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ABSTRACT 

The French colonial experience of the seventeenth and eighteenth centuries has 

been well-studied from an anthropological and historical perspective; however, the lived 

realities of children during this period have received little scholarly attention. This study 

aims to highlight these earliest years of life through a paleopathological analysis of 23 

adult individuals from two cemetery sites in Atlantic Canada. Dental radiography and 

macroscopic techniques identified indicators of childhood vitamin D deficiency in 14 

individuals from the Block 3 Fortress of Louisbourg, NS (c.1713-1723) and Plaisance, 

NL (c.1662-1713) skeletal samples. A variety of cultural and environmental factors are 

considered as to why vitamin D deficiency was so common during this period in 

Atlantic Canada.  This tangible evidence of childhood vitamin D deficiency provides a 

rare and intimate glimpse into the lives of French colonial children and enhances our 

knowledge of the childhood experience in early colonial Canada.  
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CHAPTER 1 – INTRODUCTION 

1.1 Purpose and Significance 

Increasingly the study of childhood has been integrated within the 

bioarchaeological discourse as a significant, yet often overlooked, element of the human 

experience. Childhood is a foundational aspect of the life course which is profoundly 

influenced by the interplay between socioeconomic circumstances, cultural norms, 

environment and the biological process of growth and development. Biological 

immaturity is a major aspect of childhood that contributes to the increased susceptibility 

for disease and illness. Traditionally, skeletal evidence of disease within adult and non-

adult human remains have been analyzed in isolation, as distinct snap shots of health, 

each representative of particular stages in the life course. However, in the past decade, 

the synergy between methodological innovations and technological advancements has 

improved the ability of bioarchaeologists to study childhood diseases that can leave 

permanent traces on the adult skeleton. The increased bioarchaeological exploration of 

these types of pathological conditions has contributed to the establishment of a quasi-

longitudinal dataset that informs the understanding of the life-long implications of early 

life health experiences. Bioarchaeological studies aimed at examining evidence of 

disease across the life course can result in a greater recognition of the significance of 

childhood to the later life adult experience.  

This thesis is an exploration of the childhood lived experience as it relates to the 

establishment of New France (1524-1763). The children who were born in and who 

immigrated to these settlements were the insurance that these colonies would survive 

and grow to be more profitable. The history of New France is defined by the interaction 
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and adaptation of Old World customs with new environmental and social processes. 

These unique colonial experiences, therefore, spark numerous questions concerning the 

lives of children in the French colonies. Specifically, this study investigates the disease 

and illness experience of children during the first decade of settlement at the Fortress of 

Louisbourg, NS (1713-1723) and during the French occupation of Plaisance, NL (1662-

1713). Little is known about the children of the French population at these communities, 

as the parish records from the first decade of settlement at Louisbourg did not survive, 

and children are seldom mentioned in official census material, leaving an incomplete 

narrative of early Atlantic history. Although, this creates a gap in the knowledge of 

children’s roles and activities during this period, bioarchaeological study provides the 

opportunity to address this issue through insights gleaned from the analysis of human 

skeletal remains. Importantly, this research connects the past to the present. Today, the 

Fortress of Louisbourg is a partially reconstructed National Historic Site of Canada, 

which offers visitors the possibility to experience life as it was in the eighteenth century. 

The data derived from this research further contributes to this rich narrative and the 

often-overlooked health experiences of children in the past from a bioarchaeological 

perspective.  

1.2 Research Methodology  

To explore the childhood lived experience at Louisbourg and Plaisance, this thesis 

utilizes the latest methodological approach to the study of childhood vitamin D 

deficiency in adult skeletal remains. Vitamin D deficiency is one of the few metabolic 

diseases whose pathogenesis can leave a lasting impact on bone and dentition, 

particularly in children. Until recently, bioarchaeologists have primarily used non-
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destructive macroscopic analyses to diagnose vitamin D deficiency in human skeletal 

remains; however, diagnosis has remained a challenge, as few of the skeletal changes 

that manifest during the earliest years of life are retained in the adult skeleton. Recently, 

the application of non-invasive imaging techniques has proven invaluable in the 

detection of vitamin D deficiency in adult individuals who recovered from the disease 

during childhood, specifically, the radiographic assessment of archaeological dentition 

to assess pulp horn shape changes in permanent molars. The research presented in this 

thesis seeks to expand the current paleopathological literature by using this new 

radiographic methodology for the recognition of such dental features. This research 

examines 23 individuals using dental radiography in conjunction with macroscopic 

observation to confirm the presence or absence of childhood vitamin D deficiency. 

Based on these multiple lines of evidence, this thesis focuses on various considerations 

in the diagnosis and interpretation of this metabolic disease in the Fortress of 

Louisbourg and Plaisance skeletal samples.  

1.3 Objectives and Research Questions  

The main objective of this study is to develop an informed understanding of the 

French colonial childhood lived experience through the examination of the 

paleopathological changes linked to childhood vitamin D deficiency. With this in mind, 

the main research questions for this thesis are as follows:  

1) Did the French colonists of Louisbourg and Plaisance experience childhood 

vitamin D deficiency?  

2) Are there similarities in the prevalence of childhood vitamin D deficiency in 

Louisbourg and Plaisance?  
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3) What likely factors were responsible for the presence or absence of childhood 

vitamin D deficiency in these communities?  

1.4 Organization of Thesis  

This thesis consists of six chapters. Chapter 1 provided an overview of the thesis, 

its significance and the primary research questions to be explored. Chapter 2 is a 

literature review of the historical background of the Fortress of Louisbourg, NS and 

Plaisance, NL. It also offers an overview of the paleopathological study of vitamin D 

deficiency, with specific focus on the skeletal and dental manifestations of the disease 

that can be retained in adulthood. Chapter 3 provides an overview of the materials and 

methods used in this thesis, specifically the archeological sites and the skeletal 

assemblages of the study, as well as the macroscopic and radiographic methodologies 

utilized to diagnose childhood episodes of vitamin D deficiency. This chapter also 

outlines the intra-observer error methods (used to determine if there were differences 

between observations obtained overtime) and the corresponding results. Chapter 4 

summarizes the results of the radiographic and macroscopic analyses of this thesis. 

Chapter 5 is the Discussion chapter of the thesis with interpretations and the major 

findings situated within the context of the seventeenth and early eighteenth centuries, 

specifically, sociocultural practices, climatic characteristics and dietary practices that 

may have contributed to the expression of vitamin D deficiency. Chapter 6 concludes 

the thesis with a summary of the data collected, analysed and explored in the previous 

chapters. This concluding chapter also revisits the four main research questions outlined, 

followed by a brief discussion of future research possibilities. 
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CHAPTER 2 - LITERATURE REVIEW   

This chapter is divided into two sections. The first section examines the French 

colonial experience during the initial years of settlement at Louisbourg, NS and the 

period of French occupation at Plaisance, NL. It begins with an overview of the French 

interests in the New World and is followed by a discussion of the location, availability 

of food resources and social demography of these two colonial settlements. The second 

section is dedicated to the discussion of metabolic bone disease, specifically vitamin D 

deficiency, and how it is documented in human skeletal remains recovered from 

archaeological settings. The etiology of the disease as it is currently understood in the 

paleopathological literature will also be explored. The core discussion will focus on 

residual tooth and bone deformities, as the current research considers evidence of 

childhood vitamin D deficiency retained in adult skeletal remains.  

2.1 Historical Background  

In fifteenth-century Europe, political change and religious reform converged to 

create an era in Europe that fostered opportunities for exploration and trade (Breen and 

Hall 2017). Set in motion by these cultural processes mariners of the fifteenth century 

quickly exploited the favourable circumstances that opened a window to the Atlantic 

world (Trudel 1968).  Basque and French fishermen were among the first to discover the 

value of exploratory voyages to the east coast of North America (i.e., Labrador, 

Newfoundland, and Nova Scotia). These sailors located the northern cod stock and 

quickly began harvesting cod-fish off the Grand Banks for sale in Europe (Rose 2007). 

The subsequent cartography of the Atlantic coastline publicized French nautical 

knowledge and facilitated ease of access to these promising fishing banks. French 
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aspirations of securing a claim to the fisheries were soon challenged by Spanish, 

Portuguese and English exploration in the northwest Atlantic and their declaration of 

territorial possession in the region (Breen and Hall 2017; Rose 2007). During the 

seventeenth century, economic prospects motivated the French crown to develop a more 

rigorous colonial policy which called for the permanent settlement and commercial 

exploitation of Newfoundland (Trudel 1968; Rose 2007). At this time, French seafarers 

competed with the English to take possession of the best inlets, harbours and cobble 

beaches under the authority of their sovereign (Breen and Hall 2017). The French 

fisheries remained a crucial source of wealth for the French crown throughout the 

seventeenth and eighteenth centuries and spurred the development of strategic 

administrative, economic and military settlements in which the resident population 

derived their livelihood almost exclusively from the fishery (Ross 2007:239). 

2.1.1 Plaisance 

Located on the southwest coast of the Avalon Peninsula, Plaisance was founded in 

1662, by a small group of French colonists eager to assert themselves in the fisheries 

(Landry 2008). Surrounded by waters teaming with cod, and cobblestone beaches ideal 

for drying fish, Plaisance, facilitated the export of dried cod-fish to merchant ports 

(Pope 2004; Proulx 1979; Humphreys 1970) (Figure 2.1). As the only official colony 

established by the French in Newfoundland, Plaisance’s establishment was by nature a 

military venture that challenged the English supremacy over the cod-industry (Rose 

2007; Crompton 2013). From its inception, both soldiers and fishermen made up the 

community’s population (Humphreys 1970). Competitive imperial tensions between 

France and England significantly influenced life in the colony. Plaisance witnessed 
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repeated privateer attacks and armed conflict (Cadigan 2009; Proulx 1979). Despite 

acting as an important barrier against British ambitions for half a century, the French 

colony was ceded to the British at the end of the War of Spanish Succession in 1713 

(Johnston 2013). By 1714, most of Plaisance’s population had emigrated to establish 

Louisbourg on Cape Breton, one of the few islands that remained under French 

jurisdiction in the Atlantic region (Donovan 1995; Johnston 2004).  

 

 

2.1.2 The Fortress of Louisbourg  

Strategically located on the eastern shoreline of Cape Breton Island (Île Royale) 

near the cod fishing banks, Louisbourg was founded in September of 1713, by a small 

group of soldiers and fishermen after the loss of the colony in Plaisance, NL. 

Figure 2.1 Map of Plaisance. (Plan de la rade et du port de Plaisance. Courtesy of 

Bibliothèque nationale de France) 
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Established to safeguard the French cod fishery, to control access to the Gulf of the St. 

Lawrence, Louisbourg grew into both a military stronghold and a prosperous 

commercial port (Crowley 1990, Johnston 1995a.) (Figure 2.2). In 1745, the military 

assets of Louisbourg failed to prevent an invading force of colonial New England troops 

supported by the British Royal Navy from successfully seizing the Fortress (Greer 

1979). After the restoration of French rule in 1749, Louisbourg survived until a second 

military defeat in 1758, when the British once again besieged the fortified town. This 

final conquest ushered in a period of British control and Louisbourg`s eventual 

destruction and abandonment in 1763 (Greer 1979; Johnston 2013).  

 

 

 

Figure 2.2 Plan of Louisbourg. (LOUISBOURG - FORTIFICATIONS - S.D. [1740] 

Partie du plan de Louisbourg où on a représenté en feuille volante la lunette 

projettée pour couvrir la Porte Dauphine. (Signé:) Verrier. S.D.                     

Courtesy of Library and Archives Canada/ Maps, Plans and 

Charts collection/ Ph/250/LOUISBOURG/[1740]) 
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2.1.3 Life in the French Colonies   

By the time Louisbourg was founded, early colonial ventures had demonstrated 

the difficulty of colonizing the North Atlantic (Breen and Hall 2017). The creation of a 

European-style community on the frontier was often impaired by European continental 

hegemony, insufficient funds, poor methods of recruitment and underestimation of the 

reliance on food imports (Thrope 1971; Humphreys 1970). In the late seventeenth and 

early eighteenth centuries permanent residents took stock of the failures of those before 

them and adapted the European lifestyle to the colonial setting. Their ability to adapt, 

persevere, and thrive offers insights into the lived experience of the French colonists in 

Atlantic Canada.  

The French populations’ worst hardships were caused by the harsh environment of 

the North Atlantic. The colonists who had emigrated to Louisbourg from Plaisance, 

however, were already familiar with the heavy precipitation, fog and cool temperatures 

that characterized the climate of theses coastal regions (Donovan 1995). During the 

initial years at Louisbourg the inhabitants selected suitable building materials that could 

outlast the winter. Most residences at Louisbourg consisted of timber-framed houses 

constructed on masonry foundations, whereas the wealthiest individuals could afford to 

build in solid stone (Crowley 1990).  

Just as there had been few landscapes suitable for agricultural use on 

Newfoundland, Cape Breton also was limited by rugged terrain and unfavourable soil. 

However, Louisbourg’s more southern geographical location allowed for a longer 

growing season than that of Plaisance (Donovan 2006). The Plaisance settlers carried on 

the practice of establishing household gardens constructed on raised beds and sheltered 



 

10 
 

by wooden fences (de Costebelle 1708; Crompton 2015). Documentary evidence 

suggests that hunting wild game was another practice continued at Louisbourg. Local 

wildlife and freshwater fish formed part of the permanent residents’ diet (McLennan 

1918).  Products from the sea were also easy to obtain and provided a reliable food 

source. Fish and shellfish were staple foods for the settlers (Lane Jonah and Véchambre 

2012).  

Although, members of the Louisbourg community hunted wildlife, and harvested 

fish and a variety of vegetables, the colonists would never be self-sufficient. The same 

mercantile strategies followed at Plaisance where implemented at Louisbourg. Trading 

links were vital to the survival of the colony. Each summer, ships outfitted for fishing 

and/or trade would arrive from France, New England and the French West Indies with 

imported food, living necessities and supplies for the fishing industry (Chard 1995; 

Landry 2008; Crompton 2013; 2015). However, just as had been the case at Plaisance, 

food shortages at Louisbourg were caused by poor weather conditions, English naval 

action (privateering), and monopolistic practices (Thrope 1971).  

Most members of Louisbourg’s permanent and transient population earned their 

living from the sea as fishermen and merchantmen; all others either defended, built, fed 

or administered the colony for their livelihoods (Lane Jonah and Véchambre 2012). 

Each summer from May to September migrant fishermen doubled the population (Greer 

1979). By 1716, the number of colonists at Louisbourg had rapidly increased to 510 

people. This total nearly doubled by 1720 to 950 residents (Johnston 2001). This 

population growth was facilitated by the emigration of indentured servants, tradesmen 

and seasonal workers (Johnston 2001). In addition to labourers and fishermen, the 
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foundation of Louisbourg was accompanied by an overwhelming military presence. 

During the 1720’s, the garrison comprised of 400-500 military personnel (Johnston 

2001).  

An imbalance in the sexes, where males outnumbered females, remained a 

consistent characteristic of Louisbourg’s population (Johnston 2004). The women, who 

formed a minority in society, were the spouses of fishermen, merchants and officers 

who arrived from Plaisance at the time of the colony’s founding, as well as, the wives of 

the elite French colonial officials; most originating from New France and the 

surrounding communities of Île Royale (Lane Jonah and Tait 2007). Even though 

Louisbourg’s early population overwhelmingly comprised of adult males, the number of 

children within the community grew significantly. In 1720, approximately 142 children 

are recorded to have lived at Louisbourg, representing 22.4% of the civilian population 

(Johnston 2001).  

The demography of Louisbourg was similar to that of Plaisance. Plaisance had 

strong trading connections with southwestern France. Many of the western port cities 

such as Bordeaux, Bayonne, La Rochelle, Rochefort, Saint-Malo, Saintonge and Aunis 

were major centers that facilitated the emigration of poor, unattached men (Landry 

2008; Crompton 2015; 2013). Couples and family groups rarely made the voyage 

together from the motherland, however, census data and parish records suggest a total of 

149 couples lived as permanent residents at Plaisance, of which 113 (78%) had children. 

Of the documented families at Plaisance, 69 lived in the colony for at least ten years 

and, on average, included four children (Landry 2001; Landry 2010). At the time of the 



 

12 
 

Treaty of Utrecht (1713), 23 children are recorded to have emigrated from Plaisance to 

Louisbourg (Johnston 2001; Johnston 2013).  

2.2 Paleopathological Background  

2.2.1 Conceptualizing Paleopathological Research  

The study of human remains, when paired with archaeological, historical, and 

ethnographic sources of data can provide an intimate perspective of the lived experience 

(Stodder and Palkovich 2012). The lived experience, or personal involvement and/or 

individual interaction with the world, encompasses illness and disease (Scheper-Hughes 

and Lock 1987). The study of disease in the past allows for a better understanding of the 

impact of human culture on human biology and its influence on the lives of those who 

lived previously (Minozzi and Fornaciari 2015). 

Paleopathology is a key sub-discipline within biological anthropology that 

explores evidence of poor health, and as such, is multidisciplinary in nature and 

informed by both the sciences and humanities (Martin et al., 2014; Roberts and 

Manchester 2005; Goodman et al., 1984). Paleopathology is grounded in empirical 

tradition, science-based osteological approaches and metric studies (Sofaer 2006). Yet, 

an overarching principle in paleopathological research is the acknowledgement of both 

the biological and cultural forces that impact the pathogenesis of disease in the past. 

Culture is a key component of human society and, therefore, biological manifestations 

of bone must be understood in the context of human culture (Buikstra 2006).  Evidence 

of poor health in human skeletal remains is evaluated within a contextualized framework 

that accounts for both the effects of the environment and culture, and the influence of 

culture on the environment. The application of the biocultural approach in 
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paleopathology is highlighted in key concepts such as “stress”, “health” and “disease” 

(Temple et al., 2014). 

In paleopathology, “disease” is used to describe the interruption, cessation or 

disorder of body functions due to singular or multifactorial causes that lead to the 

alteration of the human skeleton (Grauer 2011). This broad definition allows for the 

exploration of disease through skeletal indicators of stress (Temple et al., 2014; 

Goodman et al., 1984). “Stress”, is defined as disruptions to physiological homeostasis 

resulting from factors extrinsic to the body (i.e., environmental constraints, cultural 

systems, housing, economy, climate, social norms) and factors intrinsic to the body (i.e., 

biological sex, age, ethnicity, genetic inheritance, host resistance) (Larsen 2002, Larsen 

2015, Temple et al., 2014, Ortner and Putschar 1981).  Through the life course, the cells 

responsible for the development and maintenance of bone and teeth are susceptible to 

disruptions, provoking abnormal variation to dental and skeletal tissues. As described by 

Roberts and Manchester (2005: 222), “the abnormalities observed in skeletal and dental 

remains represent the individual’s adaptive response to the stressors working on the 

body”. These abnormal variations or skeletal indicators of stress can be identified 

macroscopically, microscopically and radiologically (Larsen 2002). The goal of 

paleopathological inquiry is to identify and study these indicators of stress to gain 

insight into the type of environmental and/or cultural processes that may have led to 

these skeletal (biological) variations (Armelagos et al., 1982).  

Paleopathologists use this understanding to explore individual and population 

“health.”  The World Health Organization (2006) defines health as “a state of complete 

physical, mental and social well-being and not merely the absence of disease or 
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infirmity.” Therefore, to establish if someone is healthy there must be a consideration of 

both physiological status and individual perception (Temple et al., 2014; Sartorius 

2006). The consequences of adopting this definition in the paleopathological setting, 

however, is that individual perception of disease cannot be observed. A consideration of 

poor health in skeletal samples is often equated with the presence of disease and thereby 

the presence of skeletal stress indicators. However, as Temple et al. (2014: 190) argue, 

“health cannot be summarized per lesion frequency.” Under these parameters, 

paleopathologists must contextualize stress indicators in terms of mortality and 

survivorship but not go beyond the scope of what can be interpreted from skeletal data 

(Temple et al., 2014).  

2.2.2 Metabolic Bone Disease  

Skeletal response to disease is limited to abnormal bone formation and/or bone 

removal. There are several disease or stress processes that contribute to this abnormal 

bone change, one of which is metabolic disruption. First introduced by Albright and 

Reigenstein (1948), metabolic bone disease describes conditions that affect the 

processes of bone formation, mineralization and maintenance (Kozlowski and Witas 

2011; Brickley and Ives 2008; Snoddy et al., 2016; Mays 2008, Allgrove 2011). Bone is 

a metabolically active, complex and dynamic tissue. It is composed of three main 

elements: matrix, mineral and cells (Allgrove 2010). Bone metabolism is a lifelong 

process in which bone tissue is removed from the skeleton and subsequently deposited. 

When this process occurs during periods of skeletal growth and development it is called 

modelling, ossification or new bone formation. However, when this process occurs 

during skeletal maintenance (once growth has ceased) it is referred to as remodelling, or 
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bone turnover (White and Folkens 2005). These processes are controlled by the 

endocrine system, which manages the allocation of essential minerals (i.e., calcium and 

phosphate and magnesium). The proper secretion and excretion of these substances is 

required for healthy functioning of bone cells. Metabolic bone disease, therefore, results 

from disruptions to bone cells’ metabolic pathways. When the metabolic needs of bone 

are not met, this leads to an imbalance between bone resorption, mineralization and 

formation (Kozlowski and Witas 2011).   

2.2.3 Vitamin D Deficiency  

Defects in bone mineralization are considered the most frequent cause of 

metabolic bone disease and are commonly caused by vitamin D deficiency (Allgrove 

2010). Bone mineral is composed of calcium and phosphate. Sufficient and regular 

supply of these minerals is required for the mineralization of newly formed bone osteoid 

(precursor to bone), during periods of skeletal growth, development and maintenance 

(Brickley and Ives 2008). Vitamin D is synthesized in the skin through sun exposure and 

is found in a limited number of food sources. When synthesized, or ingested, vitamin D, 

aids in the regulation of calcium and phosphate levels in the body by promoting their 

intestinal absorption and excretion (Holick 2003; Allgrove 2010; Pitukcheewanont et al., 

2012). Lack of exposure to sunlight and inadequate consumption of foodstuffs 

containing vitamin D will disrupt calcium and phosphorous absorption and excretion in 

the blood serum. Prolonged deficiency of vitamin D will provoke shortages of blood 

serum calcium and phosphorous, and subsequently prevent or delay bone mineralization 

(Brickley and Ives 2008; St-Arnaud and Glorieux 1997; Holick 2003). The proliferation 

of unmineralized patches of osteoid throughout the skeleton can lead to bone 
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deformities; specifically, rickets in children, and residual rickets and osteomalacia in 

adults (Pettifor 2003; Brickley and Ives 2008; Ortner and Mays 1998; Mays et al., 2006; 

Roberts and Manchester 2005; Mays 2008). 

2.2.4 Rickets and Residual Rickets  

When vitamin D deficiency occurs during early childhood, the subsequent defect 

in bone mineralization is called rickets. Rickets is a metabolic bone disease that 

extensively affects the skeleton, but does not induce direct mortality (Ortner and 

Putschar 1981). Pathological features related to rickets include cranial vault porosity, 

deformation of the mandible, deformation of the upper and lower limbs, the flaring of 

rid ends, and the flaring of long bone metaphyses (Ortner and Mays 1998; Brickley and 

Ives 2008; Mays et al., 2006; Foster et al., 2014). These features may not occur at the 

same time, nor with the same severity (Veselka 2012). Due to transplacental stores of 

vitamin D, newborns before four months of age rarely become vitamin D deficient. The 

highest frequency of clinically observed rickets occurs during periods of rapid growth 

and development, corresponding to an age range between six months and three years 

(Ortner and Putschar 1981; Larsen 2015; Lewis 2018). Depending on the life stage in 

which an individual becomes vitamin D deficient, variation in the presence of 

macroscopic features will exist. For instance, active rickets in a young infant may result 

in both upper and lower limb deformity, due to the arms and leg bones bearing weight 

when crawling; whereas, active rickets in a child may result in only lower limb 

deformity, due to weight bearing while walking (Stuart-Macadam 1989; Roberts and 

Manchester 2005; Brickley et al., 2005; Brickley and Ives 2008; Veselka 2012). These 
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deformities are most prevalent during acute phases of the disease, while initial stages of 

rickets most commonly affect the long bone metaphyses (Mays et al., 2006). 

Children who survive vitamin D deficiency during periods of growth and 

development may retain manifestations of rickets in their adult skeleton, referred to as 

residual rickets (Brickley et al., 2010). Bending deformities in the lower limbs of the 

adult skeleton are the most recognizable feature of previous deficiency (Wilkins 1986). 

The most severe skeletal manifestations of deficiency are those that remain visible in the 

archaeological record. These macroscopic features include medial bending in the tibiae, 

anterior bending of the femora, altered angulation of the femoral neck, medio-lateral 

widening of proximal femora, as well as, a boney ridge on the anterior aspect of the 

proximal femur (Brickley et al., 2010). Other macroscopic features associated with 

residual rickets include morphological alterations to the pelvis and sacrum, rib and 

sternum deformities, collapsed vertebral bodies, cranial bone deformities, dental caries, 

and linear enamel hypoplastic defects in dentition (Brickley and Ives 2008). While, none 

of these features are diagnostic on their own, in combination they can be used to identify 

residual rickets in skeletal material (Mays 2008; Mays et al., 2006; Brickley et al., 

2010). Specific paleopathological evidence of residual rickets has been identified in past 

populations across several geographic and temporal boundaries, ranging from 26,640 +/- 

110 BP to 1990 AD, of which a summary can be found in Brickley and Ives (2008:143-

146).  
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2.2.5 Tooth Development and Dental Abnormalities  

Individuals who experience childhood vitamin D deficiency may also bear the 

burden of dental defects caused by inadequate tooth mineralization (Foster et al., 2014; 

D’Ortenzio et al., 2017). The internal structures of teeth consist of dentin and the pulp 

cavity. Dentin is calcified hard tissue that surrounds the pulp cavity and forms the body 

of the tooth. Whereas, the pulp cavity is the space within the tooth that contains the 

blood supply and nerves (Figure 2.3). The pulp cavity is further comprised of two 

sections, the pulp chamber and the pulp canal(s) (Legge and Hardin 2016).  

 

 

Figure 2.3 Diagram of Tooth Anatomy. (Image by J. Hinton)  
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During tooth development, specialized cells give rise to the three-dimensional 

topology of dental structures in distinct developmental stages (bud, cap and bell) (Hand 

and Frank 2014).  In the bell stage, odontoblast cells, responsible for the production and 

maintenance of dentin (similar to osteoblast cells in bone), secrete unmineralized 

predentin (equivalent to bone osteoid) which undergoes mineralization to become dentin 

(Seow 2014; Foster et al., 2014; Hand and Frank 2014). Dentin of the crown is 

completed before the eruption of the tooth.  In permanent teeth, dentin is deposited 

incrementally, taking approximately 3-6 years for its completion during the growth and 

development period (Worlfel and Rickne 2002; Moorrees et al., 1963; D’Ortenzio et al., 

2017).  

Dentin is affected by disruptions to metabolic pathways. A deficit in mineral 

metabolism caused by the lack of vitamin D, may result in reduced dentin production 

and/or the quality of dentin mineralization (Seow 2014). Interglobular dentin is the by-

product of slowed and/or stopped mineralization (D’Ortenzio et al., 2016). D`Ortenzio 

et al. (2017), recently demonstrated that disruption or absence of dentin mineralization 

can also produce distinguishable changes to pulp horn morphology, specifically along 

the pulpal margins where pulp horns can be classified as constricted, high and narrow 

and/or uneven chair-shaped (Figure 2.4).  

A) B) C) 
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The timing of tooth development and its completion is essential for the 

determination of when vitamin D deficiency impacted the mineralization process 

(D’Ortenzio et al., 2017). For pulp horn morphological changes to occur, vitamin D 

deficiency must be severe and must take place during the initial stages of pulp and 

dentin formation (1-15 years) (D`Ortenzio et al., 2017:8). An important distinction 

between the formation of dental and bone tissue, is that dental tissues do not remodel, 

except for dentin that has limited capability for repair and regeneration (Foster et al., 

2014). Tooth formation is completed via apposition. This means that the age at which an 

episode of vitamin D deficiency occurred can be estimated based upon the rate of 

development and calcification of the respective tooth. The progressive sequence of 

calcification can be determined by key landmarks such as crown inception, and pulp 

chamber completion, and apical root closure (Moorrees et al., 1963; Hillson, 1996; 

Figure 2.4 Pulp Morphology. (Image by J. Hinton) 
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Beaumont et al., 2013). Under normal physiological conditions, the pulp chamber 

formation occurs at 6 months to 3 years in the 1st permanent molars, 3 years to 8 years in 

the 2nd permanent molars and 8 years to 15 years in the 3rd permanent molars (Moorrees 

et al., 1963). Therefore, the radiographic assessment of pulp horn morphology can only 

detect evidence of vitamin D deficiency between the age ranges of 1 to 15 years.  

2.2.6 Causes of Vitamin D Deficiency  

While clinical studies have demonstrated that hereditary and other conditions (e.g., 

renal tube disorders and hypophosphatemia) can produce skeletal and dental 

manifestations of vitamin D deficiency, these conditions are rare by modern standards 

and likely did not contribute to the health of archaeological populations (Brickley and 

Ives 2008; Foster et al., 2014; D’Ortenzio et al., 2017). Lack of exposure to sunlight and 

inadequate consumption of foodstuffs containing vitamin D are the most likely causes of 

vitamin D deficiency in past populations (Brickley and Ives 2008; Holick 2003).  

2.2.6.1 Insufficient Sun Exposure  

Sunlight exposure varies based on geographic latitude. The solar zenith angle 

determines the amount of ultraviolet B radiation that can penetrate through the ozone 

layer. As Earth’s axis to the sun changes throughout the year, so does the distribution of 

sunlight at any given latitude, thus influencing the amount of vitamin D that can be 

synthesized in the skin (Holick 2003; Holick 2011). It is well documented that 

populations living at higher latitudes (above 35 ̊ N) have increased risk of developing 

deficiency, as the solar zenith angle impedes the absorption of vitamin D in the skin 

during the winter months (Holick 2003; Holick 2011).  During the summer months, it is 

estimated that 5 to 15 minutes of direct sunlight exposure three times a week would 
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produce vitamin D stores that could sustain the body’s vitamin D needs (Holick 2003; 

Holick 2011:5). Sufficient exposure to sunlight at northern latitudes, however, is 

challenged by seasonal climate.  

2.2.6.2 Inadequate Diet  

When sunlight exposure is insufficient, individuals are dependent on large doses 

of vitamin D from their foodstuffs to ward off deficiency (Pitukcheewanont et al., 2012; 

Holick and Chen 2008); however, few natural food sources contain vitamin D. The main 

sources of dietary vitamin D are limited to fish, fish liver, and fish oil. Other sources 

such as eggs contain significantly smaller quantities of vitamin D (Pitukcheewanont et 

al., 2012; Holick 2003). In contrast, a diet high in levels of phytate from the 

consumption of cereal grain can predispose individuals to vitamin D deficiency.  When 

ingested, phytic acid binds to calcium molecules inhibiting its absorption and use in the 

body. A build-up of phytic acid can therefore disrupt calcium homeostasis and interfere 

with vitamin D synthesis, thus making it difficult to obtain adequate amounts of vitamin 

D (Pettifor and Daniels 1997; Brickley and Ives 2008; Coulibaly et al., 2011). 

The sufficient dietary intake of vitamin D is especially important for expecting 

mothers, as maternal vitamin D deficiency can have a negative effect on the in-utero 

fetus and postpartum infant (Lucas et al., 2008). In pregnancy, the fetus is dependent on 

the maternal transfer of vitamin D, which begins at four weeks of gestation (Brickley et 

al., 2014; Lockau and Atkinson 2017). Vitamin D deficiency during pregnancy can 

disrupt the transfer of vitamin D to the fetus and can impair placental calcium transport 

(O’Brien et al., 2012).  Recent clinical studies indicate that maternal vitamin D 

deficiency is a risk factor contributing to neonatal rickets, reduced intrauterine bone 
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accrual and reduced long bone growth (Morley et al., 2009; Lockau and Atkinson 2017).  

Directly after birth, newborns and infants rely on their ingestion of vitamin D from 

maternal stores in breastmilk (Pettifor and Daniels 1997; Care 1997). Breastmilk with 

inadequate levels of vitamin D can also have a harmful effect on the infant’s 

maintenance of sufficient vitamin D stores (Lucas et al., 2008; Dawodu and Tsang 

2012).  

2.2.7 The Evolving Paleopathological Study of Vitamin D Deficiency  

Vitamin D deficiency was a widespread ailment in the past, and as such was 

recorded early on in history. Manuscripts dating to the second century AD, written by 

Soranus of Ephesus and Galen of Pergamon, mention leg deformities resembling those 

recognized today as being associated with lack of vitamin D (Foster et al., 2014; 

Brickley et al., 2017). Initial clinical recognition of childhood vitamin D deficiency was 

reported in the 1600’s by practicing physicians (Whistler 1645; Glisson 1650; Hess 

1930). The earliest published paleopathological studies date from the mid-twentieth 

century and consists of individual case studies. Most of these early works focused on 

establishing the skeletal features that were associated with the deficiency (Brickley et 

al., 2017). At this time, historical documentation and clinical studies heavily influenced 

skeletal diagnosis.  

Significant advances in paleopathological methodology within the past 15 years 

has allowed for greater recognition of skeletal deformities linked to the deficiency, in 

both adult and non-adult remains (Brickley et al., 2014). This paleopathological research 

focused on creating or refining diagnostic criteria and enhancing its application to 

osteoarchaeological studies (Snoddy et al., 2016).  Most notably, researchers such as 
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Mays et al., (2006), Ortner and Mays (1998), and Brickley et al., (2005, 2010) have 

extended existing diagnostic criteria by distinguishing the more subtle and faint skeletal 

changes caused by the lack of vitamin D, including those associated with osteomalacia 

and residual rickets.  

Most paleopathological analyse of the disease use a macroscopic approach, 

documenting any new bone formation and/or bone destruction, and the distribution of 

these skeletal changes (Grauer 2008). More frequently, however, vitamin D deficiency 

is explored using a combination of macroscopic, radiological and histological 

examination of skeletal features. Radiographic methods, have increasingly grown in 

popularity as they can confirm the presence or absence of deficiency, improving the 

accuracy of diagnosis when considered alongside well-established macroscopic features 

(Grauer 2008; Roberts 2016; Brickley and Ives 2008; Larsen 2002). Radiological 

changes in adult skeletons indicative of residual rickets include the thickening of the 

cortical bone and concave bending deformities localized in the long bones (Thacher et 

al., 2000; Pettifor 2003; Brickley and Ives 2008; Veselka 2012). Evidence of residual 

rickets may also be detected in radiographic features of the mandible and maxilla, as 

unerupted teeth, and enamel hypoplastic defects (White and Pharoah 2000).  As 

technological developments, have progressed over the years, new methodology has 

evolved (e.g., D’Ortenzio et al., 2017).  Thanks to continual improvement and use of 

technological resources, such as radiography, and corresponding method development, 

the accurate detection of vitamin D deficiency can be improved in archaeological 

skeletal assemblages. 
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In addition to this macroscopic and radiographic approach to studying vitamin D 

deficiency, significant attention has also been devoted to the integration of contextual 

and theoretical frameworks into analysis. Contemporary paleopathological work has 

begun to incorporate the life course approach to investigate disease epidemiology and 

the impact of deficiency at the population level (Brickley et al., 2014). Ben-Shlomo and 

Kuh (2002:285), defined the life course approach as the consideration of both “physical 

and social exposures during gestation, childhood, adolescence, young adulthood and 

later adult life.” Through this approach, life transitions are conceptualized as being 

culturally and behaviourally mediated, and dependent on the position of an individual in 

the community (Ben-Shlomo and Kuh 2002). In this paradigm, the skeleton is a record 

of the various roles held by an individual during life. Age and sex, form biological 

identity; whereas, status, gender and occupation form social or cultural identity 

(Argawal 2016). The variation in cultural and biological identity amongst individuals in 

society can result in differential exposure to risks (e.g., inadequate sunlight exposure 

and diet lacking in vitamin D rich foods), that can predispose individuals to disease (i.e., 

vitamin D deficiency), which are then reflected in the development and severity of 

corresponding skeletal changes. The use of the life course approach is significant in 

palaeopathological studies, as it offers an opportunity to investigate the biological, 

behavioural and psychosocial factors that operate over the course of an individual’s 

lived experience and the impact of these factors on the development of disease and 

illness (Ben-Shlomo and Kuh 2002).  

When considered in context (i.e., considering corresponding archaeological, 

historic and ethnographic research), skeletal evidence of vitamin D deficiency can be 
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used to interpret the influence of sociocultural and environmental factors such as; 

atmospheric pollution, time spent outdoors, living conditions, housing types, working 

practice, subsistence patterns, nutrition, infant care, breastfeeding, clothing and attitudes 

towards skin exposure (Brickley et al., 2014; Brickley et al., 2007; Veselka et al., 2017; 

Newman and Gowland 2017). For example, paleopathological evidence from many 

archaeological assemblages suggests a relationship between socioeconomic status, 

industrialization, poor nutrition and the prevalence of vitamin D deficiency (Brickley et 

al., 2007; Mays 2003; Mays 2008; Velselka et al., 2015).  

 Much of the recent paleopathological work on vitamin D deficiency is guided by 

questions linked to transitions in human history, such as: the adoption of agriculture, 

colonialization and urbanization. These questions are aimed at comprehending how 

these shifts in human history effect disease expression (Mays 2008; Larsen 2015). 

Exploring the range of factors that may cause the disease, and provoke different 

manifestations of deficiency, has significant implications for modern biomedical and 

epidemiological studies (Holick 2006). Today, vitamin D deficiency is classified as a 

global epidemic, of which over a billion people are affected (Brickley et al., 2017; 

Lhamo et al., 2017; Naeem 2010). Paleopathological research can directly expand the 

literature on vitamin D deficiency, and allow for a better understanding of its historical 

impact on human culture and human biology.  

2.2.8 Limitations and Challenges 

 Despite the benefits of paleopathological research, the detection of metabolic 

bone disease in archaeological human skeletal remains is not a straightforward process 

and its diagnosis has remained a challenge (D`Ortenzio et al., 2016; Brickley et al., 
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2014; Larsen 2002). First and foremost, the degree of skeletal preservation directly 

impacts diagnosis as fragmented, incomplete and weathered skeletal material reduces 

the quantity and quality of biological data available for analysis.  Poor preservation 

makes it difficult to discern the subtler skeletal changes associated with disease, 

whereas, missing skeletal elements may make pathological conditions unobservable 

(Roberts 2016). Unfortunately, the lack of mineralization of bone osteoid caused by 

vitamin D deficiency induces the weakening of the skeleton and increases the rate of 

deterioration of bones once buried (Brickley and Ives 2008). Likewise, the small size, 

structure, position and light density of specific skeletal elements make them more 

susceptible to taphonomic processes within the burial environment (e.g., the vertebral 

bodies, the proximal and distal ends of the long bones, the sternum, pubis, patella and 

scapulae often deteriorate quickly) (Waldron 1987; Behrensmeyer 1978; Roberts 2009). 

Therefore, it is less likely to recover intact skeletal elements from an individual who had 

experienced vitamin D deficiency (Brickley et al., 2014).   

This issue of skeletal preservation directly relates to an inherent limitation of 

paleopathological research - the representativeness of the skeletal sample. The 

demographic composition in a skeletal collection is never fully representative of the 

once living community (Waldron 1994; Wood et al., 1992). Waldon (1994) indicates 

that the representativeness of a skeletal sample is influenced by several factors: 1) the 

location in which an individual is buried at death is determined by cultural practices and 

circumstantial realities; 2) the proportion of human remains discovered, depends on the 

archaeological and mortuary context of the site; and 3) the actual proportion of burials 
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excavated may not reflect the total number of deceased individuals. In this way, the 

skeletal assemblages represent only a small percentage of the deceased population.  

Moreover, the “Osteological Paradox” (Wood et al., 1992), reminds us that the 

deceased are not a random sample of the once living population but instead; represent 

those in the population that were most at risk of dying (Ortner 1991; Wood et al., 1992). 

Wood et al. (1992), laid bare that there is a bias of pathological indicators in human 

skeletal remains (Agarwal 2016). These researchers suggest that both selective mortality 

and hidden heterogeneity in risk influence this bias. Selective mortality can be 

understood from the point of view that archaeological skeletal assemblages are biased 

representations of the once living population. Whereas hidden heterogeneity in frailty, 

can be understood as differing life histories (e.g., exposure to illness and stress) that may 

or may not predispose an individual to increased frailty or susceptibility to disease and 

mortality (Ortner 1991; Wood et al., 1992:345-352). Selective mortality then acts on 

differential frailty. Therefore, an abundance of skeletal evidence linked to vitamin D 

deficiency in a skeletal assemblage, would not directly reflect its abundance in once 

living population, rather it would only indicate that deficiency had impacted those 

individuals with the highest frailty (Mays 2008; Wright and Yoder 2003). This fact has a 

direct impact on the analysis of disease prevalence (Ortner 1991).   

Prevalence is a statistical concept referring to the number of cases of a disease that 

are present in a skeletal population (Larsen 2015). In paleopathological studies, the 

absence of evidence is not equivalent to evidence of absence (Ortner 1991; Wood et al., 

1992). Contrary to most assumptions, individuals who do not display skeletal or dental 

manifestations of deficiency may have experienced vitamin D deficient episodes, but 
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recovered or died before osteological changes occurred (Wood et al., 1992). Similarly, if 

individuals from the skeletal sample are identified as exhibiting indicators of deficiency, 

this does not necessarily indicate that the lack of vitamin D contributed to their death. In 

the case of residual rickets, long bone bending deformities signifies those individuals 

who recovered. For these skeletal indicators to occur, an individual had to survive 

through the episode of deficiency (Ortner 1991; Wood et al., 1992; Wright and Yoder 

2003). Therefore, vitamin D deficiency prevalence in the living population will not be 

represented by the archaeological skeletal sample.  

Another challenge in paleopathological analysis is attributing specific skeletal 

features to vitamin D deficiency. Paleopathological research indicates that in the past 

conditions such as vitamin D deficiency left children susceptible to other diseases 

(Hardy 1992; Pettifor 2003). Rickets is linked to the increased risk of pneumonia and 

whooping cough, as well as gastrointestinal infections (Lewis 2018). Childhood vitamin 

D deficiency is also associated with the onset of anaemia, malnutrition and risk of dying 

(Brickley and Ives 2008). The recognition that an individual may have experienced 

more than one disease at the time of death, and that skeletal elements may also display 

osteological changes related to another earlier or secondary condition is also crucial to 

accurate interpretation and diagnosis (Lewis 2018). Several studies have explored the 

co-occurrence of rickets and scurvy in skeletal material (Schattmann et al., 2016; Klaus 

2013). Bromer and Harvey (1948), noted that scurvy, a metabolic bone disease caused 

by the deficiency in vitamin C, can eliminate macroscopic features associated with 

rickets. Likewise, other conditions such as marasmus, a severe protein and calorie 

deficiency, can inhibit the development of rachitic skeletal lesions (Brickley and Ives 
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2008). To such a degree, it is possible that children who experienced more than one 

vitamin or nutrient deficiency may not exhibit macroscopic features associated with 

each specific disease (Lewis 2018). Paleopathological research approaches this 

limitation by evaluating multiple lines of evidence related to vitamin D deficiency. The 

use of multiple methods of analysis such as macroscopic and radiographic techniques 

can generate results that permit generalisations to be made with the understanding that 

not all individuals that are vitamin D deficient will show the same skeletal changes 

within archaeological populations (Brickley and Ives 2008). 

Paleopathological studies of vitamin D deficiency are also confronted with the 

issue of differential diagnosis. During the analysis of macroscopic features, researchers 

must consider the many possible conditions that leave similar disease expression on the 

skeleton by comparing specific diagnostic criteria. Besides abnormal pulp horn 

morphology, both the macroscopic and radiological features of childhood vitamin D 

deficiency are not specifically characteristic of the disease (Brickley and Ives 2008). 

Other pathological conditions, such as, congenital syphilis, Blout’s disease, Paget’s 

disease, metaphyseal chondrodysplasia, osteogenesis imperfecta and congenital defects, 

can cause bending deformities in the lower limbs (Brickley et al., 2010; Veselka et al., 

2015; Waldron 2009). Additionally, the potential exists for scurvy, to produce bowing in 

children’s lower limbs that may persist into adulthood, which can be misinterpreted as 

bending deformities associated with rickets (Ortner and Mays 1998; Veselka 2012; 

Lewis 2018). Individual skeletal variation must also be considered during macroscopic 

analysis. Idiosyncratic factors such as, body weight, activity, and ancestry, can cause 
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varying degrees of long bone bowing that may be mistaken for evidence of previous 

vitamin D deficiency (Brickley and Ives 2008; Brickley et al., 2010).  

Adding to the confounding factors of differential diagnosis, it may be difficult to 

distinguish and identify the residual skeletal features of childhood vitamin D deficiency 

because few morphological changes survive in the adult skeleton (Brickley et al., 2010). 

Many of the skeletal features associated with residual rickets in adult skeletal remains 

are relatively subtle. Additionally, normal growth and remodelling of bone during 

periods of recovery from vitamin D deficiency will frequently obliterate evidence of 

these bony changes (Brickley and Ives 2008; Mays et al., 2006; Mays 2008). 

Importantly however, where skeletal manifestations of poor mineralization can remodel 

after childhood recovery of deficiency, changes in teeth are permanent (D’Ortenzio et 

al., 2016). Nonetheless, radiographically identifying morphological changes to the pulp 

chambers of preserved archaeological molars comes with its own set of challenges.  

Lack of standardized positioning when conducting radiographic work can severely 

impact the quality of results. During the radiographic assessment of archaeological 

dentition, it is imperative to minimize the effect of image distortion, blurring, and 

under/over exposure (Ortner and Putschar 1981). Positional errors and inconsistency in 

the placement of the dentition can also affect how the shape of the pulp horns within 

permanent molars are observed (D’Ortenzio et al., 2017). D’Ortenzio et al. (2017), 

recommend to avoid the elongation, foreshortening or superimposition of the pulp 

chambers in the radiographic images, that the mandible and maxillae be positioned as 

perpendicular as possible to the radiograph beam. Where only disarticulated molars are 
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available for radiographic analysis, maintaining a stable position on the imaging plate is 

crucial for the capture of accurate images (D’Ortenzio et al., 2017).  

2.3 Conclusion 

The historical background within this chapter serves to contextualize the skeletal 

samples within geographic, demographic and temporal parameters. In addition to a 

historical review, this chapter explored the paleopathological study of vitamin D 

deficiency and as such outlined the skeletal and dental manifestations of the disease. A 

review of the paleopathological approaches to the study of vitamin D deficiency offered 

a perspective on how the advances in identification of the disease have contributed to 

more reliable interpretations of past populations. As discussed, the diagnosis of 

deficiency in the adult skeleton remains a challenge due to preservation factors and data 

capture. 
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CHAPTER 3 – MATERIALS AND METHODS   

 

The chapter will discuss the skeletal collections analyzed for the current research 

followed by an in-depth discussion of the specific radiographic method used to assess 

morphological pulp horn changes in dentition and the macroscopic methods used to 

assess residual rickets in the infra-cranial skeleton. Intra-observer error methods and 

results conclude this chapter.  

3.1 Skeletal Samples  

For this study, human skeletal remains were analyzed from the Block 3 burial 

ground at the Fortress of Louisbourg, NS and from St. Luke’s cemetery in Plaisance NL. 

Both cemeteries represent the early French colonial period in Atlantic Canada, dating to 

the late seventeenth and early eighteenth centuries. As mandated in the Parks Canada 

Management Directive for Human Remains, Cemeteries, and Burial Grounds, 

permission to analyze the Block 3 Fortress of Louisbourg skeletal material was granted 

by the Diocese of Nova Scotia and Prince Edward Island, and the Catholic Diocese of 

Antigonish. Permission to conduct research on the Plaisance skeletal material was 

granted by the Provincial Archives Office of Newfoundland, and The Rooms Corp. 

Museum Division.  

3.1.2 Block 3 Skeletal Sample 

Throughout the first decade of early settlement (1713-1723), Block 3 functioned 

as Louisbourg`s first cemetery (Johnston 2004). This initial burial ground was situated 

adjacent to the building that housed the convent of the Récollect, and was located on the 

sloping lot along the waterfront that had been designated for the parish church (Figure 

3.1) (Johnston 1984). However, in 1723, the Block 3 cemetery was de-sanctified and the 
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cemetery land was conceded to private citizens. At this time, some of the burials were 

exhumed and reburied at the newly denominated parish cemetery positioned within the 

limits of Block 34 (Johnston 1984; Johnston 2004). However, not all burials were 

removed and those that remained were further disturbed when the lot became the private 

property of Cressonet dit Beausejour between 1725 and 1726 and then LaGrange 

between 1724 and 1726 (Johnston 2004; Harris 1974; Scott and Hinton in review). As 

part of the reconstruction of the Fortress as a National Historic Site of Canada during the 

late twentieth century, archaeological excavations further exposed 26 burials from Block 

3 (Harris 1974). This study focuses on these specific 26 individuals as their burial 

location was not previously disturbed and their time period of inhumation is well 

documented.  

 

Figure 3.1 Aerial View of the Fortress of Louisbourg with Block 3 outlined in red. 

(Courtesy of the Parks Canada Agency) 
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3.1.3 Plaisance Skeletal Sample  

The Plaisance skeletal sample was used as comparative material for this study. 

Derived from the curated skeletal collections at Memorial University NL, and selected 

based on good dental preservation, the Plaisance skeletal sample consists of four 

individuals from St. Luke`s Cemetery Plaisance NL. St. Luke’s Cemetery, located in St. 

Luke’s Anglican Churchyard, was first used as a burial ground in the late sixteenth 

century and consists of Basque, French Catholic and English historic period burials 

(Newfoundland and Labrador Heritage Foundation 2018) (Figure 3.2). In 1971, 

archaeological excavations to locate the original church foundation resulted in the 

discovery of historic burials approximately two feet below the surface beneath 

unmarked head/footstones (Mounier 1971). Despite this relatively shallow interment, 

many of these individuals were found beneath the water-table contributing to poor 

preservation and minimal recovery of skeletal elements (Mounier 1971).  

Figure 3.2 St. Luke's Anglican Church, Plaisance, NL. (Arial View of Rear Façade. 

Courtesy of CRHP https://www.historicplaces.ca/en/rep-reg/image-

image.aspx?id=2327#i1) 
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3.2 Skeletal Analysis Methods 

3.2.1 Sex Determination and Age Estimation  

Previous bioarchaeological study during the winter of 2017 completed skeletal 

inventories, age estimations and sex determinations for the Block 3 Fortress of 

Louisbourg skeletal assemblage (Scott and Hinton in review). Sex was determined using 

standard methods outlined in Buikstra and Ubelaker (1994), assessing the Phenice traits 

(Phenice 1969), the greater sciatic notch (Bruzek 2002; Walker 2005), the periauricular 

surface (Milner 1992), and sexually dimorphic cranial features (Acsadi and Nemeskeri 

1970). Age was estimated by assessing changes to the pubic symphysis (Todd 1921; 

Brooks and Suchey 1990), auricular surface (Lovejoy et al., 1985; Meindl and Lovejoy 

1989), and evaluating epiphyseal union (Schaefer et al., 2009). When possible, femoral 

features (Milner and Boldsen 2012) were also used to estimate age. Of the 26 

individuals from the Block 3 skeletal assemblage, 19 individuals had adequately 

preserved dentition and infra-cranial skeletal elements available for analysis. This 

subsample consists of 15 males (including “possible” male determinations) with ages 

ranging between 17 and 45+ years, two possible females aged between 25 and 45 years 

and two individuals with indeterminate sex (due to poor preservation), with ages ranging 

between 16 and 23 years (Table 3.1).  
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Table 3.1 Block 3 Skeletal Sample Age and Sex Data 

 

No prior bioarchaeological investigations have been completed on the Plaisance 

material due to the incomplete and poorly preserved skeletal remains. To maintain 

consistency, the same standards and diagnostic criteria for sex determination and age 

estimation were used on the Plaisance skeletal sample that were used for the Block 3 

skeletal sample (see above). Owing to preservation constraints, two individuals were 

identified as male, and two individuals could not be assigned sex. For the Plaisance 

material, age was also assessed using dental development (Moorrees et al., 1963) and 

dental calcification when loose teeth were present (Smith 1991). All four individuals 

were adults at least 22 years of age at the time of death; however, no upper age limit 

could be determined based on poor preservation (Table 3.2).  

 

Individual Provenience  Age Estimate (years) Sex  

Burial 1 3L17F6.1 35 - 40 Male  

Burial 2 3L5B6-1 20 - 25 Male  

Burial 3 3L6A5.1 18 - 21 Possible Male 

Burial 4 3L6A6.1 18 - 25 Male  

Burial 7 3L19C5.1 30 - 35 Male  

Burial 8 3L6AB.1 35 - 45 Possible Female 

Burial 9 3L20B4.1 25 - 40 Male  

Burial 10 3L5A7-2 30 - 34 Male  

Burial 12 3L17G6.1 20 - 40 Male 

Burial 13 

Burial 14                                                        

3L17D5.1 

3L17S4.1 

16 - 19 

18 - 23 

Unknown 

Unknown 

Burial 15 3L17E6.1 25 - 30 Possible Female  

Burial 16 3L6A9.1 25 - 29 Male 

Burial 17 3L17L16.9 30 - 39 Male 

Burial 18 3L17V4.1 <45 Male 

Burial 19 3L17V5.1 17 - 18 Male 

Burial 20 3L17V6.1 20 - 35 Male 

Burial 23 3L6N12.2 30 - 45 Male 

Burial 25 3L17H9.1 20 - 40 Possible Male  
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Table 3.2 Plaisance Skeletal Sample Age and Sex Data  

 

3.2.2 Radiographic Assessment of Vitamin D Deficiency  

Following the methodology developed by D’Ortenzio et al. (2017), radiographic 

assessment of morphological pulp horn changes linked to childhood vitamin D 

deficiency was completed. Radiographic images of the Block 3 skeletal sample were 

procured at the York Dental Clinic, Fredericton, NB, under the supervision and 

assistance of Dr. Amy Mihaljevich. The radiographic assessment of the Plaisance 

skeletal material took place at the Avalon Dental Center in collaboration with Dr. 

Schona Ireland. Radiographs were obtained using two different types of radiological 

equipment; however, both operating systems had intra-oral dental software and bitewing 

radiograph capacity making the radiographs comparable (Table 3.3). 

Table 3.3 Intraoral Radiography Equipment  

 

Individual Borden #            Age Estimate (years) Sex  

NP63 ChAl-20 >22  Possible Male 

NP66A ChAl-20 >22   Unknown  

NP67 ChAl-20 >22   Possible Male 

NP156 ChAl-20   >22  Unknown 

Location 
Radiograph 

System 
Distance 

Photon Energy & 

Exposure Time 

York Dental Clinic, 

Fredericton, 

New Brunswick 

Progeny JB-70  

 

20 cm from the 

source to x-ray 

plate; focal spot, 

0.7 mm 

70 kVp, 7 mAs, 

exposure time 

range, 0.1200 - 

0.200 seconds 

 

Avalon Dental Center, 

Saint John`s,  

Newfoundland 

Gendex GX-770  30 cm from the 

source to x-ray 

plate; focal spot, 

o.6 mm 

12 pulses, equates 

to 0.200 seconds 

exposure time; 

photon energy of 

70 kVp, 7 mAs 
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 Radiographs were captured of all the permanent molars present (both left and right 

sides). However, mandibular molars as opposed to maxillary molars are better suited to 

this methodology as 1) the mandible offers a better preservative matrix for the dentition 

than the maxillae due to their position in the burial environment; 2) mandibles are easier 

to correctly position when capturing radiographic images; and 3) the pulp horn 

morphology within mandibular molars is more visible due to differences in tooth 

orientation and shape (Chandler et al., 2004; Langland et al., 2002). While the 1st 

mandibular molar corresponds to the timeframe most susceptible to vitamin D 

deficiency in children (i.e., 6 months to 3 years), all available maxillary and mandibular 

molars were analyzed when preservation allowed (Ortner and Putschar 1981; Lewis 

2018) (Tables 3.4 and 3.5).  
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Table 3.4 Summary of the Block 3 Dentition Radiographed and Analyzed 

Individual  
Maxillary Molars 

(left and right) 
Mandibular Molars 

(left and right) 

Total # 

of Teeth 

Analyzed  

 

1st 2nd 3rd 1st 2nd 3rd 
 

Burial 1       2 2 1 5 

Burial 2 2 2 1 2 2 2 11 

Burial 3 1 1 
 

2 2 2 8 

Burial 4 1 1 1   
  

3 

Burial 7 1 
  

  1 
 

2 

Burial 8 2 1 
 

  1 
 

4 

Burial 9 2 2 2 2 2 2 12 

Burial 10 2 1 
 

1 2 1 7 

Burial 12 
  

2 1 2 
 

5 

Burial 13 2 2 2 2 2 
 

10 

Burial 14 
  

2   2 2 6 

Burial 15 1 2 
 

2 2 1 8 

Burial 16 2 2 
 

  2 
 

6 

Burial 17 
   

2 2 1 5 

Burial 18 2 
  

  1 1 4 

Burial 19 1 
  

  2 
 

3 

Burial 20 2 1 2 2 2 1 10 

Burial 23 2 2 
 

2 1 
 

7 

Burial 25 1 
  

1 1 
 

3 

 

 

Table 3.5 Summary of the Plaisance Dentition Radiographed and Analyzed 

Individual  
Maxillary Molars 

(left and right) 
Mandibular Molars 

(left and right) 

Total # 

of Teeth 

Analyzed  

  1st 2nd 3rd 1st 2nd 3rd   

NP63 2 2 1   
  

5 

NP66A 1 2 2 2 2 2 11 

NP67 2 1 2   
  

5 

NP156 1 
  

2 2 2 7 
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Each tooth was radiographed using the paralleling technique. This method ensures 

that the digital film sensor is supported parallel to the long axis of the tooth and the 

central ray of the radiograph beam is directed at right angles to both the film and tooth 

(White and Pharoah 2000) (Figure 3.3). Therefore, during radiographic examination, the 

permanent molars were positioned buccolingually with the aid of polystyrene foam 

blocks and placed perpendicular to the radiation beam. Use of a Rinn Corp. XCP 

intraoral digital sensor holding instrument allowed for the x-ray tube to be held parallel 

and at a consistent distance (approximately 20-30 cm) from the selected tooth and 

digital film sensor (Figure 3.4). The end of the aiming cylinder of the radiograph 

equipment was adjusted flush to the guide ring of the holding instrument to minimize 

image size and shape distortion, reduce elongation and foreshortening of the radiograph 

image (White and Pharoah 2000).  

 

 

 

 

 

 

 

 

 

 

Figure 3.3 The Paralleling Technique. Radiograph beam (arrows) directed at right 

angle to central axis of the tooth and the digital film sensor. (Modified from White 

and Pharoah 2000) 
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Once the tooth and tube head were positioned, each dental specimen was 

radiographed using standard kVp (kilovoltage peak) and mAs (milliamperage-seconds) 

values. Kilovoltage peak is the amount of voltage applied to the x-ray tube, whereas, 

milliamperage-seconds is the measure of electric charge or filament current. Both values 

determine the number of photons (electromagnetic radiation) that reach the digital film 

sensor (Langland et al., 2002). Radiographic density (the degree of darkening of a 

radiograph) and radiograph contrast (the difference in densities between light and dark 

regions on a radiograph) is dependent on the kVp and mAs values. These values are 

influenced by variations in dental structures and dental preservation (White and Pharoah 

2000: 75-76). Dense dental tissues such as enamel and dentin are strong absorbers of 

photons, displaying as white in radiographs. Whereas, alveolar bone is less dense 

allowing most photons to pass through, thus appearing dark in radiographs (White and 

Pharoah 2000; Braga 2016). Due to the relative densities of the anatomical tooth 

structures, loose teeth will appear distinctly brighter in radiographs (White and Pharoah 

2000; Braga 2016). For this reason, loose permanent molars required different kVp and 

mAs values than complete mandibles and maxillae. Radiographs of loose molars were 

captured using values that ranged between 75 to 80 kVp and 6 to 5 mAs. Whereas, 

radiographs of molars articulated within the alveolar bone were captured using 70 kVp 

and 7 mAs values, to produce images of optimal density.  

In addition to kVp and mAs values, standard exposure times were applied during 

the use of both radiographic systems. Adjustment of the exposure times modified the x-

ray beam emitted from the x-ray tube by altering the duration of radiation, thus 

increasing or decreasing the number of photons present within the x-ray tube (Braga 
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2016). Unlike the Gendex-700 dental x-ray system, the Progeny JB-70 dental x-ray 

system had its own set of pre-programmed exposure times. These times were selected 

per tooth type (i.e., mandibular/maxillary molars). The exposure time corresponded to 

0.100 seconds and 0.167 seconds per cycle for mandibular and maxillary molars, 

respectively. During the use of the Gendex-700 system, the exposure time was 

expressed by number of electric pulses. The exposure times for this system was kept 

consistent for the duration of the image capture (refer to Table 3.3).  

3.2.2.1 Dental Measurements and Radiograph Scale 

Dental measurements of the permanent molars from both skeletal samples were 

used to set the scale of each corresponding radiographic image, which was calibrated to 

pixels/mm within the Java based image processing program, ImageJ (Windows version 

64-bit Java 1.8.0_112 70MB; Rasband 1997). These measurements ensured that the 

scale of the radiographic image was true to the dimensions of the physical tooth. The 

most common surface area clearly discernable in the radiographic images was the 

cemento-enamel junction (CEJ). Using a digital sliding caliper, held parallel to the 

crown base of each radiographed molar, measurements of the tooth width were taken 

from the most mesial point to the most distal point of the cemento-enamel junction 

(White and Folkens 2005; White 1977). When enamel fractures distorted the true crown 

length and/or the position of the tooth did not allow for measurement at the CEJ, 

measurements were taken of the width between the tooth roots. 

3.2.2.2 Image J – Pulp Morphology Measurement   

To identify periods of childhood vitamin D deficiency, the pulp horn morphology 

of each radiographed molar was measured using the ImageJ software program. Within 
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ImageJ, radiographs were rotated so that each molar was in the correct anatomical 

alignment. The Straight-Line Tool function was used to measure pulp horn height, and 

pulp horn width (D’Ortenzio et al., 2017). All measurements were made above a 

standard horizontal baseline established across the most superior aspect of the pulpal 

floor. Pulp horn height was measured from the superior point of the pulp horn to the 

horizontal baseline. The tallest pulp horn was always recorded as pulp horn one (PH1), 

whereas the shortest pulp horn was recorded as pulp horn two (PH2). The point of 

measurement for pulp horn width was made at the most consistent width from the mesial 

to distal pulp horn walls, avoiding the extremely wide or narrow segments of the pulp 

horns (Figure 3.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Location of Pulp Morphology Measurements.  

PH1-h = pulp horn 1 height; PH2-h = pulp horn 2 height;  

PH1-w = pulp horn 1 width; PH2-w = pulp horn 2 width. 

(Image by J. Hinton) 
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3.2.2.3 Determination of Deficiency Based on Pulp Morphology  

All pulp horn morphology measurements were exported into an Excel spreadsheet, 

where the ratio between PH1 and PH2 was calculated. Following the classification 

system developed by D’Ortenzio et al. (2017), pulp horn heights with a 1:1 ratio were 

considered not deficient, whereas, those closer to a 2:1 ratio were considered deficient. 

Pulp horns widths less than 1 mm were associated with vitamin D deficiency, whereas, 

pulp horns widths greater than 1 mm were associated with normal pulp morphology. For 

this study, only molars with both pulp horn widths <1mm, and a pulp horn height ratio ≥ 

1.5:1 were classified as deficient. The determination of deficiency based on all three 

factors inevitably underrepresents the number of molars displaying past deficiency 

whether in pulp horn constriction or height ratios as some individuals showed evidence 

of only one or two of these factors. However, adhering to this type of classification 

provides more confidence in the cases identified as there must be a severe and prolonged 

episode of deficiency for all three of these morphological alterations to occur 

(D’Ortenzio et al., 2017).  

The decision to include all three factors in the determination of deficiency was 

made primarily due to the challenges of data capture. The dental remains from both 

archaeological groups were incomplete, thus creating variability in the molars available 

for study. Additionally, radiographic images produce a two-dimensional view of a three-

dimensional tooth; therefore, it was only possible to assess two of the four pulp horns 

for each molar. The visibility of pulp morphology was further affected by positioning 

challenges during image capture. For example, the added difficulty of placing maxillae 

fragments perpendicular to the x-ray beam and digital film sensor resulted in the 
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superimposition of adjacent tooth crowns and slight cuspal separation. Finally, it was 

not within the scope of this research to evaluate the presence of incremental 

interglobular dentin that is known to correspond to dental pulp shape changes 

(D’Ortenzio et al., 2017; 2016). Therefore, the consideration of all three factors 

produced more reliable data considering these various challenges and limitations.  

3.2.3 Macroscopic Skeletal Assessment of Vitamin D Deficiency  

Each individual was also assessed for infra-cranial macroscopic evidence of 

residual rickets using a scoring form development from the criteria outlined by Brickley 

et al. (2010); and Brickley and Ives (2008:110-111). Rachitic features of the axial 

skeleton were scored as either present, absent or unobservable when skeletal elements 

were either missing or poorly preserved. Following the methodology developed by 

Brickley et al. (2010:55-56), residual bending deformity of the lower limb bones (i.e., 

femur, tibia and fibula) were further scored into specific categories: 1) ‘slight’ - bone 

that exhibits marginal changes from normal; 2) ‘marked’ – bone that displays obvious 

deformity and has more than one abnormal feature present; and 3) ‘severe’ – bone with 

the most extreme changes. The direction (anterior, antero-lateral, medial or lateral) and 

location (proximal, midshaft or distal) of the bending deformity was also noted. Since 

the bones of the lower limbs tend to survive well in archaeological contexts due their 

increased density, weight and size, this type of extended classification was possible 

(Behrensmeyer 1978; Stodder 2008; Henderson 1987; Roberts 2009; Waldron 1987).  

3.2.3.1 Femoral Neck-Shaft Angle Analysis  

Measurement of the femoral neck shaft angle (NSA) was used to identify 

individuals with an altered angulation of the femoral neck. When the NSA is above 135 
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degrees this indicates coxa valga (a heightened angle), whereas if the NSA is below 120 

degrees it is considered coxa vara (a reduced angle) (Adhikari et al., 2017; Amith et al., 

2017; Chaudhary et al., 2017). Normal angulation of the femoral neck in adulthood is 

approximately 125 degrees, and 120 degrees in old age (Chaudhary et al., 2017; Radha 

et al., 2015). Measuring only femora with adequate preservation of the neck and head, 

11 individuals from the Block 3 collection were included in this analysis. None of the 

Plaisance individuals could be included due to poor preservation. Using a 14-inch 

goniometer, the NSA of the femur was measured at the point in which the axis of the 

neck meets the axis of the shaft (Adhikari et al., 2017) (Figure 3.5). The neck axis was 

defined as the center of the femoral head (fovea capitis) to the center of the femoral neck 

(the narrowest part of the neck) (see Amith 2017; Radha et al., 2015; Chaudhary et al., 

2017). Whereas, the long axis of the shaft was defined as the line from the middle of the 

patellar surface to the medial anterior surface of the greater trochanter. 

 

 

 

 

 

 

 

 Figure 3.5 Illustration of Femoral Neck Shaft Angle Measurement.                      

(Image by J. Hinton) 
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3.2.3.2 Enamel Hypoplastic Lesion Analysis  

In addition to these infra-cranial observations, enamel hypoplastic lesions of the 

dentition were also examined. Enamel hypoplastic lesions (EHL) are defects in the 

quantity or thickness of enamel, and may form as pits, furrows, grooves or as areas of 

missing enamel (Goodman and Rose 1991; Suckling 1989). Enamel hypoplastic lesions 

are most frequently observed on the anterior teeth at the cervical and middle third of 

tooth crowns and occur when enamel secreting cells (i.e., ameloblasts) fail to produce 

enamel matrix (Condon and Rose 1992; Goodman and Amerlagos 1985; Hillson and 

Bond 1997). Ameloblasts are sensitive to metabolic insults and may be disrupted by 

nutritional deficiencies and/or disease. For this reason, EHL are considered to be 

nonspecific indicators of systemic stress experienced during tooth development and are 

frequently documented in archaeological samples that also show evidence of childhood 

vitamin D deficiency (Larsen 2015; Brickley and Ives 2008; Hillson 1996). For this 

study, all anterior teeth in good condition (minimal enamel chipping and/or calculus) 

were assessed. Enamel hypoplastic lesions were macroscopically assessed on the labial 

surface of each tooth crown in natural light.  

3.3 Radiographic Intra-Observer Error Rechecks  

Pulp morphology measurement rechecks were completed on 11 individuals from 

the Block 3 sample. These 11 were chosen based on the timeline of when the original 

raw data was collected to equally represent measurements taken at the beginning, 

middle and end of the data collection period (approximately 3 months). Pulp horn 

morphology rechecks were also completed on all four individuals of the Plaisance 

skeletal material. All four individuals were chosen for a second round of measurement 
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due to the small sample size. The repeat pulp horn morphology measurements were 

made using the same software program, the same method, and the same observer. Since 

all these variables remained identical the variability in measurements in this study can 

only be ascribed to errors inherent to the measurement process itself (Bartlett and Frost 

2008: 467).  

The intraclass correlation coefficient (ICC) statistical test measures the reliability 

(i.e., magnitude of measurement error) of quantitative data (Madrigal 2012; Bartlett and 

Frost 2008). This statistical test is most frequently used to determine the correlation 

between measurements made on the same subject. The ICC test accounts for the 

variability of data and is calculated within statistical software that chooses appropriate 

complex mathematic formulas (Madrigal 2012; Field 2013). Using SPSS software (IBM 

25), the ICC test was performed to assess the reliability between the first and second 

round of pulp horn morphology measurements (i.e., how strongly the quantitative 

measurements of the pulp morphology resembled each other.) For this test, a two-way 

mixed (raters are fixed but subjects are random) and absolute agreement (ensures that 

the two measurements are in an agreement with each other) configuration was used. 

Based on the 95% confident interval of the ICC test, values greater than 0.75 are 

indicative of good reliability (Koo and Li 2016: 159).  

Intra-observer error rechecks of the pulp horn height measurements for the Block 

3 sample fell within the acceptable limits (average measure over 0.75 with high 

confidence intervals). These results indicate that measurements remained consistent 

during the entire data collection period. The slight difference in score between the first 

(PH1) and second (PH2) pulp horn height measurements can be explained by tooth 
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morphology. PH1 was always the tallest pulp horn which was easier to see in the 

radiographs than PH2. Similarly, for the Plaisance sample satisfactory ICC results were 

obtained for PH1 height and PH2 height measurements, with a score greater than 0.8 

average measure and high confidence intervals, indicating excellent reliability between 

the repeated measures (see Tables 3.6 and 3.7). 

Table 3.6 Block 3 - ICC Results for Pulp Horn Heights 

 

PH1- h = pulp horn height 1; PH2-h = pulp horn height 2; 

O1 = observation 1; O2 = observation 2  

 

Table 3.7 Plaisance- ICC Results for Pulp Horn Heights 

 

PH1- h = pulp horn height 1; PH2-h = pulp horn height 2; 

O1 = observation 1; O2 = observation 2 

 

In contrast, pulp horn width measurements lacked consistency between the first 

(observation 1) and second round of measurements (observation 2) (Table 3.8). These 

results likely represent the slight variations in recording conditions over the period of 

data collection. The initial pulp horn measurements were made in early July 2018 

whereas the measurement rechecks were conducted in September 2018, decreasing 

familiarity with the radiographs. However, while these initial recheck results do not fall 

within the acceptable limits of ICC repeatability, subsequent rechecks (observations 3, 4 

Comparatives  Average Measure 95% Confidence Interval 

Lower Bound/ Upper Bound 

PH1-h O1 to PH1-h O2 .905 .841                   .943 

PH2-h O1 to PH1-h O2 .780 .635                   .868 

Comparatives  Average Measure 95% Confidence Interval 

Lower Bound/ Upper Bound 

PH1-h O1 to PH1-h O2 .875 .708                  .947 

PH2-h O1 to PH2-h O2 .860 .666                  .941 
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and 5) of pulp horn widths over a shorter period do show increased consistency in these 

width measurements but are still problematic (Tables 3.9 and 3.10).  

Table 3.8 Block 3 - ICC Results for Pulp Horn Widths Test #1 

 

PH1- w = pulp horn width 1; PH2-w = pulp horn width 2; 

O1 = observation 1; O2 = observation 3  

 

Table 3.9 Block 3 - ICC Result for Pulp Horn Widths Test #2 

 

PH1- w = pulp horn width 1; PH2-w = pulp horn width 2; 

O1 = observation 1; O2 = observation 4  

 

 

Table 3.10 Block 3 - ICC Results for Pulp Horn Widths Test #3   

 

PH1- w = pulp horn width 1; PH2-w = pulp horn width 2; 

O1 = observation 1; O2 = observation 5 

 

 

The results of the Plaisance recheck also showed variability in the pulp horn 

widths measurements (Table 3.11). This variability can be explained by the subjectivity 

of the pulp horn width measurement versus the pulp horn height measurements. The 

height of each pulp horn is clear and drawing a line to represent the measurable distance 

from top to bottom is easy to reproduce. The pulp horn width measurement, however, is 

more reliant on the rater’s subjective evaluation of the pulp horn morphology. While the 

Comparatives  Average Measure 95% Confidence Interval 

Lower Bound/ Upper Bound 

PH1-w O1 to PH1-w O3 .522 .180                 .722 

PH2-w O1 to PH2-w O3 .656 .393                 .803 

Comparatives  Average Measure 95% Confidence Interval 

Lower Bound/ Upper Bound 

PH1-w O1 to PH1-w O4 .626 .357                .783 

PH2-w O1 to PH2-w O4 .747 .561                .854 

Comparatives  Average Measure 95% Confidence Interval 

Lower Bound/ Upper Bound 

PH1-w O1 to PH1-w O5 .673 .435               .811 

PH2-w O1 to PH2-w O5 .805 .664               .887 
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average width as a point of measurement is more representative to true pulp horn size, it 

is less precise. The pulp horn width measurement was not taken at the exact same point 

on each radiograph and thus produced less consistent results. The ICC results are likely 

a consequence of the different gradients of visibility among the tooth structures in the 

two dimensional radiographic images. Although, the pulp horn width measurement did 

not meet acceptable limits, it is still justifiable to use these measurements, as they do not 

represent the entirety of the data used to determine the presence of vitamin D deficiency. 

Deficiency was determined based on having all three factors (i.e., both pulp horn widths 

<1 mm, and a pulp horn height ratio ≥ 1.5:1) present, and in recognition that less than 

reliable data was captured in some of the pulp horn width measurements. This use of 

multiple factors to assess vitamin D deficiency allows for more accurate interpretations 

moving forward. 

Table 3.11 Plaisance- ICC Results for Pulp Horn Widths   

 

PH1- w = pulp horn width 1; PH2-w = pulp horn width 2; 

O1 = observation 1; O2 = observation 2  

 

3.4 Macroscopic Intra-Observer Error Rechecks   

The only infra-cranial data robust enough for intra-observer error rechecks were 

the neck shaft angle measurements. These rechecks were completed for the same 11 

Block 3 individuals selected for radiographic intra-observer error rechecks. Using SPSS 

software (IBM 25), an ICC statistical test was performed to quantify the reliability 

between measurements. The results of this test all fell within acceptable limits (average 

Comparatives  Average Measure 95% Confidence Interval 

Lower Bound/ Upper Bound 

PH1-w O1 to PH1-w O2 .610 .058                  .836 

PH2-w O1 to PH2-w O2 .652 .212                  .850 
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measure over 0.75 with high confidence intervals). This suggests that for the femoral 

neck-shaft angle measurements, consistency was achieved between each round of 

observation (Table 3.12). The slightly lower measure for the left femur was likely the 

result of poorer preservation which was noted at the time of data capture. No infra-

cranial data was collected for the Plaisance material negating the possibility for infra-

observer rechecks. 

Table 3.12 Block 3 - ICC Results for Femoral Neck Shaft Angle  

 

NSA = Neck Shaft Angle  

3.5 Conclusion 

This chapter presented an overview of the skeletal samples used for this study and 

the methods employed in data capture. Radiographic assessment identified the 

morphological changes to the pulp horns of permanent molars while ImageJ 

measurements quantified these radiographic observations. Infra-cranial observations 

were used to detect bone deformities expressed throughout the skeleton, whereas 

macroscopic dental observations identified EHL. Intra-observer error rechecks were also 

completed to ensure accuracy and repeatability of the methods employed in this 

research.  

 

 

 

Comparatives  Average Measure 95% Confidence Interval 

Lower Bound/ Upper Bound 

Right NSA .836 .305                  .963 

Left NSA .791 .209                  .947 
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CHAPTER 4 - RESULTS 

Included in this chapter are the results of the radiographic and macroscopic 

assessments outlined in the previous chapter for both archaeological skeletal samples.  

4.1 Block 3 Results   

4.1.1 Radiographic Assessment Results  

The radiographic measurements collected for all 19 individuals studied can be 

found in Appendix 1.1. Of the 19 individuals analyzed, a total of 12 individuals had 

permanent molars showing evidence of vitamin D deficiency. Of these, four individuals 

(Burial 9, Burial 13, Burial 15, and Burial 16) had more than one permanent molar that 

displayed chair shaped and constricted pulp horns. While 12 individuals were identified 

as deficient, five of those individuals (Burial 1, Burial 9, Burial 15, Burial 16 and Burial 

20) were more severely deficient with pulp horn height ratios surpassing 2:1 (Appendix 

1.1). The radiographs of Burial 15’s left mandibular 1st permanent molar revealed the 

most prominent constriction and chair shape of the Block 3 sample (Figure 4.1). More 

mandibular molars as opposed to maxillary molars exhibited evidence of rachitic pulp 

morphology; however, this can be attributed to preferential selection of these teeth based 

on the higher degree of preservation within the sample in addition to, better radiographic 

image capture as discussed in Chapter 3. 
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Evidence of deficiency, based on the classification criteria outlined in Chapter 3, 

was most frequently observed in the 1st permanent molar followed by the 2nd permanent 

molar. Using the approximate age for the initiation of pulp chamber growth, as 

described by Moorees et al., (1963:1492) (Table 2.5, Chapter 2), the age of deficiency 

could be calculated for each of the 12 individuals (Table 4.1). Of the 12 individuals 

determined to be deficient, over half (58%, n=7) experienced vitamin D deficiency 

during the formation of their 1st permanent molar between approximately 6 months - 3 

years of age.  

 

 

Figure 4.1 Most Prominent Rachitic Pulp Morphology of Block 3 sample. Burial 15, 

left mandibular 1st permanent molar exhibiting chair shape outlined in red, and 

constricted pulp horns indicated by red arrows. (Image by J. Hinton) 
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Table 4.1 Block 3 - Timing of Deficiency  

 

L= left; R= right; Mand.= Mandible; Max. = Maxillary  

For those individuals that displayed evidence of rachitic pulp morphology in two 

permanent molars (n = 4), many of the age ranges overlapped; however, in some cases 

there were two distinct periods of deficiency captured (see Table 4.1). For example, the 

radiographic results of Burial 9 revealed that this individual experienced two separate 

episodes of deficiency, one during infancy (R Mand. Molar 1: 6 months - 3 years) and 

another during childhood (R Mand. Molar 3: 8 years - 15 years) (Figure 4.2).  In 

contrast, data from Burial 16 suggest that deficiency occurred over a prolonged period 

between 6 months and 8 years of age.  

 

 

 

 

 

Individual Molars displaying deficiency Timing of deficiency 

Burial 1 L Mand. Molar 1 6 mths - 3 yrs 

Burial 9 R Mand. Molar 1; R Mand. Molar 3 6 mths - 3 yrs; 8yrs - 15 yrs 

Burial 15 L Mand. Molar 1; R Mand. Molar 1 6 mths - 3 yrs 

Burial 19 L Max. Molar 1 6 mths - 3 yrs 

Burial 23 R Max. Molar 1 6 mths - 3 yrs 

Burial 25 L Mand. Molar 1 6 mths - 3 yrs 

Burial 16 L Max. Molar 1; R Max. Molar 2 6 mths - 8 yrs 

Burial 18 R Mand. Molar 2 3 yrs - 8 yrs 

Burial 20 R Mand. Molar 2 3 yrs - 8 yrs 

Burial 12 R Mand. Molar 2 3 yrs - 8 yrs 

Burial 7 L Mand. Molar 2 3 yrs - 8 yrs 

Burial 13 L Mand. Molar 2, R Max. Molar 2 3 yrs - 8 yrs 
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4.1.2 Rachitic Pulp Morphology and Mean Age at Death  

The mean age at death of these 19 individuals from the Block 3 sample, ranged 

from 17.5 to 37.5 years (Table 4.2). The average age at death for those with vitamin D 

deficiency was 29 years, and those without vitamin D deficiency 27 years. Using SPSS 

software (IBM 25), an independent samples t-test was performed to determine if the 

average age at death differed considerably between those burials with and without 

deficiency. Results show there was no statistically significant difference between the 

average age at death of these two groups (Table 4.3).  

 

 

 

 

 

Figure 4.2 Radiographic Evidence of Prolonged Vitamin D Deficiency in Burial 9.                 

A) Constricted and chair shaped pulp horns in right mandibular 1st permanent molar;            

B) Constricted and chair shaped pulp horns in right mandibular 3rd molar.            

(Image by J. Hinton) 
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Table 4.2 Block 3 - Mean Age at Death  

 

 

 

 

 

 

 

 

 

Individual  Min. Age Max. Age Mean Age Evidence of Deficiency 

Burial 1 35 40 37.5 Yes 

Burial 2 20 25 22.5 No 

Burial 3 18 21 19.5 No 

Burial 4 18 25 21.5 No 

Burial 7 30 35 32.5 Yes 

Burial 8 35 45 40 No 

Burial 9 25 40 32.5 Yes 

Burial 10 30 34 32 No 

Burial 12 20 40 30 Yes 

Burial 13 16 19 17.5 Yes 

Burial 14 18 23 20.5 No 

Burial 15 25 30 27.5 Yes 

Burial 16 25 29 27 Yes 

Burial 17 30 39 34.5 No 

Burial 18 
 

<45 
 

Yes 

Burial 19 17 18 17.5 Yes 

Burial 20 20 35 27.5 Yes 

Burial 23 30 45 37.5 Yes 

Burial 25 20 40 30 Yes 
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Table 4.3 Block 3 - Average Age at Death Independent Samples T-Test Results  

      

  Group Number Mean 

Std. 

Deviation 

Std. Error 

Mean 

Average age at 

death 

 

Deficient 12 30.16 7.88 2.27 

Non- Deficient 7 27.21 8.15 3.08 

 

Independent Samples Test  

  

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

 

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Diff. 

Std. 

Error 

Diff. 

95% Confidence 

Interval of the 

Difference 

        

Lower Upper 

Equal 

variances 

assumed 0.43 0.51 0.77 17 0.44 2.95 3.79 -5.05 10.95 

Equal 

variances 

not 

assumed 
  

0.77 12.33 0.45 2.95 3.83 -5.37 11.27 

 
F = test statistic of Levene’s test  

Sig. = significance level or p-value corresponding to this test statistic   

t = computed test statistic  

df = degrees of freedom 

Sig. (2-tailed) = p-value corresponding to the test statistic and degrees of freedom 

Mean Diff. = the difference between the sample means  

Std. Error Diff. = the standard error  
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4.1.3 Macroscopic Assessment Results  

As discussed in Chapter 3, macroscopic assessment of the Block 3 sample 

included the visual examination of infra-cranial skeletal features which were scored for 

deformities associated with residual rickets using the criteria set out by Brickley et al., 

(2010) and Brickley and Ives (2008). The poor condition of the infra-cranial skeletal 

material (i.e., vertebrae, sternum, ribs, os coxae and sacrum), however, inhibited the 

identification of most macroscopic features. In sum, 38% of skeletal features were 

scored as absent, 15% as present and 46% as unobservable, due to preservation 

constraints (Table 4.4).  In general, the features of the lower limb bones were well 

preserved due to their robust morphology and thick cortical structure, as compared to the 

axial skeleton with more trabecular-rich skeletal elements prone to post-depositional 

destruction (Waldron 1987). The good preservation of the lower limb bones allowed for 

the analysis of 36 femora, 31 tibiae and 28 fibulae and allowed for a more extensive 

observation. For this reason, the features of the lower limb bones were easiest to score. 

Table 4.5 summarizes the macroscopic data collected for the lower limb bones of all 19 

individuals from the Block 3 sample. Based on the macroscopic examination of the 

lower limb bones, only two individuals (Burial 3 and Burial 7) can be tentatively 

diagnosed with residual rickets.  
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Table 4.4 Summary of Macroscopic Assessment Scores for Block 3 Sample 

 

Table 4.5 Summary of Lower Limb Macroscopic Data for Block 3 Sample  

Individual 
Residual 

bending 

Bone ridge on 

anterior aspect 

of proximal 

femur 

Medio-lateral 

widening of 

proximal femora 

Altered 

angulation of 

the femoral 

neck 

Burial 1 Absent  Absent  Absent  Yes 

Burial 2 Absent  Unobservable  Absent  Unobservable  

Burial 3 Present  Absent  Absent  Yes 

Burial 4 Unobservable Unobservable  Absent  Unobservable  

Burial 7 Present  Absent  Present  No 

Burial 8 Absent  Absent  Absent  Unobservable  

Burial 9 Unobservable Unobservable  Unobservable Unobservable  

Burial 10 Absent  Absent  Absent  Yes 

Burial 12 Absent  Absent  Absent  No 

Burial 13 Absent  Absent  Absent  No 

Burial 14 Unobservable Unobservable  Unobservable Unobservable  

Burial 15 Absent  Absent  Absent  No 

Burial 16 Absent  Absent  Absent  Yes 

Burial 17 Absent  Absent  Absent  No 

Burial 18 Absent  Absent  Absent  Unobservable  

Burial 19 Absent  Absent  Absent  No 

Burial 20 Absent  Absent  Absent  Unobservable  

Burial 23 Absent  Absent  Absent  No  

Burial 25  Absent  Absent  Absent  Unobservable  

 

Feature  Absent Present Unobservable 

Residual bending of the lower limb bones 14 2 3 

Bone ridge on anterior aspect of the proximal femur 15 

 

4 

Medio-lateral widening of proximal femora 17 

 

2 

Kyphosis or Scoliosis 

  

19 

Vertebral body collapse 

  

19 

Protrusion of sternum w/rib angulation 

  

19 

Lateral narrowing of the pelvis 4 

 

15 

Bulging at pubic symphysis 1 

 

18 

Ventral projection & anterior bending of sacrum 

  

19 

Acetabulae pushed dorsally into pelvic cavity 4 

 

15 
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Burial 3 (Possible Male, 18 - 21 years) 

The tibiae of Burial 3 exhibited medial angulation and bowing beginning along the 

proximal anterior shaft. This medial curvature was scored as slight. A distinct bulging of 

bone was noted at the midshaft on the anterior surface of both fibulae. Both right and 

left fibula also presented an angular deformation, with flattened shafts. Amongst these 

changes, the broadening of the shafts in an anterior-posterior direction was recorded as 

marked. Changes to the tibiae and fibulae were symmetrical on both sides and were not 

observed elsewhere on the skeleton (Figure 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 Burial 3 Residual Bending of Tibiae and Fibulae. Anterior view of left 

and right tibiae exhibiting medial angulation classified as slight. Marked bulge on the 

anterior surface fibulae including broadening of the shaft. (Courtesy of A. Scott) 
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Burial 7 (Male, 30 - 35 year 

Burial 7 exhibited slight deformities related to residual rickets. Flattening and 

medio-lateral widening was observed in the subtronchanteric region of the proximal 

shaft of the right femur. In addition, the right tibia exhibited abnormal lateral curvature 

of the anterior crest, giving the illusion of an S shape. A slight bulge was present on the 

anterior lateral aspect of the distal third of the right fibula (Figure 4.4). Residual bending 

of the left femur, tibia and fibula was not observed; however, other pathological 

conditions were identified. The left tibia of Burial 7 displayed localized swelling of the 

anterior midshaft possibly representative of a leg ulcer; while, the left fibula also 

showed swelling and thickening of the shaft (Scott and Hinton in review). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Burial 7 Residual Bending Deformities of the Lower Limb Bones. A) 

Medio-lateral widening of proximal femoral indicated by arrows. B) Slight medial 

curvature of the right tibia. Dotted line on anterior of right tibia representing S shape 

of shaft. Bulge of bone on the anterior portion of the right fibula shaft indicated by 

arrow. (Courtesy of A. Scott)  

 

A)  B)  
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As described in Chapter 2, bending deformities in the lower limbs of the adult 

skeleton are the most recognizable feature of previous vitamin D deficiency; and the 

most severe skeletal manifestations of deficiency are those that remain visible in the 

archaeological record (Brickley et al., 2010; Wilkins 1986). Although, these individuals 

did not display residual bending in all the lower limb bones, and did not display all 

features associated with residual rickets it was felt necessary that they be considered as 

possible cases of residual rickets. This tentative diagnosis was made in recognition that 

not all individuals that are vitamin D deficient will show the same skeletal changes, and 

that bony changes may have remodelled overtime. 

The results of the macroscopic assessment of the lower limb bones allowed for a 

comparison with those that exhibited radiographic pulp horn changes. In addition to 

residual bending and medio-lateral widening of the right proximal femur, Burial 7 also 

exhibited rachitic pulp morphology in their left mandibular 2nd permanent molar. The 

dental radiographs of Burial 3, however, did not display rachitic pulp morphology. 

Burial 3 only had eight of 12 molars present for analysis, thus limiting data capture. 

Burial 3`s right mandibular 1st permanent molar also exhibited a large distal surface 

carie, that obscured pulp horn morphology in the radiographic images inhibiting their 

use for measurement in ImageJ. Additionally, both of Burial 3`s mandibular 3rd 

permanent molars were not fully erupted which increased the difficulty of correctly 

positioning the teeth perpendicular to the radiograph beam and impinged image captured 

and subsequent measurement.  
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4.1.3.1 Femoral Neck Shaft Angle Results  

Results of the femoral neck shaft angle (NSA) analysis revealed that none of the 

11 femora from the Block 3 sample had a heightened angle of the femoral neck (Table 

4.6). As discussed in Chapter 3, the neck shaft angle is only considered heightened when 

it is above 135 degrees (Adhikari et al., 2017; Amith et al., 2017; Chaudhary et al., 

2017). Of note, is the pattern of reduced femoral neck shaft angles within this sample.  

Thirty six percent (n = 4) of the individuals that could be analyzed had femoral neck 

shaft angles below 120 degrees (Table 4.6, highlighted). Femoral neck shaft angles 

values that are less than 120 degrees are rare and referred to as coxa vara (Gilligan et al., 

2013; Chaudhary et al., 2017). Coxa vara is a pathological condition that can be 

congenital or may form secondarily to other underlying bone diseases including, 

osteogenesis imperfecta, Paget’s disease and osteoporosis. Although, rarely associated 

with paleopathological examples of rickets, coxa vara is considered indicative of rickets 

in clinical settings (Mays et al., 2006). 

Table 4.6 Block 3 - Femoral Neck Shaft Angle Measurements  

Individual   Femoral Neck Shaft Angle 

  Left   Right   

Burial 1 115 ̊ 115 ̊ 

Burial 3 

 

118 ̊ 

Burial 7 126 ̊ 120 ̊ 

Burial 10 117 ̊ 117 ̊ 

Burial 12 124 ̊ 

 Burial 13 132 ̊ 130 ̊ 

Burial 15 120 ̊ 123 ̊ 

Burial 16 119 ̊ 119 ̊ 

Burial 17 125 ̊ 

 Burial 19 124 ̊ 126 ̊ 

Burial 23 125 ̊ 125 ̊ 
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4.1.3.2 Enamel Hypoplastic Lesion Analysis Results  

The examination of the Block 3 dentition for evidence of enamel hypoplastic 

lesions (EHL) revealed that all but one individual (Burial 12) displayed evidence of 

EHL. This result, however, must be taken with caution as only 1/3 of Burial 12’s 

dentition was preserved and observable for analysis. As discussed in Chapter 3, enamel 

hypoplasia can manifest as both linear grooves and/or pits; both types were observed in 

the Block 3 dentition.  An average of 2.07 linear grooves were observed per tooth type. 

Over 80% of the anterior teeth present within the Block 3 sample exhibited evidence of 

EHL (Scott and Hinton in review). Figure 4.5 summarizes the observations of enamel 

hypoplasia in the Block 3 sample from the total number of observable anterior teeth 

(i.e., incisors and canines).  
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The most affected tooth type was the right mandibular and maxillary canine, 

representing 19% (n=24) of all the dentition with evidence of hypoplasia (see Figure 

4.5). The distribution of EHL on the anterior teeth collectively corresponds to an age of 

formation ranging between 1.0 and 6.2 years of age (Reid and Dean 2000: 138). This 

suggests that the enamel defects observed on the Block 3 dentition formed throughout 

both infancy and early childhood.  

When comparing individuals with vitamin D deficiency to the frequency of EHL, 

it was clear that those with deficiency had decreased evidence of EHL, as shown in 

Figure 4.6. Deficient individuals had 41% of all teeth showing evidence of EHL, 

whereas individuals without deficiency displayed EHL in 53% of all teeth present. 

However, it should be noted that on average the deficient individuals had less 

observable teeth (19% showing antemortem tooth loss) than the non-deficient 

individuals (6% showing antemortem tooth loss) which is potentially skewing the 

results. The difference in the number of observable teeth is primarily attributed to 

preservation. As indicated in Chapter 3, only teeth in good condition were analyzed, 

therefore, not all teeth present were scored for EHL. 
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4.2 Plaisance Results  

4.2.1 Radiographic Assessment Results  

A total of two individuals from the Plaisance skeletal material (n= 4) displayed 

evidence of rachitic pulp morphology, representing 50% of the sample. The left 

maxillary 1st permanent molar of individual NP67, displayed prominent constricted pulp 

horns and a distinct chair shape. Individual NP156, exhibited chair shaped and 

constricted pulp horns of the left mandibular 1st permanent molar (Figures 4.7). An 

overview of the radiographic data for all four individuals from the Plaisance sample can 

be found in Appendix 1.2, with the deficient individuals (NP156 and NP67) highlighted. 

The marked morphological changes displayed in the 1st permanent molar of NP67 and 

NP156 suggests that both individuals experienced vitamin D deficiency between 6 

months and 3 years of age.   
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4.2.2 Macroscopic Assessment Results  

The macroscopic assessment of the infra-cranial features with residual rickets was 

inhibited by the poor preservation of the remains. All features were scored as 

unobservable. Due to dental wear, enamel chipping and fracture, the visual examination 

of EHL was limited to 32 teeth out of a total of 52 teeth present for all four individuals. 

Unlike the Block 3 sample, there was minimal recovery and preservation of the anterior 

dentition. Only two incisors and three canines were available for analysis, representing 

16% of the total number of observable dentition. Enamel hypoplastic lesions were not 

observed on any of these teeth.  

 

 

Figure 4.7 Rachitic Pulp Morphology Observed in the Plaisance Sample.                                                     

A) Individual NP67 left maxillary 1st permanent molar; B) Individual NP156 left 

mandibular 1st permanent molar. Chair shaped represented by red line and constricted 

pulp horns represented by arrows. (Image by J. Hinton) 
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4.3 Conclusion 

4.3.1 Summary of Block 3 Results 

Results of the radiographic data from the Block 3 sample revealed 12 cases of 

rachitic pulp morphology. Chair shaped and constricted pulp horns were most frequently 

observed in the 1st permanent molar, corresponding to an approximate age range of 

manifestation between 6 months and 3 years.  There was also no statistically significant 

difference between the mean age at death for individuals with evidence of deficiency 

and those without. Macroscopic assessment of the infra-cranial skeleton identified four 

individuals with reduced femoral neck shaft angles and two individuals with possible 

residual rickets. One of these two individuals with possible residual rickets (Burial 7) 

also showed evidence of rachitic pulp morphology. Additionally, EHL frequency was 

decreased in those with evidence of childhood vitamin D deficiency. 

4.3.2 Summary of Plaisance Results 

 Radiographic tooth assessment of the Plaisance sample diagnosed two cases of 

deficiency. Evidence of rachitic pulp morphology was only observed in the 1st 

permanent molar. Cases of altered femoral neck shaft angle and residual bending could 

not be identified due to the poor condition of the lower limb bones. Macroscopic 

assessment for evidence of EHL was limited to a small number of observable teeth, and 

did not identify any of these lesions. 
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CHAPTER 5 - DISCUSSION  

 This chapter will evaluate the results of this vitamin D deficiency research by 

contextualizing the radiographic and macroscopic data within the historical framework 

of the late seventeenth and early eighteenth centuries. While this study examined adult 

skeletal remains, the results speak to childhood conditions and deficiency experienced 

during the earliest years of life. Therefore, based on the operative timeframes of the 

Block 3 and St. Luke’s cemeteries, the majority of these adults experienced their 

childhood years in Plaisance, Newfoundland and/or France. The major findings from the 

Block 3 Fortress of Louisbourg and Plaisance skeletal samples will be interpreted in 

tandem due to their geographic, temporal and historical similarities. This chapter will 

primarily explore the sociocultural habits, dietary practices and climatic characteristics 

of these locations to better understand the lived realities of those affected by childhood 

vitamin D deficiency in the Atlantic world. In this chapter, the terms newborn and infant 

are used to refer to individuals aged from birth to the first three years of postnatal life. 

The terms child and children are used in the broadest sense to refer to individuals who 

have not reached full physical maturity.  

5.1 Vitamin D Deficiency in Infancy (6 months to 3 years)  

Radiographic data indicated that a total of nine individuals displayed rachitic pulp 

morphology in their 1st permanent molar, suggesting that between 6 months and 3 years 

of age was a period of vulnerability for acquiring vitamin D deficiency. Lack of 

exposure to sunlight and inadequate consumption of foodstuffs containing vitamin D are 

the primary causes of this deficiency (Brickley and Ives 2008; Holick 2003) and will be 
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explored through infant feeding and childrearing practices common in the seventeenth 

and early eighteenth centuries. 

5.1.1 Sociocultural Attitudes Towards Breastfeeding  

Breast milk is an essential biological fluid, which serves as the optimal form of 

nutrition for infants. It contains complex proteins, lipids and carbohydrates, as well as, 

growth factors, hormones and maternal antibodies, providing both short-term and long-

term advantages to newborns. During the lactation period, human breast milk is 

produced in three stages: colostrum, transitional breast milk and mature breast milk. 

(Carson 2016; Casey et al., 1983; Holman and Grimes 2003). Colostrum is the first milk 

produced following birth, which is secreted for approximately 4 to 5 days postpartum 

(Casey et al., 1983). Human colostrum is a thick mucus like substance that appears 

yellowish in color. Researchers agree that the function of colostrum is to provide a high 

concentration of immunoglobins, protein and fat-soluble vitamins to reduce the risk of 

infections and disease (Lawrence and Lawrence 2005). More specifically, colostrum 

contains secretory intestinal antibody (IgA), which promotes the maturation of epithelia 

cells in the developing gastrointestinal (GI) tract. This intestinal antibody provides 

immunological protection against pathogens that cause gastroenteritis, diarrheal disease, 

salmonella, and cholera which can contribute to infant mortality (Lewis 2007: 99; 

Holman and Grimes 2003; Lilius and Marnila 2001).  

In the early modern period (1500-1800); however, colostrum was considered 

unpleasant, impure, and harmful to the health of newborns (Senior 1983). Claude Guérin 

(1675 : 92), in his treatise Méthode d'élever les enfants selon les règles de la médecine, 

characterized colostrum as “corrompu” or corrupt. In seventeenth and eighteenth 
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century France, and its colonies, these perceptions of colostrum influenced when it was 

considered acceptable to begin breastfeeding. Women were generally advised to delay 

breastfeeding for several days after birth (Senior 1983). Without the immunological 

protection of colostrum, infants may have been more susceptible to diarrheal disease 

caused by a variety of bacterial, viral and/or parasitic organisms that are transmitted via 

feces, as newborns cannot independently produce intestinal antibody for six weeks 

postpartum (Lilius and Marnila 2001; Schattmann 2014). The poor sanitation and 

hygiene of the era contributed to the regular outbreak and transmission of disease 

(Brown 2009; Vigarello 1988). Accordingly, infantile diarrhea was a prevalent 

childhood malady (Appleby 1980; Blaise and Dovie 2006). Recurrent and long lasting 

episodes of diarrhea can inhibit the intestinal absorption of vitamin D (Katona and 

Katona-Apte 2008); therefore, the custom of withholding colostrum likely increased the 

risk of vitamin D deficiency in infants.  

After the colostrum period, the transitional and mature milk stages also serve an 

imperative sustenance function as breast milk is one of the main sources of vitamin D 

for infants. Approximately 20% of maternal vitamin D is transferred to the infant via 

breastfeeding (Wagner et al., 2012). The concentration of vitamin D in breastmilk, 

however, reflects maternal vitamin D absorption via dietary intake and sunlight 

exposure (Dawodu and Tsang 2012; Care 1997). Moreover, the consumable vitamin D 

molecule found in breast milk, which has a half-life of 12-24 hours degrades rapidly, 

increasing the importance of sufficient maternal stores (Wagner et al., 2012:332). 

Breastfeeding mothers require a daily source of vitamin D to attain sufficient maternal 

levels (Wagner et al., 2012). Modern clinical studies indicate that even with adequate 
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levels of vitamin D during and after pregnancy the amount of vitamin D in breast milk is 

only sufficient to sustain an infant’s needs for eight weeks postpartum (Henderson 

2005). Although, the vitamin D content of breast milk is contingent on several factors, 

breastfeeding is an important natural source of vitamin D for infants.  

Breast milk was not always accessible to infants in the seventeenth and early 

eighteenth century. Although, breastfeeding at this time offered an infant the best chance 

of receiving adequate nutrition (including vitamin D) for survival, social attitudes urged 

mothers against nursing. The voraciousness of newborns was viewed in distaste and the 

suckling of the breast sustained the belief that infants were animal-like in nature. 

Pessimistic views towards children generated by the Protestant Reformation, were 

reflected in concerns towards breastfeeding and the original sin (Stearns 2011; Harlow 

et al., 2010). Some early modern medical books fostered a suspicion of milk as food. 

Physicians speculated that breast milk could easily spoil, both in the mother’s breast and 

stomach of the child. Most seventeenth and eighteenth century physicians identified 

specific qualities requisite to nurse properly; these included large evenly shaped breasts, 

good maternal temperament and behaviour (Newton 2012; Senior 1983; Lastinger 

1996).  

A solution to these concerns was animal milk. Accounts from France and New 

France, indicate that infants were fed raw (unpasteurized) cow, goat or donkey milk 

diluted with river or well-water, as preferred breast milk substitutes (Moogk 1982, Hunt 

1970; Lachance 2000). Clinically, raw cow’s milk has been associated with intestinal 

blockages, gastrointestinal bleeding and gastric symptoms (Haug et al., 2016; Stuart-

Macadam and Dettwyler 1995; Sullivan 1993) and contains relatively small amounts of 
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vitamin D (Schmid and Walther 2013). Therefore, in addition to being a poor source of 

vitamin D, cow’s milk may have also contributed to diarrheal disease during this period, 

as the bacteria responsible for this digestive upset are easily transmitted from domestic 

animals to humans (Keusch et al., 2006). As discussed, recurrent episodes of diarrhea 

related to withholding colostrum and animal milk consumption may have predisposed 

individuals to vitamin D deficiency during these earliest years of life.  

5.1.2 Wet-Nursing  

In addition to the general unease towards breastfeeding, the elite members of 

society, considered nursing as vulgar, inconvenient and unfashionable (Stevens et al., 

2009; Lorence 1974). Breastfeeding prevented upper class women from wearing 

socially acceptable clothing and attending social outings (Stevens et al., 2009). 

Conversely, many upper-class women were often incapable of breastfeeding due in part 

to their swollen, impacted or infected breasts most commonly caused by clothing styles 

of the time (i.e., corsets) (Stearns 2011; Stevens et al., 2009). For these reasons, the 

bourgeoisie and the aristocracy in France favoured the use of a wet-nurse. A wet-nurse 

(une nourrice) was typically a woman who had recently given birth to a child and who 

lived in the countryside. Paid for their service, wet-nurses tended to the needs of 

newborns for up to five years and typically breastfed until the child reached 

approximately 1.5 to 2 years of age (Landry 1993; Fildes 1988; Lehning 1982; Sussman 

1982). 

Initially practiced exclusively by the wealthy upper class, the trend of wet-nursing 

became an entrenched cultural phenomenon in France, in which both working-class 

urban women and the aristocracy sent their newborns to be cared for and suckled by a 
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wet-nurse (Stearns 2011; Sussman 1982). Many working-class women hired wet-nurses 

for more practical reasons than the aristocracy. In the urban districts of France, wages 

were low and rent was high (Stevens et al., 2009; Heywood 2007). Freedom from 

nursing allowed these women to work, perform manual labour, or help sustain the 

family by other means. Many mothers opted to have their newborns cared for by women 

often poorer than themselves (Fildes 1988; Sussman 1982).  

Historical sources suggest that the use of wet-nurses was an extant, albeit, less 

common practice in New France (Lemieux 1985; Robert 2011; Lachance 2000; Moogk 

1982; Lane Jonah 2014). During the early eighteenth century women of Montréal sent 

their infants to wet-nurses within the city limits and to the women of rural Québec 

(Gauvreau 1987; Robert 2011). Demographic data indicates that a few wet-nurses were 

also used at Port Royal, on the Nova Scotian peninsula (Lane Jonah and Tait 2007). To 

date there are no comprehensive studies of the use of wet-nurses at Louisbourg; 

however, there are some references to the use of wet-nurses in the colony’s records. At 

Louisbourg, wet-nurses were most likely to have been hired by the upper-class of 

society, who could afford the extra expense, such as military and merchant class 

families (Lane Jonah 2014). According to Lane Jonah (2014), there is no evidence to 

support that the women of Louisbourg sent their children to rural wet-nurses or those in 

neighbouring communities on Île Royale (Cape Breton).  

Wet-nursing during this period prompted infant mortality rates above 50% in 

France (Lorence 1974; Senior 1983; Fildes 1988; Gauvreau 1987; Lachance 2000; Lane 

Jonah 2014). Poverty enticed many women into the role of a wet-nurse. As Senior 

(1983: 371) explains, “women living at a bare subsistence level welcomed the chance to 
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ease their situation.” Responsible for the health and safety of their own children on top 

of those entrusted in her care, wet-nurses were often tasked with nursing multiple infants 

in addition to producing enough milk for their own infant, or to continue producing milk 

when their own infant was weaned. Unsurprisingly, many wet-nurses could not produce 

an adequate supply of milk (Lorence 1974; Sussman 1982; Stevens et al., 2009; Stearns 

2011). Under these circumstances infants sent out to a wet-nurse were offered breast 

milk with a decreased nutritional value, particularly in vitamin D.   

5.1.3 Weaning Foods  

Once children surpassed the age of breastfeeding (1.5-2 years of age) and 

transitioned to the consumption of weaning foods, their new diet may have also created 

circumstances of reduced vitamin D intake. Most weaning foods from the seventeenth 

and early eighteenth centuries consisted of gruel or porridge like substances. Bouillie 

was a combination of cow or goat milk with the addition of flour and water. Panade 

consisted of soaked bread crumbs and animal milk, which was baked until thickened 

(Hunt 1970; Lachance 2000; Doyle 2001). Foods such as these contain high levels of 

phytic acid. As discussed in Chapter 2, phytic acid can interfere with vitamin D 

synthesis (Brickley and Ives 2008; Coulibaly et al., 2011). These infant feeding 

strategies meant that young individuals of this period rarely received any vitamin D 

sources in their weaning foods. Based on diet alone, they would have been highly 

susceptible to developing deficiency. 

5.1.4 Sociocultural Practices Affecting Sun Exposure 

Sunlight, is a primary source of vitamin D for humans (Holick 2003). In addition 

to breast milk, all infants require exposure to sunlight for the dermal synthesis of 
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vitamin D (Henderson 2005; Dawodu and Tsang 2012). Clinical trials conducted by 

modern researchers have shown that breastfed infants will absorb adequate levels of 

vitamin D if they are exposed to direct sunlight fully clothed for two hours per week, or 

for 30 minutes per week in only a diaper (Henderson 2005: 370). The general practice of 

keeping infants indoors during the seventeenth and early eighteenth centuries effectively 

limited sunlight exposure. Early modern medical theory, asserted that the temperature 

and consistency of the air had an influence on the regulation of internal bodily humours 

(fluids, blood, bile, phlegm). Cold air in particular was thought to negatively affect 

small children, who were especially susceptible to changes in temperature because of 

the “permeability of their skin.” (Newton 2012: 55). Therefore, physicians from this 

period recommended a home atmosphere that resembled the conditions of fetal life 

(Lachance 2000). For example, a physician of Oundle, France (J.S. 1664: 4) wrote, “not 

used to the air, for infants live in the womb in the greatest lukewarmnes and tranquility, 

but as soon as they feel the cold air outwardly and breath it in; they are hurt.” The 

dangers associated with cold air in this period encouraged mother’s both in France and 

New France to keep their infants indoors for long periods of time (Lachance 2000). In 

addition to this medical advice, people in New France, believed that until a child was 

baptized, children without the strength of the sacrament could be seized by Satan 

through both sunlight and the cold (Lachance 2000). Although, it was customary for 

baptism to be performed within three to four days of birth, longer periods between birth 

and baptism were increasingly common in the eighteenth century. This further reduced 

dermal vitamin D synthesis, as caretakers would have also been hesitant to expose 
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unbaptized infants to sunlight for fear of satanic seizure (Nault et al., 1990; Boulton and 

Davenport 2015).  

Infant and children clothing styles of the seventeenth and early eighteenth 

centuries also limited the dermal synthesis of vitamin D. The swaddling of infants was a 

pervasive child-care practice in France, which was readily carried over to colonial life. 

The swaddling band (maillot) was a form of natal dress that consisted of a roll of cloth 

two inches across that was wrapped around an infant’s body. The bands pinned the 

infant’s arms straight and kept the legs extended and the head steady (Lachance 2000; 

Stearns 2011; Doyle 2001; Roche 1987; Roche 1994; Lorence 1974; Hunt 1970). 

Swaddling bands only exposed the infant’s face and were only removed occasionally for 

cleaning. As the infant grew, the wrapping would be limited to the legs and torso, 

freeing the infant’s arms. This design allowed for minimal parental supervision, and for 

caretakers to continue work obligations. In New France, parents would frequently hang 

their swaddled infant on a wall hook, ensuring a degree of safety, before going out to the 

field or wafts to begin their daily work (Stearns 2011; Lachance 2000). On average 

parents maintained swaddling practices for the first year of life (Hunt 1970; Lachance 

2000). During this time, the extensive coverage of swaddling bands would have 

compromised the ability for adequate dermal synthesis of vitamin D.  

After the first year of life, swaddling bands were removed and replaced by 

clothing that mimicked adult attire (Moogk 1982; Roche 1994; Ewing 1977). Clothing 

styles are often prescribed by social norms and custom, and are further influenced by 

age, gender, wealth and social position. Children’s fashion of the seventeenth and early 

eighteenth centuries varied based on economic status. Children of the working class 
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wore functional garments such as tunics, long shifts and coats secured at the waist by 

belts. Their clothing was made to be plain and durable. Since textiles were an expensive 

commodity, cost necessitated children’s clothing to be fabricated by hand from 

previously worn hand-me-downs, reconfigured from reused fabric or spun from linen or 

wool (Harte 1991; Marshall 2008). In contrast, clothing worn by children of the upper 

class acted as status symbols that reinforced social rank. As such, youth of the 

aristocracy were dressed in luxurious textiles. Fashion of the time dictated that 

children’s clothing replicate adult fashion in miniaturized form; therefore, the sons and 

daughters of French noblemen could be found wearing silk, velvet, embroidery and lace, 

as well as bone stays, horsehair stiffened underskirts, waistcoats, breeches, stockings 

and cravats (Harte 1991; Marshall 2008). In this way, both upper class and lower class 

children’s attire consisted of layered, thick and covering clothing which would have 

decreased exposure to sunlight, although no more so than the clothing of the adults in 

the community.  

5.2 Vitamin D Deficiency in Childhood (3 years to 8 years) 

While 64% (n=9) of deficient individuals in this study were affected during the 

infancy period (6 months to 3 years), an additional 50% (n=6) of those in the Block 3 

sample experienced deficiency between 3 and 8 years of age during the development of 

the 2nd permanent molar (see Appendix 1.1 and 1.2). During the later childhood years, a 

multitude of factors related to sunlight exposure and diet may have contributed to 

vitamin D deficiency, these include geographic latitude and climate, indentured service, 

and the availability of vitamin D rich foods.  
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5.2.1 Geographic and Climatic Factors  

The degree of interaction children have with their environment is mediated by 

their physical and social maturity (Lewis 2007). Typically, increased biological growth 

and development is accompanied by increased social autonomy. Specifically, the 

diminished need for parental support with age in the seventeenth and eighteenth 

centuries, gave children the greater opportunity to venture outdoors, thus providing 

more occasions for the dermal synthesis of vitamin D. However, more time spent 

outside did not necessarily equate to more sun exposure at Louisbourg and Plaisance. 

The vitamin D intake of both children and adults of these populations would have been 

affected by seasonal alterations in sunlight.  

The zenith angle of the sun differs based on the time of day, the season of the year 

and geographic latitude; and determines the quantity and quality of solar UVB 

(ultraviolet B) radiation that can be absorbed in the skin (Holick 2002; 2011). During 

the winter months, the zenith angle of the sun is too oblique to allow enough UVB 

photons to penetrate the ozone layer for the dermal synthesis of vitamin D at locations 

with a latitude higher than 35 degrees north (Holick 2003: 300). Most of the colonists 

who immigrated to Plaisance, NL emigrated from coastal maritime communities of 

western France. Ship censuses of the eighteenth century indicate that many of 

Plaisance’s inhabitants originated from La Rochelle, an influential port city (Crompton 

2013; Johnston 2001; Johnston 1995b.). La Rochelle, FR and Louisbourg, NS both have 

a latitude of 46 ̊ N, whereas Plaisance, NL has a latitude that lies close to the 47th 

parallel. Due to the northern latitude of these communities, both adults and children 
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would have been dependent on bodily stores and diet for their supply of vitamin D from 

November to March each year (Holick 2002; 2011).   

The coastal climate of these communities may have further complicated children’ 

and adults’ exposure to adequate sunlight. The climate of coastal regions typically 

consists of cool summers and mild winters, high rates of precipitation and humidity, 

lower visibility, and stronger winds (Environment Canada 2006). The Atlantic provinces 

of Nova Scotia and Newfoundland are situated near the principal storm track of the 

eastern seaboard. The combined effect of warm oceanic currents and chilled moisture-

laden air frequently provoke atmospheric conditions that lead to forecasts which consist 

of cool, rainy and foggy weather. Due to the extensive fog banks, mists, and 

precipitation, sunshine amounts are significantly reduced in coastal areas of Atlantic 

Canada (Environment Canada 2006). At Plaisance and Louisbourg, the misty sunlight 

caused by thick fog would have impacted the availability of ultraviolet -B radiation for 

dermal synthesis. Likewise, the wet and damp environment would have made thick, 

warm and covering clothing a necessity which would have limited the amount of skin 

exposed for the cutaneous absorption of vitamin D. The cool temperatures that 

accompany these coastal climates likely further extended the time in which children 

were kept inside for fear of the cold air disrupting the bodily humours. Thus, due to the 

climatic characteristics of the Atlantic region and the corresponding cultural adaptations 

that affect sunlight exposure, both adults and children of Louisbourg and Plaisance were 

less likely to receive sufficient amounts of vitamin D.  
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5.2.2 Early-life Occupation and Indentured Service  

In addition to the effect of seasonality on sunlight exposure, not all children could 

spend frequent time outdoors which would have further predisposed them to the risk of 

vitamin D deficiency. The adoption of adult responsibilities occurred at a much earlier 

age in the seventeenth and early eighteenth centuries than is typical in “western” 

societies today. Generally, children at seven years of age were expected to contribute to 

the self-sufficiency of the family. Their role was dependent on the locality and 

availability of work, and was shaped by an intersection of gender, age and social class 

(Heywood 2007; Cunningham 2005; Donovan 1979; Lorence 1974). While the children 

of the wealthiest families most likely did not engage in menial labour, the children of 

poorer families commonly performed household activities such sweeping floors, 

scraping dirty boots, emptying chamber pots, running errands, and tending to younger 

children (Moogk 1982; Harlow et al., 2010). These household activities may have 

relegated some children to an inordinate amount of time indoors. In contrast, as part of 

the growing cod-fishing industry in New France children were expected to contribute by 

attending to the fish flakes (platforms for drying cod fish on the foreshore), specifically 

washing, turning and preparing the fish for transport (Donovan 1979). As many labour 

responsibilities forced children to remain indoors, work such as this, may have provided 

important opportunities for children to overcome a vitamin D deficiency that developed 

in their early years of life.   

Both in France and New France, indentured service was common in which 

children from destitute families were offered food, clothing and shelter in exchange for 

their labour (Rahikainen 2004; Moogk 1982). The government of Ancien Régime, 
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France encouraged orphans and paupers to immigrate to New France, as indentured 

servants. Historians suspect that 17% of immigrants to the New World, including 

children, were indentured (Harlow et al., 2010; Rahikainen 2004; Landry 1993; Trudel 

1968). Forms of indentured service acceptable for children in New France often 

centered on domestic, rather than industrial or agricultural, labour. This trend is 

corroborated by court records from Louisbourg indicating that children from poor 

families moved out of their family home to co-reside with wealthier individuals, for the 

purpose of indentured servitude (Donovan 1979). By extension the poorest children 

engaged in indentured service, and given domestic responsibilities, received less time 

outdoors than better-off children. This is a possible explanation for the prevalence of 

vitamin D deficiency in later childhood, though it does not suggest that all affected 

individuals experienced childhood indentured servitude.  

5.2.3 Accessibility of Vitamin D Rich Foods   

As discussed in Chapter 2, oily fish and eggs are among the few natural food 

sources that contain vitamin D (Pitukcheewanont et al., 2012). Eggs were not in ample 

supply at Plaisance and Louisbourg, as made evident by trade records that indicate eggs 

were imported from New England (Chard 1995; Mannion 2000). Additionally, sources 

suggest that the cold climate during winter months interrupted nesting of hens and the 

production of eggs (Audet 2001). However, fish and shellfish were both easy to obtain 

and likely formed the basic diet of French settlers in addition to food imports (Lane 

Jonah and Véchambre 2012). In particular, oily fish (e.g., mackerel, herring and salmon) 

would have been accessible to both the Plaisance and Louisbourg populations and the 

coastal communities of France. Moreover, the vast majority of the inhabitants of 
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Plaisance and Louisbourg were Roman Catholics (Johnston 2001). The Roman Catholic 

faith requires that the devout refrain from consumption of “flesh” or terrestrial meat for 

more than 150 days a year (Lane Jonah and Véchambre 2012; Kurlansky 1997). Based 

on the number of “lean” days (e.g., Friday and Saturday) per week, practicing Roman 

Catholics would have likely consumed at least two servings of fish each week. 

Nonetheless, clinical studies estimate that between three and four portions (3.5 ounces) 

of oily fish each week are required to maintain adequate levels of vitamin D (Brickley 

and Ives 2008; Holick 2004). It is unlikely that the French settlers consumed sufficient 

quantities of oily fish, based on the eating habits of the seventeenth and early eighteenth 

centuries in which three meals were consumed per day, only two of which contained 

even marginal amounts of animal protein or vitamin D rich foods (Audet 2001; Vigeant 

et al., 2017). For example, cod-head soup was a staple dish at Louisbourg, prepared by 

boiling discarded, spoiled or burnt cod-heads, with limited nutrients of any kind (Lane 

Jonah and Véchambre 2012). 

The Atlantic cod was a versatile food that preserved well and could be salted, 

dried and transported with relative ease (Rose 2007). For this reason, Atlantic cod was 

most commonly harvested to fulfill the religious need in Roman Catholic countries, such 

as France (Lane Jonah and Véchambre 2012; Rose 2007; Kurlansky 1997). The singular 

and intense industrial focus on cod as an export resource in the French colonies of 

Plaisance and Louisbourg meant catches of Atlantic cod were primarily used 

economically, however, the abundance of the product also meant that sufficient 

quantities were available for consumption. Eatable by-products of this industrial 

processing would have been a regular food source for the average colonial family (Lane 
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Jonah and Véchambre 2012). However, this would not have been a sufficient dietary 

source of vitamin D. Cod is considered a white fish, which only contains oil in the liver, 

rather than in the muscle tissue (Murray and Burt 2001). Lu et al. (2007), measured the 

fat soluble/lipid (IU) vitamin D content found in white fish and discovered that cod flesh 

did not contain an adequate amount of vitamin D to maintain healthy vitamin D status.  

Cod-liver and cod-liver oil, have significantly higher vitamin D contents (Holick 

2006:2065). However, fish offal was used as foddering material at the fortress, 

suggesting that cod-liver was not consumed (Ellerbrok 2014). Cod-liver oil was first 

recognized as a remedy for rickets in 1824, over a century after the establishment of 

Louisbourg and Plaisance (Rajakumar 2003). Little information is known about cod-

liver/oil consumption during the seventeenth and early eighteenth centuries. There is no 

satisfactory evidence to suggest that the French settlers of Louisbourg and Plaisance 

were intentionally ingesting sufficient quantities of cod-liver/oil to supplement their 

typical diet, which was likely deficient in vitamin D.  

Historical documentation concerning the allocation of food to children in the 

seventeenth and eighteenth centuries is also scarce. It is unclear if, or how much, meat 

and fish children were given as this would depend highly on circumstances of wealth 

and availability. The energy and nutritional requirements of children and infants differ 

considerably from adults, as their diet must also supply enough energy to promote 

healthy growth (Lewis 2018: 209). This need for a reliable source of vitamin D made 

children highly susceptible to deficiency and to the potential onset of malnutrition. 

Sources on New France suggest that most colonists served their children a meal of bread 

and pottage (thick soup of grains and vegetables) each day (Lachance 2000; Morgan 
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ND; Lane Jonah and Véchambre 2012). Some historians proposed that working-class 

families may have prioritised meat and fish consumption, serving first to adults at the 

expense of children (Horrell and Oxley 2012). The regulated consumption of fish in 

colonial and imperial France likely made its ingestion by children more sporadic, thus 

exacerbating vulnerability to vitamin D deficiency. 

5.3 Residual Infra-cranial Bending Deformities  

Macroscopic assessment of the Block 3 sample suggested two individuals (Burial 

3 and Burial 7) showed evidence of residual rickets based on the presence of bending 

deformities in the lower limb bones. Comparison between macroscopic and radiographic 

data revealed that Burial 3 did not display evidence of constricted and chair shaped pulp 

horns, whereas, Burial 7 exhibited rachitic pulp morphology in the 2nd permanent molar. 

The lack of radiographic indicators of deficiency in Burial 3’s observable dentition may 

be explained by the challenges of radiographic data capture, as outlined in Chapter 4. 

Furthermore, the threshold of severity of deficiency may not have been met for pulp 

morphological changes to occur (D’Ortenzio et al., 2017:8). According to D’Ortenzio et 

al. (2017:8), blood serum levels of calcifediol - the circulating metabolite of vitamin D - 

must be at least 31 nanomoles per litre (nmol/L) to cause pulp chamber shape changes. 

Roberts and Brickley (2017), however, argue that lower levels of calcifediol produce 

skeletal changes associated with vitamin D deficiency. Therefore, it is within the bounds 

of possibility that Burial 3 may have experienced deficiency only severe enough to 

produce bending deformities to the lower limbs, rather than alterations to the pulp 

chamber. 
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 It is also possible that Burial 3 experienced vitamin D deficiency after the period 

of pulp chamber formation. Skeletal changes associated with poor mineralization during 

bone remodelling are also attributed to vitamin D deficiency but are referred to as 

osteomalacia rather than rickets. Medial angulation of the tibiae or Genu valgum (knock 

knees) is considered a consequent skeletal deformity of osteomalacia (Brickley and Ives 

2008: 129; Lewis 2018: 210). Thus, the medial curvature and bowing of Burial 3’s tibiae 

might better be described as a macroscopic feature of this later deficiency.  

As discussed, infra-cranial bending deformities are a result of the mechanical 

forces applied to weakened and poorly mineralized bone (Roberts and Manchester 2005; 

Ortner and Mays 1998).  The age at which Burial 3 and Burial 7 experienced deficiency 

corresponds to a stage in life at which both individuals would have been mobile.  For 

example, walking could have applied enough pressure to produce the accentuated 

curvature observed in the lower limbs. Moreover, individuals who are vitamin D 

deficient but otherwise well-nourished have a greater chance of maintaining good 

muscle tone and consequently may remain more active increasing the likelihood of more 

severe bending deformities (Lewis 2018).  

Bending deformities to the forearms were not observed in either of these Block 3 

individuals, possibly due to the discouragement of crawling in the seventeenth and early 

eighteenth centuries. At this time, parents believed that crawling resembled animal 

behaviour (Hunt 1970). The danger associated with children underfoot near fireplaces 

and stairs, and on cold house floors further encouraged the use of swaddling bands 

(Lachance 2000). Immediately following the removal of swaddling bands, children were 

encouraged to walk wearing specifically designed clothing to help children take their 
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first steps (Moogk 1982). Leading strings, known to French settlers as “tatas”, consisted 

of long strips of textile that were attached to the back of the shoulders (Marshall 2008). 

These strings acted as tethers or reigns which functioned to prevent children from 

straying too far or falling as they learned to walk (Ewing 1977; Lachance 2000; Moogk 

1982). During the seventeenth century, leading strings were used extensively across 

Europe and remained in use to help ease childrearing in the colonies (Ewing 1977; 

Marshall 2008). Walking stools - usually wooden frames with a hole in the center for the 

child -. were also commonly used to keep children standing upright (Calvert 1992). 

Ironically, walking stools were thought to prompt good posture and straight growth 

(Calvert 1992; Harlow et al., 2010), but may have intensified bowing of the legs in 

children with vitamin D deficiency. 

5.4 Reduced Femoral Neck Shaft Angle  

Thirty six percent (n=4) of the individuals from the Block 3 sample presented with 

coxa vara, a pathological decrease of the femoral neck shaft angle (Adhikari et al., 2017; 

Chaudhary et al., 2017).  Clinical cases of coxa vara have been ascribed to the 

mineralization defects caused by vitamin D deficiency. Weight-bearing in an upright 

stance on the softened bone of the femoral neck is thought to reduce the neck shaft angle 

(Hosalkar et al., 2003; Pylkkänen 1960; Hess 1930). Observations of coxa vara and 

rickets have been noted in the skeletal collections from St. Martin’s church, Birmingham 

London (Mays et al., 2009; Mays et al., 2006). However, Mays et al. (2006), indicate 

that macroscopic features of coxa vara have not been well documented in 

paleopathological cases. The observations of reduced femoral neck shaft angles in the 

Block 3 sample are consistent with the interpretation that a combination of poor 
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mineralization and weight-bearing resulted in a decreased angulation of the femoral 

neck. Fifty percent (n=2) of the individuals with coxa vara also showed evidence of 

rachitic pulp morphology, further suggesting the condition may have been a 

consequence of vitamin D deficiency.  

Amith et al. (2017:3756), assert that increased locomotor activity and load levels 

during early development will cause a greater decrease in the femoral neck shaft angle. 

As discussed, most children in the seventeenth and early eighteenth centuries, were 

walking immediately after the first year of life. The introduction of leading strings and 

walking stools may have increased the time in which children were in an upright stance 

causing an increase in weight to the femoral neck. A decreased angulation of the 

femoral neck in early life may have exacerbated the effects of vitamin D deficiency, as 

alterations to the angle of the femoral neck can affect the movement of the hip joint by 

disabling the lower limb from swinging clear of the pelvis (Adhikari et al., 2017; 

Chaudhary et al., 2017). Clinically observed cases of coxa vara have recorded a 

diminished capacity to maintain a standing position and alteration to individual gait 

(Jaffe 1972). This bone deformation could have also caused a range of mobility 

problems, potentially limiting an individual’s ability to frequently venture outside, thus 

reducing their exposure to sunlight as a secondary consequence of this femoral neck 

deformity. Unless quantities of dietary vitamin D were consumed, sufficient to replace 

dermal synthesis, deficiency would continue to occur. 

5.5 Vitamin D Deficiency and Enamel Hypoplastic Lesions   

A high prevalence of enamel hypoplastic lesions (EHL) was observed in the Block 

3 sample where 92% (n=11) of those with vitamin D deficiency also showed evidence 
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of EHL. Comparison between the number of teeth displaying evidence of EHL in 

deficient and non-deficient individuals revealed that deficient individuals had less teeth 

affected, however, the difference in the number of observable teeth between the two 

groups likely influenced this outcome (Figure 4.6, Chapter 4). A further comparison was 

made between the average number of lesions on the canine (the most commonly 

affected tooth) between those with and without vitamin D deficiency. Results showed 

that deficient individuals had a slightly higher average number of lesions per tooth (2.5 

lesions), compared to the non-deficient individuals (2.1 lesions). Therefore, it is possible 

that vitamin D deficiency may at least in part be associated with the expression of EHL 

in this study.  

Research in oral biology using transgenic mouse models has focused on the 

vitamin D receptor (VDR) gene and its role in enamel mineralization. Zhang et al. 

(2009), found that ameloblasts are target cells for vitamin D function. While research is 

ongoing, vitamin D deficiency and VDR gene mutations are thought to cause enamel 

defects (Zhang et al., 2009; Foster et al., 2014; Kong et al., 2017). Furthermore, EHL 

has been reported in clinical cases of rickets and hereditary vitamin D-dependency 

rickets (Zerofsky et al., 2015; Davit-Béal et al., 2014; Nikiforuk and Fraser 1981). 

Randomized epidemiologic trials have also confirmed the association between the lack 

of vitamin D during pregnancy and enamel defects in infancy (Kong et al., 2017; Purvis 

et al., 1973). Based on these findings, the co-occurrence of vitamin D deficiency and 

EHL in the Block 3 sample suggests a relationship may exist between pulp chamber 

morphology and enamel development, providing further insight into the impact of 
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vitamin D deficiency and how it can be analyzed through multiple morphological 

changes.  

It is important to note that paleopathological and clinical studies have also shown 

that ameloblasts are sensitive to metabolic disruption (between birth and late childhood), 

that may arise from a variety of physiological and environmental conditions. Although, 

EHL are considered non-specific indicators of stress, dietary deficiencies are commonly 

thought to affect the secretion of enamel (Armelagos et al., 2009; Hillson 2008; 

Goodman and Rose 1991; Suckling 1989). Therefore, the high levels of EHL observed 

in both non-deficient and deficient individuals may suggest that periods of nutritional 

stress were experienced during childhood. Episodes of malnutrition caused by crop 

failure and food shortages due to the delay of imported goods frequently occurred 

during the seventeenth and eighteenth centuries (Quellier 2007; Audet 2001). 

Additionally, the diets of colonists in New France predominantly consisted of bread 

accompanied by soups and stews (Vigeant et al., 2017), which did not provide optimal 

protein, nutrients and energy requirements for the specific needs of infants and children. 

The exposure to these dietary hardships during childhood likely also contributed to the 

prevalence of EHL in this skeletal sample.   

5.6 Vitamin D Deficiency and Disease Co-occurrence  

Disease co-occurrence exists when several diseases manifest in a single individual 

(Lewis 2018; Schattmann et al., 2016). As children are more vulnerable to disease due 

to their developing nervous, digestive and immune systems, it is highly likely that 

children will experience more than one pathological episode. Childhood metabolic 

conditions such as scurvy and anemia are reported to co-occur with rickets (Stuart-



 

93 
 

Macadam 1989; Lewis 2018). Several skeletal changes related to metabolic disruption in 

childhood, in addition to vitamin D deficiency, were observed in the Block 3 sample. 

Fifty-eight percent (n=7) of deficient individuals showed evidence of childhood stress 

indicators, with 33% (n=4) showing evidence of porotic hyperostosis (PH) and 25% 

(n=3) with evidence of cribra orbitalia (CO) (Table 5.1). Both PH and CO, manifest as 

abnormal porosity on the ectocranial surface of the posterior skull and the superior 

margin of the eye orbits, respectively (Larsen 2015; Ortner 1981). Both CO and PH 

have been associated with childhood episodes of Bl2 deficiency or anemia (Walker et 

al., 2009; Stuart and Macadam 1985). Specifically, iron deficiency anemia can hinder 

the intestinal absorption of vitamin D (Brickley and Ives 2008). Evidence of these 

childhood diseases in the Block 3 sample suggest these conditions could have also 

predisposed individuals to vitamin D deficiency.  

Table 5.1 Summary of Vitamin D Deficient Individuals with Evidence of Cribra 

Orbitalia and Porotic Hyperostosis in Block 3 Sample  

 

Deficient Individuals  Cribra Orbitalia  Porotic Hyperostosis 

Burial 1 Absent Absent 

Burial 7 Absent Absent 

Burial 9 Unobservable Absent 

Burial 12 Absent Mild 

Burial 13 Moderate Absent 

Burial 15 Unobservable Absent 

Burial 16 Absent Severe 

Burial 18 Absent Mild 

Burial 19 Moderate Absent 

Burial 20 Absent Mild 

Burial 23 Mild Absent 

Burial 25 Absent Absent 
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As discussed in Chapter 2, vitamin D deficiency can leave children susceptible to 

other non-metabolic diseases. Various epidemiological studies have shown that vitamin 

D has a functional role in the immune system. Consequently, vitamin D deficiency can 

diminish immune response to infection (Lockau and Atkinson 2017; Brickley and Ives 

2008). Children of seventeenth and early eighteenth century France and New France 

were exposed to ecological factors that left children prone to infirmity. The hygienic 

practices of this period were influenced by medical theories that posited the skin was 

permeable to disease. Hot water was avoided as it was considered to make the body 

vulnerable by opening the pores. Cleanliness was limited to rare washings of the hands, 

face, neck and rising of the mouth (Brown 2009). Whether in the towns of the French 

colonies or the cities of France, public places were a source of contagion. Without 

sewers and modern garbage disposal, chamber pots and waste were thrown into the 

streets, while domestic animals roamed freely and were slaughtered in front of shops 

(Vigarello 1988; Lachance 2000). These sanitation conditions likely exposed children to 

parasitic and bacterial organisms. Without sufficient vitamin D, their comprised immune 

system would have difficulty combating these threats; which can further incapacitate 

their ability to absorb vitamin D from dietary sources.  

Additionally, vitamin D deficiency may have been a secondary factor underlying 

other diseases, particularly when an inability to venture outside for the duration of an 

illness would have reduced sunlight exposure (Ortner and Mays 1998; Brickley and Ives 

2008). The seaport towns of western France, and the commercial ports of Louisbourg 

and Plaisance were especially vulnerable to disease as merchant trading vessels brought 

epidemics and unfamiliar pathogens from foreign ports. Several infectious diseases such 
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as smallpox, yellow fever, diphtheria and measles were spread via contact with 

passengers from ships during this period throughout colonial North America (Donovan 

1979). Although, none of these diseases were exclusive to children, young children were 

the most common victims (Lewis 2007; Cunningham 2005). Children of the seventeenth 

and eighteenth centuries would also have been susceptible to illnesses stemming from 

environmental threats such as contaminated water, indoor smoke, and an inadequate 

food supply (Newton 2012). The “water treatment” - a daily routine of dunking small 

children into frigid water - was a seventeenth century disciplinary practice believed to 

toughen the body and spirit that would have posed a threat to overall health (Stearns 

2011; Lorence 1974).  Although, a full pathological assessment was outside the scope of 

this thesis, it is probable that individuals experienced episodes of immunologically 

significant but skeletally invisible disease during their childhood that may have 

influenced the prevalence of vitamin D deficiency observed. 

5.7 Vitamin D Deficiency and Age at Death  

There was no statistically significant difference between the average age at death 

of individuals with and without vitamin D deficiency in the Block 3 sample, although 

this finding may be partly due to small sample size. The reduced mean age at death for 

non-deficient individuals (27 years) compared to those with deficiency (29 years) was 

unexpected, as several paleopathological studies, and The Developmental Origins of 

Health and Disease Hypothesis (DOHaD) hold that childhood morbidity is associated 

with increased morbidity and mortality in adult life (Steckel 2005; Armelagos et al., 

2009; Goodman and Armelagos 2010; Gowland 2015). Furthermore, emerging evidence 

from clinical studies have demonstrated a relationship between low vitamin D status and 
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the increased risk of cardiovascular disease, glucose metabolism disorders, Type 1 

diabetes, cancer, fractures and, obesity (Lockau and Atkinson 2017; Holick 2004). All 

of which may foreshorten the adult life span.  

 Nonetheless, the relatively young mean age at death profile (28 years) for the 

entire Block 3 skeletal sample, is comparable to that of other skeletal assemblages from 

contemporary French colonial sites (Table 5.2). The young age at death in these 

comparative communities is not surprising for seventeenth and eighteenth century 

colonists of the New World. Nutritional complications from poor dietary resources and 

food deprivation are known to have an impact on age at death (Pray 2017). Children 

who experience nutrient deficiency are more likely to develop long term health 

conditions associated with adult mortality (Griffiths 2013; Rice et al., 2000). Therefore, 

the younger mean at death of many French settlers, likely reflects the circumstances that 

complicated consistent access to reliable food sources in New France. 

Table 5.2 Mean Age at Death - Comparative French Colonial Skeletal Assemblages 

 

Archaeological 

Site 
Date Location 

Average 

Age at 

Death 

Sources 

St. Croix 

Cemetery 
1604-1605 

St. Croix Island, 

ME, USA 
25 years 

Crist and Sorg 

2014 

Notre Dame 

Cemetery 
1691-1796 Montreal, QC, CAN 30 years Vigeant 2012 

Moran Cemetery 1719-1723 Biloxi, MS, USA 26 years 
Danforth et al., 

2013 

St. Peter`s 

Cemetery 
1721-1789 

Vieux Carré, New 

Orleans, LA, USA 
32 years 

Owsley et al., 

1987 

Quebec City 

Fortifications 
1746-1747 

Quebec City, QC, 

CAN 
28 years Cybulski 1988 
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The colonial lifestyle was constrained by the unfamiliarity with the New World 

environment. The short growing season and underdeveloped agriculture of New France 

forced French colonists to rely heavily on imported foodstuffs. Official ships sent from 

France principally supplied the colony rather than inter-regional trade. Imported goods 

arrived only during the summer months; and merchant shipping was infrequent at best 

(Moore 1977; Crompton 2013). Ice-drifts in the north Atlantic region during the late 

spring menaced ocean-going vessels and fog impeded navigation, delaying shipments 

(Crowley 1990). During the initial years of settlement at Louisbourg winter food 

shortages became severe enough to warrant the provisioning of the general population 

with cached military stocks (Johnston 2001). The dependence on unreliable trade in the 

colonies caused periods of malnutrition and acute starvation for the fledgling settlements 

of New France, thus exacerbating the nutritional deficiencies of the average colonial diet 

(Audet 2001; Lachance 2004; Trudel 1968; Johnston 2001). Although, there was no 

significant difference between the average age at death of those with and without 

evidence of vitamin D deficiency, the overall young average age at death of the Block 3 

skeletal sample attests to the hardships of the colonial life experienced by vitamin D 

deficient and non-vitamin D deficient individuals alike. While this study focused on 

only one ailment, these colonists likely suffered from numerous pathological conditions 

each with a unique set of ramifications that unilaterally reduced their life expectancy. 

5.8 Conclusion  

The lived experience of children during the seventeenth and early eighteenth 

centuries is best understood as a coalescence of environmental factors and sociocultural 

practices. This chapter outlined the variables that may have influenced vitamin D 
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metabolism. Withholding colostrum, the use of animal milk, wet-nursing, weaning foods 

and insufficient fish consumption promoted conditions conducive to vitamin D 

deficiency. Of considerable importance in both the Plaisance and Louisbourg 

populations is the decreased sunlight exposure due to geographic latitude, climatic 

variation, and occlusive clothing which co-occurred with these dietary factors and 

further exacerbated the risk of vitamin D deficiency.  

The childrearing and infant feeding practices of the seventeenth and early 

eighteenth centuries were heavily influenced by the interplay between biological and 

social age. Social age, in particular, directly impacted the level of sun exposure and 

access to dietary vitamin D over the course of early development. Children as opposed 

to infants had increased opportunity to receive adequate vitamin D via cutaneous 

absorption and ingestion, as physical maturity allowed for more time spent outdoors and 

marginally better acquisition of vitamin D rich foods. This tendency explains the non-

uniformity in the age of onset of vitamin D deficiency within the Block 3 sample. These 

age specific differences may also reflect social gradients of economic status. Different 

motives driven by necessity amongst the poor and desirability amongst the wealthy 

likely dictated cultural variables (e.g., indentured servitude) and dietary variables such 

as the use of a wet-nurse, and the quantity and quality of fish consumption.  

The co-occurrence of childhood metabolic stresses in the Block 3 sample, supports 

the conclusion that vitamin D deficiency may have been a partial cause and/or 

consequence of compromised health in the once living population. The results of the age 

at death analysis, found that vitamin D deficiency was likely not a major contributor to 

later-life mortality, but was rather an additional inconvenience of living on the Atlantic 
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frontier. Therefore, the vitamin D deficiency observed in the Block 3 and Plaisance 

skeletal samples, represents a combination of causative factors stemming from the 

variable lived realities of the examined individuals. The prevalence of vitamin D 

deficiency within these skeletal samples enhances our knowledge of how the 

sociocultural habits and dietary practices of France affected the lived experience of 

children in Atlantic Canada during this period. 
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CHAPTER 6 – CONCLUSION  

This chapter will revisit the primary research questions of this thesis and will 

reiterate the significance of the results as they relate to the seventeenth and eighteenth 

century childhood lived experience in Atlantic Canada. Additionally, this chapter will 

review some of the limitations of this study with suggestions for future research on 

vitamin D deficiency in the discipline of bioarchaeology.   

6.1 Revisiting the Research Questions  

1) Did the French colonists of Louisbourg and Plaisance experience childhood 

vitamin D deficiency?  

Multiple lines of evidence (i.e., radiography and macroscopic skeletal assessment) 

were used to identify 14 probable cases of childhood vitamin D deficiency within the 

Block 3 and Plaisance skeletal samples. While these skeletal samples are not fully 

representative of the once living communities, the frequency of radiographic and 

macroscopic indicators of childhood vitamin D deficiency suggests this metabolic 

disease was quite common.   

2) Are there similarities in the prevalence of childhood vitamin D deficiency in 

Louisbourg and Plaisance? 

Evidence of childhood vitamin D deficiency at the Fortress of Louisbourg and 

Plaisance illustrated that both archaeological populations displayed rachitic pulp 

morphology with a prevalence of 63% and 50%, respectively. The greater percentage of 

deficiency in the Fortress of Louisbourg skeletal sample is no doubt influenced by the 

larger sample size. Supporting historical data suggests that the shared geography, 
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climate, cultural practices relating to sun exposure and the quality of diet between these 

two communities would have likely produced favourable circumstances for the 

development of childhood vitamin D deficiency. Therefore, it is likely that if the 

Plaisance skeletal sample consisted of more individuals the prevalence of deficiency 

would be similar to that at the Fortress of Louisbourg. Nonetheless, the small sample 

size is a limitation that confounds the interpretation of deficiency prevalence. It cannot 

be said with certainty that there was a similar prevalence of deficiency in both 

populations.  

3) What likely factors were responsible for the presence or absence of childhood 

vitamin D deficiency in these communities?  

Historical data suggests that cultural precedents such as occlusive clothing, 

excessive time spent indoors, nutritional quality and food allocation were conducive to 

the development of childhood vitamin D deficiency. Additionally, climatic 

characteristics and geographic latitude are known to impact dermal synthesis and are 

likely to have predisposed individuals to the disease. Further unknown social and 

cultural factors, however, may have affected the lived experience of children within 

these communities as not all individuals within this study exhibited evidence of the 

disease. Differential exposure to previous illness and stress can predispose individuals to 

increased frailty. Biological factors such as individual heterogeneity may have 

contributed to both the presence and absence of childhood vitamin D deficiency in these 

skeletal samples.  
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6.2 The Value of Multiple Methods and New Technology   

The use of multiple methods of analysis in this thesis benefitted the outcome, as 

each research question could be approached from multiple perspectives. This allowed 

for a more thorough understanding of the results. Radiographic and macroscopic 

methods produced both qualitative and quantitative data, which allowed for the analysis 

of different indicators of childhood vitamin D deficiency. The use of these multiple 

methods of analysis produced more robust results than any one method alone. This study 

also incorporated historical, climatic and geographic data which allowed for the 

identification of various factors that could have contributed to the development of this 

disease. Through a holistic consideration of these different types of data, this study 

highlights multiple circumstances relevant to the French colonial lived experience that 

limited sun exposure and influenced diet and their impact on childhood health.  

The research undertaken in this thesis also demonstrates the importance of new 

technologies, specifically dental radiography, in the investigation of childhood vitamin 

D deficiency. The radiographic techniques employed in this study, enhanced the ability 

to record features associated with deficiency in incomplete and poorly preserved skeletal 

remains. Radiographic analysis expanded the number of rachitic cases observed in both 

skeletal samples. The use of dental radiography also allowed for the identification of 

multiple episodes of deficiency, as well as periods of recovery in these remains, which is 

not possible to assess macroscopically. This research demonstrated that the continued 

use of this new radiography method has the potential to improve the identification of 

childhood vitamin D deficiency when macroscopic evidence is limited. Understanding 
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the timeline of deficiency benefits our understanding of the various cultural and 

environmental factors that rapidly change throughout the developmental years.   

6.3 Future Research  

This thesis emphasizes the need for more research on abnormal pulp morphology 

formation. Presently, the exact biological mechanism by which morphological pulp 

changes occur is not fully understood. Contemporary research indicates that abnormal 

tooth mineralization has been linked to the severity of deficiency. Severity can be 

understood as the number of teeth affected and the degree of morphological pulp 

change. For example, a study conducted to determine if the impact on pulp morphology 

(i.e., constricted pulp horns vs changes to pulp horn height) is related to different 

thresholds of severity, would create an opportunity to establish a standardized severity 

classification scale. The development of a scoring system used to grade the severity of 

pulp horn shape change would better characterize the disease experience both at onset 

and the possible long-term influences on later life health.  

This study encountered consistency issues in regards to ImageJ measurements of 

pulp horn widths. Greater attempts to correct for the degree of subjectivity within the 

measurements should be made in future studies. More standardized and specific points 

of measurement in relation to the overall morphology of the tooth would allow for more 

reliability and reproducibility of measurements. This standardization would also be 

required for researchers to accurately compare the results across different populations. 

Although, the ImageJ processing software was easy to use, it was found that the process 

of calibrating the radiographic scale to represent the actual size of the internal structure 

of the tooth introduced opportunity for error. The use of corresponding radiographic 
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imaging software of dental equipment in place of ImageJ is recommended to avoid the 

need for physical dental measurement, as most modern radiography systems have their 

own complementary image processing software which automatically records the scale of 

the radiographic image.  

6.4 Summary  

Children represent the most vulnerable members of past societies; their lived 

experience often includes disease. The bioarchaeological study of the various skeletal 

indicators of childhood disease in the adult skeleton is significant in understanding the 

relationship between different stages of the life course. Investigations of childhood by 

these means promotes broad interpretations of population health and the human 

condition. This thesis explored the childhood lived experience of French colonists in 

Atlantic Canada, providing insight into the prevalence of childhood vitamin D 

deficiency. The data stemming from this analysis represents some of the only evidence 

of deficiency from this period, offering a fresh perspective of what life was like as a 

child during the seventeenth and early eighteenth centuries. 
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APPENDIX 1 

This appendix contains the pulp morphology measurements for each individual from 

both archaeological populations, as described in Chapter 4. Appendix 1.1 contains the 

measurements for the Block 3 skeletal sample. Appendix 1.2 contains the measurements 

for the Plaisance skeletal sample. 

Appendix 1.1 Summary of Pulp Morphology Measurements in the Block 3 Sample 

Individual  Tooth Measured  PH1-h  PH2-h  PH1-w  PH2-w 
PH-h 

Ratio 

Burial 1 L Mand. Molar 1 1.2 0.6 0.3 0.3 2.0 

 
R Mand. Molar 1 N/A N/A N/A N/A N/A 

 
L Mand. Molar 2 2.5 2.1 1.1 0.5 1.2 

 
R Mand. Molar 2 2.0 1.9 0.3 0.6 1.1 

 
R Mand. Molar 3 1.6 1.6 0.4 0.5 1.0 

Burial 2 R Mand. Molar 1 2.4 2.0 0.5 0.7 1.2 

 
L Mand. Molar 1 2.5 2.3 0.7 0.9 1.1 

 
L Max. Molar 1 3.3 3.2 0.7 0.6 1.0 

 
R Max. Molar 1 5.7 4.6 1.0 0.9 1.2 

 
R Mand. Molar 2 3.0 2.3 1.0 1.1 1.3 

 
L Mand. Molar 2 2.9 2.3 0.9 1.1 1.3 

 
L Max. Molar 2 3.8 2.7 1.3 1.0 1.4 

 
R Max. Molar 2 4.0 4.0 0.8 0.8 1.0 

 
R Mand. Molar 3 2.2 2.0 0.7 0.8 1.1 

 
L Mand. Molar 3 4.1 2.9 1.2 1.0 1.4 

 
L Max. Molar 3 3.7 3.0 1.1 0.8 1.2 

Burial 3 R Mand. Molar 1 N/A N/A N/A N/A N/A 

 
L Max. Molar 1 4.2 3.2 1.2 0.9 1.3 

 
L Mand. Molar 1 3.4 2.4 0.8 1.1 1.4 

 
R Mand. Molar 2 2.8 2.7 0.6 0.7 1.0 

 
L Max. Molar 2 4.2 3.2 0.9 0.8 1.3 

 
L Mand. Molar 2 3.2 2.8 1.2 1.1 1.2 

 
R Mand. Molar 3 3.4 3.2 1.0 1.0 1.1 

 
L Mand. Molar 3 3.8 3.2 1.1 1.0 1.2 

Burial 4 R Max. Molar 1 2.9 2.8 0.8 0.5 1.0 

 
R Max. Molar 2 3.0 2.6 1.0 1.5 1.1 

 
R Max. Molar 3 N/A N/A N/A N/A N/A 

Burial 7 R Max. Molar 1 2.6 2.0 1.0 1.1 1.3 

 
L Mand. Molar 2 1.3 0.8 0.5 0.5 1.5 
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Burial 8 L Max. Molar 1 2.5 2.4 1.2 0.8 1.1 

 
R Max. Molar 1 2.3 2.2 0.8 1.2 1.0 

 
L Mand. Molar 2 2.1 1.7 1.4 0.9 1.3 

 
R Max. Molar 2 3.3 2.9 1.4 1.0 1.1 

Burial 9 R Max. Molar 1 3.4 3.0 1.1 0.9 1.1 

 
L Max. Molar 1 4.1 4.0 0.9 0.8 1.0 

 
L Mand. Molar 1 1.9 1.8 0.5 0.5 1.0 

 
R Mand. Molar 1 2.2 1.2 0.7 0.7 1.8 

 
R Max. Molar 2 2.9 2.2 1.2 0.8 1.3 

 
L Max. Molar 2 5.1 4.4 1.0 1.0 1.2 

 
L Mand. Molar 2 3.2 2.8 0.7 1.2 1.1 

 
R Mand. Molar 2 2.4 1.9 0.7 0.7 1.3 

 
R Max. Molar 3 3.9 3.5 0.7 0.8 1.1 

 
L Max. Molar 3 4.4 3.2 0.9 0.7 1.4 

 
L Mand. Molar 3 3.1 2.3 0.9 0.5 1.4 

 
R Mand. Molar 3 3.0 2.0 0.7 0.8 1.5 

Burial 10 L Max. Molar 1 5.5 5.0 0.8 0.5 1.1 

 
L Mand. Molar 1 N/A N/A N/A N/A N/A 

 
R Max. Molar 1 5.1 3.7 1.4 1.0 1.4 

 
L Max. Molar 2 4.2 3.4 0.7 0.5 1.3 

 
L Mand. Molar 2 2.3 1.6 0.9 0.8 1.4 

 
R Mand. Molar 2 N/A N/A N/A N/A N/A 

 
L Mand. Molar 3 N/A N/A N/A N/A N/A 

Burial 12  R Mand. Molar 1 N/A N/A N/A N/A N/A 

 
L Mand. Molar 2 N/A N/A N/A N/A N/A 

 
R Mand. Molar 2 3.8 2.4 0.7 0.6 1.6 

 
L Max. Molar 3 5.2 3.7 1.5 0.9 1.4 

 
R Max. Molar 3 2.5 2.0 0.7 0.6 1.2 

Burial 13 L Mand. Molar 1 1.2 1.1 0.6 0.7 1.1 

 
R Mand. Molar 1 1.7 1.2 1.1 0.9 1.4 

 
L Max. Molar 1 2.6 2.4 0.9 0.8 1.1 

 
R Max. Molar 1 3.1 2.6 0.8 0.8 1.2 

 
L Mand. Molar 2 2.4 1.7 0.9 0.8 1.5 

 
R Mand. Molar 2 2.2 1.9 0.8 0.9 1.1 

 
L Max. Molar 2 2.4 2.1 0.8 0.9 1.2 

 
R Max. Molar 2 3.4 2.1 0.9 0.6 1.7 

 
R Max. Molar 3 N/A N/A N/A N/A N/A 

 
L Max. Molar 3 N/A N/A N/A N/A N/A 

Burial 14 L Mand. Molar 2 2.6 2.6 1.1 0.8 1.0 

 
R Mand. Molar 2 2.8 3.2 0.9 0.9 0.9 

 
L Mand. Molar 3 N/A N/A N/A N/A N/A 

 
R Mand. Molar 3 N/A N/A N/A N/A N/A 

 
L Max. Molar 3 N/A N/A N/A N/A N/A 
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R Max. Molar 3 N/A N/A N/A N/A N/A 

Burial 15 R Max. Molar 1 3.0 2.3 0.7 0.6 1.3 

 
L Mand. Molar 1 2.5 1.0 0.4 0.4 2.5 

 
R Mand. Molar 1 2.3 1.2 0.5 0.5 1.9 

 
L Max. Molar 2 5.2 4.9 0.8 0.9 1.1 

 
R Max. Molar 2 2.8 2.2 0.8 0.9 1.3 

 
L Mand. Molar 2 3.4 3.1 1.0 1.0 1.1 

 
R Mand. Molar 2 3.4 2.9 0.8 1.1 1.2 

 
R Mand. Molar 3 3.3 3.0 0.7 0.7 1.1 

Burial 16 L Max. Molar 1 3.5 1.5 0.7 0.9 2.3 

 
R Max. Molar 1 4.1 3.6 0.9 0.9 1.1 

 
L Mand. Molar 2 3.1 2.4 0.5 0.6 1.3 

 
R Mand. Molar 2 3.9 2.9 0.9 0.8 1.3 

 
R Max. Molar 2 3.6 2.4 0.8 0.9 1.5 

 
L Max. Molar 2 3.7 3.2 0.9 1.1 1.2 

Burial 17 L Mand. Molar 1 3.7 3.5 1.2 1.0 1.1 

 
R Mand. Molar 1 3.2 2.2 1.0 1.2 1.5 

 
R Mand. Molar 2 4.4 3.9 0.7 1.0 1.1 

 
L Mand. Molar 2 3.7 3.5 1.0 1.1 1.1 

 
L Mand. Molar 3 4.1 4.1 0.9 0.8 1.0 

Burial 18 L Max. Molar 1 3.2 3.1 0.7 1.3 1.0 

 
R Max. Molar 1 4.9 4.0 1.1 1.0 1.2 

 
R Mand. Molar 2 2.7 1.5 0.7 0.8 1.7 

 
L Mand. Molar 3 2.9 2.1 0.7 0.7 1.4 

Burial 19 L Max. Molar 1 4.2 1.8 0.6 0.5 2.3 

 
L Mand. Molar 2 2.5 2.0 0.7 0.6 1.3 

 
R Mand. Molar 2 3.4 2.5 0.6 0.5 1.4 

Burial 20 L Mand. Molar 1 3.5 2.5 0.3 0.9 1.4 

 
R Mand. Molar 1 4.5 2.9 0.7 1.1 1.6 

 
L Max. Molar 1 4.8 2.4 1.0 0.8 2.0 

 
R Max. Molar 1 4.8 4.2 1.2 1.6 1.1 

 
L Mand. Molar 2 3.0 2.3 0.7 0.8 1.3 

 
R Mand. Molar 2 4.2 2.8 0.8 0.6 1.5 

 
L Max. Molar 2 4.2 3.5 0.8 0.8 1.2 

 
R Mand. Molar 3 4.2 3.3 0.8 0.4 1.3 

 
R Max. Molar 3 4.1 3.9 1.0 0.7 1.1 

 
L Max. Molar 3 6.4 6.0 0.9 1.0 1.1 

Burial 23 L Mand. Molar 1 2.3 1.6 0.4 0.4 1.4 

 
R Mand. Molar 1 1.9 1.5 0.4 0.4 1.3 

 
L Max. Molar 1 2.3 1.9 0.6 0.7 1.2 

 
R Max. Molar 1 2.0 1.2 0.9 0.8 1.6 

 
R Mand. Molar 2 1.7 1.3 0.7 0.8 1.3 
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L Max. Molar 2 4.4 2.9 1.2 0.9 1.5 

 
R Max. Molar 2 3.8 3.0 0.8 1.4 1.3 

Burial 25 L Mand. Molar 1 2.2 1.4 0.7 0.5 1.5 

 
R Max. Molar 1 4.2 3.5 1.4 1.2 1.2 

 
R Mand. Molar 2 2.5 1.8 1.1 1.1 1.4 

 

 

Appendix 1.2 Summary of Pulp Morphology Measurements in the Plaisance 

Sample 

Individual  Tooth Measured  PH1-h  PH2-h  PH1-w  PH2-w   PH-h ratio 

NP63 R Max. Molar 1 N/A N/A N/A N/A N/A 

 
L Max. Molar 1 N/A N/A N/A N/A N/A 

 
R Max. Molar 2 N/A N/A N/A N/A N/A 

 
L Max. Molar 2 2.7 1.8 1.3 1.3 1.5 

 
L Max. Molar 3 3.9 2.1 1.1 0.7 1.9 

NP66A  L Mand. Molar 1     3.1 1.5 1.0 1.1 2.1 

 
R Mand. Molar 1 2.7 2.5 0.8 0.8 1.1 

 
R Max. Molar 1 3.8 3.6 1.4 0.7 1.1 

 
L Mand. Molar 2 2.0 1.3 1.2 1.0 1.5 

 
R Mand. Molar 2 1.4 1.4 1.1 1.3 1.0 

 
L Max. Molar 2 4.4 3.6 0.8 0.7 1.2 

 
R Max. Molar 2 4.8 3.0 0.9 1.3 1.6 

 
L Mand. Molar 3 N/A N/A N/A N/A N/A 

 
R Mand. Molar 3 N/A N/A N/A N/A N/A 

 
L Max. Molar 3 4.1 2.7 1.1 0.5 1.5 

 
R Max. Molar 3 4.5 3.5 0.7 1 1.3 

NP67 L Max. Molar 1 2.5 1.4 0.5 0.5 1.7 

 
 R Max. Molar 1 4.5 4.3 1.1 1.0 1.1 

 
 R Max. Molar 2 4.0 3.2 1.1 1.1 1.2 

 
L Max. Molar 3 2.2 2.0 0.6 0.6 1.1 

 
R Max. Molar 3 4.5 3.7 1.2 1.1 1.2 

NP156 L Mand. Molar 1 2.5 1.7 0.6 0.6 1.5 

 
R Mand. Molar 1 3.4 2.3 1.4 1.7 1.5 

 
R Max. Molar 1 3.2 2.0 1.2 1.1 1.6 

 
L Mand. Molar 2 2.7 2.1 1.1 1.1 1.3 

 
R Mand. Molar 2 3.1 2.6 1.2 1.1 1.2 

 
R Mand. Molar 3 4.2 2.8 1.3 0.8 1.5 

 
L Mand. Molar 3 3.7 2.7 1.3 1.0 1.4 

 

L = left; R = right; Mand.= Mandible; Max.= Maxillary;  PH1-h = pulp horn 1 height; PH2-h = pulp horn 

2 height; PH1-w = pulp horn 1 width; PH2 = pulp horn 2 width; PH-h Ratio = ratio between pulp horn 

heights  
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