egypt  ,    252   

 East  Smithfi eld Black Death cemetery, 

 Demography  ,    12–13  ,    15  ,    18  ,    34  ,    152  ,    172  ,    175 

London  ,    97  (Fig.  5.9)  ,    196  (Fig.  7.7)   

(Box  6.3)  ,    178  ,    205  ,    255   

 Eating  disorders  ,    157  ,    258  (Box  9.2)   

 Denmark  ,    73  (Table  A1)  ,    135  (Table  A1)  ,    140 

 Eel  ,    83  (Table  5.3)   

(Table  A1)  ,    141  (Table  A1)  ,    228  (Table 

 Eggs  ,   42 (Table 4.1), 75, 82, 83 (Table 5.3), 84, 

8.1)

93  ,   202, 203 (Table 7.3), 207, 213   

 Dental  caries  ,    103  (Table  5.5)  ,    110  (Table  5.8)   

 Egypt  ,    80  (Table  5.2),  92  ,    93  ,    146  (Table  A2), 

 Dentistry

228 (Table 8.1), 252  

 cosmetic  ,    245    

 ancient  ,    51  ,    71  (Box  4.3),  144  (Table  A2), 

 Dentition  ,    32  ,    57  (Table  4.2)  ,    61  (Table  4.3)  , 

146 (Table A2), 147 (Table A3), 197    

  103  (Table  5.5)  ,    110  (Table  5.8)  ,    127 

 Elder  abuse  ,    64  ,    122  (Box  5.2) 

(Table  5.11)  ,    130  (Table  5.12)  ,    180 

 Elderly  individuals  ,    50  ,    64  ,    79,  81,  87  ,    119, 

(Table  6.7)  ,    181  (Table  6.8)  ,    233  (Table 

120, 122, 123, 154, 162, 172  

8.2)  ,    245,  246  (Table  9.1),  259   

 aging  of  ,    11  ,    18  ,    86  ,    172  (Box  6.1),  224  ,    255       

 Denver,  US  ,    80  (Table  5.2) 

see also Demography    

 Diagenesis  ,    13  ,    14  (Fig.  2.4),  126,  182   

 Elephant  ,    123   

 Diarrhoea  ,    93  ,    136  (Table  A1),  214  

 Eleutherna  ,    55   

 weanling  ,    69    

 Endosteal  membrane  ,    21  ,    25  (Table  3.1),  189 

 Diet  ,    9  ,    20  ,    37,  38  (Fig.  3.6),  46  ,    50  ,    52 

(Table  7.1)   

(Box 4.2)  ,   53, 56, 76 (Fig. 5.1), 77  ,   

 Endosteal  resorption  ,    117  (Table  5.10),  156  , 

82,  83  (Table  5.3)  ,    84  ,    92,  125,  178, 

  157  ,    159  (Table  6.1),  169   

202  ,    203–204  (Table  7.3),  205  ,    207, 

 England  ,    13  ,    72  (Table  A1)  ,    73  (Table  A1)  ,    74 

209, 211, 212 (Box 7.3), 213, 251, 

(Table  A1)  ,    93  ,    125  ,    137  (Table  A1)  , 

255, 264  

  138  (Table  A1)  ,    139  (Table  A1)  ,    140 

 evolution  of  ,    209   

(Table  A1)  ,    141  (Table  A1)  ,    142  (Table 

 practice  ,    17  (Fig.  2.7)  ,    18  ,    81  ,    86  ,    92  ,    93  , 

A1)  ,    144  (Table  A2)  ,    145  (Table  A2)  , 

  94  (Fig.  5.8),  124   

  146  (Table  A2)  ,    147–148  (Table  A3)  , 

see also Subsistence  strategies,  nutrition   

  226  ,    227  (Table  8.1)  ,    238  (Box  8.2)   

 Dietary  ,    36  ,    37  ,    84  ,    124  ,    202  ,    205  (Table  7.4)  , 

 Environment  ,    1  ,    7,  55  ,    94,  162,  209,  245,  258 

  206  (Table  7.5)  ,    211–212  (Box  7.3)  

(Box 9.2), 263  

 defi ciencies  ,    2  ,    9  ,    77  ,    86  ,    109  ,    202  ,    178  , 

 living  conditions  ,    9  ,    93  ,    94  ,    261   

  254  ,    255  ,    258  (Box  9.2)        

 pollution  ,    78  ,    95  ,    121  ,    241    

see also Abuse    

 Epidemiological  studies  ,    218   

 Dietary  acid  ,    202,  208  (Table  7.6)   

 Estrogen  ,    38  (Fig.  3.6)     

 Dill  ,    211  (Table  7.7)   

  see  also  Oestrogen

 Disability  ,    95,  188  ,    191,  198–199  (Box  7.2)   

Ethiopia  ,    47   

 Disarticulation  ,    14  ,    16  (Fig.  2.6),  229   

 Ethnographic  data  ,    19   

 Dislocation  ,   105 (Table 5.5), 115 (Table 5.10), 

 Europe  ,    53  ,    79  ,    82,  206  (Table  7.5),  212 

128–129 (Table 5.11), 131 (Table 5.12), 

(Box 7.3), 229   

189 (Table 7.1), 190 (Table 7.1), 197   

 Excarnation  ,    14    

 Displaced  peoples  ,    46  (Fig.  4.2),  71,  96  ,    253, 

254, 256 (Box 9.1), 262  

see also Refugees                                       F

 Disuse  atrophy  ,    185  ,    190  (Table  7.1),  197  ,    198            Fanconi  syndrome  ,    89  (Table  5.4)  Dode  !Kung  ,    93                                                         Farming  ,    51  ,    96  (Box  5.1)   Dog  ,    217  ,    218  ,    218  (Fig.  8.1)                                               see also   Agriculture   INDEX 325

 

 Fats  ,    207  ,    208  (Table  7.6)                                                     rib  ,    180  (Table  6.7)    Fazekasboda  ,    137  (Table  A1)                                      stress  ,    118  ,    129  (Table  5.11),  168,  259    Femur  ,    67  (Fig.  4.9),  97  (Fig.  5.9)  ,    102                          trabecular bone  ,   63, 66, 68 (Table 4.6), 154 

(Fig. 5.14), 113 (Fig. 5.16), 115                     (Fig.  6.1)  ,    167   (Table 5.10), 143–144 (Table A2),               traumatic  ,    34  ,    162,  167   167–170  ,   170 (Fig. 6.8), 177, 222                 vertebral  ,        163–167          (Fig.  8.3)                                                        France  ,    79,  172,  226  ,    227–228  (Table  8.1),  229   

 Fennel  ,    211  (Table  7.7)                                             Frontal  bossing  ,    103  (Table  5.5)  ,    110  (Table  5.8)    Fibrosarcoma  ,    225                                                  Fruit  ,   42–44 (Table 4.1), 73, 202, 203 (Table  Fibrous  dysplasia  ,    132  (Table  5.13)                               7.3)  ,    207–209  ,    210–211  (Table  7.7)     Fig  ,    42  (Table  4.1),  203  (Table  7.3)   

 Finland  ,    79   

 First African Baptist Church, Philadelphia US  ,       G

  141  (Table  A1)                                             Gait disturbance  ,   107, 118, 192 (Fig. 7.3), 222  , 

 Fish  ,    41  ,    42,  75,  83  (Fig.  5.4)  ,    124  ,        202  ,    203                              224,  259   

(Table  7.3),  205,  212–213  ,    244                      Galler  collection  ,    10  ,    126  (Fig.  5.19)   

 Flame  sign  ,    222  (Fig.  8.3),  223                                 Garlic  ,    210  (Table  7.7)  Florida  ,    198                                                                       Gasper  Casal,  D.  ,    254    Flour  ,    206  (Table  7.5)                                                 Gastrointestinal  infection  ,    113    Fluoride  ,    241  ,    242  ,    245                                                      Gaza  strip  ,    245    Fluorosis  ,    241–249                                                 Gender  roles  ,    20    Food    Genetic  anthropology  ,    1  ,    19  ,    81–82  ,    157  ,    260   

 adulteration  ,    124  ,        263                                                  Genu varum ,    105  (Table  5.5)  ,    111  (Table  5.8)    fortifi ed  ,    75  ,    82  ,    86                                                                       Geology see also Diet,  nutrition                                    bedrock  ,    245    preparation  ,    54  ,    257                                                         medical  ,    245     resources  ,    4  ,    44  ,    124                                                         Germany  ,    12  (Fig.  2.3)  ,    72  (Table  A1)  ,    74  shortages  ,    9,  96  (Box  5.1)                                              (Table  A1),  252    storage  ,    44  ,    51                                                                        Giant  cell  tumor  ,    225   

 Foot  fungus  ,    191                                                         Glasgow  ,    80  (Table  5.2)  Foraging  ,    198  (Box  7.2)                                           Glisson,  F.  ,    52  ,    54  ,    92    Forearm  ,    92  ,    119  ,    193  (Fig.  7.4)                                    Goat  ,        46  (Fig.  4.1),  214    Forensic  ,    255                                                                  Goosegrass  ,    42  (Table  4.1)    Fracture                                                Gorillas  ,    173  (Box  6.2) 

 avascular  necrosis  ,    168                                       Grape  ,    210  (Table  7.7)  callus  ,    23  ,    35  (Table  3.2),  36  ,    119,  125,  189         Greece  ,    55  ,    72  (Table  A1)  ,    73  (Table  A1)   

(Table  7.1)                                                  Growth  ,    8,  22,  28  ,    33  (Box  3.1),  39,  56,  95 

 colles ’   ,    160–163  ,    176  ,    186  (Fig.  7.1),  187                         155,  207    descriptions,  recording  ,    165  ,    177                          Growth  plate  ,    90  ,    91  (Fig.  5.7),  97,  98  (Fig.  distal  radius  ,    160–163  ,    176  ,    186  (Fig.  7.1)                     5.10), 104 (Table 5.5), 135 (Table A1),  femoral  neck  ,    167–170  ,    176  ,    177                                     106–107 (Table 5.6)    fi ssure  or  pseudofractures  ,    36  ,    118–119  ,             Guatemala  ,    73  (Table  A1)   

  120 (Fig. 5.17), 121 (Fig. 5.18), 125  ,          Guinea  pig  ,    41,  48,  66  ,    69  (Fig.  4.11)      128–129 (Table 5.11), 130–131 (Table 

5.12),  168                                                  H

 healing  ,    23  ,    34–36  ,    119  ,    125   

 malunion  ,    168                                                       Haemarthrosis  ,    49  ,    191    metaphyseal  ,   49, 64 (Fig. 4.8), 68 (Table          Haemorrhage  ,    47  ,    48  ,    49  ,    57  (Table  4.2)  

4.6), 92, 161 (Table 6.2)                             see also Subperiosteal  bleeding   

 non-union  ,    168  ,    188,  189  (Table  7.1)                    Hamann-Todd  collection  ,    149  (Table  A3)    osteoporosis-related  ,    87  ,    153  ,    157  ,    158  ,    159  ,          Hamster  ,    187  (Box  7.1) 

  165  (Table  6.4)  ,    171  (Table  6.6),  176             Hard  palate 

 pathological  ,    34  ,    66,  152  ,    200  ,    260                                 changes  in  scurvy  ,    56    
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 Haversian  canal  ,    23  ,    27  (Fig.  3.2),  30,  31,  215          Industrial  Revolution  ,    93  ,    94  ,    95   

(Table 7.8), 255 (Table 9.6)                      Industry

 Hazleton  North,  UK  ,    16  (Fig.  2.6)                                 cotton  ,    238  (Box  8.2)     Herding  ,    198  ,    214                                                             Infantile  cortical  hyperostosis  ,    117  Hereditary  diseases  ,    77  ,    88  (Table  5.4),  201                      (Table 5.10), 259  ,  see   Caffey’s  disease 

(Table  7.2)                                                  Infection

 Hibernation  ,    187  (Box  7.1)                                       postpartum  ,    191    Hip  ,    118  ,    167  ,    171,  178,  195  (Fig.  7.6)                              skin  ,    214    Hip  dysplasia                                                       systemic  ,    191  

 congenital  ,    197                                                          Infectious  disease  ,    54  ,    69  ,    192–197,  217,  224  

 Hippocrates  ,    53                                                          Infractions,  of  cortical  bone  ,    62  ,    119    Histology  ,    13  ,    24,  27,  48,  65–69  ,    68  (Table               Injury  ,    161,  167,  185  ,    188  ,    191,  194  (Fig.  7.5), 

4.6),  70  (Table  4.7)  ,    101  ,    108  (Table                       198 5.7)  ,    109  (Fig.  5.15)  ,    112  ,    118,                             see also   Disability   126–133  ,    176,  182  ,    215  (Table  7.8),             Internal  frontal  hyperostosis  ,    259   220,  229,  230  ,    237–238  ,    248  (Table             Inuit  Alaskan  ,    213   9.3)  ,    252,  255  (Table  9.6),  264                       Ireland  ,    46  ,    79  ,    137  (Table  A1)  ,    145 

 Historical  accounts  ,    51  ,    92  ,    95  ,    123,  172  (Box                     (Table  A2),  253   

6.1),  188                                                       Iron  ,    47  ,    205  ,    214  ,    216   

 Hominid  ,    202  ,    209,  211                                               Iron  defi ciency  ,    2  ,    113   Homo sapiens ,    172  (Box  6.1)                            Isotopes  ,    124  ,    212  (Box  7.3),  216  ,    264    Honey  ,    42  (Table  4.1)  ,    203  (Table  7.3)                     Israel  ,    72  (Table  A1),  94    Honolulu  ,    80  (Table  5.2)                                          Italy  ,    79  ,    136  (Table  A1)  ,    149  (Table  A3),  228  Howship’s  lacuna  ,    24  ,    215  (Table  7.8),  220                         (Table 8.1), 259    Hungary  ,    137  (Table  A1)  ,    139  (Table  A1)  ,    140          Ivory  coast  ,    92  ,    93   

(Table  A1),  196                                        Ivory  vertebra  ,    224    

 Hunter–gatherers  ,    51  ,    172  (Box  6.1)   

 Hunting  ,    198  (Box  7.2)                                            J Hydroxyapatite  ,    21  ,    27,  32   

 Hypercalciuria  ,    208  (Table  7.6)                               Japan  ,    121  ,    226  ,    230    Hypercementosis  ,    233  (Table  8.2)                          Jewish  ,    96  (Box  5.1)  ,    139  (Table  A1)    Hyperostosis  ,    258–259                                         Jinzu  river  ,    121    Hyperparathyroidism  ,                181  (Table  6.8),  237,              Joint  disease 

238, 243, 250–253 (Table 9.4)  ,   254               link  to  osteopenia  ,    199–200    (Table  9.5)  ,    255  (Table  9.6)                          Jordan  ,    72  (Table  A1)   

 primary  ,    250                                                              Juvenile  Paget’s  disease  ,    225–226     secondary  ,   78 (Table 5.1), 80, 85, 87, 

122, 131 (Table 5.12), 158, 173, 177  ,         K  250–251

 Kaedi  ,    46  (Fig.  4.1)   

 Hypervascularity  ,    205–208,  215,  220  ,    237,  238   

 Kale  ,    211  (Table  7.7) 

 Hypophosphatasia  ,    89  (Table  5.4),  259   

 Kempston  ,    147  (Table  A3)   

 Hypoplasias  ,   57 (Table 4.2), 103 (Table 5.5), 

 Kenya  ,    47   

110 (Table 5.8), 242  ,   246 (Table 9.1), 

 Kimberley  ,    55   

248  (Fig.  9.3)  ,    249  (Fig.  9.4)    

 Kingston  ,    80  (Table  5.2)   

 Kirby  ,    58  (Fig.  4.3)  ,    60  (Fig.  4.6)   

 I  Kyphosis  ,   103 (Table 5.5), 110 (Table 5.8), 127 

(Table 5.11), 167  ,   174 (Fig. 6.8), 180 

 Immobilisation  ,    36  ,    162,  179,  186–188  ,                            (Table 6.7), 194, 233 (Table 8.2)    

  189–190  (Table  7.1)  ,    197  ,    198–199 

(Box  7.2)   

 India  ,    47  ,    92  ,    206  ,    245                                                                L Indonesia  ,    245  ,    258  (Box  9.2)                                 Lactation  ,   see   Breastfeeding    Indus  ,    53                                                                                     Lahore  ,    93   
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 Lajmer  ,    140  (Table  A1)                                           Malnutrition  ,    8  ,    9  ,    19  ,    34,  72  (Table  A1),  93,  Lamellar  bone  ,    22–24  ,    28,  32  ,    220  (Fig.  8.2),                     96  (Box  5.1)  ,    113  ,    207,  216,  255,  257  , 

221                                        258  (Box  9.2)  

 Langerhans  cell  histocytosis  ,    191                                see also   Diet,  Nutrition    Late  Holocene  ,    212  (Box  7.3)                                 Mandible  ,   28, 57 (Table 4.2), 103 (Table 5.5)  ,  Leafy  greens  ,    209,  211  (Table  7.7)                                      180 (Table 6.7), 181(Table 6.8), 221    Lebanon  ,    92  ,    93                                                                   Mandibular  ramus   Leeks  ,    210  (Table  7.7)                                                    changes  in  scurvy  ,    56     Leningrad  ,    80  (Table  5.2)                                    Margarine  ,    83  (Table  5.3)  Leontiasis  ossea  ,    221  ,    259                                            Marrow  ,   21, 25 (Table 3.1), 28, 35 (Table 3.2),  Leprosy  ,    193                                                                             69 (Fig. 4.11), 200, 201 (Table 7.2),  Lettuce  ,    211  (Table  7.7)                                                      210 (Table 7.7)    Leukaemia  ,    68  (Table  4.6),  201  (Table  7.2)               Mary  Rose  ,    62    Levant  ,    212  (Box  7.3)                                               Maryland  US  ,    108    Life  course  ,    7  ,    9  ,    33–34  (Box  3.1),  81,  124,               Maxilla  ,    28  ,    57  (Table  4.2),  221   

157,  172  (Box  6.1),  264  ,    266                         Meat  ,    41  ,    43  (Table  4.1)  ,    84,  123,  202,  204 

 Life  expectancy  ,    172  (Box  6.1),  229,  260                           (Table 7.3)  ,   207, 211 (Box 7.3),  Ligamentum  fl avum  ,    242  ,    246  (Table  9.1)                       212–213 Limejuice  ,    257                                                           Mechanical  loading  ,   see   Physical  activity    Lisieux-Michelet  ,    229                                           Medieval  ,    55,  95  ,    97  ,    124,  125,  196  (Fig.  7.7),  Liver  (as  a  food  source)  ,        43  (Table  4.1)  ,        75,  83                     198

(Table 5.3), 203 (Table 7.3)                      Mediterranean  ,    92  ,    214   

 Locust  ,    46  (Fig.  4.1)                                                    Medullary  cavity  ,    21  ,    22  (Fig.  3.1),  25  (Table  London  ,    45  ,    55  ,    59  (Fig.  4.4)  ,    80  (Table  5.2),                       3.1), 35 (Table 3.2), 117 (Table 5.10), 

97,  109  ,    229                                                                     181  (Table  6.8),  200  ,    232   

 Long  bones  ,    21  ,    28  ,    57  (Table  4.2)  ,    61  (Table            Melanin  ,    19  ,    81–82  ,    263   

4.3)  ,    65  (Table  4.4)  ,        66  (Table  4.5),  92,          Meningioma  ,    201  (Table  7.2) 104 (Table 5.5)  ,   106 (Table 5.6), 111          Menopause  ,    8  ,    18,  39  ,    87,  152–153,  157,  162, (Table  5.8)  ,    112  (Table  5.9)  ,    115–116                    173 (Box 6.2), 175 (Box 6.3)    (Table 5.10), 128 (Table 5.11), 130   Menstruation  ,    96  (Box  5.1)  ,    156  ,    258  (Box  9.1)   

(Table 5.12), 157, 180 (Table 6.7), 181       Mesoamerica  ,    93   (Table 6.8), 222–223, 235 (Table 8.3),        Mesolithic  ,    212  (Box  7.3) 246 (Table 9.1), 247 (Table 9.2), 253   Metabolic  bone  disease  ,    1  ,    2–3  ,    4  ,    5  ,    7  ,    10, 

(Table 9.4), 254 (Table 9.5)                             11, 18, 33, 202, 219  ,   256 (Table 9.1), 

 Looser’s  zones  ,   see   Pseudofractures                                258–260  ,    261  ,    265    Lozère  ,    226                                                                           Metabolic  syndrome  ,    2   

 Metaphyseal  chondrodysplasia  ,    116  (Table  5.10)   

 Metaphyseal  cupping  ,    70  ,    91  (Fig.  5.7),  98 

 M (Fig. 5.10), 99, 104 (Table 5.5), 108 

 Macaque                                            (5.7), 114, 116 (Table 5.10)   

 cayo  santiago  ,    173  (Box  6.2)                              Metaphyseal  swelling  ,    97,  135  (Table  A1)    rhesus  ,    71  (Box  4.3)  ,    173  (Box  6.2)                    Metastases  ,    224,  238   

 Mackerel  ,    75  ,    83  (Table  5.3)  ,    203  (Table  7.3)             Mexico  ,    245  ,    257    Madrid  ,    80  (Table  5.2)                                              Micro-damage  ,    29  ,    32  ,    33  ,    154  ,    263    Magnesium  ,    36  ,    37  ,    39  ,    122,  205                                   Milk Mahadaha,  Gangetic  Plain  ,    134  (Table  A1)                    breast  ,    43  (Table  4.1),  45  ,    86  ,    95,  204  Mahujhari  ,    136  (Table  A1)                                               (Table  7.3)    Maize  ,    42  (Table  4.1)  ,    206  (Table  7.5),  214,                  camel  ,    43  (Table  4.1) 

215, 254, 255, 257                                 canned  ,    204  (Table  7.3) 

see also Corn                                                  cow’s  ,    43  (Table  4.1),  45  ,    86,  123,  204 

 Malaria  ,    191                                                                                (Table  7.3)    Malignant disease  ,   130 (Table 5.12), 188, 190            fortifi ed  ,    75  ,        83  (Fig.  5.4),  84,  204  (Table  7.3)   

(Table 7.1), 200, 224                                  goat  ,    43  (Table  4.1),  204  (Table  7.3)   328 INDEX

 

Milk (Contd.)                                     Niacin  ,    252  ,    257   

 guinea  pig  ,    43  (Table  4.1)                                 Nicotinic  acid  ,    206  (Table  7.5)    products  ,    86                                                                 Nigeria  ,    92  ,    93  ,    94  (Fig.  5.8)  rat  ,    45  (Box  4.1)                                                        Non-human  primates  ,    20  ,    41,  71  (Box  4.3)  ,  unfortifi ed  ,    86                                                                         173  (Box  6.2)    whale  ,    45  (Box  4.1)                                                North America  ,   51, 55, 74 (Table A1), 82, 206 

 Millet  ,    206  (Table  7.5),  215                                                (Table  7.5),  225  ,    229–230    Mineral  metabolism  ,    21  ,    75,  87–89  ,    185                     Norton  Priory  ,    223  (Fig.  8.4)  ,    229  ,    236  Mobility  ,    92,  116  (Table  5.10),  155  ,    169  ,                           (Fig. 8.8), 238 (Box 8.2)   

  185–188  ,    193  ,    196,  197  ,    198  (Box  7.2),         Norway  ,    121  ,    123  ,    141  (Table  A1)   246  Nubia  ,    141  (Table  A1)  ,    147  (Table  A3),  213  , 

see also Disability                                                   264

 Moche,  of  Peru  ,    188                                                  Nutrition  ,    8  (Fig.  2.1)  ,    45  (Box  4.1)  ,    52  (Box  Monasteries  ,    124                                                               4.2),  55  ,    93  ,    95  ,    96  (Box  9.1),  134–135  Monkey   (Table  A1),  145  (Table  A2),  158  ,    253  , 

 cynomolgus  ,    174  (Box  6.2)                                          254  ,    256  (Box  9.1),  257,  258  (Box  9.2)    rhesus  ,    174  (Box  6.2)                                             Nutritional  anthropology  ,    9,  20  ,    52  (Box  4.2) 

 Monostotic  ,    219  ,    220                                                    Nuts  ,    43  (Table  4.1),  202  ,    203  (Table  7.3),  205,  Morocco  ,    93                                                                            207,  208  (Table  7.6),  209  ,    213     Mortality  ,    16,  113,  167,  172  (Box  6.1)  ,    173  , 

  178,  225  ,    245,  254,  260   

 Mosaic  appearance  ,    220,  237                                 O Multiple  myeloma  ,    200  ,    201  (Table  7.2)                 Obesity Mummies  ,    71  (Box  4.3),  252                                      in  the  metabolic  syndrome  ,    2     Museum  of  London  ,    55  ,    96  ,    109  ,    229                           Oestrogen  ,   33,36,39, 85, 87, 152, 153, 157,  Mushroom  ,    83  (Table  5.3)  ,    210  (Table  7.7)                       173, 178, 262, 264  Mustard  ,    43  (Table  4.1)                                                 see also Estrogen      Mustard  greens  ,    203  (Table  7.3)                              Olaus  Magnus  ,    53    Mustard  seed  ,    203  (Table  7.3)                                  Old  Testament  ,    51    Myelopathy  ,    242                                                        Oligostotic  ,    220   

 Olives  ,    210  (Table  7.7) 

 Onion  ,    43  (Table  4.1)  ,    203  (Table  7.3),  210 

 N                                          (Table  7.7)    Narthecium  ossifragum  ,    123                                 Ontario,  Canada  ,    12,  230    Native  American  ,    55,  69,  213                                  Orange  ,    43  (Table  4.1)  ,    44  ,    46,  83  (Table  5.3)  ,  Natufi an  culture  ,    212  (Box  7.3)                                           203 (Table 7.3), 211 (Table 7.7)    Natural  disasters  ,    46  ,    73  (Box  A1),  96                     Orbits

(Box 5.1), 133, 241  ,   256 (Box 9.1)  ,                  changes  in  scurvy  ,        56,  57  (Table  4.2),  58, 258 (Box 9.2), 263                                     61  (Table  4.3)    

 Near  East  ,    214                                                                Oslo  ,    80  (Table  5.2)    Negev  Desert  ,    252                                                    Osteitis  ,    224,  233  (Table  8.2)    Neolithic  ,    16  (Fig.  2.6)  ,    212  (Box  7.3),  214,  252           Osteitis  deformans  ,    217    Neoplastic  ,    180  (Table  6.7),  200–201  ,    224                 Osteoarthritis  ,   161 (Table 6.2), 195 (Fig. 7.6),  Nepal  ,    47                                                                                             224,  225    Netherlands  ,    74  (Table  A1)                                      Osteoblasts  ,    24  ,    25–26  (Table  3.1)  ,    27  ,    28  ,    29  ,  Nettle  ,    43  (Table  4.1)                                                               31 (Fig. 3.4, 3.5), 35 (Table 3.2), 39,  Neurofi bromatosis  ,    201  (Table  7.2)                                  48, 76  ,   90 (Fig. 5.6), 156, 159 (Table  Neuromuscular  conditions  ,    197–198,  251                        6.1), 208 (Table 7.6), 210–211 (Table  Neurotrophic  arthropathy  ,    193                                        7.7), 258 (Box 9.2)    Nevasa  ,    134  (Table  A1)                                           Osteocalcin  ,    27  ,    77  ,    157,  211  (Table  7.7)    New  Orleans,  US  ,    80  (Table  5.2),  109                      Osteoclasts  ,    24  ,    26  (Table  3.1)  ,    29–30  ,    31  (Fig.  New  York,  US  ,    80  (Table  5.2)                                        3.4, 3.5), 76 (Fig. 5.2), 152, 218  ,   221,  New  Zealand  ,    206  (Table  7.5)                                          242,  260   
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 Osteocyte  lacunae  ,    26  (Table  3.1),  27  ,    126,  132        Parathyroid  hormone  (PTH)  ,    27  ,    36  ,    39  ,    76 

(Table 5.13), 232 (Fig. 8.6)                              (Fig.  5.2),  82  ,    87  ,    154,  158  ,    186,  202, 

 Osteogenesis  imperfecta  ,    103–105  (Table  5.5),                250

115 (Table 5.10)  ,   122 (Box 5.2), 125,         Parietal  bossing  ,    103  (Table  5.5)  ,    110  (Table  5.8)   198,  260                                                    Paris  ,    80  (Table  5.2) 

 Osteoid  ,    24  ,    27  ,    29  ,    30–32  ,    36  ,    39  ,    48,  56,  75,               Parrot’s  swellings  ,    59         

76 (Fig. 5.1), 90 (Fig. 5.6), 91 (Fig. 5.7)  ,   Parsley  ,    43  (Table  4.1)  ,   203 (Table 7.3), 211 

  119  ,    210  (Table  7.7),  259                                        (Table  7.7)   

 Osteological  paradox  ,    16                                        Parsnip  ,    43  (Table  4.1)  ,    203  (Table  7.3)    Osteolytic  phase  ,    220                                               Parturition  ,    178    Osteomalacia                                      Pasteurisation  ,    45  ,    214   

 tumour  induced  ,    89  (Table  5.4)   ,   see                  Patagonia  ,    142  (Table  A1)   

Vitamin  D  defi ciency                                  Pathology  museum  collections  ,    59  ,    118    Osteomyelitis  ,    189  (Table  7.1),  224  ,    233  (Table        Pea  ,    203  (Table  7.3) 

8.2)  Peak  bone  mass  ,    155  ,    158  ,    174,  178,  205,  258 

 Osteon  ,    23  ,    24  ,    30  ,    31  (Fig.  3.4,  3.5)  ,    256                                (Box  9.2),  264         

(Fig.  9.5)                                                        Pelkan  spurs  ,    62,  63,  83  (Fig.  4.7)   

 Osteopenia                                         Pellagra  ,    252–257   

 age-related  ,    173  (Box  6.2),  179  ,    182                     Pelvis  ,    57  (Table  4.2),  65  (Table  4.4  ,    66  (Table  generalised  ,    64  (Fig.  4.8)  ,    63–64  ,    68                              4.5)  ,    85  ,    104  (Table  5.5),  106  (Table 

(Fig. 4.10), 199                                            5.6), 111 (Table 5.8), 119  ,   128 (Table 

 linked to vitamin C defi ciency  ,    48  ,    49                            5.1), 130 (Table 5.12), 180 (Table 6.7),  peri-articular,  juxta-articular  ,    181                              181  (Table  6.8),  195  ,    221  ,    233  (Table 

(Table 6.8), 197                                            8.2)  ,    235  (Table  8.3)  ,    246  (Table  9.1)  , 

 secondary  pathology-related  ,    4  ,    185  ,    197  ,                       247  (Table  9.2)  ,    253  (Table  9.4),  254 

  264                                                                (Table  9.5)   

 Osteopetrosis  ,    125  ,    260                                                Pepper Osteophytosis  ,    242  ,    243  (Fig.  9.1)                                   hot  ,    43  (Table  4.1)    Osteoporosis                                           sweet  ,    43  (Table  4.1),  203  (Table  7.3)    

 age-related  ,    87  ,    151  ,    187  (Box  7.1),  263                 Periodontal  disease  ,    57  (Table  4.2)  ,    61 

 Osteosarcoma  ,    224–225,  229                                        (Table 4.3), 62    Osteosclerosis  ,    241                                                   Periosteal  new  bone  formation  ,    56  ,    63  Oxalates  ,    205                                                                           (Fig. 4.7), 69, 117 (Table 5.10), 137  Oysters  ,    83  (Table  5.3)  ,    203  (Table  7.3)                                  (Table  A1)   

 Periosteum  ,    21  ,    25  (Table  3.1),  35  (Table  3.2), 

49  ,    56,  117  (Table  5.10)  ,    170   

 P                                                 Periostitis  ,   see   Periosteal  new  bone  formation    Pachydermia  ,    259                                                   Persian  Gulf  ,    53    Paget,  J  ,    217                                                                          Peru  ,    73  (Table  A1)  ,    74  (Table  A1)  ,    141  Paget’s  disease  of  bone  (PDB)  ,    217,  265                            (Table  A1),  188        Pakistan  ,    47  ,    92                                                                        Phoenix,  US  ,    80  (Table  5.2)  Paleopathology  ,    3  ,    4  ,    7  ,    17  ,    54–56  ,    72–74                   Phosphate  ,    32  ,    36  ,    37–38  ,    39,  89  (Table  5.4), 

(Table  A1),  91,  96–97  ,    123–125,  176,                  145 (Table A2), 210 (Table 7.7)   192, 200, 227 (Table 8.1), 238 (Box          Physical  activity  8.2),  255                                                            mechanical  loading  ,        32,  33,  155–156,  262, 

 Palermo  ,    80  (Table  5.2)                                                      263 Palestine  ,    92                                                                              micro-gravity  ,    187     Pannus  ,    199                                                                     Phytate  ,    84  ,    93  ,    178  ,    205,  208  (Table  7.6),  Paralysis  ,    155  ,    185,  190  (Table  7.1),  197  ,    198,                    214,  252   

201 (Table 7.2)                                    Picture  frame  vertebrae  ,    223  (Fig.  8.4),  234   

 Paraplegia  ,    147  (Table  A3),  194,  195  ,    196  ,               Platybasia  ,    233  (Table  8.2) 

  197  ,    198                                                                            Pliny  the  Elder  ,    41   

 Parasites  ,    3  ,    108,  214                                                         Poliomyelitis  ,    197   
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 Pollution  Paget’s  Disease  of  Bone  ,    231–232  ,    234  , 

 air  ,    78  ,    86  ,    95  ,    125  ,    145  (Table  A2),  148                              235  (Table  8.3)  ,    rickets  ,    100–102  , 

(Table  A3),  262                                                   106–107  (Table  5.6),  112   

 environment  ,    241                                                     scurvy  ,    62–65     natural  ,    245                                                                       Radiology  ,    231  ,    238   

 Polynesia  ,    55                                                                  Radius  ,    91  (Fig  5.7),  160–163  ,    176,  186  Polyostotic  ,    220  ,    223                                                                 (Fig.  7.1)    Pomegranate  ,    210  (Table  7.7)                                 Rainforests  ,    93    Port-au-Prince  ,    80  (Table  5.2)                                  Raspberry  ,    43  (Table  4.1)  ,    204  (Table  7.3)    Port  of  Spain  ,    80  (Table  5.2)                                  Refugees  ,    50  ,    252  ,    254  ,    262   Portland,  US  ,    80  (Table  5.2)                                      see also   Displaced  peoples    Portugal  ,    73  (Table  A1)                                             Reproductive  stress  ,    155–156  ,    177,  178    Post-menopausal  ,    87,  151  ,    153  ,    160,  163,  173,         Respiratory  diseases  ,    95   

176, 242, 264                                     Respiratory  infection  ,    113   

 Potato  ,   43 (Table 4.1), 46, 74 (Table A1), 204        Rheumatoid  arthritis  (RA)  ,    131  (Table  5.12), 

(Table 7.3), 211 (Table 7.7)                             199–200

 Pott’s  disease  ,   see   Tuberculosis                                Rhubarb  ,    204  (Table  7.3),  205    Poultry  ,    202,  204  (Table  7.3)                                     Ribs  ,    57      (Table  4.2)  ,    61  (Table  4.3)  ,    65  (Table  Poverty  ,    257                                                                                 4.4)  ,    66  (Table  4.5)  ,    92,  100  (Table  Prague  ,    150  (Table  A3)                                                      (Fig. 5.12), 104 (Table 5.5), 106 (Table  Pregnancy  ,    9  ,    33,  48  ,    81  ,    84–86  ,    92,  177–178,                      5.6)  ,    110  (Table  5.8)  ,    127  (Table  5.11)  , 

213   130  (Table  5.12)  ,    180  (Table  6.7),  181 

 Pre-historic  ,    11,  209  ,    230                                                         (Table 6.8), 199, 224, 246 (Table 9.1)  ,  Preservation     247  (Table  9.2)  ,    253  (Table  9.4),  254 

 of  bone  ,    13  ,    175  (Box  6.3),  182,  237,  252                             (Table  9.5)   see also Disarticulation                                 Rice  ,    206  (Table  7.5)  post-mortem  damage  ,    104  (Table  5.5),  118  ,        Rickets  ,   see   Vitamin  D  defi ciency   

  121 (Fig. 5.18), 132 (Table 5.13), 179              Roman  ,    12  ,    123  ,    125,  147  (Table  A3),  172 

see also Taphonomy                                           (Box  6.1)   

 Primates  ,   see   Non-human  primates                        Romano-British  ,    16  (Fig.  2.6)  ,    17  (Fig.  2.7)    Prisoners  ,    51  ,    53                                                                    Rome  ,    80  (Table  5.2),  94  ,    172  (Box  6.1),  173  Prostitute  ,    124                                                                            (Box  7.3)    Protein  ,    84,  124,  141  (Table  A1),  177,                    Roots  ,    197  ,    202   

205–207, 208 (Table 7.6), 211 (Table        Rose  hip  ,    43  (Table  4.1) 7.7), 213, 216                                      Rosemary  ,    211  (Table  7.7) 

 Protrusio  acetabulae  ,    104  (Table  5.5)  ,    111               Rowanberry  ,    43  (Table  4.1) 

(Table  5.8)                                                  Royal Medical  &  Chirurgical Society of 

 Prune  ,    210  (Table  7.7)                                                         London  ,    217    Pseudofractures  ,    36,  118–119,  120  (Fig.  5.17),        Russia  ,        134  (Table  A1)  ,    143  (Table  A2)  ,    206, 

125,  127–129  (Table  5.11),  130–131                   228  (Table  8.1)    

(Table  5.12)   

 Puberty  ,    155  ,    258  (Box  9.2)   

 Pueblo  Native  Americans  ,    213                               S Pulmonary  infection  ,    95                                         Sabre  shin  ,    233  (Table  8.2)  Pumpkin  ,    204  (Table  7.3)                                         Sacroiliac  joint  ,    199  ,    221,  253  (Table  9.4)   

 Sacrum  ,    104  (Table  5.5)  ,    106  (Table  5.6)  , 

  111  (Table  5.8)  ,    128  (Table  5.11)  ,    130 

 R                                                  (Table  5.12)  ,    180  (Table  6.7)  ,    181  Radiological  features                                               (Table 6.8), 195   

 osteomalacia  ,    125–126  ,    130–131                     Sage  ,    211  (Table  7.7) 

(Table  5.12)                                              Sailor  ,    53   

 osteoporosis  ,    179,  181  (Table  6.8),  182                Salmon  ,    75  ,    83  (Table  5.3)  ,    84  ,    203  (Table  7.3) INDEX 331

 

 San  Diego,  US  ,    80  (Table  5.2)                              Sphenoid San  Francisco,  US  ,    80  (Table  5.2)                                 changes in scurvy  ,   10 (Fig. 2.2), 56, 57  San  Juan  ,    80  (Table  5.2)                                                  (Table  4.2)     Sandwell  Priory  ,    231  (Fig.  8.5)  ,    232  (Fig.  8.6)            Spina  bifi da  cystica  ,    197    Sardines  ,    83  (Table  5.3)                                            Spinach  ,    204  (Table  7.3),  205  ,    211  (Table  7.7)    Saudi  Arabia  ,    245                                                       Spinal  cord  ,    185,  192  ,    194,  197  ,    198    Sauerkraut  ,    44  (Table  4.1)                                    Spitsbergen  ,    62    Saxon  ,    197                                                                        Squash  ,    211  (Table  7.7)    Scallops  ,    204  (Table  7.3)                                          Squirrel  ,    187  (Box  7.1)    Scandinavia  ,    44  ,    46,  137  (Table  A1),  226                   Sri  Lanka  ,    134  (Table  A1)    Scanning  electron  microscope  ,    14  (Fig.  2.4)  ,           St.  Brides ’   Lower  Churchyard,  London  ,    30 

  27 (Fig. 3.2), 29  ,   30 (Fig. 3.3), 109                     (Fig.  3.3)  ,    160  (Fig.  6.2)  ,    162  (Fig. (Fig. 5.15), 118, 126, 133 (Fig. 5.20)                   6.3)  ,    166  (Fig.  6.5)  ,    168  (Fig.  6.6)  ,    195 

 Scapula  ,    57  (Table  4.2)  ,    118  ,    120  (Fig.  5.17),                      (Fig.  7.6)   

125  ,    129  (Table  5.11)  ,    131  (Table  5.13),        St.  Martin’s,  Birmingham  ,    12  ,    13  ,    15  (Fig. 224 2.5), 16, 54, 61, 97  ,   172 (Box 6.1)   

 Scheuermann’s  disease  ,    180  (Table  6.7)                   St.  Marylebone,  Westminster  ,    97  ,    98  (Fig.  5.10)    Sclerosis  ,    224  ,    235  (Table  8.3),  247  (Table               St.  Peter’s  Churchyard,  Wolverhampton  ,    193 

9.2), 253 (Table 9.4)                                      (Fig.  7.4)   

 Sclerotic phase (Paget’s disease)  ,    2  ,    4  ,    22  ,    175          St.  Thomas ’   Anglican  Church  Belleville, 

(Box  6.3),  217  ,    265  ,    221                                              Ontario  ,    12  ,    172  (Box  6.1)   

 Scoliosis  ,    198                                                                  St.  Thomas’s  hospital,  London  ,    56  ,    59  Scurvy  ,   see   Vitamin  C  defi ciency                                      (Fig.  4.4)    Scurvy  grass  ,    41  ,    44  (Table  4.1)                               Starvation  ,    19  ,    123,  157,  256  (Box  9.1),  257–258    Scurvy  line  ,    62,  63  (Fig.  4.7)                                      Status Seasonal  migration  ,    198  (Box  7.2)                                burial  treatment  ,    15    Seattle,  US  ,    80  (Table  5.2)                                          socio-economic  ,    1  ,    8  (Fig.  2.1),  11  ,    12  ,    13  ,  Sedentary  ,    52  (Box  4.2),  155                                               74  (Table  A1),  86  ,    109,  141  (Table  A1),  Seech  ,    50                                                                                             148  (Table  A3),  178     Seeds  ,    205  ,    208  (Table  7.6),  210  (Table  7.7),            Stem  cells  ,    25  (Table  3.1)  ,    210  (Table  7.7)   

213                                 Sternum  ,    104  (Table  5.5)  ,    106  (Table  5.6)  , 

 Sellye  ,    140  (Table  A1)                                                           110  (Table  5.8)  ,    127  (Table  5.11)  ,    130  Senegal  ,    245                                                                              (Table  5.12)  ,    180  (Table  6.7)  ,    181  Sex  determination  ,    18  ,    175  (Box  6.3)                                  (Table  6.8)    Sexual  dimorphism  ,    128  (Table  5.11),  174                Stockholm  ,    80  (Table  5.2)    Sheep  ,    43  (Table  4.1)  ,    204  (Table  7.3),  214                 Strasbourg  ,    149  (Table  A3)    Shellfi sh  ,    202  ,    213                                                              Strawberry  ,    204  (Table  7.3)  Shiwiar  forager-horticulturalists  ,    188                       Stroke  ,    191    Sierra  Leone  ,    92                                                          Subperiosteal  bleeding   Singh’s  index  ,    181  (Table  6.8)                                       changes  in  scurvy  ,    58,  59,  62     Slave  ,    102  ,    109,  141  (Table  A1),  263                       Subsistence  strategies  ,    7  ,    9  ,    72  (Table  A1),  155,  Slovakia  ,    72  (Table  A1)                                                      178  ,    198  (Box  7.2)  ,    211  (Box  7.3)    Smithsonian  institution  ,    10                                      Sudan  ,    47,  141  (Table  A1)    Snakebite  ,    191                                                             Sudeck’s  dystrophy  ,    161  (Table  6.2)  Sofi a  ,    80  (Table  5.2)                                                     Sulfur  ,    207  ,    210  (Table  7.7)    Soft  tissues  ,    37  ,    49  ,    62,  159  ,    242                                       Sun-dried  ,    83  (Table  5.3),  204  (Table  7.3)    Soldier  ,    53  ,    54                                                                             Swaddling  ,    9  ,    92,  93  ,    94  (Fig.  5.8),  103  (Table  Somalia  ,    47                                                                                  5.5), 105 (Table 5.5), 110 (Table 5.8),  Soranus  of  Ephesus  ,    94                                                     135  (Table  A1)    South  America  ,    92  ,    142  (Table  A1),  206  (Table        Sweden  ,    80  (Table  5.2),  121   

7.5),  252                                                       Sweet potatoes  ,   44 (Table 4.1), 205, 211 

 Southwest  ,    213  ,    253                                                                 (Table  7.7)   
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 Switzerland  ,    10  ,    80  (Table  5.2)  ,    145                          Tsing-tao,  China  ,    80  (Table  5.2) 

(Table  A2)  ,    149  (Table  A3)                           Tuberculosis  ,    96  (Box  5.1),  114  ,    167,  180 

 Sydney  ,    80  (Table  5.2)                                                         (Table  6.7),  194  ,    195  ,    196  ,    214   Synovia  fl uid  ,    199                                                           Mycobacterium tuberculosis bovis ,    214     Syphilis, 191, 233 (Table 8.2)                          Tubers  ,    202   

 congenital  ,        61  ,    103–105  (Table  5.5),                   Tumour, 25, 114, 190 (Table 7.1), 201 

122 (Box 5.2), 125  ,   see Infection                       (Table 7.2),  see  Brown tumours  treponemal                                  benign  ,    89  (Table  5.4)   

 Syria  ,    92  ,    93                                                                                                   malignant  ,    201  (Table  7.2),  225  ,    238    

 Tuna  ,    75  ,    83  (Table  5.3)   

 T                                                 Turkey  ,    72  (Table  A1),  245   

 Turnip  ,    44  (Table  4.1)  ,    204  (Table  7.3) 

 Taiwan  ,    188   

 Talmud  ,    51   

 Tamarind  ,    244–245                                               U Tampa,  US  ,    80  (Table  5.2)                                   Ultraviolet  ,    38  ,    45,  75  ,    77–81  ,    87  ,    93    Taphonomy  ,    13  ,    126  ,    229,  230                                     United  Arab  Emirates  ,    144  (Table  A2)    Tea  ,    243                                                                                          United  Kingdom  (UK)  ,    16  (Fig.  2.6)  ,    17  Tengeli  desert  ,    123                                                                (Fig.  2.7),  225  ,    226    Terry  collection  ,    10                                                     United  States  (US)  ,    45  ,    50,  79  ,    143  (Table  A2)  ,  Testosterone  ,    173                                                                   145  (Table  A2)  ,    171  (Table  6.6)  ,    205  Tetany  ,    92                                                                                            (Table 7.4), 214    Thiamin  ,    206  (Table  7.5)                                         Urban  ,    78,  86,  93,  94,  95  ,    96  ,    125,  134  (Table  Thyme  ,    211  (Table  7.7)                                                     A1),  251    Tibia  ,    97  ,    98  (Fig.  5.10),  191  (Fig.  7.2)  ,    192              Utrecht  ,    80  (Table  5.2) 

(Fig. 7.3), 222   

 Tokyo  ,    80  (Table  5.2)   

 Tomato  ,   44 (Table 4.1), 204 (Table 7.3), 211 

(Table  7.7)                                                  V

 Tonga  ,    55  ,    69  ,    73  (Table  A1)                                           Vasco  de  Gama,  D  ,    44    Tooth    Vascularity  ,    221  ,    231  (Fig.  8.5),  237  (Table 

 formation  ,    32,  241                                                           8.4),  238    loosening  ,    49  ,    57  (Table  4.2)                                  Västerhus  ,    139  (Table  A1)    loss  ,    49  ,    53  ,    57  (Table  4.2),  61  (Table  4.3),          Vegetables  ,   41, 44 (Table 4.1), 50, 55, 202, 

62, 89 (Table 5.4), 127 (Table 5.11),                207  ,    209  ,    210–211  (Table  7.7)   130 (Table 5.12), 180 (Table 6.7)                Vegetarian  ,    84   

 Toronto  ,    80  (Table  5.2)                                                       Venous  anomalies   Toxins  ,    121  ,    219  ,    242                                                                  changes  in  orbits  ,    58    Trabecular  bone  ,    21–22  ,    30–31  (Fig.  3.5),  39  ,          Vertebrae, 21, 28, 61 (Table 4.3), 64 (Fig. 

  66, 68 (Table 4.6)  ,   70 (Table 4.7), 108                4.10), 65 (Table 4.4), 66 (Table 4.5), (Table  5.7)  ,    132  (Table  5.13)  ,    154  (Fig.                  103 (Table 5.5), 106 (Table 5.6), 110 6.1)  ,   159 (Table 6.1), 169 (Fig. 6.7),                   (Table 5.8), 126 (Fig. 5.19), 127 (Table 170 (Table 6.5)  ,   182 (Table 6.9), 248                 5.11), 130 (Table 5.12), 163–167, 171 (Table 9.3), 255 (Table 9.6)                             (Table 6.6), 180 (Table 6.7), 181 (Table 

 Trauma                                                              6.8), 194, 200, 223 (Fig. 8.4), 233 

 changes  in  orbits  ,    58                                                            (Table 8.2), 235 (Table 8.3), 243 (Fig. 

 Treponemal  disease  ,    117  (Table  5.10),  193,                    9.1), 246 (Table 9.1), 247 (Table 9.2), 

230                                      253 (Table 9.4), 254 (Table 9.5)  

see also syphalis                                                    loss of bone  ,   64, 157, 173 (Box 6.2)  

 Triglyceride  ,    2                                                                Victorian  England  ,    124   Tropical  bont  tick  ,    214                                               Vienna  ,    10  (Fig.  2.2)  ,    85  (Fig.  5.5)  Trousseau,  A  ,    92                                                         Violence  ,   122 (Box 5.2), 188, 190 (Table 7.1)    Trümmerfeld  zone  ,    62                                           Virginia,  US  ,    108   
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 Vitamin C  ,   31, 36, 41, 42–44 (Table 4.1),             Warsaw  ,    96  (Box  5.1) 

47–48  ,    113                                                        Washington,  US  ,    10  ,    80  (Table  5.2) 

 Vitamin C defi ciency    Watercress  ,    44  (Table  4.1)  ,    204  (Table  7.3)   

 congenital  ,    45  (Box  4.1)                                  Weaning  ,    9  ,    45  (Box  4.1),  93    treatments  for  ,    48  ,    50  ,    53  ,    55                                         West  Indies  ,    214   

 Vitamin  D  ,    9,  19,  38–39  ,    75–77  ,    78  (Table               Wet-nursing  ,    178   

5.1)  ,    79  (Fig.  5.3),  82–84  ,    86  ,    114                     Wharram  Percy  ,    95  ,    96  (Box  5.1)  ,    101  (Fig.  5.13)   

 Vitamin D defi ciency                                  Wheat  ,    206  (Table  7.5) 

 bending  deformities  ,    33,  92  ,    95  ,    97–98  ,               Whistler,  D  ,    92   

  112  ,    113  (Fig.  5.16)  ,    114  ,    115                         White lines of Frankel  ,   62, 63 (Fig. 4.7), 65 (Table  5.10)                                                       (Table  4.4)   

 linked  to  clothing  ,    8  ,    81  ,    86  ,    124  ,    252  ,    263             Whooping  cough  ,    191    linked  to  irradiation  of  foodstuffs  ,    92                   Whortleberry  ,    42  (Table  4.1)  linked to lack of sunlight  ,   77, 79, 81, 87,          Wilkes,  J  ,    217   

93  ,    122  (Box  5.2),  124                                   Wimberger ring  ,   62, 63 (Fig. 4.7), 65 

 osteomalacia  ,    18,  34,  85  (Fig.  5.5)  ,    87–89  ,                   (Table  4.4)   

  91  ,    114  ,    118  ,    119  ,    120  (Fig.  5.17)  ,                   Wolff’s  law  ,    33     121  (Fig.  5.18)  ,    123  ,    127–132  (Table            WORD  project,  Museum  of  London  ,    55,  229   5.11–5.13)  ,    133  (Fig.  5.20)  ,    147–150           World  Health  Organisation  ,    94  (Fig.  5.8),  262   (Table A3), 243, 252, 259, 262–263            World  War  II  ,    96  (Box  5.1) 

 residual  rickets  ,    91  ,    102  ,    109–113  ,    114,               Woven  bone  ,    22–23  ,    28,  35  (Table  3.2)  ,    59, 

127–129 (Table 5.11), 131 (Table 5.12)               139 (Table A1), 220, 225    

 rickets  ,    9  ,    54,  66,  70  (Fig.  4.12),  76 

(Fig.  5.1,  5.2)  ,    79  ,    85  ,    87  ,        88–89  ,    90  , 

97,  134–142  (Table  A1)  ,    143–146                Y

(Table A2), 226, 243, 259, 262–263             Yam  ,    211  (Table  7.7)   

 Vitamin  K  ,    211  (Table  7.7)                                   Yaws  ,    69    Vitamin K defi ciency  ,    122  (Table  5.2)                      Yugoslavia  ,    134  (Table  A1)  ,    143  (Table  A2)     Volkmann’s  canal  ,    23   

 V-shaped  cutting  cone  ,    222  ,    235  (Table  8.3)    

 Z

 W                                Zinc  ,    121  ,    205,  208  (Table  7.6)    Ward’s  triangle  ,    170  (Table  6.5)                               Zooarchaeology  ,    218  ,    219  (Box  8.1)  Warfare  ,    53  ,    54  ,    96  (Box  5.1)                                               Zoology  ,   see   Animal  disease   

 effects  of  ,    96  (Box  5.1),  133,  263                         Zoonoses  ,    218   see also Confl ict                                           Zurich  ,    80  (Table  5.2) 
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